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Welcome to Rennes 

 
On behalf of the European Society for Comparative Endocrinology (ESCE), we are 

extremely pleased to welcome you in Rennes for the 27th Congress of European Comparative 
Endocrinologists organized on the Campus de Beaulieu of the University of Rennes 1. 

With the help of many colleagues from all over the world, the organizing committees has 
developed an exciting scientific programme that includes 5 selected plenary lectures, 18 
symposia with 36 State-of-the-Art lectures and 72 symposium communications, plus 2 wine and 
cheese poster sessions. We strongly appreciate the help of the symposium organizers. 

Because we believe that a Society like ours must prepare the future, a strong effort has 
been made to encourage the participation of students and post-docs by providing free or 
reduced registration, and offering as many travel grants as possible. We have also organized a 
Young Investigator symposium as an integral part of the scientific programme, offering junior 
colleagues a unique opportunity to present their work.  

This effort towards the young generation would not have been possible without the strong 
support of the University of Rennes 1, but also many local, national and international bodies, 
scientific societies and private companies (see left page). We are extremely grateful for this. 

We look forward to seeing you here in Rennes for a fruitful scientific meeting, friendly 
networking and an enjoyable stay in the capital of Brittany. 

 
The organizing committee 



  27th Conference of European Comparative Endocrinologists 

  5 

 



  27th Conference of European Comparative Endocrinologists 

  6 

Contents 
Committees ---------------------------------------------------------------------------------------------------------------------------------------------------------- 8 
 
General Information---------------------------------------------------------------------------------------------------------------------------------------------------10 
 Conference Information and – Registration ---------------------------------------------------------------------------------------------------------------10 
 Transportation – Weather ------------------------------------------------------------------------------------------------------------------------------------ 11 
 Social envents – Presentr information -------------------------------------------------------------------------------------------------------------------- 12 
 Awards – Publication policy ---------------------------------------------------------------------------------------------------------------------------------- 13 
 
Maps ans bus schedules ------------------------------------------------------------------------------------------------------------------------------------------ 14 
 
Programme ------------------------------------------------------------------------------------------------------------------------------------------------------------ 22 

Programme at a glance --------------------------------------------------------------------------------------------------------------------------------------- 23 
Detailed daily programme ------------------------------------------------------------------------------------------------------------------------------------ 24 

 
Pleanary lectures ---------------------------------------------------------------------------------------------------------------------------------------------------- 31 
 
State of the Art lectures -------------------------------------------------------------------------------------------------------------------------------------------- 35 
 
Symposium presentations ----------------------------------------------------------------------------------------------------------------------------------------- 55 
 
Posters ----------------------------------------------------------------------------------------------------------------------------------------------------------------- 93 
 Chronobiology --------------------------------------------------------------------------------------------------------------------------------------------------- 95 
 Stress and adaptation --------------------------------------------------------------------------------------------------------------------------------------- 103 
 Thyroid hormones -------------------------------------------------------------------------------------------------------------------------------------------- 111 
 Pituitary --------------------------------------------------------------------------------------------------------------------------------------------------------- 115 
 Translational comparative endocrinology -------------------------------------------------------------------------------------------------------------- 119 
 Edocrine and paracrine actors in invertebrates ------------------------------------------------------------------------------------------------------- 123 
 Neuropeptides and GPCR receptors -------------------------------------------------------------------------------------------------------------------- 131 
 Developpement sex differentiation ----------------------------------------------------------------------------------------------------------------------- 139 
 Reproduction -------------------------------------------------------------------------------------------------------------------------------------------------- 145 
 Reproduction neuroendocrinology ----------------------------------------------------------------------------------------------------------------------- 155 
 EDCS ------------------------------------------------------------------------------------------------------------------------------------------------------------ 163 
 Growth, Nutrition feeding ----------------------------------------------------------------------------------------------------------------------------------- 177 
 
Authors list ----------------------------------------------------------------------------------------------------------------------------------------------------------- 185 
Notes-------------------------------------------------------------------------------------------------------------------------------------------------------------------201 



  27th Conference of European Comparative Endocrinologists 

  7 

Committees 
 
ESCE Council 
 
Dan Larhammar (Sweden) President 
Horst-Werner Korf (Germany) Vice-President 
Elisabeth Eppler (Switzerland) Secretary/Treasurer 
Jozef vanden Broeck (Belgium) 
Oliana Carnevali (Italy) 
Magdalena Chadzinska (Poland) 
Billy K. C. Chow (China) 
Charlotte Cornil (Belgium) 
Robert M. Dores (USA) 
Julian Dow (UK) 
 
International advisory board 
 
Robert J Denver (USA) 
Fabian Canosa (Argentina) 
Rodolfo Cardenas (Mexico) 
Oliana Carnevali (Italy) 
Ching-Fong Chang (Taiwan) 
Michael Conlon (UAE) 
Luis Renato de Franca (Brasil) 
Bert De Groef (Australia) 
Wei Ge (China) 
Yann Guiguen (France) 
Hamid Habibi (Canada) 
Keerikkattil Paily Joy (India) 
Moses Inbaraj (India) 
Horst-Werner Korf (Germany) 
Makito Kobayashi (Japan) 

 
 
 
 
Joaquin Gutiérrez (Spain) 
Olivier Kah (France) 
Anne-Sophie Martinez (France) 
Deborah Power (Portugal) 
Dusan Zítnan (Slovakia) 
Honorary presidents 
Geoff Coast (UK) 
Arnold de Loof (Belgium) 
Eric W. Roubos (The Netherlands) 
Hubert Vaudry  (France) 
 
 
 
 
 
David Lovejoy (Canada) 
Rabia Magoul (Morocco) 
José Antonio Muñoz-Cueto (Spain) 
Yoshitaka Nagahama (Japan) 
Subash Peter (India) 
Deborah Power (Portugal) 
Liliane Schoofs (Belgium) 
Jay Yong Seong (Korea) 
Gustavo Somoza (Argentina) 
Manuel Tena-Sempere (Spain) 
Vance Trudeau (Canada) 
Glen Van der Kraak (Canada) 
Denise Vizziano-Cantonnet (Urugay) 
Hélène Volkoff (Canada) 
Yonathan Zohar (USA) 



  27th Conference of European Comparative Endocrinologists 

  8 

 
 
National Advisory Board 
 
François Brion (INERIS) 
Pascal Coumailleau (U. Rennes 1/INSERM) 
Barbara Demeinex (MNHN/CNRS) 
Jean-Jacques Lareyre (INRA) 
Jean-Claude Le Mevel (U. Brest/INSERM) 
Jean-Louis Nahon (CNRS) 
Farzad Pakdel (INSERM) 
Vincent Prévot (INSERM) 
Patrick Prunet (INRA) 
Pascal Favrel  (CNRS) 
 
Local Organizing Committee 
 
Olivier Kah (CNRS) 
Patrick Prunet (INRA) 
Bernard Jégou (INSERM) 
Colette Vaillant (UR1) 
Marie-Madeleine Gueguen (UR1) 
Arianna Servili (IFREMER) 
Véronique Villalon (INSERM) 
Catherine Nouyrigat (INSERM)  
Elisabeth Pellegrini (UR1)  
Pascal Coumailleau (UR1) 
Nicolas Diotel (U. St Denis) 
Marie Picot (UR1) 
 
 
 
 
 
 
 
 

 
 
 
 
Sylvie Dufour (MNHN/CNRS) 
Jack Falcón (CNRS) 
Yann Guiguen (INRA 
Colette Vaillant (U. Rennes 1/INSERM) 
Hubert Vaudry (INSERM) 
Vincent Laudet (CNRS) 
Pascal Sourdaine (U. Caen) 
Hervé Tostivint (MNHN/CNRS) 
Isabelle Franceschini-Laurent (INRA) 
 
 
 
Blandine Blanchard (Gestion) 
Patricia Rousseau (Secrétariat) 
Jean-Claude Le Mével (INSERM) 
Elisabeth Sambroni (INRA) 
Jean-Charles Gabillard (INRA) 
Joel Cano-Nicolau (UR1)  
Aida Sanchez-Bertrańo  
Anne Moreau (INSERM) 
Yann Le Page (UR1) 
Santosh Winkins  
Millissia Ben Maamar 
Lauriane Lesné  
Clémentine Chalmey 
Lina Chouchene  
 

 

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
 



  27th Conference of European Comparative Endocrinologists 

  9 

General information 
 
Conference information and contacts 
Venue: All events (except the banquet) will take place in Building 2 of the Campus de Beaulieu of the Université de Rennes 1. 
Address: 263 Avenue du Général Leclerc, Rennes  

• Coordinates: 48°07′07″North   1°38′24″West  
• Bus Stop: Tournebride 
• Phone: +33 (0) 2 23 23 61 23 
• Security: +33 (0)2 23 23 33 33 

Contact: 
Olivier Kah	   
Research Institute in Health, Environment and Occupation (INSERM U1085) 
Team NEED, Case 1302 
Université de Rennes 1 
Campus de Beaulieu 
35 042 Rennes cedex, France 
tel: +33 (0)2 23 23 67 65 
Cell: +33 (0)6 61 41 31 70 
olivier.kah@univ-rennes1.fr 
Conference email: cece2014@univ-rennes1.fr 
Conference website: http://cece2014.org 
Registration: The registration desk is located in the “Club des Professeurs” on the left hand side after the main entrance to the building 
(follow the sign).  
The desk will be open:  
Monday: 14:00-19:30 
Tuesday: 8:30-11:30 ; 13:30-15:00 ; 17:00-18:00 
Wednesday: 8:30-11:30 
Thursday: 8:30-11:30; 13:30-15:00 
Friday: 8:30-10:00  
Outside these hours, please contact a staff member. 
Certificates of attendance and receipts 
Certificate of attendance and receipts will be available upon request at the registration desk. 
Language: The official language is English. 
T-shirts: High quality T-shirts are available at a cost of 15 Euros. 
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General information 
Transportation: 
The meeting will take place on the Campus de Beaulieu of the University of Rennes 1, which is easily accessible by: 
• by city bus (12 minutes from downtown): From stops “République” or “Musée des Beaux Arts”, you can take buses N° 4 or 6 (accessible 

to wheelchairs),  and get off at Tournebride. Here is the schedule in the morning. Full schedule and bus road map available at the end of 
this booklet and at:  
Ligne 4 – République 8h21 arrival Tournebride 8h32 
Ligne 6 – République 8h25 arrival Tournebride 8h37 
Ligne 4 – République 8h32 arrival Tournebride 8h43 
Ligne 6 – République 8h40 arrival Tournebride 8h52 
Ligne 4 – République 8h42 arrival Tournebride 8h53 
You can download the complete schedules and roadmaps from the website at: http://cece2014.org/general-information-2/general-
information/ 
The bus stop “Tournebride” is just at the entrance of the Campus de Beaulieu. The venue is located 100 meters away from the bus stop in the 
building facing you when looking North. 

• by car: There is ample free parking space (see the map) 
• by bicycle: LE vélo STAR is a free access system to bikes in the town of Rennes (83 stations and more than 900 bikes are available 24 hours 

a day, 7 days a week). 
• by foot: If you want to stretch your legs you can walk. It takes around 35-40 minutes. The first half when leaving the Campus is a pleasant 

walk along the river  
 
Weather: 
Rennes enjoys a very temperate climate under strong Atlantic influence. Although the summers are usually pleasantly warm and dry, you can 
actually expect changing conditions. We recommend bringing a jacket for the evenings and an umbrella 

.  

 



  27th Conference of European Comparative Endocrinologists 

  11 

General information 
Social events 

• Welcome reception: Monday 25th of August at 18:45 in the hall of Building 2. Around 21:15, buses will take the participants back to the city 
centre. The welcome reception is open to accompanying participants. 

• Banquet at “La Halle Martenot”. Thursday from 19 Located in the historical city centre, the “Halle Martenot” was built by architect Jean-
Baptiste Martenot in 1870. On Saturdays, it is used for the market. The banquet is open to accompanying participants. See map at the end of 
this section. Bring your dancing shoes. 

• Excursions: On Wednesday afternoon. Excursions are not included in the package. You can register and find information at: 
http://cece2014.org/excursions/  

• Sound and light:  On Sunday 24 and Monday 25 at 23:00, you can enjoy a free “Sound and Light” show on the Place du Parlement . 
Presenter information 

• Poster information 
Posters will be presented vertically (Portrait) in the A0 format. (118,9 cm x 84,1 cm). Maximum size 120cmx 90cm 
The poster hall will be open for setup on Monday 25 at 14:00. Posters will be on display at all times and must be removed by Friday 29 at 13:30. 
Odd numbered posters will be presented on Tuesday 26 and even numbered posters on Thursday 28. 
Display boards will be numbered and velcro sticky back pre-cut squares will be provided (do not use any other material). 
Food and drinks will be served during the poster sessions. 

• Oral presentations 
The programme is composed of 3 parallel symposia and thus a good timing is critical. Speakers are requested to strictly respect the 
time allocated. Chairpersons have been asked to be extremely meticulous regarding timing. Please cooperate. 
Plenary lecture: 40 minutes including questions if the speaker is willing to take questions 
State of the art: 25 minutes plus 5 minutes of questions 
Symposium presentation: 15 minutes plus 5 minutes of questions 
Only PCs will be available. Prepare your presentation as a Powerpoint or a PDF. Due to time constraints, we cannot allow speakers to use 
their personal computers. If you have videos, please contact us: cece2014@univ-rennes1.fr 
The speaker ready room is located in the “Club des professeurs” next to the registration. Assistants will be available to help you in 
up-loading your presentations. Please hand in your presentation no later than ½ day before your session.   
Speaker ready room hours: 
Monday: 15:00-17:00 
Tuesday: 08:30-09:30 and 16:30-18:30 
Wednesday: 08:30-09:30 
Thursday: 08:30-09:30 and 16:30-18:30 
Friday: 08:30-09:00 
Coffee breaks: Coffee break will be provide every day in the morning and in the afternoon. 
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General information 
 

Awards 
During the closing ceremony, the names of the CECE2014 laureates will be released. Six awards (prize money) will be presented 
to young investigators. Age limit is 35 years. 
• Two for the best posters 
• Two for the best oral presentations  
• Two for the best abstract presented by a PhD Student  

 

Publication policy 
• General and Comparative Endocrinology will publish a special issue on CECE2014. The program committee will invite 
participants to submit the following types of manuscripts: 
Plenary speakers have the option of: 
- a large review (15 to 25 pages double spaced recommended; no limit on the number of figures or references) 
- a mini -review (up to 12 pages double spaced recommended; up to 4 figures recommended; no limit on the number of references) 
State-of-the-art and oral symposium presenters have the option of: 
- a mini -review (up to 12 pages double spaced recommended; up to 4 figures recommended; no limit on the number of references) 
- an original research article (see GCE author guidelines) 
All authors can publish 4 color figures at no charge. 
The program committee can elect to invite selected poster presenters to submit an orginal research manuscript. However, we need to 
emphasis that this submission cannot be in the format of an extended abstract. It needs to be the appropriate length and depth for an 
original research article and it will be handled as such.  
Please contact: Olivier Kah: Olivier.kah@univ-rennes1.fr 
 
• A Research Topic for Frontiers in Neuroendocrine Science will be edited on the occasion of the CECE2014. The authors of 
Short Oral Communications and Posters that will be presented at CECE2014 are kindly invited to submit a manuscript (either an original 
contribution or a review article) for publication in a Research Topic of Frontiers in Neuroendocrince Science entitled « Trends in 
Comparative Endocrinology and Neurobiology» (http://www.frontiersin.org/Neuroendocrine_Science/authorguidelines). As you probably 
know, Frontiers has recently joined Nature Publishing Group. The articles of this Research Topic will be compiled into a free of charge e-
book and we would like that this e-book becomes a major reference for comparative endocrinologists. All manuscripts will thus be peer-
reviewed and only papers that meet our standards will appear in this Research Topic. 
The deadline for submission of manuscripts is November 15, 2014, and all revised manuscripts will have to be received by February 1st, 
2015. 
Please contact: Hubert Vaudry: hubert.vaudry@univ-rouen.fr or Olivier Kah: Olivier.kah@univ-rennes1.fr 
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 Going to the venue by bus 

You can take bus 4 or 6. 
 The schedule is provided for 

« République » but it will be virtually the 
Same at « Musée des Beaux-Arts » just 

one minute away from République » 

These buses will take you on time for the morning session 
Ligne 4 – République 8h21 arrival Tournebride 8h32 
Ligne 6 – République 8h25 arrival Tournebride 8h37 
Ligne 4 – République 8h32 arrival Tournebride 8h43 
Ligne 6 – République 8h40 arrival Tournebride 8h52 
Ligne 4 – République 8h42 arrival Tournebride 8h53 
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The venue 
Lecture rooms 

and poster sessions 

Bus Tournebride 

Entrance 

Registration 

Campus de 
Beaulieu 
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Banquet Halle Martenot 
Thursday August 28 

Place de Lices 
 

 

Place du Parlement 

Halle Martenot 
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Road map line 4 
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  Road map line 6 
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Schedule line 4 
To the campus de Beaulieu 

 
 
 
 

 
From the campus de Beaulieu 

 
 
 
 
 

ü Not all stations are listed 
Tournebride is between “Plaine 
de Baud” and “Beaulieu Chimie” 
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Schedule line 6 
To the campus de Beaulieu 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

From the campus de Beaulieu 
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Programme at a glance 
 Monday 

August 25  
Tuesday 

August 26  
Wednesday 
August 27  

Thursday 
August 28  

 Friday 
August 29 2014 

08:30 
09:00  Registration Registration Registration 09:00 

 
 
 
 
 
 
 
 
11:10 

 3 Parallel symposia 
09:00-11:10 

16 Recent progress in kisspeptin 
research (A) 

17 Endocrine disruption (B) 
18 Endocrine regulation of feeding, 

digestion and metabolism (C) 

09:00-
09:40  PL2: Bon-chu Chung  

09:00-09:40 
PL3: Dick Nässel 

09:00-09:40	  
PL4: Luiz Renato de França 

09:00-09:40	  

09:45 
10:15 	   3 parallel symposia 

09:45- 12:35 
1- Hormonal regulation of 

metamorphosis (A) 
2- Stress and Adaptation (B)  
3- Molecular and functional 
evolution of neuropeptide 
GPCRs (C) 

3 parallel symposia  
09:45- 12:35 

7- Actors of the paracrine 
and endocrine regulation in 

invertebrates (A) 
8- Translational 

chronobiology (B) 
9- Epigenetic control of 
hormonal actions (C) 

3 parallel symposia  
09:45- 12:35 

10- Power and problems of model 
systems:  efforts to push the limits 

(A) 
11- Breakthroughs in reproductive 

endocrinology  (B) 
12- Young investigator symposium 

(C) 

11:10 
11:30 Coffee Break 

12:35 
 
 
 
13:50 

	   Lunch and Posters 
ESCE Council Meeting 

(room 11)	  

Lunch basket 
Excursions 

 
1- Rennes: Parliament 

of Brittany and Historical 
Center 

 
2- Emerald Coast: Saint-

Malo and Cancale 
(Includes diner) 

 
3- Mont Saint-Michel 

(Includes diner) 
 
	  

Lunch and Posters 
GCE board meeting 

(room 11)	  

11:30 
12:00 General assembly 
12:00 
12:40 PL5 Charles Tyler 

13:50 
14:20 	   3 parallel symposia  

 
4- Translational comparative 

endocrinology (A) 
5- Synthesis and functions 

of neurosteroids (B) 
6- Physiology of 

melanocortin receptors and 
melanin concentrating 

hormone receptors 

3 parallel symposia  
 

13- Early vertebrate 
endocrinology (A) 

14- Genetic and hormonal 
control of sexual differentiation 

(B) 
15- Growth factor paracrinology 

(C) 

12:40 
13:00 Prizes and Closing 

ceremony 
14:20-
14:50 

Registration	    Registration 

14:50 
15:10 
15:10 
15:30 
15:30 
15:50 
15:50 
16:10 
16:10-
18:00 Wine and cheese 

Poster session 
16:10-18:30	  

Wine and cheese 
Poster session 

16:10-18:30	  
17:30 
18:00 

Opening 
ceremony 

18:00 
18:45	  

PL1 
Silvia Zanuy 

Banquet 
Halle Martenot 

19:15-01:00 18:45
-
21:00	  

Welcome 
reception Free evening 
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Detailed programme 
 

  
Monday August 25 2014 

15:00 
 
 
17:30 

Registration 
Campus de Beaulieu Building 2 (club des professeurs)	  

 
17:30 
 
 
 
 
 
18:00 
 

Opening ceremony (Room A) 
David Alis: University of Rennes 1 

Isabelle Pellerin: Rennes Metropole: Higher Education, Research and Innovation  
Dan Larhammar: President of the ESCE  

Olivier Kah: President of the organizing committee 
 
18:00 
 
 
18:45 
 

Opening lecture (PL1) Amphitheatre A  
Silvia Zany Doste (CSIC, Spain): 

Chair: Joaquim Gutiérrez i Fruitós (University of Barcelona) 

18:45 
 
 
 
21:30 

Welcome reception* (Hall building 2) 
19:00-21:30 

Buses will take the participants back to the city centre around 21:30 
	  
23:00 
 
 
 
23:30 

Free « Sound and Light » on the Place du Parlement  
Don’t miss this monumental, magic and poetic show.  It’s the last one of the 

summer !!! (http://rendez-vous-parlement.com/en/) 
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 Tuesday August 26  Morning 
08:30 
09:00 Registration 
09:00- 
09:40 PL2- Bon-chu Chung (Institute of Molecular Biology, Academia Sinica, Taipei, Taiwan) 

Chair: Ching-Fong Chang (President NTOU University, Taiwan) 
 Symposium 1 (Room A) 

Hormonal regulation of 
metamorphosis 

Chair: Deborah Power (Portugal) and 
Laurent Sachs (France) 

Symposium 2 (Room B) 
 Stress and Adaptation 

Chair: Tamás Kozicz (The Netherlands) and 
Patrick Prunet (France) 

Symposium 3 (Room C) 
Molecular and functional evolution of 

neuropeptide GPCRs 
Chair: Hubert Vaudry (France) and Jae Yong 

Seong (South-Korea) 
09:45 
10:15 

SOTA1: Vincent Laudet (Lyon, France)	  
Origin and evolution of metamorphosis and 

thyroid hormones 

SOTA3: Jan Deussing (München, Germany): 
Dissecting CRH-controlled Neurocircuitries of 

Stress and Anxiety 

SOTA5: Olivier Mirabeau (Paris, France)   
 Ancient and convergent features of neuropeptides 

and their receptors in the animal kingdom 
10:15 
10:45 

SOTA2: Robert Denver  
(Ann Arbor, USA) 

Metamorphosis of the tadpole brain 

SOTA4: Nicholas Bernier (Guelph, Canada) The 
short- and long-term consequences of perinatal 

environmental stressors on the responsiveness of 
the hypothalamic–pituitary–interrenal axis in zfish 

SOTA6: Isabel Beets (Leuwen, Belgium)  
 Evolutionary conserved neuropeptide signaling 

and behavioral modulation in C. elegans 

10:45- 
11:15 Coffee break 
11:15 
11:35 

OR1: Bas Zwaan (The Netherlands)  
Endocrine regulation of developmental 

phenotypic plasticity” 

OR5: Marie-Pierre Moisan (Bordeaux, France): 
“Comparative analysis of corticosteroid binding 

proteins in rat, chicken and trout” 

OR9: Jae Young Seong (Seoul, South Korea) 
“Coevolution of the Spexin/ Galanin/ Kisspeptin 

Family: Spexin Activates Galanin Receptor Type II 
and III” 

11:35 
11:55 

OR2: Marco Campinho* (Faro, Portugal) 
“Flatfish metamorphosis: a not so 

asymmetric tale” 

OR6: Onno Meijer (Leiden University, The 
Netherlands) “The mammalian HPA-axis: one 

steroid hormone, multiple time domains and ever 
so intricate response mechanisms” 

OR10: Jean-Louis Nahon (Nice, France)	  
“Brain distribution and behavioural changes in 

“humanized” mice expressing melanin 
concentrating hormone receptor 2.” 

11:55 
12:15 

OR3: Laurent Sachs (Paris, France)  
Glucocorticoid effects on thyroid hormone 

gene regulation in Xenopus tropicalis 
tadpoles 

OR7: Marcel Schaaf  
(Leiden, The  Netherlands):  

The zebrafish as an in vivo model system for 
analysis of glucocorticoid signaling 

OR11: Els Lismont* (Leuwen; Belgium) 
Characterisation of a functional allatotropin 

receptor in the bumblebee, Bombus terrestris. 
 

12:15 
12:35 

OR4: Arnold De Loof (Leuwen, Belgium) 
The essence of insect metamorphosis: 
electrical rewiring of cells driven by the 

principles of Juvenile Hormone-dependent 
Ca2+-homeostasis 

OR8: Patrick Prunet (Rennes, France) 
Interaction between rainbow trout corticosteroid 

receptors - a possible regulatory role for the 
mineralocorticoid receptor in response to stress? 
 

OR12: Billy K. C. Chow (Hong-Kong, China) 
Structural and Functional Divergence of Growth 

Hormone-Releasing Hormone Receptors in Early 
Sarcopterygians” 

12:35 
 
 
 
14:00 

Lunch and Posters  
ESCE Council meeting (Room 111 meal trays) 
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 Tuesday August 26 Afternoon  
 Symposium 4 (Room A) 

Translational comparative 
endocrinology 

Chair: Elisabeth Eppler (Germany) and Ilpo 
Huhtaniemi (UK) 

Symposium 5 (Room B) 
Synthesis and functions  

of neurosteroids 
Chair: Michael Schumacher (France) and Moses 

Inbaraj (India) 

Symposium 6 (Room C) 
Physiology of melanocortin receptors 

and melanin concentrating 
hormone receptors 

Chair : Robert Dores (USA) and José Miguel 
Cerdá-Reverter (Spain) 

14:00 
14:30 

SOTA7: Shlomo Melmed (USA) 
Pituitary signalling: From zebrafish to clinical 

therapy 

SOTA 9: Hubert Vaudry (France) 
CRH stimulates neurosteroid biosynthesis in the 

frog brain: possible implication in the control 
stresss response 

SOTA11 : Julien Sebag (U. Iowa, USA): 
 Developmental control of the Melanocortin-4 

Receptor by MRAP2 proteins in zebrafish 

14:30 
15:00 

SOTA8: Ilpo Huhtaniemi (London, UK)  
Hormonal regulation of spermatogenesis in 

mice and men 

SOTA 10: Luis-Miguel Garcia-Segura  
(Madrid, Spain)  

Aromatase is neuroprotective 
 

SOTA12 : Li F. Chan (London, UK)	  	  
The role of Melanocortin 2 receptor accessory 

protein 2 (Mrap2) in mammalian obesity 

15:00 
15:20 

OR13: N. Goncharova (Sotchi, Russia)  
Vasopressinergic regulation of stress 
responsiveness of the hypothalamic-

pituitary-adrenal axis in old monkeys with 
different types of adaptive behavior 

OR17: Nicolas Diotel (Saint-Denis, La Réunion): 
The brain of adult zebrafish: steroid 

synthesis, signaling and potential roles in 
constitutive and reparative neurogenesis 

OR21: Aki Takahashi (Kanagawa, 
Japan):“Relationship between a specific 

wavelength of light and the neuroendocrine system 
in fish 

15:20 
15:40 

OR14: J. Michael Conlon  
(U. Ulster, Northern Ireland) 

Therapeutic potential of frog skin host-
defense peptides as immunomodulatory 

agents 

OR18: Thierry Charlier (Athens, USA) 
Local modulation of steroid action: rapid control of 

aromatase activity 

OR22: José Miguel Cerdá-Reverter (IATS, Spain) 
 Behind melanocortin antagonist overexpression in 
the zebrafish brain: Behavioural and transcriptomic 

approaches 

15:40 
16:00 

OR15: Karl Link (Zurich, Switzerland)  
Insulin, glucose and lactate response to the 

insulin secretagogues arginine, 
phentolamine, and isoprenaline in normal, 

hyperglycaemic and diabetic cats 

OR19: Monique Vallée (Bordeaux, France):  
The neurosteroid pregnenolone countercats CB1-

mediated cannabinoid effects 

OR23: Robert M. Dores  
(University of Denver, USA)  

Interactions between rainbow trout MC2R, MC5R, 
and MRAP1: implications for the regulation of 

rainbow trout interrenal cells. “ 
15:40 
16:00 

OR16: Hamid Habibi (Calgary, Canada)	   
Evidence for thyroid regulation of 

angiogenesis in zebrafish initiated at the 
cellular membrane.  

OR20: Michael Schumacher (Paris, France)  
Two neuroprotective neurosteroids: progesterone 

and allopregnanolone 

OR24: Josep Rotllant (CSIC, Vigo, Spain)  
Pigment patterns in fish result from superimposition 

of two largely independent pigmentation 
mechanisms 

16:30 
 
 
	  
19:15 

Poster session 1 (odd numbers) 
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 Wednesday August 27 Morning 
08:30 
09:00 Registration 
09:00- 
09:40 PL3: Dick Nässel (Department of Zoology, Stockholm University, Sweden) 

Insulin signaling and its role in metabolism and reproductive diapause in Drosophila 
Chair: Dan Larhammar (President of the ESCE) 

 Symposium 7 (Room A) 
Actors of the paracrine and  

endocrine regulation in invertebrates 
Chair: Jozef Vanden Broeck  and Anne- 

Sophie Martinez (Caen, France) 

Symposium 8 (Room B) 
Translational chronobiology 

Chair: Valérie Simonneaux (France) and Horst 
Werner Korf (Germany) 

Symposium 9 (Room C) 
Epigenetic control of hormonal actions 

Chair: Gilles Salbert (Rennes, France) and Sergio 
Ojeda (Portland, USA) 

09:45 
10:15 

SOTA13: Shireen Davies (Glasgow, UK) 
Neuroendocrine control of insect desiccation 

and cold stress responses    

SOTA 15: Debra Skene (U. Surrey, UK) 
Melatonin and metabolite rhythms in human 

health and disease 

SOTA17: Raphaël Métivier  
(U. Rennes 1/CNRS, Rennes, France) 

Genomic organization of estrogen receptor signalling 
10:15 
10:45 

SOTA14: Florian Raible  
(Vienna, Austria) 

 Towards the neurohormonal machinery of circa 
lunar reproduction 

SOTA16: Nicholas Foulkes  
(Heidelberg, Germany)  

The circadian timing system:  
new lessons from fish 

SOTA18: Sergio Ojeda  
(Portland, USA) 

Epigenetic Regulation of Female Puberty 

10:45- 
11:15 Coffee break 
11:15 
11:35 

OR25: Reinhard Predel (Cologne, Germany): 
Coevolution of capa gene and perisympathetic 

organs in Hexapoda 

OR29: Etienne Challet (Strasbourg, France) 
 Interactions between nutrition and circadian 
clocks: lesson from the comparison between 

diurnal and nocturnal rodents” 

OR33: Denis Michel  
(Rennes, France):  

Epigenetic memories of hormone action 

11:35 
 
 
 
 
11:55 

OR26: Gerd Gäde (Cape Town, South Africa): A 
sulfothreonine adipokinetic peptide – a novel 
post-translational modification revealed in the 

twig wilter Holopterna alata (Hemiptera, 
Coreidae) 

OR30: Vincent Cassone (USA) 
Avian circadian organization: Birdsong as an 

input and an output of the biological clock 
 

OR34: Yasuhiro Kyono  
(Ann Arbor, USA) 

Thyroid hormone receptors directly regulate 
transcription of the de novo DNA methyltransferase 

Dnmt3a gene in the developing brain   
11:55 
 
 
 
 
12:15 

OR27: Maurice Elphick (London, UK) 
The neuropeptide transcriptome of the 

starfish Asterias rubens, a model echinoderm 
for neuropeptide biology 

OR31: Annika Herwig (Hamburg, Germany) 
Hormonal systems involved in seasonal changes 

in energy balance 
 

OR35: Dafni Anastasiadi* 
(CSIC, Barcelona, Spain) 

Environmental influences on DNA methylation in the 
European sea bass 

12:15 
 
 
 
12:35 

OR28: Lotte Froonickx (Leuven, Belgium): 
Pharmacological and functional characterization 
of a conserved tachykinin signaling system in C. 

Elegans” 

OR32: David Hazlerigg (Aberdeen, Scotland) 
Functional divergence of thyroid hormone 

deiodinases in the Atlantic salmon 

OR36: Fatima Smagulova 
(IRSET/France) 

Effects of atrazine of epigenetic of meiosis 
in male mice 

12:35 
 
 
 
 
 
23:00 

Lunch baskets and Excursions* 
* Those participants going to Saint-Malo or the Mont Saint-Michel will load their buses on the Campus de Beaulieu around 13:00. 
They will be taken back to the City Centre in the evening. 
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 Thursday August 28 Morning 
08:30 
09:00 Registration 
09:00- 
09:40 PL4- Luiz Renato de França (Federal University of Minas Gerais, Belo Horizonte, Brazil)  

“Spermatogonial stem cell physiology and transplantation in fish“ 
Chair: Bernard Jégou (Director of IRSET) 

Chair:  Symposium 10 : Power and 
problems of model systems: efforts 

to push the limits (Room A) 
Chair : Oliana Carnevali (Italy) and Vance L. 

Trudeau (Canada) 

Symposium11: Breakthrough in 
Reproductive Endocrinology (Room B) 

Chair :  Bernard Jégou (France) and Luiz Renato de 
França (Brazil)  

Symposium 12:Young investigators 
symposium (Room C) 

Chair: Dan Larhammar (President of the ESCE) and 
Olivier Kah (President of the Organizing committee)  

09:45 
10:15 

SOTA 19: Shogo Haragushi  
(Waseda University, Japan): “Integrated 

neuroendocine control of newt reproductive 
function” 

SOTA 21: Vincent Prévot (INSERM, Lille, 
France): ” MiRNA regulation of the hypothalamic 
GnRH gene network that regulates puberty onset 

and fertility” 

SOTA 23: Jeremy Pasquier*  
(Post-doc, INRA Rennes, PhD MNHN Paris) 

“Phylogenomic approach challenges the vertebrate 
RFamide family” 

10:15 
10:45 

SOTA 20: Jean-Paul Paluzzi  
(York University, Canada): 

 “Hormones regulating physiological 
processes in blood-feeding arthropods” 

SOTA 22: François Chauvigné: 
 (Norway, Spain): Germ line activation of the LH 
receptor directly drives spermatogenesis in the 

flatfish Solea senegalensis“ 

SOTA 24: Revathi Sekar* 
PhD Student, University of Hong-Kong, China): 

“Role of secretin in lipid homeostasis” 

10:45- 
11:15 Coffee break 
11:15 
11:35 

OR37 : Francois Brion (INERIS,France): 
Strengths and limits of transgenic zebrafish to 

study expression and perturbation of 
steroidogenic genes by EDCs 

OR41: Paula Medina* (Chile, Spain) 
Retinoic acid-signalling pathway during sex 

differentiation and puberty in the European sea bass 
(Dicentrarchus labrax) 

OR45: Maria Florencia Scaia*  (PhD Argentina): 
“Effect of estradiol on testicular function in Rhinella 

arenarum (Amphibia, Anura) 

11:35 
11:55 

OR38 : Nicolas Buisine (Paris, France): 
“Improving genome annotation and assembly 
as a pre-requisite for functional genomics in 

non conventional models” 

OR42: Finn-Arne Weltzien (Oslo, Norway): 
Patch-clamp studies reveal functional differences 

between lhb- and fshb-expressing gonadotropes in 
medaka 

OR46:	  Aida Sánchez-Bretaño* (PhD Madrid, Spain): 
"Anatomical location and circadian daily profile of 

gPer1b gene expression in the brain, gut and liver of 
goldfish (Carassius auratus)" 

11:55 
12:15 

OR39 :	  Dalibor Kodrík  
(Czech Republic): "Distribution and role 

of adipokinetic hormones in insect brain: the 
fire bug P. apterus L. as a model species" 

OR43: Elodie Desroziers*  
(Liège, Belgium) 

Role of the progesterone receptor in the 
development of sexual behavior in female mice. 

OR47: Delphine Franssen* (PhD Belgium) 
Opposing dose-related effects of neonatal BPA 

exposure on female pubertal timing and 
neuroendocrine control 

12:15 
12:35 

OR40 : Marie Picot (France) Conditional 
inactivation of androgen receptor : strengths and 

limits to assess the vulnerability of the neural circuits 
underlying male sexual behavior to chronic exposure 

to Bisphenol A 

OR44: Joelle Cohen-Tannoudji (Paris, France): 
Decoding high gonadotropin-releasing hormone 
pulsatility by gonadotrope cells: role of the cAMP 

pathway and of the accessory protein SET 

OR48:	  Meet Zandawala* (University of Toronto 
Mississauga, Mississauga, Canada) 

Gonadotropin-releasing hormone signalling system in 
the kissing bug, Rhodnius prolixus 

12:35 
 
 
13:50 

Lunch and Posters  
GCE Business meeting (Room 11 meal trays) 
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 Thursday August 28 Afternoon  
 Symposium 13 : Early vertebrate 

endocrinology (Room A) 
Chair : Hervé Tostivint (Paris, France) and 

Janine Danks (Victoria, Australia) 

Symposium 14 : Genetic and hormonal 
control of sexual differentiation (Room B)  

Chair : Yann Guiguen (Rennes, France) and Manfred 
Schartl (Würzburg, Germany) 

Symposium 15 : Growth factor paracrinology 
(Room C) 

Chair : Rüdiger Schulz (Utrecht, The Netherlands) and 
Cunming Duan (, Ann Arbor, USA) 

14:00 
14:30 

SOTA25: Stacia Sower  
(Durham, USA) 

Emergence of an evolutionarily novel pituitary 
glycoprotein hormone in the lamprey, a basal 

vertebrate 

SOTA27: Pierre Grève (University of Poitiers, France) 
Conflicts between the feminizing effect of the 

endosymbiont Wolbachia and the masculinizing role of 
the androgenic hormone in the terrestrial isopod 

Armadillidium vulgare 

SOTA29: Pierre Léopold  
(Nice, France)  

“Studying growth control in flies: from developmental 
regulations to neoplasms” 

 
14:30 
15:00 

SOTA26: Dan Larhammar  
(Uppsala Sweden):  

Complex evolution of NPY receptor ‘cousins’: 
many duplications and losses of receptor genes 

for GnIH, NPFF, PRLP and QRFP 

SOTA28: Eric Pailhoux  
(Nouzilly France)  

FOXL2, a critical regulator of steroid synthesis, acts as 
a female sex-determining gene in goats 

 

SOTA30: Wei Ge  
(Macau, China) 

Kit System and Its Role in the Paracrine Regulation of 
Follicle Development in the Zebrafish 

 
15:00 
15:20 

OR49: Samantha J. Richardson  
(Victoria, Australia) :From enzyme to hormone 
distributor: tweaking the structure to radically 

change the function” 

OR53: Amaury Herpin* (Würzburg, Germany): 
“Transcriptional rewiring, post-transcriptional regulation 

and neo-functionalization: how the master sex-
determining gene of medaka was born.  

OR57: Chung Peng (University of Toronto, Scarborough, 
Canada): ” Modulation of transforming growth factor-b 

signalling by microRNAs in placenta”  

15:20 
15:40 

OR50: Bruno Quérat (Paris, France): “An 
additional Tshb gene was generated twice by 

independent global genome duplications in non-
tetrapod vertebrates” 

OR54: Ching-Fong Chang  
(NOTU, Keelung, Taiwan):  

“The sexual fate of the gonad in the protandrous fish”  

OR58: Rafael Nobrega (Utrecht University, Utrecht, The 
Netherlands): “Endocrine and Paracrine Regulation of 

Spermatogonial Stem Cell Niche in Zebrafish” 
 

15:40 
16:00 

OR51: Leo T Lee (Hong Kong, China) 
“Evolution of glucagon/PACAP receptor family 
from invertebrate to vertebrate: insights from 

amphioxus” 

OR55: Olivier Lan-Chow-Wing* 
(Torre la Sal, Spain): ”New insights in the role of the 

transcription factor Foxl3 and its ancient paralog Foxl2 
in European sea bass gonads”  

OR59: Aude Gautier (UMR BOREA, Université de Caen, 
France): “Paracrine regulation inside the germinal niche in a 

chondrichthyan species, Scyliorhinus canicula”  

16:00 
16:20 

OR52: Putul Banerjee* ( Varanasi, 
India): “Neurohypophyseal nonapeptide 

precursors in vertebrates: A story of recurrent 
duplications and gene conversions  

OR56: Ana Maria Coimbra 
(Vila Real, Portugal) 

“Apoptosis pathways in zebrafish gonad differentiation” 

OR60: Elisabeth Eppler (Switzerland): 
“Potential autocrine, paracrine and endocrine roles for IGF-1 in 

physiology and pathology of the cellular immune system: lessons 
from higher and lower vertebrates” 

16:20 
 
 
18:30 

Poster session 2 (even numbers) 

19:30 
 
 
 
01:00 

Banquet: Halle Martenot (Place des Lices) 
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 Friday 29 August  Morning 
 Symposium 16:Recent progress in 

kisspeptin research (Room A) 
Chair : Manuel Tena-Sempere (Córdoba, Spain) 

and Vincent Prevot (Lille, France) 

Symposium 17:  
Endocrine disruption (Room B) 

Chair : Charles Tyler (Exeter, UK) and François 
Brion (INERIS, France) 

Symposium 18: Endocrine regulation of 
feeding, digestion and metabolism 

(Room C) Chair : Ivar Ronnestad (Norway) and 
Hélène Volkoff (Canada) 

09:00 
09:30 

SOTA31: Sylvie Dufour 
(CNRS/MNHN, Paris, France)  

Evolutionary history of kisspeptins and their 
receptors 

SOTA33: Vance L. Trudeau 
(University of Ottawa, Canada)  

Neuroendocrine Disruption: common themes 
across taxa 

SOTA35: Yvette Taché 
(Los Angeles, USA) 

Brain-gut peptides and the regulation of feeding 
 

09:30
10:00 

SOTA32: Manuel Tena-Sempere  
(Córdoba, Spain) 

Conserved roles of kisspeptins in reproductive 
physiology in mammals: Lessons from model 

species 

SOTA34: Anne-Simone Parent  
(GIGA Neurosciences, Liège, Belgique):  

Neuroendocrine Disruption: Effects of endocrine 
disrupting chemicals on the hippocampus, the 

cerebral cortex and the hypothalamus 

SOTA36: Tim Boswell 
(Newcastle, UK)  

Leptin and the regulation of the melanocortin 
system in birds 

 
10:00 
10:20 

OR61: Shinji Kanda (University of Tokyo, Tokyo, 
Japan): “The input/output systems of kisspeptin 
neurons suggested by studies using transgenic 

medaka” 

OR65: Patrick Balaguer (INSERM, Montpellier, 
France): “Selectivity of environmental chemicals 
for human and zebrafish estrogen, androgen and 

peroxysome proliferator activated ϒ receptors” 

OR69: Serge Luquet (Université Paris 
Diderot/CNRS, Paris, France): “Hypothalamic 
AgRP neurons control nutrient partitioning and 

substrate utilization” 
10:20 
10:40 

OR62: Valerie Simonneaux 
(Strasbourg, France), 

A Kiss for daily and seasonal reproduction 

OR66: Séverine Mazot-Guittot (IRSET, Rennes, 
France): “Species-specific sensitivity of the fetal 

testis to mild analgesics” 

OR70: Björn Thrandur Björnsson (Göteborg, 
Sweden): “Recent advances in rainbow trout 

leptin endocrinology” 
10:40 
11:00 

OR63: Erik Hrabovsky (Hungarian Academy of 
Sciences, Budapest, Hungary): “What can 

neuroanatomy teach us about kisspeptin neurons 
of the human?” 

OR67: Jae-Seong Lee (Sungkyunkwan 
University, Suwon, South Korea): “Effects of 
emerging marine pollutants on ecdysteroid 

pathway in the intertidal copepod 
Tigriopus japonicas” 

OR71: Silvia Falcinelli *(Università Politecnica 
delle Marche, Ancona, Italy): “Probiotics 

regulate lipid metabolism: the zebrafish model to 
study the mechanism to prevent lipid disorder” 

11:00 
11:20 

OR64: Vincent Hellier* (GIGA Neuroscience, University of 
Liege, Belgium): “Functional characterization of the role 
of kisspeptin and GnRH receptor neurons in the neural 

circuit controlling the lordosis reflex” 

OR68: Cheryl S. Rosenfeld (University of Missouri, 
Columbia, USA) USA): “Endocrine Disruption of Maternal 

and Paternal Behaviors in Monogamous, Biparental 
California Mice (Peromyscus californicus)” 

OR72: Magdalena Bil* (KU Leuven, Belgium): 
“Adipokinetic hormone enhances serine protease activity 
in the midgut of the anautogenous flesh fly, Sarcophaga 

crassipalpis” 
11:20 
11:40 Coffee break 
11:40 
12:10 General assembly ESCE 
12:10 
12:50 PL5- Closing lecture: Professor Charles Tyler (University of Exeter, UK) (Room A) 

Oestrogenic Chemicals and their effects on Fish and Fish Populations  
Chair: Rüdiger W. Schulz (University of Utrecht) 

12:50 
 
13:15 

Prizes and Closing ceremony 
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A 40-year journey into fish reproductive 
endocrinology, from the lab to the market 
Silvia Zanuy 
 
FRP Department of Fish Physiology and Biotechnology, 

Institute of Aquaculture Torre de la Sal, Spanish National Research Council 
(IATS-CSIC) Ribera de Cabanes s/n , 12595, Castellón, Spain 
s.zanuy@csic.es 
 
Since the mid-70s fish farming developed into a thriving and productive 
activity and research in fish reproductive endocrinology became a broad 
field covering a spectrum from basic research to its zootechnical translation. 
This review summarizes a journey along 40 years of research in the 
reproductive endocrinology of a marine teleost the sea bass (Dicentrarchus 
labrax), which resulted in a wealth of basic information and its transfer to the 
aquaculture industry as practical uses and new technologies. Sea bass is a 
good example of a cultivated fish species where basic reproductive 
endocrinology research has been driven by applied challenges. Since early 
studies on gonad morphology, seasonal changes of reproductive hormone 
levels and hormonal and environmental shifting of gametogenesis and 
spawning, novel discoveries were made on gametogenesis/ 
steroideogenesis, structure/function of gonadotropis, multiplicity of 
GnRH/GnRHR and Kiss/GPR54 systems and their functional significance, 
cross-communication between the components of the brain-pituitary-gonad 
axis and their environmental control, and key processes such as puberty, 
cyclical reproduction and sex differentiation. As we entered into the genomic 
era, associated technologies such as recombinant hormone production and 
gene-transfer, among others, have been used to identify and study genes 
involved in reproduction and their regulation by environmental and 
endocrine factors. The output of this research enabled the industry to 
produce good quality gametes and viable juveniles on demand and in a 
more sustainable manner. 
 
Most recent summarized research supported by EU LIFECYCLE (FP7-
222719), MICINN AQUAGENOMICS (CSD2007/00002) and AGL2008-
02937, GV REPROBASS (Prometeo/2010/003) projects. 
 

Function and Regulation of Steroids in 
Vertebrates  
Bon-chu Chung*  
Institute of Molecular Biology, Academia Sinica, Taipei, 
Taiwan. 中研院分生所   鍾邦柱 

mbchung@sinica.edu.tw 
 
Steroids are small lipophilic molecules derived from cholesterol. They are 
synthesized by a set of cytochromes P450 enzymes are present in all 
vertebrates. To understand the regulation and functions of steroids, we 
depleted Cyp11a1, which encodes cytochrome P450scc (cholesterol side-
chain cleavage enzyme), in the first step of steroid biosynthetic pathway. 
Cyp11a1 knockout mice do not synthesize any steroid and die neonatally. 
Yet Cyp11a1 knockout fetuses survived because maternal steroid supplies. 
When the promoter of the Cyp11a1 gene was mutated, the production of 
CYP11A1 in the adrenal decreased by 15-fold, but these mice had normal 
life span. These mice were more prone to infection, and could not recover 
from inflammation easily. These studies reveal the importance of steroids 
in neonatal life and in stress response.  
 To investigate the functions of steroids during embryogenesis, we 
resorted to oviparous zebrafish whose embryos develop outside maternal 
protection. When cyp11a1 was depleted by the injection of an antisense 
morpholino oligonucleotide, zebrafish embryos had shorter body axis 
because of a reduction of embryonic morphogenetic cell migration. This 
defect was alleviated when the immediate steroid product of CYP11A1, 
pregnenolone, was supplied. We found that pregnenolone controlled 
zebrafish embryonic cell migration and consequently morphogenesis by 
binding to a microtubule associated protein CLIP-170, thus stabilizing 
microtubules and promote cell migration. We found that pregnenolone 
changed the conformation to activate CLIP-170, thus promoting 
microtubule polymerization and increasing cell motility. This study reveals 
a previously unidentified role of steroids during early embryogenesis. 
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Insulin/IGF signaling in insects 
 
Dick R. Nässel 
 
Department of Zoology, Stockholm University, Stockholm, 

Sweden 
dnassel@zoologi.su.se 
When insulin-like peptides (ILPs) where first discovered in insects in the 
1980ies their function was primarily linked to control of hormone production 
and regulation of growth. Over the last dozen years, or so, insulin/IGF 
signaling (IIS) has become an intensively investigated area also in insects, 
and we now know that IIS plays an important role in all stages of the life 
cycle. Thus, it is clear that IIS regulates development, growth, metabolic 
homeostasis, fecundity, stress resistance and organismal lifespan. 
Drosophila has become an excellent model for unraveling mechanisms of 
IIS due to the extensive genetic and molecular tool kit. In brief, Drosophila 
produces eight ILPs (DILP1-8), each encoded on a separate gene, but there 
is only one known insulin receptor of tyrosine kinase type. The most studied 
peptides (DILP2, 3 and 5) are produced by a set of neuroendocrine cells in 
the brain and released into the circulation. This presentation summarizes 
work from our laboratory on regulation of DILP production and release, a 
role of IIS in neuronal development and growth, as well as in regulation of 
metabolism, stress and immune responses during adult reproductive 
dormancy (diapause). Specifically, I will summarize our findings on neuronal 
and hormonal factors that regulate insulin-producing cells in the brain, and 
then proceed with new findings on how IIS affects growth and activity of 
post-mitotic neuroendocrine cells, even in the adult brain. Finally, I will 
discuss how IIS may be a part in the altered metabolism and increased 
stress resistance during reproductive diapause. Hopefully I will be able to 
convey how Drosophila, in spite of its small size, can be explored to 
increase our understanding of mechanisms in IIS throughout the lifespan of 
an organism. 
 
 

 
Spermatogonial stem cell physiology and 
transplantation in fish 
 
França L.R., Costa, G.M.J., Lacerda S.M.S.N.  
 

Federal University of Minas Gerais, Belo Horizonte, MG, Brazil. 31270-901.  
lrfranca@icb.ufmg.br 
 
Spermatogonial stem cells (SSCs) are crucial for the establishment and 
maintenance of spermatogenesis in eukaryotes. In fish, some highly 
conserved vertebrate molecular markers (e.g. Gfra1 and Pou5f1/Oct4) are 
now available, representing important candidates for studies evaluating the 
regulation of SSCs and even functional investigations using SSCs 
transplantation. A technique already used to demonstrate that, different from 
mammals, fish germ stem cells (spermatogonia/oogonia) present high 
sexual plasticity that is determined by the somatic microenvironment, which 
is also very important for the preferential location and regulation of SSCs. A 
long-term in vitro culture system for SSCs is now established for some fish 
species, allowing the development of strategies to investigate key regulatory 
and functional aspects of germline stem cells (e.g. self-renewal and/or 
differentiation) or to amplify SSCs of rare, endangered, or commercially 
valuable species. This system also represents an important tool for 
transgenesis and the development of new biotechnologies in fish production. 
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Oestrogenic Chemicals and their effects on Fish 
and Fish Populations. 
 
Charles R.Tyler1, Anke Lange1, Patrick Hamilton1, Amy L 
Filby1,Tetsuhiro Kudoh1, Shinichi Miyagawa,2  Aya 

Takesono1, Okhyun Lee1, Ross Brown1, Olivia Osborne1, Gregory C 
Paull1, John Moreman1, Jon Green1, Ruth Cooper1, Taisen Iguchi2.  
 
1Biosciences, College of Life & Environmental Sciences, University of 
Exeter, Exeter EX4 4QD, UK. 2Okazaki Institute for Integrative Bioscience, 
National Institute for Basic Biology, National Institutes of Natural Sciences, 
and Department of Basic Biology, School of Life Science, Graduate 
University for Advanced Studies, 5-1 Higashiyama, Myodaiji, Okazaki 444-
8787, Japan. 
c.r.tyler@ex.ac.uk 
 
A wide range of chemicals are now known to alter physiological processes 
in fish impacting on their health and well being. Exposure to chemicals that 
alter hormone function (so called endocrine disrupting chemicals - EDCs) 
can cause disruptions in development, alter sexual differentiation and 
function, and impact adversely on reproduction. Some medical and 
veterinary pharmaceuticals entering aquatic environments are specifically 
designed to alter hormone pathways and these hormone pathways are 
highly conserved across other vertebrate taxa, including fish. With very few 
exceptions, however, the impacts of EDCs on wildlife populations are not 
known. In this presentation, we focus on the impacts of once class of EDCs 
- environmental oestrogens - on fish and fish populations. We will first 
provide a global perspective on this issue, and then focus in more detail on 
our work, with our collaborators, to illustrate the  evidence that proves 
selected discharged oestrogens are key players in inducing disruptions in 
sexual development and function in fish in UK rivers. This story includes 
harmonising studies on wild fish populations, with focused laboratory based 
exposures, and investigations into molecular mechanisms. This work has 
included the   use of receptor reporter assays, transgenic fish, DNA  
Microsatellites, SNPs  and RADtag  sequencing to advance understanding 
on the mechanisms of oestrogenic chemical action in fish and the functional 
consequences for both individuals and populations. Our findings provide 
unequivocal evidence for the involvement of selected chemicals in the 
feminisation of wild fish in UK rivers, but the population level consequences 
of the feminise responses induced are still uncertain. 
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State of the Art lectures 
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Origin and evolution of metamorphosis and 
thyroid hormones. 
Vincent Laudet,  

 
Institut de Genomique Fonctionnelle de Lyon (IGFL), 
CNRS-UMR 5242, Ecole Normale Supérieure de  Lyon, 

46, Allée d'Italie, 69364 Lyon CEDEX 07, France. 
Vincent.Laudet@ens-lyon.fr 
 
Vertebrate metamorphosis is a spectacular post-embryonic process 
exemplified by the transformation of a tadpole into a frog. This transition 
implies the appearance of new body parts (e.g. the limbs), the resorption of 
larval features (e.g. the tail) and the remodelling of many organs (e.g. the 
skin or the intestine). Metamorphosis has been well characterized in anuran 
amphibians, where thyroid hormone (TH) orchestrates the intricate and 
seemingly contradictory changes observed at the cellular and tissue levels. 
TH controls a complex hierarchical cascade of target genes via binding to 
specific receptors, TRa and TRb, which are ligand-activated transcription 
factors belonging to the nuclear receptor superfamily. Metamorphosis is in 
fact widespread throughout vertebrates, which exhibit an impressive 
diversity in this regard. However, outside specific model systems or 
aquaculture species it is poorly characterized in fish and this is particularly 
true in coral reef fish. There are however many data suggesting that this is a 
critical period in the life history of these organism, intimately linked to larval 
recruitment a very important event in terms of ecology and conservation 
biology.  In addition, variations of this key event (from paedomorphosis, the 
absence of metamorphosis, to direct development which actually 
corresponds to precocious metamorphosis) provides a unique opportunity to 
illustrate how the tinkering of the cascade controlling metamorphosis can 
lead to divergent life histories. The study of invertebrate has also shed light 
on the origin of metamorphosis. The data converge towards a model 
suggesting that post-embryonic remodelling governed by TH is a common 
feature in animals.   
 
 
 
 
 

 
Genome-wide modulation of DNA methylation 
and gene expression by thyroid hormone 
receptors during metamorphosis of the tadpole 
brain  
Yasuhiro Kyono1, Laurent Sachs2, Nicolas Buisine2 Robert 
J. Denver1,3 

1Neuroscience Graduate Program, University of Michigan, Ann Arbor, MI 
USA -2UMR-7221, Centre national de la recherche scientifique (CNRS), 
Muséum National d'Histoire Naturelle, Paris, France 
3Department of Molecular, Cellular and Developmental Biology, University of 
Michigan, Ann Arbor, MI USA  rdenver@umich.edu 
 
Methylation of cytosines, occurring in the context of cytosine-guanine (CpG) 
dinucleotides in vertebrate genomes, is a critical epigenetic modification 
controlling gene expression. To understand the biological roles of DNA 
methylation during postembryonic development we analyzed DNA 
methylation, the genes that control this epigenetic modification, and its role 
in gene regulation in the brain (diencephalon) of Xenopus tadpoles during 
metamorphosis. Quantitative real-time RTPCR showed that genes involved 
with DNA demethylation (tet3; also tet2, gadd45γ and tdg) increased at the 
onset of metamorphosis and could be induced by exogenous thyroid 
hormone (T3). These changes in gene expression correlated with a 
progressive decline in whole genome DNA methylation. Using a PCR-based 
assay we found that T3 response elements (T3REs) for the klf9 and dnmt3a 
genes became demethylated during metamorphosis, which correlated with 
developmental increases in their mRNAs. Furthermore, T3 treatment of 
premetamorphic tadpoles induced DNA demethylation at these loci. In vitro 
methylation of genomic DNA fragments containing these T3REs subcloned 
into reporter plasmids abrogated T3-dependent transactivation. During late 
prometamorphosis the de novo DNA methyltransferase dnmt3a gene was 
strongly upregulated in regions outside of neurogenic zones in tadpole brain, 
and we show that this is due to direct T3 receptor binding to two functional 
T3REs in the dnmt3a locus. Upregulation of dnmt3a correlated with 
downregulation of E2F target genes involved with cell cycle control. 
Genome-wide mapping of CpG methylation showed dynamic changes that 
correlated with changes in gene expression analyzed by RNA sequencing. 
Our findings support that T3 regulates DNA methylation in the tadpole brain 
during metamorphosis, and that these changes are important for the 
coordination of gene regulation programs that underlie tissue 
morphogenesis.  
Supported by the National Science Foundation of the USA (RJD), the 
National Institutes of Health (YK), EU project IDEAL and the CNRS (LS and 
NB).  
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Dissecting CRH-controlled Neurocircuitries of 
Stress and Anxiety 
 
Nina Dedic, Claudia Kühne, Karina Gomes, Marcel 
Schieven, Jakob Hartmann, Klaus V. Wagner, Carsten 
Wotjak, Damian Refojo, Mathias V. Schmidt, Wolfgang 

Wurst, Jan M. Deussing 
 
Max Planck Institute of Psychiatry, Department of Stress Neurobiology and 
Neurogenetics, Munich, Germany 
deussing@mpipsykl.mpg.de 
 
The corticotropin-releasing hormone (CRH) and its high-affinity type 1 
receptor (CRHR1) critically control behavioural adaptations to stress and are 
causally linked to stress-related disorders such as anxiety and depression. 
So far little was known about the brain regions and specific CRH/CRHR1-
controlled neurotransmitter circuits which modulate such behavioural 
alterations. In this regard, we were recently able to provide a clearer 
understanding of the interaction of CRH with other neurotransmitter systems 
by unravelling the identity of anxiety-modulating CRHR1-positive 
glutamatergic and dopaminergic neurons. Our results provide substantial 
evidence that anxiety-related behaviour is generated by an imbalance 
between CRHR1-controlled anxiogenic glutamatergic and anxiolytic 
dopaminergic systems (Refojo et al., 2011). However, the identity of CRH-
releasing neurons and sites of CRH action have not been fully established 
yet.  
To specifically address the in vivo function of the neuropeptide CRH we 
applied conditional mutagenesis to generate respective gain- and loss-of-
function mouse models. Mice overexpressing CRH or lacking endogenous 
CRH in a spatially and temporally controlled fashion allowed investigating 
the role of CRH in the control of basal emotionality and hypothalamic-
pituitary-adrenal (HPA)-axis but also in response to stress.  
The neurotransmitter type-specific manipulation of CRH on the circuit level 
further substantiates the diverging roles of CRH during basal and stress 
conditions, and clearly underlines the ability of the CRH/CRHR1 system to 
modulate anxiety-related behaviour in opposite direc 

	  
The short- and long-term consequences of 
perinatal environmental stressors on the 
responsiveness of the hypothalamic–pituitary–
interrenal axis in zebrafish 
 
Nicholas Bernier, Catherine Ivy, Kristina Mikloska, Tegan 

Williams 
Department of Integrative Biology, University of Guelph, Guelph, ON, 
Canada.  nbernier@uoguelph.ca 
 
Slow-moving, shallow and warm waters are ideal nursery habitats for fish 
but they are also prone to both diurnal and chronic hypoxia, as well as high 
environmental ammonia (HEA).  While exposure to hypoxic conditions and 
HEA stimulate the hypothalamic–pituitary–interrenal (HPI) axis in adult fish, 
the impact of these environmental stressors on the development and 
programming of the HPI axis is not known.  Therefore, we explored the 
short- and long-term consequences of hypoxia and HEA on the stress 
response using zebrafish as a model. Relative to controls, exposing 5 days 
post-fertilization (dpf) zebrafish larvae to 10% dissolved oxygen (DO) 
significantly increased whole-body cortisol, reduced neural proliferation 
across the telencephalon, and decreased the expression of the neuronal 
precursor gene neuroD.  Similarly, exposing 5 dpf larvae to HEA elicited a 
dose-dependent increase in cortisol as well as dose-dependent reductions 
in the expression of the early neurogenic markers ngn1, neuroD, mbp and 
gfap.  Interestingly, while exposure to 10% DO at 5 dpf inhibited the cortisol 
stress response to a repeat hypoxia exposure at 10 dpf, repeat exposure to 
HEA over the same time interval did not inhibit the stress response in 10 dpf 
larvae but significantly reduced basal cortisol levels.  While embryos are 
more tolerant than larvae to a lack of oxygen and HEA, we also provide 
evidence that exposure to environmental stressors prior to the formation of a 
fully functional HPI axis can have permanent effects on the stress 
responsiveness of zebrafish.  Adults derived from 1.5 dpf embryos acutely 
exposed to anoxia were observed to exhibit dominance during dyadic 
interactions with adults derived from normoxic embryos, and had lower 
whole body cortisol levels.  Mirror aggression tests also showed that anoxia-
exposed embryos raised to adults have an increased propensity to attack.  
Lastly, adults derived from anoxia-exposed embryos are characterized by 
lower gonadal aromatase (cyp19a) gene expression and higher whole body 
testosterone levels.  Overall, our results provide novel evidence that 
perinatal environmental stressors can affect the responsiveness of the larval 
HPI axis and the stress phenotype of adult zebrafish.   
Supported by an NSERC Discovery Grant.  
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Ancient and convergent features of 
neuropeptides and their receptors in the 
animal kingdom 
 
Olivier Mirabeau 
 

Institut Curie, INSERM U830 
olivier.mirabeau@gmail.com 
 
Neuropeptides and their receptors are a large group of very diverse 
ligand/receptor molecular systems that are essential for the modulation of 
the activity of neurons in the brain of animals, and in so doing participate in 
normal physiology and adaptive behavior in all animals.  
Recently a picture has emerged of a core set of neuropeptide/receptor 
systems that are conserved between species as distant as drosophila, 
urchin and human. This recent work indicates that most extant 
neuropeptides have coevolved with their receptors from their fixation in an 
ancestor with bilateral symmetry to present-day animals.  
We probed databases of known metazoan neuropeptides and GPCRs to try 
to understand if molecular constraints visible at the level of the primary 
sequence were associated with this coevolution. In particular we asked 
whether convergent features occurring in receptors were associated with 
convergence in the neuropeptide space. 
 
 
 
 
 
 
 
 
 

 
Evolutionary conserved neuropeptide 
signalling and behavioural modulation in C. 
elegans  
 
Isabel Beets1, Jan Watteyne1, Lotte Frooninckx1, Lise 
Peeters1, Kevin van Calster1, Elien van Sinay1, Liliane 

Schoofs1 
1Functional Genomics and Proteomics, KU Leuven, Leuven, Belgium 
isabel.beets@bio.kuleuven.be 
 
Neuropeptides are intimately involved in the control of animal physiology, 
and act as key modulators of neural circuits driving adaptive behaviours. 
Many neuropeptides have been linked to behavioural modulation such as 
learning and memory, but the exact neuromodulatory actions and 
evolutionary origin of these effects are often less well understood. The 
nematode Caenorhabditis elegans is an elegant model to study the function 
and mode of action of neuropeptidergic signalling, because of its well-
defined nervous system, suitability for high-throughput screening at the level 
of the organism, and access to an advanced genetic toolkit. Despite the 
numeral simplicity of its nervous system counting 302 neurons, C. elegans 
uses a wide plethora of neuropeptidergic signalling pathways that share a 
large number of similarities with other metazoans. More than 250 bioactive 
peptides were identified in C. elegans by means of bioinformatics and 
peptidomics tools. Using reverse pharmacology, this peptide library was 
screened on orphan worm GPCRs orthologous to vertebrate or arthropod 
neuropeptide receptors. Several neuropeptide systems were newly identified 
in C. elegans that are respectively homologous to vasopressin/oxytocin and 
inotocin, neuromedin and capa, neurokinin and tachykinin, and CCK and 
sulfakinin. Phenotypic analyses of mutant strains that lack the receptor or 
peptide precursor indicate that (1) C. elegans CCK regulates feeding 
behaviour, (2) C. elegans vasopressin/oxytocin signalling promotes 
associative learning, (3) C. elegans learning behaviour is regulated by a 
network of conserved neuropeptidergic signalling pathways. Our results 
suggest that many neuropeptide systems were likely established prior to the 
divergence of protostomes and deuterostomes, and have a conserved role 
in circuit modulation to adapt behavioural output. By in vivo localization, 
genetic and cell-specific rescue analyses, we shed light on the cellular and 
molecular mechanisms underlying these modulatory effects. 
 
The Research Foundation – Flanders (FWO) and European Research 
Council (ERC grant) are greatly acknowledged. 
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Pituitary Signalling: From Zebrafish to Clinical 
Therapy 
 
Shlomo Melmed and Ning-Ai Liu 
 
 

Pituitary Center,Cedars-Sinai Medical Ctr,Los Angeles,CA 
melmed@csmc.edu 
 
 
Pituitary tumors account for ~15% of intracranial tumors and arise from 
differentiated anterior pituitary cell types, and although invariably benign ,are 
usually  monoclonal. Study of human tumors is hampered by technical 
challenges, including tissue availability, biopsy access, and lack of 
differentiated cell lines. Identification of adenoma-specific suppressor gene 
loss ,or activating mutations has been largely elusive. Knockout transgenic 
models utilizing two or more gene  deletions, or targeted knock-ins, have 
provided understanding of the multistep progression of pituitary  cell growth, 
hyperplasia and ultimately neoplasia. Several candidate factors mediate 
tumorigenesis by disrupting the cell cycle leading to aneuploidy, 
chromosomal imbalance and excssive hormone production.Pituitary tumors 
exhibit an inherent cell-specific  predisposition for senescence-associated 
molecular pathways and show cell-specific protective mechanisms for 
growth restraint enabling the pituitary to maintain vital homeostatic hormonal 
functions in the face of destructive lesions, potential malignant 
transformation, or external insults. By understanding these pathways,we 
have developed murine and zebrafish models recapitulating normal pituicyte 
transformation through hyperplasia and ultimately adenoma formation, with 
phenotypic features of human disease and endocrine dysfunction. We have 
translated these signalling  findings to therapeutic advances to  enable cell-
targeted   approaches for treating these common hormone-secreting 
endocrine neoplasms, including prolactinomas, Cushing Disease and 
acromegaly. 

 
Hormonal regulation of spermatogenesis in 
mice and men 
 
Ilpo Huhtaniemi 
 
Institute of Reproductive and Developmental Biology, 

Department of Surgery & Cancer, Imperial College London, London W12 
0NN, UK. 
ilpo.huhtaniemi@imperial.ac.uk 
 
Spermatogenesis of all mammalian species is critically dependent on the 
two pituitary hormones, follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH). The former, together with the LH-stimulated Leydig cell 
product, testosterone (T), stimulates indirectly spermatogenesis by 
maintaining the metabolic functions of the Sertoli cells. There has been 
uncertainty as regards the relative importance of FSH and LH-dependent T 
actions in the spermatogenic process and the specific steps in this complex 
maturation process they stimulate. Likewise, clear species differences in the 
relative importance of the various hormonal stimuli of spermatogenesis are 
apparent. In this presentation, we will review the species differences in the 
hormonal maintenance of spermatogenesis and present some data on novel 
genetically modified mouse models on the hormonal regulation testicular 
endocrine function and spermatogenesis. Animal models help us to 
understand better the mechanisms of human spermatogenesis and its 
disturbances, and to design new treatment strategies. 
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CRH stimulates neurosteroid biosynthesis 
in the frog brain: Possible implication in 
the control of the stress response 
Jean Luc do Rego1,2,3, Shogo Haraguchi4, Mi Jin 
Moon5, Jean-Claude do Rego1,6, Itaru Hasunuma4, 
David Vaudry1,2,3, Van Luu-The7, Georges Pelletier7, 

Jae Young Seong5, Kazuyoshi Tsutsui4, Hubert Vaudry1,2,3 
1Inst. Res. Innov. Biomed. (IRIB), Univ. Rouen, France. 2Reg. Platform Cell 
Imag. (PRIMACEN), Univ. Rouen, France. 3Nat. Inst. Health Med. Res. 
(INSERM). 4Lab. Integrat. Brain Sci., Waseda Univ., Tokyo, Japan. 5Lab. 
GPCR, Korea Univ., Seoul, Korea. 6Platform Behav. Anal. (SCAC), Univ. 
Rouen, France. 7Res. Cent. Mol. Endocrinol., Oncol. Genet., Laval Univ. 
Hosp. Cent., Quebec, Canada.  
Hubert.vaudry@univ-rouen.fr 
 
It is now clearly established that the central nervous system has the 
capability of synthesizing bioactive steroids but the neuronal mechanisms 
controlling the activity of neurosteroid-producing cells in the brain have 
received little attention. In the present study, we have hypothesized that 
CRH, a neuropeptide that plays a crucial role in the stress response, could 
be involved in the control of neurosteroid synthesis in the brain. Double 
labeling of frog (Pelophylax ridibundus) brain sections showed that CRH-
containing fibers make contact with steroid-synthesizing neurons. The 
diencephalic regions where most steroidogenic cell bodies are located are 
also enriched with CRH receptor (CRH-R)-like immunoreactivity. Exposure 
of hypothalamic explants to graded concentrations of CRH produced a 
dose-dependent increase in the formation of various neurosteroids. CRH-
induced neurosteroid production was markedly attenuated by CRH-R1 and 
CRH-R2 receptor antagonists, suggesting that the effect of CRH on 
neurosteroidogenesis is mediated through both receptors. To examine the 
possible involvement of neurosteroids in the stress response, frogs were 
exposed to shaking stress before incubating hypothalamic explants with 
tritiated pregnenolone. Hypothalamic tissue from stressed animals displayed 
enhanced production of neurosteroids. The stress-induced stimulation of 
neurosteroid formation was significantly reduced by icv pretreatment with 
CRH-R1 or CRH-R2 receptor antagonists. Altogether, these observations 
indicate that CRH does not only stimulate the corticotropic axis but also 
exerts a direct stimulatory effect on neurosteroid production. The behavioral 
effects of CRH may thus be mediated, at least in part, through increased 
biosynthesis of neurosteroids. 
Supported by INSERM, INSERM-JSPS, STAR, INSERM-FRSQ and the 
Région Haute-Normandie. 

 
Aromatase is neuroprotective 
 
Luis M. Garcia-Segura1, Iñigo Azcotia2 
1Instituto Cajal, CSIC, Madrid, Spain 
2Dept. Biología Celular, Faculatd de Biología, Universidad 
Complutense, Madrid, Spain 

lmgs@cajal.csic.es 
 
Aromatase expression in the mammalian and avian brain is increased after 
different forms of brain injury, including excitotoxic and mechanical lesions, 
experimental stroke, chronic hypertension and neuroinflammation. The 
increased expression of aromatase after brain injury occurs mainly, but not 
exclusively, in reactive astrocytes. 
The increased expression of aromatase in the injured brain probably 
represents an endogenous protective mechanism, since its pharmacological 
inhibition or the central administration of aromatase antisense 
oligonucleotides results in increased neurodegenration, a situation also 
observed in aromatase deficient animals. The neurodegenerative effects of 
aromatase deficiency are counterbalanced by the administration of estradiol, 
indicating that the neuroprotective properties of aromatase lie in its ability to 
catalyze the formation of estradiol rather than in reducing estradiol precursor 
levels.  By increasing local estradiol levels within the brain, aromatase 
modulates local inflammation, regulates the function of the neurovascular 
unit, promotes the release of growth factors and decreases neuronal death. 
Several observations suggest that aromatase may have different 
neuroprotective effects in males and females. Therefore, it is possible that 
sex differences in brain aromatase activity or in brain vulnerability to 
aromatase deprivation may be involved in the sexually dimorphic expression 
of different brain pathologies, such as Parkinson’s and Alzheimer’s diseases 
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Developmental control of the Melanocortin-4 
Receptor by MRAP2 proteins in zebrafish 
 
Julien A. Sebag1, Zhang C2, Hinkle PM3, Bradshaw AM2, 
Cone RD2 
 

1- University of Iowa, Iowa City, IA, USA 
2- Vanderbilt University, Nashville, TN, USA 
3- University of Rochester, Rochester, NY, USA 
julien-sebag@uiowa.edu 
 
The Melanocortin-4 Receptor (MC4R) is a central player in energy 
homeostasis. function mutations in the MC4R cause severe early onset 
obesity. MC4R signalling is tightly regulated by endogenous agonists, 
inverse agonist (AGRP), and by accessory proteins. MC4R has been shown 
to interact with the Melanocortin Receptor Accessory Protein 2 (MRAP2) in 
transfection systems however the physiological role of this interaction is 
unknown. We found that, in the zebrafish, MRAP2a is expressed in the 
larvae and prevents both constitutive and stimulated MC4R signalling, 
promoting the rapid growth of the animal. A paralog, MRAP2b, only starts 
being expressed later in the life of the fish. MRAP2b inhibits MC4R 
constitutive activity but, unlike MRAP2a, dramatically enhances MC4R 
response to its agonist aMSH. The presence of MRAP2b renders MC4R 
signalling agonist dependent thus allowing the regulation of energy intake 
and expenditure by the receptor in response to the energy state. The 
differential regulation of the MC4R by the two paralogs of MRAP2 
demonstrate how GPCR accessory proteins can modulate the response of 
receptors in order to adapt their function to physiological and developmental 
needs.	  

 

 
The role of Melanocortin 2 receptor accessory 
protein 2 (Mrap2) in mammalian obesity  

Li Chan 

Centre for Endocrinology, Queen Mary University of 
London, William Harvey Research Institute, Barts and the London School of 
Medicine and Dentistry, Charterhouse Square, London EC1M 6BQ, UK 
 
 
Melanocortin receptor accessory proteins (MRAPs) are regulators of the 
Melanocortin Receptor Family. MRAP is an essential accessory factor for 
the functional expression of the MC2R/ACTH receptor. The importance of 
MRAP in adrenal gland physiology is demonstrated by the clinical condition 
familial glucocorticoid deficiency. In contrast, the role of MRAP2, which is 
expressed in the paraventricular nucleus of the hypothalamus, has recently 
been recently linked to mammalian obesity. Rare loss-of-function mutations 
of melanocortin-2-receptor accessory protein 2 (MRAP2) are found in 
humans with severe, early-onset obesity. In addition, whole body deletion 
and targeted brain specific deletion of the Mrap2 gene result in severe 
obesity in mice. Interestingly, Mrap2 complete knockout (KO) mice derived 
from two independent lines, have increased body weight without detectable 
changes to food intake and energy expenditure. In vitro data have shown 
Mrap2 interaction with the melanocortin-4-receptor (MC4R) affecting 
receptor signalling as a consequence. However, the mechanism by which 
Mrap2 regulates body weight in vivo is less well understood with differences 
between Mrap2 and Mc4r KO mice phenotypes. To study the in vivo role of 
Mrap2 as a Mc4r accessory protein we used a plasma membrane 
enrichment technique to demonstrate a reduction of hypothalamic Mc4r 
protein surface expression in Mrap2 KO mice compared with wild-type 
littermates. This confirms that knocking out Mrap2 results in defective 
central melanocortin trafficking, which at least in part, contributes to the 
obesity phenotype.  
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Neuroendocrine control of insect desiccation 
and cold stress responses 

Selim Terhzaz1, Pablo Cabrero1, Nicholas M. Teets2*, 
Louise Henderson1, Michael G. Ritchie3, Ronald J. 
Nachman4, Julian A. T. Dow1, David L. Denlinger2 and 

Shireen-A. Davies1 

1Institute of Molecular, Cell and Systems Biology, College of Medical, 
Veterinary and Life Sciences, University of Glasgow, Glasgow, G12 8QQ, 
UK 
Biology, The Ohio State University, Columbus, OH 43210 *Current address: 
Department of Entomology and Nematology, University of Florida, 
Gainesville, Florida, FL 32611 
3School of Biology, University of St. Andrews, Fife KY16 9TS, Scotland 
4Insect Control and Cotton Disease Research Unit, Southern Plains 
Agricultural Research Center, USDA, 2881 F/B Road, College Station, TX 
77845, USA 
Shireen.Davies@glasgow.ac.uk 
 
Insects are so successful because of great resistance to environmental 
stress, yet little is known about how such responses may be mediated by 
the neuroendocrine system. We demonstrate that the capability (capa) 
neuropeptide gene and peptide are critical mediators of desiccation 
resistance and cold tolerance, as demonstrated by targeted in vivo gene 
silencing, physiological manipulations and stress-resistance assays; and by 
monitoring the effects of capa neuropeptide analogs on desiccation and cold 
tolerance in a range of insects including the generalist species Drosophila 
melanogaster, circum-Arctic D. montana, desert-dwelling D. mojavensis, 
and mosquitoes. This work thus augments our understanding of how stress 
responses are mediated by neuroendocrine signaling and illustrates the use 
of rationally-designed peptide analogs as agents for disrupting protective 
stress responses. 
 
 
 

 
Towards the neurohormonal machinery of 
circalunar reproduction 
 
Mingliu Du1,2, Olga Antonova1,2, Alessandra Polo1,2, Sven 
Schenk1,2, Agne Valinciute1,2, Juliane Zantke1, Tobias 
Neumann1,3, Arndt von Haeseler1,2,3, Paola Oliveri4, Kristin 

Tessmar-Raible1,2, Florian Raible1,2 
1Max F. Perutz Laboratories, 2Research Platform “Marine Rhythms of Life”, 
and 3Center for Integrative Bioinformatics Vienna, University of Vienna, 
Austria 
4Research Department of Genetics, Evolution and Environment, UCL, UK 
florian.raible@mfpl.ac.at 
The marine bristle worm Platynereis dumerilii exhibits circalunar periodicity 
in its reproduction, a phenomenon that has been shown to be controlled by 
an endogenous circalunar oscillator (ref. [1] and references therein). 
Although circalunar reproductive cycles are widespread in the marine 
environment, their molecular mechanisms remain enigmatic. Classical 
transplantation studies suggested a critical role for the posterior dorsomedial 
prostomium in orchestrating the critical switch from a non-reproductive state 
to reproduction [2]. Moreover, this region has long been known to harbour 
neurosecretory cells that project into the infracerebral gland and thereby 
influence physiology [3]. Together, this has prompted us to identify 
neurohormones from the Platynereis prostomium, and study both their 
regulation by the circalunar oscillator and their impact on the reproductive 
switch. 
As part of this effort, we have predicted a neuropeptide precursors and 
hormonal pathway components from Platynereis transcriptome data. In a 
pioneer screen, we have systematically compared transcript levels for 
around 200 of these candidates in heads sampled in circalunar light. We 
focus on a subset of twelve genes of that functional category that 
consistently showed distinct expression profiles under new moon and free-
running full moon conditions. We expect that deeper investigation of 
confirmed candidates will allow us to gain insight into both the target tissues 
and the downstream machinery of the circalunar oscillator, and also provide 
a good basis to screen for the respective upstream regulators. 
1.Zantke et al. (2013) Cell Rep 5: 99–113. doi:10.1016/j.celrep.2013.08.031. 
2.Hofmann (1976) Wilhelm Roux' Arch Entw Organ 180: 47–71. 
3.Scharrer and Scharrer (1937) Biol Rev 12: 185–216. 
 
Supported by the ERC-StG HOR.MOON and the University of Vienna 
Research Platform “Marine Rhythms of Life 
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Melatonin and metabolite rhythms in health 
and disease 
 
Debra J. Skene  Chronobiology, Faculty of Health and 
Medical Sciences, University of Surrey, UK 
d.oral@surrey.ac.uk 

 
1. Mäntele, S. et al., Daily rhythms of plasma melatonin, but not plasma leptin or 
leptin mRNA, vary between lean, obese and type 2 diabetic men. PLoS One 
(2012) 7, e37123.. 2. Ackermann, K. et al., Effect of sleep deprivation on rhythms 
of clock gene expression and melatonin in humans. Chronobiol. Int. (2013) 30, 
901-909. .3. Ang, J.E. et al., Identification of human plasma metabolites exhibiting 
time-of-day variation using an untargeted liquid chromatography-mass 
spectrometry metabolomics approach. Chronobiol. Int. (2012) 29, 868-881. 
 
The endogenous pineal hormone, melatonin and its 24 h rhythm provides a 
reliable way to assess circadian clock timing in humans. The melatonin 
rhythm is driven by the central circadian pacemaker located in the 
hypothalamic suprachiasmatic nuclei (SCN). Assessment of circadian phase 
allows the diagnosis of circadian rhythm disorders (such as time zone travel, 
shift work, delayed sleep phase insomnia (DSPS), non-24 h sleep/wake 
disorder) as well as optimising the timing of chronobiotic treatment to reset 
disordered timing. 
The melatonin rhythm exhibits low baseline levels during the day, rising 
around 21.00 h, peaking at 03.00 h and declining at 09.00 h. Whilst the 
timing of the melatonin rhythm is mainly determined by the light/dark 
environment (controlled largely by ones sleep/wake pattern and the 
work/home environment), what determines the amplitude of the melatonin 
rhythm is less well studied. Melatonin amplitude, whilst consistent within an 
individual, is highly variable between individuals, declines with age and is 
acutely suppressed by light at night. Our recent research has shown 
reduced melatonin amplitude in Type 2 diabetes compared with age and 
weight matched controls1. A night of total sleep deprivation has been shown 
to increase melatonin production compared to a night of sleep2.  
Whilst the link between disrupted sleep (restriction or deprivation) and 
metabolic disorders such as obesity, cardiovascular disease and diabetes is 
well established, the mechanisms underlying this link remain unclear. To 
this end we are using metabolic profiling, or  ‘metabolomics’, using liquid 
chromatography mass spectrometry to characterise 24 h metabolite 
rhythms3 and the effect of sleep and sleep deprivation on the human 
metabolome. This will help to better understand circadian timing, sleep-
wake regulation and the associated metabolic pathways 
 

 
The circadian timing system: New lessons from 
fish 
 
Nicholas S. Foulkes1, Cristina Pagano1, Rosa Ceinos1, 
Philipp Mracek1, Ines Cuesta1, Nadine Fröhlich1, Alberto 
Bertozzi1, Ying Li1, Cristiano Bertolucci2, Nicola Cavallari2, 

Pietro Negrini1,2, Jose Fernando Lopez-Olmeda3, Daniela Vallone1  
 
1Institute of Toxicology and Genetics, KIT, Eggenstein-Leopoldshafen, 
Germany 
2Department of Biology and Evolution, University of Ferrara, Ferrara, Italy 
3Department of Physiology, University of Murcia, Murcia, Spain 
nicholas.foulkes@kit.edu 
 
Fish have proven to be valuable models for studying the organization of the 
circadian timing system in vertebrates. In particular, the use of model 
species such as the zebrafish has enabled mechanistic studies of various 
aspects of clock function at the molecular genetic level. The fish pineal 
gland has received considerable attention since in addition to its endocrine 
function, it appears to serve as a central clock structure and it is directly 
photosensitive. Furthermore, the clocks in fish peripheral tissues and even 
fish cell lines are directly entrained by exposure to light. Interestingly, the 
time of feeding as well as temperature changes also serve as potent 
entraining signals for the fish circadian timing system. Thus fish offer a 
unique opportunity for studying how multiple environmental signals are 
integrated to regulate the vertebrate circadian clock.  
Teleosts represent the most diverse vertebrate group with some 20,000 to 
30,000 species described to date which occupy a wide diversity of aquatic 
habitats. Recently, we have studied clocks in various species of cavefish. 
These extraordinary animals have evolved in cave environments, under 
extreme conditions of constant darkness, in some cases for millions of years. 
This has resulted in the evolution of so-called troglomorphic phenotypes 
including eye loss and complete body depigmentation. Do these animals 
that have evolved in complete isolation of the day night cycle still retain 
normal circadian clocks? In order to tackle this basic question, we are 
performing comparative studies involving zebrafish and blind cavefish. Our 
results provide unexpected new insight not only into how clocks evolve but 
more generally into the organization of the vertebrate circadian timing 
system. 
 
 

SOTA	  
15	  

SOTA	  
16	  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
 



  27th Conference of European Comparative Endocrinologists 

  43 

 
Genomic organization of estrogen receptor 
signalling 
 
Justine Quintin1, Christine Le Péron1, Gaëlle Palierne1, 
Maud Bizot1, Stéphanie Cunha1, Aurélien A. Sérandour1,2, 
Stéphane Avner1, Catherine Henry1, Frédéric Percevault1, 

Marc-Antoine Belaud-Rotureau3, Sébastien Huet1, Erwan Watrin1, Jérôme 
Eeckhoute3, Vincent Legagneux1, Gilles Salbert1, and Raphaël Métivier1 
 
1. UMR CNRS 6290, Rennes, France. 2. CRI, Cancer Research UK, 
Cambridge. UK 
3. INSERM U1011, Lille. FRANCE 
 
A major breakthrough in research on eukaryotic transcription was the 
recognition that cell-specific transcription programs utilize, in addition to 
genetic information, nuclear components originally thought to be mere 
“architectural” material with poor regulatory contribution. Dynamic 
engagements of given protein complexes, histones and chromatin 
modifications, as well as DNA methylation and hydroxymethylation assume 
important regulatory roles in transcription. This additional level of regulatory 
information beyond the linear DNA can act as a three-dimensional 
framework that specifies and organizes the expression of the genome. For 
instance, recognition and modulation of this framework by specific proteins 
and action of pioneer factors such as FOXA1 are essential steps guiding the 
subsequent transcriptional regulations exerted by the estrogen receptor 
(ER). Genome-wide analyses have shown that the recruitment of ER mainly 
occurs at enhancers, which are genomic regions located far away from E2-
sensitive genes. In the context of the coordinated regulations of co-linear 
genes, identifying which ER binding sites (ERBSs) regulate a given gene 
still remains a challenging question. We investigated such regulatory events 
governed by chromatin dynamics at a 2 Mb genomic locus containing an 
estrogen-sensitive cluster of genes in breast cancer cells. We demonstrated 
that this locus exhibits a hormone dependent reduction in the plasticity of its 
three-dimensional organization that allows multiple ERBSs to be 
dynamically brought to the vicinity of estrogen-sensitive genes. Additionally, 
we evidenced a formerly suggested cooperation of enhancers towards gene 
regulations, and also show that redundancy between ERBSs can occur. 
ERBSs acquire their functionality. Finally, we demonstrated that, as does 
FOXA1, the forkhead factor FOXA2 can constitute a pioneer factor for ER 
by controlling the chromatin and DNA modifications present on ERBSs.  
Supported by the ANR (ANR-09-BLAN-0268-01), Ligue contre le cancer, 
ARC, CNRS, Région Bretagne (CREATE 4793) and University of Rennes1 

 
Epigenetic Regulation of Female Puberty 
 
Sergio R. Ojeda1, Alejandro Lomniczi1, Hollis Wright1, 
Carlos Toro1, Juan Manuel Castellano1 
1Division of Neuroscience, Oregon National Primate 
Research Center, Beaverton Oregon 97006, USA 

ojedas@ohsu.edu 
 
Substantial progress has been made in recent years towards deciphering 
the molecular and genetic underpinnings of the pubertal process. The 
availability of powerful new methods to interrogate the human genome has 
led to the identification of genes that are essential for puberty to occur.  
Evidence has also emerged suggesting that the initiation of puberty requires 
the coordinated activity of gene sets that, organized into functional networks, 
operate within neuronal and glial subsets involved in the control of puberty.  
The unquestionable complexity of this regulatory system implies the 
existence of mechanisms able to provide dynamic coordination to the 
genetic networks that - operating within a diversity of cell phenotypes – 
contribute to the central control of the pubertal process.  The current 
concept regarding the role of these cellular systems is that the pubertal 
activation of GnRH release results from a loss of transsynaptic inhibition, 
accompanied by an increase in excitatory inputs to GnRH neurons.  
Notwithstanding the potential importance of this cell-cell communication 
process, recent evidence suggests that the inhibitory and stimulatory control 
of puberty may not be exclusively provided by parallel cell-cell 
communication pathways impinging on GnRH neurons. Instead, a critical 
inhibitory/excitatory Ying-Yan mechanism regulating puberty appears to be 
of epigenetic nature and affecting the transcriptional activity of neurons 
involved in stimulating GnRH release.  The Polycomb group (PcG) of 
transcriptional silencers was identified as a major contributor of the 
repressive arm of this mechanism and shown to prevent the premature 
initiation of female puberty by silencing the Kiss1 gene in kisspeptin 
producing neurons of the arcuate nucleus (ARC) of the hypothalamus.  
Changes in abundance of histone marks either catalyzed by, or associated 
to, the Trithorax (TrxG) group of transcriptional activators have implicated 
the TrxG complex as the antagonistic counterpart of PcG-mediated gene 
silencing.  The presence of both systems of epigenetic regulation in 
kisspeptin neurons of the ARC suggests that a switch from epigenetic 
repression to activation within these neurons underlies the developmental 
process by which GnRH release is first kept in check before puberty, and 
then increases by late juvenile development to bring about the pubertal 
process. Supported by NSF grant IOS1121691 
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Integrated neuroendocrine control of newt 
locomotor behavior 
 
Shogo Haraguchi1, Hubert Vaudry2, Kazuyoshi Tsutsui1 
1Laboratory of Integrative Brain Sciences, Department of 
Biology and Center for Medical Life Science, Waseda 

University, Tokyo 162-8480, Japan 
2Normandy University, INSERM U982, Institute for Biochemical Research 
haraguchi@toki.waseda.jp 
 
Studies conducted over the past two decades have demonstrated that the 
central and peripheral nervous systems have the capacity of synthesizing 
steroids de novo from cholesterol, the so-called “neurosteroids”. The 
formation of several neurosteroids from cholesterol is now well documented 
in mammals and non-mammalian vertebrates. Therefore, de novo synthesis 
of neurosteroids from cholesterol in the brain appears to be a conserved 
property across the vertebrate phylum. It appears, however, that the 
biosynthetic pathways leading to the formation of neurosteroids in 
vertebrates is still incompletely elucidated. In fact, using the Japanese red-
bellied newt Cynops pyrrhogaster as a model, we recently found that the 
amphibian brain actively produces a previously undescribed neurosteroid 
from pregnenolone. Subsequently, we demonstrated that this unknown 
pregnenolone metabolite in the newt brain is 7α-hydroxypregnenolone, 
based on biochemical techniques. Because 7α-hydroxypregnenolone is 
actively synthesized in the brain of newt, this amphibian has been used as 
an animal model to investigate the biological actions of 7α-
hydroxypregnenolone. In newt, 7α-hydroxypregnenolone acts on the brain 
as a novel neuromodulator to stimulate locomotor behavior through 
activation of the dopaminergic system. 7α-Hydroxypregnenolone is 
synthesized from pregnenolone through the enzymatic activity of 
cytochrome P450 7α-hydroxylase (cytochrome P4507α).	  Melatonin acts on 
neurons expressing cytochrome P4507α to regulate 7α-hydroxypregnenolone 
synthesis, thus inducing diurnal locomotor changes. The pituitary hormone 
prolactin also acts on cytochrome P4507α-expressing neurons to regulate 
7α-hydroxypregnenolone synthesis, yielding to seasonal locomotor changes. 
These observations indicate that 7α-hydroxypregnenolone-producing 
neurons may play a pivotal role in the integration of circadian and seasonal 
information that affects locomotor behavior in newts. 
Supported by Grant-in-Aid for Scientific Research (S) from the Ministry of 
Education, Culture, Sports, Science and Technology (MEXT) 

 
Hormones regulating physiological processes 
in blood-feeding arthropods. 
Jean-Paul Paluzzi 
Department of Biology, York University, Toronto, Ontario. 
paluzzi@yorku.ca www.yorku.ca/paluzzi 
Arthropods are a diverse group of organisms that 

represent approximately 85% of all animal species.  Within this remarkable 
group of animals are various species, which are profoundly beneficial to 
humans and other animals, including a plethora of species, involved in crop 
pollination or that serve directly as food sources. Arthropods also include 
countless species that are a burden to humans as they are agricultural pests 
or have medical relevance as vectors of various diseases afflicting animals.  
Our research is focused on neuroendocrine systems in blood-feeding 
arthropods, which includes mosquitoes, ticks and kissing bugs.  Acquiring a 
blood meal in haematophagous arthropods is a critical requirement for 
development in some species and is a necessity for egg production in all 
haematophagous arthropods.  Similar to other animals, hormones are 
critical mediators of an array of physiological activities and so improved 
knowledge on these factors may help to develop improved strategies for 
pest control that could lessen the burden of disease linked to blood-feeding 
arthropods.  A great advantage of working with haematophagous arthropods 
is that the timing of processes such as digestion, diuresis, metamorphosis 
and reproduction are directly linked to engorgement of a blood meal.  This 
provides the ability to track the involvement of hormones governing critical 
physiological processes related to blood-feeding in these organisms.  One of 
the challenges in working with these organisms is the maintenance of a 
pathogen-free laboratory colony, which requires the availability of vertebrate 
blood.  While utilization of artificial feeding membranes and blood purchased 
from suppliers can easily satisfy the need for a blood meal in some species 
(i.e. mosquitoes and kissing bugs), not all arthropod blood-feeders are easily 
amenable to artificial feeding strategies (i.e. ticks).  A unifying theme 
amongst these distantly related species is their requirement of a blood meal; 
however, the mechanisms governing post-prandial diuresis and associated 
physiological activities are not uniformly conserved. Consequently, hormonal 
activities in one organism may not hold true in diverse blood-feeding 
arthropods.  Consequently, and considering the diversity of arthropods, the 
elucidation of hormonal activities in a single species may not be relevant in 
unrelated species having a similar feeding strategy.  Ultimately, understanding 
the role of hormones in controlling critical life processes in arthropod disease vectors 
requires detailed examination of individual species as well as comparative approaches 
examining hormone functions across different species Research supported by NSERC. 
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MiRNA regulation of the hypothalamic GnRH 
gene network that regulate puberty onset and 
fertility 
 
Vincent Prévot  
Inserm, Development and plasticity of the postnatal brain, 

U837, University of Lille 2, Lille, France vincent.prevot@inserm.fr 
 
Fertility and puberty onset are controlled within the brain by a neural network that 
drives the secretion of gonadotropin-releasing hormone (GnRH) from 
hypothalamic neuroendocrine neurons. During postnatal development, various 
permissive signals must be integrated for the initiation of sexual maturation but the 
molecular events that orchestrate the timely activation of the GnRH neurons 
remain a major unsolved biological mystery. Increasing evidences point out Micro-
RNAs (miRNAs) as a key regulatory layer that controls gene expression at the 
post-transcriptional level supporting crucial neurobiological events from the 
embryonic development to the adulthood but nothing is known about their putative 
role in the neuroendocrine control of reproduction. 
Here, we investigate the role of miRNAs in the development and function of the 
GnRH system using conditional knockout mice with a targeted deletion of Dicer 
(GnRHDicerKO), an essential protein for miRNAs biogenesis, in GnRH neurons. 
The analysis of GnRHDicerKO mice showed that a lack of miRNAs in GnRH neurons 
causes defective sexual development resulting in hypogonadotropic-
hypogonadism and infertility in both males and females. The characterization of 
the embryonic development of GnRH system has shown no overt deficit in GnRH 
neuron migration or projections to the median eminence. Strikingly, 
immunofluorescent analyses combined with genetic labeling of GnRH neurons 
revealed a progressive loss of GnRH expression in the hypothalamus during the 
late infantile period in postnatal life probably due to an alteration of the genetic 
network controlling the GnRH promoter.   
Indeed, miRNA and gene expression profiling on FACS isolated GnRH neurons 
show that GnRH neurons express a specific set of GnRH transcription modulators 
as well a discrete population of miRNAs at specific postnatal ages. Moreover 
bioinformatic analyses revealed that a subset of these miRNAs, organized in few 
conserved clusters, targets known activators and/or repressors of the GnRH 
promoter. Finally, gene expression analysis on GnRH neurons from GnRHDicerKO 
mice confirm that the lack of miRNAs cause a profound alteration of the 
expression profile of known GnRH transcription modulators and leads to a 
dramatic decrease of GnRH expression.   
Altogether, these results shed light on a new role of miRNAs in neuroendocrine 
processes and point out a specific set of miRNAs as key component of the genetic 
network that controls GnRH promoter activity. This supports the modulation of 
GnRH expression levels according to the developmental clock and to specific 
environmental/physiological changes to contribute to the postnatal activation of 
GnRH neurons. 
 

 
Germ line activation of the Luteinizing 
hormone receptor directly drives 
spermiogenesis in the flatfish Solea 
senegalensis 
 
Chauvigné, F.(1,2)*, Zapater, C.(1,2), Gasol, J.M.(2) and 

Cerdà, J.(1,2)  
(1)Institut de Recerca i Tecnologia Agroalimentàries (IRTA), Barcelona, 
Spain; (2)Institut de Ciències del Mar, Consejo Superior de Investigaciones 
Científicas (CSIC), Barcelona, Spain. *  Present address: Institute of Biology, 
Bergen High Technology Centre, University of Bergen, Norway.  
Francois.Chauvigne@bio.uib.no  
 
In both mammals and teleosts, spermiogenesis, i.e. the differentiation of post-
meiotic spermatids to spermatozoa, is thought to be controlled by androgens 
produced in response to the activation of the LH/choriogonadotropin receptor 
(LHCGR) by the luteinizing hormone (LH) in the interstitial Leydig cells. 
Accordingly, LH controls the expression of genes involved in the steroidogenic 
cascade in Leydig cells. Interestingly, in some teleosts, such as the flatfish 
Senegalese sole (Solea senegalensis) LH can also regulate different genes 
implied in spermiogenesis and sperm maturation. However, a non-steroidal role of 
LH mediating the spermiogenic pathway in vertebrates remains unclear. In 
Senegalese sole, spermatogenesis occurs in spermatocysts which develop within 
semi-cystic seminiferous lobules (SLs), where round spermatids are released from 
the supporting Sertoli cells into the SL lumen (SLL) where they elongate and 
transform into spermatozoa. Using this model, here we show that sole spermatids 
released into the SLL express the homolog of the tetrapod LHCGR (Lhcgrba) in 
the plasma membrane. Immunodetection of both native Lh and intramuscularly 
injected recombinant Lh (rLh) bound to free spermatids in the SLL indicated that 
circulating gonadotropin can reach the intratubular compartment. In vitro 
incubation of isolated spermatids with rLh specifically promoted their differentiation 
into spermatozoa in a dose-dependent manner, while homologous recombinant 
follicle-stimulating hormone or steroid hormones had no effect. Using a repertoire 
of molecular markers and inhibitors, we find that the Lh-Lhcgrba induction of 
spermiogenesis is mediated through a cAMP/PKA signaling pathway that initiates 
the transcription of genes potentially involved in the function of spermatozoa. The 
Lhcgrba expression in late spermatocytes and/or spermatids was also found in 
distantly related fishes with cystic spermatogenesis, such as zebrafish (Danio 
rerio) and gilthead seabream (Sparus aurata), suggesting that this feature is likely 
conserved in teleosts regardless of the type of germ cell development . These 
data reveal a novel role of Lh in vertebrate germ cells, whereby a Lhcgrba-
activated signaling cascade in haploid spermatids directs gene expression and the 
progression of spermiogenesis. 
Funded by the Spanish Fundación Ramón Areces 
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Phylogenomic approach challenges the 
vertebrate RFamide family 
Pasquier J.1, Dupré D. 2, Dufour S.1, Tostivint H.2 
1 UMR BOREA, MNHN, CNRS 7208, UPMC, IRD 207, 
UCBN, Paris France 
2 UMR Evolution des Régulations Endocriniennes, MNHN, 

CNRS 7221, Paris France ; jepasquier@rennes.inra.fr 
 
The RFamide peptide family is a large family encompassing peptides that 
share an arginin (R) and phenylalanine (F) motif coupled to an amide 
function at the C-terminal end of their mature form. Members of this family 
have been found in a variety of protostomian and deuterostomian species. 
In vertebrates, the RFamide family encompasses 6 members. Five of them 
are considered as brain neuropeptides, i.e. gonadotropin inhibitory hormone 
(GnIH), neuropeptide FF (NPFF), prolactin releasing hormone (PRLH), 
26RFa and kisspeptins (Kiss). The sixth member is the Carassius-RF-amide 
peptide (C-RFa) considered as a gut-peptide. Previous studies already 
demonstrated the paralogy relationships between some members such as 
GnIH and NPFF. However the existence of the RF-amide family still relies 
on peptide sequence similarities instead of homology relationships.  
To address this issue, we performed large-scale comparisons to identify 
genomic regions with conserved synteny and we matched these regions on 
reconstructed early chordate ancestral chromosomes. This revealed that 
vertebrate RF-amide genes are located on 3 different tetraparalogons. Each 
of these 3 tetraparalogons originated from the two rounds of whole genome 
duplications (1R & 2R) that occurred in early vertebrates. GnIH, NPFF, 
PRLH and C-RFa are located in the HOX tretraparalogon while Kiss and 
26RFa are located on two other tetraparalogons. This strongly suggests that 
the RF-amide genes do not all share a common origin prior the vertebrate 
emergence. In addition to the four RF-amide genes located in the HOX 
tetraparalogon, we also noticed, in the same conserved regions, the 
presence of other brain-gut peptide genes such as the members of the 
neuropeptide Y (NPY), tachykinin (TAC) and gastrin/CCK families. This 
suggests that various brain-gut peptides located in the HOX tetraparalogon 
could have emerged from a single ancestral gene through tandem local 
gene duplications prior to vertebrate radiation. This ancestral brain-gut 
peptide seedbed has been then duplicated through 1R & 2R. Duplications of 
such region should have promoted the increase of endocrine signalization 
complexity in vertebrates compared to early chordates, especially at the 
central nervous system level. Based on our phylogenomic study, the current 
vertebrate RFamide family should not be considered monophyletic, as it 
does not encompass all the RF-amide paralogs, and as all its members do 
not share a direct common ancestor before vertebrate emergence.	  

 
Role of secretin in lipid homeostasis 
Sekar R1 and Chow BKC1 

 

1School of Biological Sciences, The University of Hong 
Kong, Pokfulam, Hong Kong  
revathi@hku.hk 

 
Homeostatic balance of lipid metabolism is essential for human well-being, lack of 
which is the root cause for several metabolic disorders. Secretin (SCT), a classical 
gastrointestinal hormone, has pleiotropic physiological functions in the body 
including its important role in regulation of water homeostasis. In the current study, 
we explored the role of SCT in modulating lipid homeostasis under energy 
deficient (starvation) and energy excess (high fat diet (HFD)) conditions. Under 
starvation, we found that circulating SCT peptide levels (3.2±1.1-fold) and 
epididymal fat-secretin receptor (SCTR) transcript levels (9.4±1.6-fold) were 
significantly upregulated. SCT was able to stimulate lipolysis in vitro (time and 
dose dependently) and in vivo (acutely) but not in SCT/SCTR knockout mice 
(SCT-/-/SCTR-/-). Additionally, H-89, a protein kinase A (PKA) inhibitor, blocked the 
in vitro lipolytic effects of SCT while SCT induced cAMP dependent PKA activity in 
vivo. Incidentally, an increase in phosphorylated hormone sensitive lipase (HSL) 
660ser protein level was observed after SCT treatment and immunofluorescent 
studies revealed a subsequent translocation of HSL from cytosol to lipid droplet in 
adipose cell. Under chronic HFD feeding (3 months), SCTR-/- mice gained less 
weight when compared to its wildtype littermates (SCTR+/+) (44.7±1.4g 
vs.49.6±0.9g;P<0.05) and had lower body fat content as confirmed by nuclear 
magnetic resonance studies. Additionally, HFD-SCTR-/- exhibited attenuated 
progression of insulin resistance and alleviated hyperleptinaemia. Furthermore, 
indirect calorimetry monitoring revealed similar intake and energy expenditure in 
SCTR-/- and SCTR+/+ mice. Interestingly, intestinal fatty acid absorption was 
impaired in HFD-SCTR-/- mice along with a subsequent reduction in postprandial 
triglyceride release. Substantiating this, transcript and protein level of fatty acid 
translocase (FAT/CD36) was down-regulated. Consistently, SCT incubation 
increased fatty acid uptake and Cd36 transcript levels in isolated enterocytes. In 
summary, SCT stimulates lipolysis through PKA and HSL dependent pathway 
during starvation. Under HFD feeding, SCTR-/- mice have impaired intestinal lipid 
absorption and are resistant to diet induced obesity. SCT induces fatty acid uptake 
in enterocytes and we propose a novel short positive feedback pathway involving 
SCT and CD36 for maximizing intestinal fat absorption. This study paves way for 
developing novel therapeutic strategies targeting lipid homeostasis associated 
metabolic disorders; 
 
Supported by the Hong Kong Government RGC grants 7648/12, GRF763809, 
GRF17 105514, CRF grants HKU6/CRF/11G and HKU CRCG grants 
201111159046 to Billy K.C. Chow. 
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Emergence of an Evolutionarily Novel Pituitary 
Glycoprotein Hormone in the Lamprey, A Basal 
Vertebrate 
 
S.A. Sower1, T. Kosugi1, W.A. Decatur1, J. Gargan1, M. 
Freamat1, M. Wilmot1, T. Marquis1, J.A. Hall1, M. Nozaki2, 

L.Hollander3, M. Shpilman3, and B. Levavi-Sivan3 
1 Center for Molecular and Comparative Endocrinology, Department of 
Molecular, Cellular and Biomedical Sciences, University of New Hampshire, 
Durham, NH 03824  
2 Sado Marine Biological Station, Niigata University, Tassha, Sado, Niigata 
952-2135, Japan 
3 Robert H. Smith Faculty of Agriculture, Food and Environment, The 
Hebrew University of Jerusalem, Rehovot, Israel 76100  sasower@unh.edu 
 
The gnathostome pituitary glycoprotein hormones follicle-stimulating 
hormone (FSH), luteinizing hormone (LH), and thyroid-stimulating hormone 
(TSH) consist of a common α subunit (GpA1) and unique β subunits (GpB1, 
2, 3), while thyrostimulin consists of GpA2 and GpB5. Here we report the 
identification and characterization of a functional novel pituitary glycoprotein 
hormone, GpH, that consists of lGpA2 and GpHβ in the sea lamprey 
Petromyzon marinus, a basal vertebrate. LGpA2 and GpHb were shown to 
form a heterodimer by co-immunoprecipitation of lGpA2 with FLAG-tagged 
lGpHβ following overexpression in transiently transfected COS7 cells using 
a bi-promoter vector.  Immunohistochemistry and in situ hybridization 
showed expression of individual subunits in the proximal pars distalis of the 
pituitary. GnRH-III (1mM) significantly increased expression of GpHβ and 
lGpA2 in in vitro pituitary culture. Recombinant lamprey GpH was 
constructed by tethering the N-terminal of lGpA2 to the C-terminal of GpHβ 
with a linker region composed of 6 histidine residues followed by 3 glycine-
serine repeats.  This recombinant lamprey GpH activated the lamprey 
glycoprotein hormone receptor-1 as measured by increased 
cAMP/luciferase activity. These data are the first to demonstrate a functional, 
unique glycoprotein heterodimer that is not found in any other vertebrate. In 
lampreys, an extant Agnathan, the organization of the HPG axis is similar 
with gnathostomes in its most fundamental features but with a simplified 
structure, overlapping with the pituitary-thyroid axis and involving a single 
glycoprotein hormone interacting with potentially two receptors. These data 
suggest an intermediate stage of the structure-function of the  
“gonadotropin/thyroid hormone-stimulating hormone” in a basal vertebrate 
leading to the emergence of the highly specialized gonadotropin hormones 
and thyroid stimulating hormones in gnathostomes. 
Supported by National Science Foundation IOS-1257476.  

 
Complex evolution of NPY receptor 'cousins': many 
duplications and losses of receptor genes for GnIH, 
NPFF, PRLP and QRFP  
 
Dan Larhammar and Christina A. Bergqvist 
Department of Neuroscience, Uppsala University, Uppsala, 
Sweden Dan.Larhammar@neuro.uu.se 

 
Several neuroendocrine peptides end with the sequence motif RFamide or 
RYamide. Some of these peptides are encoded on related chromosomes, 
suggesting a common evolutionary origin by local gene duplications. These 
peptides include NPY/PYY, GnIH, NPFF, PRLP (prolactin-releasing peptide) 
and possibly also QRFP. Likewise, their receptors seem to share a common 
ancestor as deduced from sequence-based phylogenetic analyses and 
comparisons of chromosomal locations: all of these genes are on the same 
chromosomes as the NPY-family receptors, presumably as a result of local 
duplications. This implies that the two tetraploidizations (2R) preceding the 
vertebrate radiation should have generated duplicates of all of these 
receptor genes. However, each of the four RFamide peptides has only one 
receptor gene in placental mammals including humans. Here, we report that 
all four receptor genes did indeed duplicate as a result of verterate 2R. Two 
key species in these comparisons are the coelacanth Latimeria chalumnae, 
representing an early diverging sarcopterygian lineage, and the spotted gar, 
Lepisosteus oculatus, diverging from the actinopterygian lineage before the 
teleost ancestor underwent its third tetraploidization (3R). Whereas most of 
the duplicates were lost in the lineage leading to placental mammals, other 
vertebrate lineages have retained many of the 2R duplicates. The NPFFR 
family had four ancestral vertebrate receptors, two of which remain in 
placental mammals (activated by GnIH and NPFF, respectively). PRLH had 
five ancestral vertebrate receptor genes, one of which arose by a local 
duplication. Finally, QRFP had four ancestral vertebrate receptors, three of 
which remain in both coelacanth and spotted gar, albeit with differential 
losses. Thus, these peptide/receptor systems have had a very dynamic 
evolution with extensive duplications in 2R before the vertebrate radiation 
and subsequently many losses. All three receptor families, the NPFF/GnIH, 
PRLP and QRFP receptors, have undergone reduction in mammals but 
remain more extensive in other vertebrate lineages. In humans, the 
ancestral families have shrunk from 13 to a modest total of 4 members. The 
coelacanth and the spotted gar, in contrast, have retained 7 and 12, 
respectively. This invites studies of the functional roles of these receptor 
subtypes in non-mammalian vertebrates. 
Supported by the Swedish Research Council 
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Conflicts between the feminizing effect of the 
endosymbiont Wolbachia and the 
masculinizing role of the androgenic hormone 
in the terrestrial isopod Armadillidium vulgare 
 
Cerveau N.1, Saint-Jean A.1, Bertaux J.1, Geniez S.1,2, 

Moumen B1, Kumar S.2, Bouchon D.1, Foster J.2, Slatko B.E.2 and Grève P.1 
 
1University of Poitiers, UMR CNRS 7267 Écologie et Biologie des 
Interactions, équipe Ecologie, Évolution, Symbiose. Poitiers, France 
pierre.greve@univ-poitiers.fr 
 
The sequence of the androgenic hormone (HA) was deciphered in the 
isopod Armadillidium vulgare more than 40 years after the discovery of the 
androgenic gland (AG) by Charniaux-Coton in 1954. This hormone is 
responsible for the differentiation of primary and secondary male sexual 
characters and might be the target of the feminizing α-proteobacteria 
Wolbachia which infect numerous isopod species. We examined AH gene 
expression during post embryonic A. vulgare development and showed that 
this gene is expressed before AG differentiation. We then amplified 12 new 
AH cDNAs in species belonging to five different families of the infra-order 
Ligiamorpha of terrestrial isopods. The phylogenetic relationships of AH 
sequences allowed to distinguish two main clades corresponding to 
members of the Armadillidiidae and the Porcellionidae families which is 
congruent with the narrow specificity of AG heterospecific grafting. We also 
sequenced the genome of the wVulC Wolbachia strain infecting A. vulgare 
and identified multiple secretion/export systems and putative effectors that 
might be involved in host/Wolbachia interactions. We then developed a 
novel targeted-genome enrichment procedure that allows specific isolation 
of endosymbiotic DNA and successfully sequenced using Next Generation 
Sequencing technologies 6 new strains of Wolbachia that induce either host 
feminization or cytoplasmic incompatibility in terrestrial isopods. 
Comparative genomics were then performed to establish a pan-genome of 
Wolbachia and phylogenomics studies. We finally investigated the 
composition of this pan-genome in order to gain insight on the basis of 
Wolbachia symbiosis. A conversed motif recognition analysis using 
HMMER3 also allowed us to identify eukaryote-like proteins such as ankyrin 
repeats containing proteins that are known to be involved in host-symbiont 
interactions, including the virulence of the bacteria.  
 

 
FOXL2, a critical regulator of steroid synthesis, 
acts as a female sex-determining gene in goats 
Maëlle Pannetier1, Maëva Elzaiat1, Laurent Boulanger1, 
Aurélie Allais-Bonnet1, Laurence Gall1, Eric Pailhoux1 
 
1INRA, UMR1198, Biologie du Développement et 

Reproduction, 78350 Jouy en Josas, France 
Eric.Pailhoux@jouy.inra.fr 
 
In goats, the PIS (Polled Intersex Syndrome) mutation results in 
hornlessness of heterozygous (PIS+/-) and homozygous (PIS-/-) animals of 
both sexes, and to a female-to-male sex-reversal in XX animals 
homozygous for the mutation (XX PIS-/-). The PIS mutation is a regulatory 
mutation which corresponds to a 11.7 kb-deletion on goat chromosome 1, 
inducing a long-range transcriptional effect on FOXL2 and on three non-
coding RNAs. For several years, we have accumulated evidences that these 
ncRNAs are involved in FOXL2 expression regulation, and we have now 
demonstrated, by using zinc-finger nuclease-directed mutagenesis, that the 
sole “acting” gene of the PIS locus is FOXL2. Thus, in goats, the 
transcriptional silencing of FOXL2 in the early-developing XX PIS-/- or 
FOXL2-/- gonad is responsible for testis formation in a female genetic context. 
This sex-determining role of FOXL2 seems to be conserved in most of 
vertebrate species including mammals but it has been lost in mice. In order 
to clarify the role of FOXL2 in early developing ovaries and to understand 
the species-specific differences between goats and mice following FOXL2 
gene ablation, mRNA profiles have been determined by high-throughput 
RNA sequencing on early developing XX gonads with (PIS+/+ or PIS+/-) or 
without (PIS-/-) FOXL2. The RNA-sequencing results confirmed by RT-qPCR, 
showed that FOXL2 inhibits testicular differentiation on top of being an 
activator of ovarian development. This inhibition takes place at three levels; 
first, FOXL2 represses androgens production (also enhancing aromatase 
and estrogens production), then, it protects XX germ cells fate by inhibiting 
CYP26b1 expression, and finally it represses Sertoli cells differentiation, by 
inhibiting the DMRT1 gene that should lead to SOX9 up-regulation. Indeed, 
our data show that DMRT1 is up-regulated in early XX sex-reversed gonads 
before SOX9 up-regulation; SOX9 remaining expressed as in normal 
ovaries at this early differentiating gonadic stage. 
Altogether our results lead us to propose a model for the early gonadic 
switch in goats that is different from those demonstrated in mice. The 
relevance of this model and its conservation across vertebrate species will 
be discussed 
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Studying growth control in flies: from 
developmental regulations to neoplasms 
 
Ditte S. Andersen1,2,3, Julien Colombani1,2,3,Emilie 
Boone1,2,3 and Pierre Léopold1,2,3 
 

1University of Nice-Sophia Antipolis, 2CNRS, 3INSERM, Institute of Biology 
Valrose, Parc Valrose, 06108 Nice, France. 
Pierre.Leopold@unice.fr 
 
Animal growth is a complex process that is intimately linked to the 
developmental program in order to form adults with proper size and 
proportions. This is achieved through the action of intrinsic (tissue-
autonomous) programs, combined to hormonal regulations that convey 
information from the environment. The fruit fly has emerged as a model of 
choice to study both types of controls. Our work recently addressed the 
question of the coordination between tissue growth and developmental 
timing. Indeed, tissue-autonomous growth feeds back on the time of 
development, so that the juvenile growth period arrests when all tissues 
have reached their target size. In a genetic screen aimed at identifying 
molecules involved in such feedback, we have isolated Dilp8 as a hormone 
produced by growing or regenerating tissues that prevents the transition 
from juvenile to adult.  In the same screen, we also identified grindelwald 
(grnd), a gene encoding a transmembrane protein with homology to 
members of the tumour-necrosis factor receptor (TNFR) superfamily. We 
show that Grnd mediates both pro-apoptotic and metastatic functions of 
Eiger (Egr), the unique Drosophila TNF. We also uncover a distinct function 
for Grnd in linking polarity defects with neoplastic growth: Grnd localises to 
the sub-apical membrane domain with the cell polarity determinant Crumbs 
and physically interacts with components of the Crb complex. This 
interaction allows Grnd to couple Crumbs-induced loss of polarity with JNK 
activation and neoplastic growth. Therefore, Grnd represents the first 
example of a TNF receptor that integrates signals from both Egr/TNF and 
apical polarity determinants to induce JNK-dependent cell death or growth 
and proliferation. 
 
 
 
 
 
 

 
Kit System and Its Role in the Paracrine 
Regulation of Follicle Development in the 
Zebrafish 
 
Wei Ge1, 2, Kai Yao2  
1 Faculty of Health Sciences, University of Macau, Taipa, 

Macau, China 
2 School of Life Sciences, The Chinese University of Hong Kong, Shatin, 
N.T., Hong Kong, China weige@cuhk.edu.hk; weige@umac.mo 
 
In the zebrafish, the Kit system consists of two ligands (Kitlga and Kitlgb) 
and two receptors (Kita and Kitb).  Interestingly, Kitlga and Kitb are localized 
in the somatic follicle cells, but Kitlgb and Kita are expressed in the oocyte.  
Using recombinant zebrafish Kitlga and Kitlgb, we demonstrated that Kitlga 
preferentially activated Kita whereas Kitlgb specifically activated Kitb.  In 
support of this, Kitlgb triggered a stronger and longer MAPK phosphorylation 
in follicle cells than Kitlga, whereas Kitlga but not Kitlgb activated MAPK in 
the denuded oocytes, in agreement with the distribution of Kita and Kitb in 
the follicle and their specificity for Kitlga and Kitlgb.  A functional study 
showed that Kitlga and Kitlgb both suppressed spontaneous oocyte 
maturation.  Our results provided strong evidence for a Kit-mediated bi-
directional communication system in the zebrafish ovarian follicle.  The 
expression of Kitlga in the follicle cells suggests that this ligand could be a 
target of the Kit system that is subject to endocrine and paracrine controls.  
To test this, we did a series of experiments on the regulation of Kitlga by 
hCG (endocrine hormone), IGF-I (endocrine hormone and paracrine factor), 
and PACAP (paracrine factor) in vitro.  Our results showed that IGF-I played 
dual roles in regulating Kitlga expression.  It stimulated Kitlga expression via 
PI3K/Akt pathway but suppressed its expression through MAPK.  Similarly, 
both hCG and PACAP suppressed IGF-I-stimulated Kitlga expression in 
cultured follicle cells, probably via cAMP that signaled through PKA and 
Epac.  Interestingly, these two pathways also exhibited opposing effects on 
the expression of Kitlga, with cAMP-PKA pathway being stimulatory and 
cAMP-Epac inhibitory.  These results suggest that the Kit system is likely 
subject to regulation by multiple endocrine and paracrine factors, but its 
response to each factor may vary at different stages depending on the 
relative strength of the downstream signaling pathways.   
 
Supported by the RGC/GRF grants of Hong Kong and the SRG/CPG/MYRG 
grants of the University of Macau. 
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Evolutionary history of vertebrate kisspeptins 
and their receptors 
 
Jérémy Pasquier, Anne-Gaëlle Lafont, Nédia Kamech, 
Karine Rousseau, Sylvie Dufour 
 

Muséum National d’Histoire Naturelle, Sorbonne Universités, UMR BOREA 
(Biology of Aquatic Organisms and Ecosystems), CNRS 7208, UPMC, IRD 
207, UCBN, Paris, France 
sylvie.dufour @mnhn.fr 
 
Kisspeptin (Kiss), first discovered as an anti-metastatic peptide, has gained 
fame among neuroendocrinologists, when its major role in the brain control 
of reproduction was evidenced in mammals. Following this milestone, 
investigations in other vertebrates revealed the presence of multiple Kiss 
and Kiss receptors (KissR) in some species, such as amphibians or teleosts, 
while they suggested on the opposite the lack of Kiss system in birds. To 
investigate the diversity, origin, and evolutionary history of Kiss and KissR in 
vertebrates, we performed phylogeny and synteny analyses, using genomes 
from species of relevant phylogenetic position. Study of early osteichtyans, 
i.e. a basal sarcopterygian, the coelacanth, and a non-teleost 
actinopterygian, the spotted gar, allowed to identify four paralogous KissR, 
the largest number in vertebrates. These four paralogous likely resulted 
from the two rounds of whole genome duplication (1R & 2R) that occurred in 
early vertebrates. Subsequently, multiple and independent KissR gene loss 
events, that occurred in various vertebrate groups, led to a reduced number 
of KissR, such as a single gene in human. Study of the eel, a basal teleost, 
showed the presence of three KissR, instead of one or two in more recent 
teleosts, and refuted previous hypotheses that multiple KissR in teleosts 
resulted from teleost-specific third whole genome duplication (3R). On the 
opposite, it indicated that the 3R was followed by multiple KissR gene 
losses in teleosts. Similar evolutionary patterns were observed for Kiss 
genes, with gene diversity originating from 1R & 2R followed by multiple 
gene losses throughout vertebrate evolution. Investigation in sauropsids 
allowed to trace back Kiss gene inheritance, degeneration and loss in the 
avian lineage. Further studies aim at investigating the origin of Kiss and 
KissR before the emergence of vertebrates, in bilateria. 
 
This work was supported by grants from ANR 08-BLAN-0173 Puberteel and 
European Community FP7 PRO-EEL N° 245257 
Supported by ANR and project 

 
Conserved roles of kisspeptins in reproductive 
physiology in mammals: Lessons from model 
species 
 
Manuel Tena-Sempere 
 

Department of Cell Biology, Physiology and Immunology, University of 
Cordoba; CIBERobn, Instituto de Salud Carlos III; & Instituto Maimonides de 
Investigación Biomédica de Cordoba (IMIBIC/HURS), 14004 Cordoba, 
Spain 
fi1tesem@uco.es 
 
Kisspeptins, the products of the Kiss1 gene, were initially identified in 
mammals as ligands of the receptor, Gpr54 (aka, Kiss1r), with ability to 
suppress tumor spread. However, ten years ago, kisspeptins were 
recognized as central elements in the control of reproductive function, as 
initially documented by findings that humans and mice carrying inactivating 
mutations of this signaling system display absence of puberty and 
hypogonadotropic hypogonadism. During the last decade, numerous 
experimental studies, conducted to a large extent in mammalian (model) 
species, have substantiated the indispensable roles of kisspeptins in the 
physiological regulation of key aspects of reproductive maturation and 
function, which likely include: (a) the timing of puberty onset; (b) the process 
of brain sexual differentiation; (c) the dynamic control of gonadotropin 
secretion via stimulation of GnRH neurons; (d) the transmission of the 
negative feedback effects of sex steroids; (v) the mediation of the positive 
feedback effects of estrogen and, hence, the generation of the pre-ovulatory 
surge of gonadotropins; (vi) the metabolic regulation of fertility by direct or 
indirect pathways; and (vii) the control of reproductive function by 
environmental and photoperiodic cues. In this presentation, we will not only 
provide a brief overview of these major conserved roles of kisspeptins (as 
illustrated mainly by data from rodent studies), but we will discuss also 
contentious issues and unresolved questions in this dynamic area. This 
critical summary will be placed under the prism of comparative 
endocrinology approaches, which are considered a powerful tool to unravel 
the whole spectrum of physiological roles kisspeptins in mammalian and 
non-mammalian species.  
 
 

SOTA	  
31	  

SOTA	  
32	  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
	  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
 



  27th Conference of European Comparative Endocrinologists 

  51 

 
Neuroendocrine Disruption: common themes 
across taxa  
 
Vance L. Trudeau1, Marilyn Vera Chang1, Tom W. Moon1, 
Jennifer T. Wolstenholme2, Cheryl S, Rosenfeld3  
1Dept. Biology, University of Ottawa, ON, Canada, K1N 

1C9  2Dept. Biochemistry and Molecular Genetics, University of Virginia. 
Charlottesville, VA 22908, USA  
3Dept. Biomedical Sciences, University of Missouri, Columbia, MO 65211, 
USA trudeauv@uottawa.ca 
A vast array of industrial pollutants, agricultural pesticides, pharmaceuticals 
and other chemicals are now ubiquitously present in the environment. This 
includes contamination at all levels, from water to soil to air to animal and 
human tissues. We have proposed that the term ‘neuroendocrine disruption’ 
extends the concept of endocrine disruption to include the full breadth of 
integrative animal physiology. Upsets to normal homeostatic mechanisms 
following exposure to environmental pollutants can affect an animal’s ability 
to undergo reproduction or develop normally, and may lead to 
transgenerational deficits. Antidepressants such as fluoxetine are 
environmental contaminants that disrupt reproduction, behaviour and 
metabolism in teleost fish, demonstrating the complex and pervasive effects 
of neuroactive pollutants. Adult zebrafish (Danio rerio) exposed to fluoxetine 
only during serotoninergic system development (0-6 dpf) display more 
anxiety-like behaviours and have reduced cortisol production. Bisphenol A 
(BPA) is an example of an abundant plasticizer pollutant that has been 
documented to affect diverse species. Gestational exposure to low doses of 
BPA decreases vasopressin expression in embryonic mouse (Mus 
musculus) brains and increases social investigations in juveniles during 
tests of social recognition. These BPA-induced changes persist in the F3 
generation. In deer mice (Peromyscus maniiculatus bairdii) and California 
mice (P. californicus), BPA can disrupt socio-sexual behaviours and 
increase anxiety-like behaviors in a sex-dependent manner. Male deer mice 
developmentally exposed to BPA are also less attractive to females. 
Developmental exposure to BPA alters DNA methylation patterns of genes 
essential for regulating de novo DNA methylation (Dnmt3a and Dnmt3b), 
and those involved in mediating neurotransmission (Chrna4) and axon 
development (Ephb2) in male P. m. bairdii hippocampus, providing potential 
candidate mechanisms for compromised behaviours that may persist across 
generations. These and other emerging data indicate that neuroactive 
environmental pollutants adversely affect diverse neuroendocrine processes 
across taxa and generations.  
Supported by NSERC, US-NIEHS and US-NIH 

 
Neuroendocrine Disruption: Effects of 
endocrine disrupting chemicals on the 
hippocampus, the cerebral cortex and the 
hypothalamus 
Anne-Simone Parent1, Anneline Pinson1, Delphine 
Franssen1, Elise Naveau1, Christina Chatzi1, Arlette Grard1, 

Jean-Pierre Bourguignon1 
1Developmental Neuroendocrinology Unity, GIGA-Neurosciences, 
University of Liège   asparent@ulg.ac.be 
The development of the cortex and the hippocampus is very sensitive to 
hormonal environment, in particular thyroid hormones and sex steroids. 
Experimental data concerning early exposure to polychlorinated biphenyls 
(PCBs) illustrate the detrimental effect of endocrine disrupters (EDCs) on the 
central nervous system. Indeed, epidemiological studies have reported a 
negative correlation between prenatal exposure to PCBs and cognitive 
performances. Our studies indicate that perinatal exposure to Aroclor 1254, 
a PCB mixture, alters cell cycle exit and radial neuronal migration in specific 
areas of the rat cortex in a critical age window. Such perinatal exposure to 
PCBs decreases total serum thyroxine in mouse pups, but this did not 
appear sufficient to affect synapses formation in the dentate gyrus as spine 
density was actually increased at this stage. Interestingly, an effect on 
proliferation/survival of newborn neurons was only observed weeks after 
exposure, suggesting that neurogenesis may be more vulnerable to 
disruption by PCBs in juvenile or young adult animals rather than neonates. 
Estrogenic EDCs such as diethylstilbestrol or bisphenol A (BPA) are known 
to alter onset of puberty. Our data and others suggest that the hypothalamus 
could be targeted by those EDCs and explain the pubertal disruption. We 
recently reported that neonatal exposure of female rats to 1 or 10 µg/kg.day 
of diethylstilbestrol, could respectively cause late or early puberty and 
consistent changes in maturation of pulsatile GnRH secretion.  Endocrine 
disrupting effects of low BPA doses in the µg range are a matter of 
controversy. We studied the effects of neonatal exposure to a very low dose 
of 25 ng/kg.day in comparison with 5mg/kg.day. After neonatal exposure to 
25 ng/kg.day of BPA for 15 days, the age at VO was delayed while 
advancement was observed using 5 mg/kg.day. The late VO after exposure 
to 25 ng/kg.day of BPA was preceded by a significant increase in GnRH 
interpulse interval at PND 20. By contrast, early VO after exposure to 5 
mg/kg/d was preceded by a significant decrease in GnRH interpulse interval. 
At PND 20, after exposure from PND 1 to 15, changed hypothalamic RNA 
expression confirmed the effects of the two BPA doses with opposing 
changes of similar genes in relation to BPA dose and alteration of distinct 
genes by each of the two doses. 
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Brain-gut peptides and the regulation of 
feeding 
Yvette Taché, Andreas Stengel,  Hiroshi Karasawa and 
Lixin Wang 
 
1Digestive Diseases Res Center and Center for Neurovisceral 

Sciences, Digestive Diseases Division, David Geffen School of Medicine at UCLA 
and VA Greater Los Angeles Healthcare System, Los Angeles, California; 
ytache@mednet.ucla.edu 
 
The hormone released from the gut endocrine cells namely the orexigenic peptide 
ghrelin and anorexigenic peptides PYY, pancreatic polypeptide, cholecystokinin 
(CCK), amylin, insulin, glucagon-like peptides, oxyntomodulin and the adipose 
tissue (leptin) play an important role in the regulation of food intake and energy 
expenditure. These gut peptides act either by directly influencing the activity of the 
hypothalamic arcuate nucleus adjacent to the median eminence, a 
circumventricular organ with incomplete blood barrier or indirectly via activating 
mechano- or chemo-receptors on gastrointestinal vagal afferent pathways. There 
is evidence of synergistic interaction action between leptin and CCK on vagal 
afferents to suppress food intake in rodents indicative that adipose and gut 
peptide signaling can act in concert. Vagal afferents converge to brainstem 
nucleus tractus solitarius that in turn, carries signals through projections to the 
hypothalamus and recruit anorexic peptides namely cocaine and amphetamine-
related transcript, melanocortins, nesfatin-1 or orexigenic peptides such as 
neuropeptide Y, agouti-gene related protein, melanin concentrating hormone, 
orexins, endorphin and galanin.  In addition there are specific circuitries which are 
regulated during stress that involves the corticotropin releasing factor (CRF) 
system composed of 4 peptides, CRF and urocortins (ucns) 1 ,2 and 3 acting on 
two distinct CRF1 (CRF, ucn 1) and CRF2 (ucns) receptors that recruit the 
hypothalamo-pituitary-adrenal (HPA) axis.	   CRF2 activation by Ucns reduced 
feeding after central and peripheral injection without provoking behavioral arousal 
or anxiogenic effects as observed for the anorexigenic action induced by the 
activation CRF-CRF1 signaling path- ways. Accumulated evidence supports a role 
of brain activation of CRF1 and CRF2 signaling pathways in initiating the 
hippomania induced by various acute types of stressors. This was established 
using pharmacological approaches and to a lesser extent, genetic deletion of CRF 
legend or receptors in rodents. One of the most conserved peptides during the 
evolution of vertebrates is somatostatin that counteracts the stress response. We 
demonstrated that activation of somatostatin 2 receptor (sst2) in the brain using a 
stable agonist, ODT8-SST induces a potent stimulation of food intake in rodents 
through activation of orexin-NPY-opioid pathways and exerts a potent dipsogenic 
effect mediated downstream by angiotensin-AT1 signaling. Activation of sst2 signaling 
prevents acute visceral stress-related decreased food intake and is involved in nocturnal drinking and 
feedin behavior in rodents 
 
 
.

 
Leptin and the regulation of the melanocortin 
system in birds 
 
Tim Boswell 
 
School of Biology, Newcastle University, Newcastle upon 

Tyne, NE1 7RU, United Kingdom  timothy.boswell@ncl.ac.uk 
 
The melanocortin system has been generally well characterised in birds. 
The melanocortin 4 receptor (MC4R) is expressed in hypothalamic nuclei 
implicated in the control of appetite. Furthermore, the hypothalamic 
distribution of AGRP and POMC mRNAs, which respectively encode an 
endogenous melanocortin receptor antagonist and agonist, is evolutionarily 
conserved, with robust expression in the arcuate nucleus. AGRP gene 
expression and immunoreactivity is increased by experimental fasting, 
consistent with a stimulatory effect of the peptide on food intake after 
injection into the brain. Conversely, POMC expression is reduced by food 
restriction, and central injections of the POMC gene product alpha-MSH and 
the synthetic MC4R agonist MTII inhibit feeding. AGRP gene expression is 
also sensitive to nutritional state during prolonged food restriction in 
domestic chickens and can be used to distinguish between animals of the 
same body mass but with different feeding histories. Re-feeding of food-
restricted chickens rapidly reduces AGRP expression and investigation is 
focused on uncovering the feedback signals involved. Leptin is a candidate 
but leptin-like sequences have only very recently been identified in avian 
genomes and there is still no evidence for its presence in the chicken. If 
leptin is absent in chickens, other candidate feedback signals include 
cholecystokinin (CCK). Fast growth rate in a chicken strain has recently 
been linked to reduced expression of the CCKA receptor and those birds 
show increased AGRP expression consistent with a reduction in CCK satiety 
signalling. The significance of the fact that leptin genes may be present in 
the genomes of some avian species but not others is unclear but may allow 
revealing comparative studies to be performed.	  
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Phenotypic plasticity: genetic and hormonal 
regulation of life history 

Bas Zwaan 
 

 

The life history of an organism describes the key life events from conception 
until death, and as such life histories are crucial for adaptation to specific 
environments. Understanding the evolution of life histories, and the factors 
that facilitate and constrain it, will thus bring us closer to understanding the 
process of adaptation. Life histories consist of suites of traits that are inter-
related and specifically coordinated to ensure an optimal fit to the 
environment. Studies of the process of adaptation have focussed on the role 
of “genetic tracking”, but much less attention has been given to phenotypic 
plasticity. Phenotypic plasticity allows organisms to respond to spatial and 
temporal heterogeneity in environments, and thus can lead to adaptations 
without necessarily a change in the genetic composition of the population. 
At the same time, such adaptive phenotypic plasticity is likely to be 
genetically regulated and genetic variation for this ability may exist in natural 
populations. In this talk I will exemplify the importance of phenotypic 
plasticity for life history evolution and adaptation on the seasonal tropical 
butterfly Bicyclus anynana. In particular, I will address the role of gene and 
hormonal regulation of development that results in different adult 
phenotypes adapted to the very diverse seasonal conditions. In addition, I 
will place this work in the context of my research focus on understanding the 
evolution of ageing and variation in lifespan and health. 

 
 

 
Flatfish metamorphosis: a not so asymmetric 
tale 
 
Marco A. Campinho1*, Bruno Louro1, Gabriel Martins2, 
Nádia Silva1, João P. Marques1 and Deborah M. Power1 

 
1Comparative Molecular Endocrinology, Centre of Marine Sciences, 
Universidade do Algarve, Campus de Gambelas, 8005-139 Faro, Portugal. 
2Instituto Gulbenkian de Ciência, Oeiras, Portugal 
macampinho@ualg.pt 
 
All teleosts undergo metamorphosis but the flatfish are the group with the 
most dramatic morphogenic development during this time. At 
metamorphosis flatfish develop from a round pelagic larva to a flat 
asymmetric benthic juvenile with both eyes on the dorsal side of the head. 
Modifications in external morphology are accompanied by changes in 
physiology, behaviour and metabolism that adapt the benthic juvenile to its 
new lifestyle. Thyroid hormones are the necessary and essential factors 
regulating teleost metamorphosis. The current assumptions about flatfish 
asymmetry generation are imprecise and the present review will focus on 
asymmetry generation in the flatfish head, where the most dramatic changes 
occur. The combined power of next generation sequencing and high-
resolution microscopy are being used to establish a detailed map of 
molecular and cellular modifications occurring in the head. The results 
reveal that thyroid hormone driven events in a discrete region of the head 
determine the overall asymmetric development at metamorphosis. Most of 
the genes differentially regulated in the viscerocranium, musculature and 
nervous tissue of the head during metamorphosis have a symmetric pattern. 
In conclusion, THs regulate tissue maturation at metamorphosis with a sub-
set of TH-target genes regulating in a highly circumscribed region the local 
asymmetric development of the head. 
Acknowledgements: FCT project PTDC/MAR/115005/2009. MAC and BL 
recipients of a Post-doctoral grant (SFRH/BPD/66808/2009 and 
SFRH/BPD/89899/2012, respectively) from FCT, Portugal.  
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Glucocorticoid effects on thyroid hormone 
gene regulation in Xenopus tropicalis tadpoles 
 
Alexis G. Grimaldi1, Nicolas Buisine1, Adeline Couve2, 
Corine Blugeon2, Laurent M. Sachs1 

 
1 UMR 7221 CNRS/ Muséum National d'Histoire Naturelle, Paris, France 
2 Institut de Biologie, Ecole Normale Superieure, Paris, France 
sachs@mnhn.fr 
 
Amphibian metamorphosis is the fast, post-embryonic, and irreversible 
process by which an aquatic tadpole switches to an air-breathing lifestyle by 
transforming into an adult frog. This dramatic ecological transition comes 
with spectacular modifications allowing the individual to change its diet, 
locomotor organs, and respiratory system. This complex process is 
regulated by thyroid hormones (TH), which have also been shown to govern 
post-embryonic remodeling in most chordates. However, TH do not act 
alone. In particular, glucocorticoids (GC) play important roles during this 
process. GC are known to be involved in proper timing of metamorphosis, 
they are also one of the main mediator of the stress response. Thus, the 
physiological processes of metamorphosis and stress coping are very much 
intertwined. Indeed, depending on its developmental stage, the 
metamorphosis of a stressed tadpole can be either delayed or accelerated, 
making GC an important interface between environmental cues and a 
spontaneous developmental process such as Anuran metamorphosis. 
Additionally, stress during metamorphosis might induce modifications of key 
genes expression, and potential phenotype propagation to adult forms, 
highlighting its importance in driving adaptation to fluctuating environments. 
In order to probe the effects of TH, GC, and the crosstalk between these two 
hormones on the transcriptome of two organs with contrasted fate (either 
proliferation for the hind-limbs or cell death for the tail fin epidermis), we 
performed systematic sequencing of RNA (RNA-Seq). We found that TH 
and GC crosstalk is mediated by a limited diversity of transcriptional 
responses, the majority of which is common to both tissues. The biological 
functions affected by crosstalk are mostly related to extracellular matrix 
remodeling and the immune system in both tissues, the set of genes 
involved is very tissue specific. In limb, we further showed that the crosstalk 
affects expression of a restricted number of genes, mostly involved in 
skeletal development and homeostasis.   
 
Supported by the EU IDEAL project and ANR TRIGGER 
 

 
The essence of insect metamorphosis: 
electrical rewiring of cells driven by the 
principles of Juvenile Hormone-dependent Ca2+-
homeostasis  
Arnold De Loof, Wouter de Haes, Tom Janssen, Liliane 
Schoofs 

Functional Genomics and Proteomics Group, Department of Biology, KU 
Leuven-University of Leuven, Belgium arnold.deloof@bio.kuleuven.be  
 
The chemical nature of the different Juvenile Hormones (JHs) is known since the 
late 60ties. They are esters of the endogenous sesquiterpenoid farnesol. 
Vertebrates, plants and fungi also synthesize farnesol, but they probably do not 
use it as a hormone. Hitherto, it has been assumed that farnesol has a limited role 
in metabolism. In vertebrates, farnesyl-pyrophosphate is a precursor in the 
biosynthesis of cholesterol, a molecule that insects and nematodes cannot 
synthesize by themselves. Farnesol extracted from mammalian tissues is since 
long known to display positive activity in the Galleria bioassay that detects 
Juvenile Hormone activity. This indicates that farnesol is able to activate JH-
receptors in insects. If the same type of receptor is present in vertebrates, novel 
insights in the mechanism underlying their own juvenile state might emerge. While 
good progress has been made in elucidating the nature of transcription factors 
that play key roles in signal transduction of JH, perhaps as nuclear receptors (e.g. 
Met), the nature of the membrane receptors continues to escape identification by 
classical biochemical methods. We used another approach. Instead of asking how 
JH acts when present in high concentrations, thereby exerting its well known 
“status quo effect” in larvae, we asked how absence of JH initiates metamorphosis. 
Some tissues, especially those of ectodermal origin, further differentiate. Some 
other tissues, in particular the ones that actively secrete proteins such as the fat 
body, mid gut, salivary glands etc., undergo programmed cell death, a process 
that is linked to Ca2+-homeostasis. Our rediscovery of the known fact that the 
Ca2+-ATPase blocker thapsigargin, is, like JH, a sesquiterpenoid derivative, 
illustrates how absence of JH might work. Apparently some isoforms of Ca2+-
ATPase stop pumping when JH disappears from the body. The conclusion 
emerges that in thapsigargin-sensitive isoforms of Ca2+-ATPase, endogenous 
farnesol-like sesquiterpenoids act as gatekeepers that enable the access of ATP 
to the enzymatically active core of Ca2+-ATPase. Because the Ca2+-homeostasis 
system is very well conserved in evolution, farnesol-derivatives may act in a 
similar (juvenilizing) way in vertebrates, plants and fungi, be it not as hormones 
but as “inbromes”, a novel concept in signalling. The even more fundamental 
consequence of the JH-metamorphosis link is that electrical wiring system of cells 
of which the Ca2+-homeostasis system is an integral part, is subject to continuous 
change during development. 
Granting agencies: FWO-G.0.601 and GOA 
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Comparative analysis of corticosteroid 
binding proteins in rat, chicken and trout 
 
Aline Foury1,2, Odile Beller1,2 and Marie-Pierre 
Moisan1,2  

 
1INRA, Nutrition & Integrative Neurobiology, UMR1286, Bordeaux, France 
2 Univ Bordeaux, Nutrition & Integrative Neurobiology, UMR1286, Bordeaux, 
France 
mpmoisan@bordeaux.inra.fr 
 
In the blood of mammals, glucocorticoids (cortisol or corticosterone 
depending on the species) are found bound to corticosteroid binding 
globulin (CBG) for ~80% and to albumin for ~15%, the remaining 5% being 
free. CBG is encoded by the gene SerpinA6 that has been sequenced in 34 
mammalian species. This SerpinA6 gene is not found in any sequenced 
genome of sauropsida or fish species. However, specific corticosteroid 
binding proteins, different from albumin, have been reported for several 
birds (chicken, quail, sparrow) and reptile (tree lizard). In fish the data 
available about the presence of a specific cortisol binding protein are 
inconsistent. Given the importance of CBG in mammalian species regarding 
glucocorticoid availability and access to target tissues, we sought to 
characterize CBG or CBG-like protein and gene sequences in chicken and 
in trout. Plasma samples were collected from trout, chicken, rat and Cbg ko 
mice. Maximum binding capacity and affinity constant for cortisol or 
corticosterone were assessed by saturation curve at various temperatures 
following the species body temperature. The distribution of cortisol or 
corticosterone in the plasma between specific binding, albumin binding and 
free compartment was then measured. Finally, rat CBG was purified from 
plasma by affinity chromatography and the sequence identified by mass 
spectrometry. The same process was followed for chicken and trout plasma 
samples. Our results show that chicken has a specific corticosterone binding 
protein but with different biochemical properties than the mammalian CBG. 
In trout the data obtained lead to the conclusion that no specific cortisol 
binding proteins are present. This comparative analysis raises the question 
of why CBG appeared during evolution and its specific role in mammals as 
well as the consequences of its absence in fish and of the role of the CBG-
like protein in birds. 
 
 
  
 

 
 
The mammalian HPA-axis: one steroid 
hormone, multiple time domains and ever so 
intricate response mechanisms 
 
OC Meijer 

Dept Endocrinology, Leiden University Medical Center, Leiden, The 
Netherlands. 
o.c.meijer@lumc.nl 
 
A basic question in stress research is how a HPA axis activation can via 
corticosteroid hormones coordinate adaption to stress over different time 
domains and by very diverse effects on many different tissues and cell types. 
The answer to how diversity of information arises from a single hormone lies 
i) in different time domains of signaling and ii) in intricate molecular 
mechanisms that allow cellular specificity beyond receptor diversity. 
We addressed the importance of different time domains by interfering with 
pulsatility of basal HPA axis activity. We showed that lack of ultradian 
rhythmicity of basal corticosterone in rats leads to impaired cellular 
responsiveness to stress, but that also timing of stressors relative to 
ultradian peaks affects endocrine and behavioral responses.  
We addressed mechanism of cellular specificity by manipulating the signal 
transduction pathway of the glucocorticoid receptor (GR). Using 'exon-
skipping' to skew endogenous splicing in the central amygdala of the rat 
brain (an area involved in emotional regulation), we showed that relatively 
subtle changes in the repertoire of endogenous signaling factors of GR can 
lead to substantial, gene specific changes in corticosterone responsiveness. 
These data demonstrate types of mechanisms available to the organism to 
bring about a coordinate stress response of the organism through diversity 
of cellular responses and time domains	  
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The zebrafish as an in vivo model system for 
analysis of glucocorticoid signaling 
 
Peter schoonheim, Antonia Chatzopoulou, Herman 
Spaink, Marcel Schaaf 

 
Institute of Biology, Leiden University, The Netherlands 
 
m.j.m.schaaf@biology.leidenuniv.nl 
 
Upon stress, vertebrate organisms produce glucocorticoid hormones like 
cortisol or corticosterone. These hormones control the stress response by 
regulating a wide range of systems, like our metabolism growth, immune 
system and behavior. The effects are mediated by the glucocorticoid 
receptor (GR), which acts as a ligand-activated transcription factor. Here we 
present the zebrafish as an excellent in vivo model system to unravel the 
molecular mechanism of GR signaling. In this model system, just like in 
humans, both the GR alpha and beta-isoform occur. First, reverse-genetic 
studies were performed in which the expression levels of GRalpha and 
GRbeta were varied. Using transcriptome analysis we discovered that 
GRalpha regulates two distinct clusters of genes. The first cluster is 
regulated by GRalpha under basal conditions and contains mainly genes 
involved in  cell cycle control and apoptosis. The second cluster is regulated 
upon increased activation of GRalpha and consists mainly of genes involved 
in glucose metabolism and proteolysis. GRbeta appears to act as a 
dominant-negative inhibitor of the activity of GRalpha, but is highly selective. 
I mainly inhibits the regulation of immune-related genes by GRalpha. 
Second, a forward-genetic screen was performed using the glucocorticoid-
induced decrease in POMC expression in the pituitary gland as a readout. 
As a result of this screen four zebrafish mutants were identified that are 
resistant to glucocorticoid suppression of the HPA axis. Genetic 
identification of two of the mutants showed a mutation in the adenomatous 
polyposis coli (apc) gene and in the REM2 and Rab like small GTPase 1 
(rsg1) gene. Both genes have not previously been associated with 
glucocorticoid feedback of the HPA axis, and we are currently investigating 
the molecular mechanism behind their involvement.	  
 
 
 
 

 
 
Interaction between rainbow trout 
corticosteroid receptors - a possible regulatory 
role for the mineralocorticoid receptor in 
response to stress? 
 

Pia Kiilerich1,#, Sandrine Péron1, Claudiane Valotaire1, Gerard Triqueneaux2, 
Nynne Meyn Christensen3, Marc Lombès4, Patrick Prunet1. 
 
1INRA-LPGP, Rennes, France ; 
2 CNRS UMR5242-INRA, IFR128, Lyon, France; 
3Center for Advanced Bioimaging (CAB), University of Copenhagen, 
Denmark; 
4  Inserm, U693, Univ Paris-Sud, Le Kremlin-Bicêtre, 94276, France. 
 
Patrick.prunet@rennes.inra.fr 
 
The role of the mineralocorticoid signaling pathways and its relationship with 
GR/cortisol complex in response to stress is still enigmatic in fish. In the 
present study, we analysed expression of corticosteroid receptors in the HIP 
axis of trout exposed to chronic confinement stress.  We observed a 
sustained up-regulation of cortisol and 11-deoxycorticosterone which was 
associated with a negative feed-back on corticosteroid receptor gene 
expression (rtGR1, rtGR2, rtMR) at the level of pituitary but not in the other 
tissues (hypothalamus, interrenal). Moreover, we have shown co-localization 
of MR and GR proteins using specific antibodies in the same pituitary cells 
by ICC analysis. This result suggested us that, among various mechanisms, 
these receptors may interact through heterodimerization and regulate their 
activities as previously described in mammals. In order to analyse the 
transactivation properties of rtGR1 or rtGR2 in presence of rtMR we carried 
out experiments in COS-7 cells transfected with various trout corticosteroid 
receptors and reporter systems. Expression of rtMR in presence of rtGR1 or 
rtGR2 significantly decreases the cortisol-induced transactivation activity of 
rtGR1. When using other GRE-containing promoters, similar inhibitory 
effects of MR are observed.	   These data suggest existence of MR-GR 
interactions which were further studied using new mutated rtMR constructs 
containing different point mutations in the DNA-binding domain. Overall, our 
results suggest that the inhibitory effect of MR on GR activity is related to 
reduction of GR-self-synergy and involves N-terminal sequences of the MR.  
Biological relevance of such in vitro studies in relation to stress effects on 
HPI axis will be discussed. 
.     
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Coevolution of the Spexin/Galanin/Kisspeptin 
Family: Spexin Activates Galanin Receptor 
Type II and III 
 
Dong-Kyu Kim1, Seongsik Yun1, Jong-Ik Hwang1, Hubert 
Vaudry2, and Jae Young Seong1  

 
1Graduate School of Medicine, Korea University, Seoul 136-705, Republic 
of Korea 
2 INSERM U982, University of Rouen, 76821 Mont-Saint-Aignan, France 
jyseong@korea.ac.kr 
 
The novel neuropeptide spexin (SPX) was discovered using bioinformatics. 
The function of this peptide is currently under investigation. Here, we 
identified SPX along with a second SPX gene (SPX2) in vertebrate 
genomes. Syntenic analysis and relocating SPXs and their neighbor genes 
on reconstructed vertebrate ancestral chromosomes revealed that SPXs 
reside in the near vicinity of the kisspeptin (KISS) and galanin (GAL) family 
genes on the chromosomes. Alignment of mature peptide sequences 
showed some extent of sequence similarity among the three peptide groups. 
Gene structure analysis indicated that SPX is more closely related to GAL 
than KISS. These results suggest that the SPX, GAL, and KISS genes 
arose through local duplications before two rounds of whole-genome 
duplication (2R). Receptors of KISS (KISSR) and GAL (GALR) are 
phylogenetically closest among rhodopsin-like G-protein coupled receptors, 
and synteny revealed the presence of three distinct receptor families KISSR, 
GALR1, and GALR2/3 before 2R. A ligand-receptor interaction study 
showed that SPXs activate human, Xenopus, and zebrafish GALR2/3 family 
receptors but not GALR1, suggesting that SPXs are natural ligands for 
GALR2/3. Particularly, SPXs exhibited much higher potency toward GALR3 
than GAL. Together, these results identify the co-evolution of 
SPX/GAL/KISS ligand genes with their receptor genes. This study 
demonstrates the advantage of evolutionary genomics to explore the 
evolutionary relationship of a peptide gene family that arose before 2R by 
local duplications. 
 
 

 
Brain distribution and behavioural changes in 
“humanized” mice expressing melanin concentrating 
hormone receptor 2. 
 
Conductier G1,2*, Presse F1,3*, Roy M-C4*, Enfissi A1, Friedman 
H5, Baroni G1,6, Bittencourt JC6, Peterson A5, Richard D4**, 
Nahon J-L 1,2,3** (*Co-authors; ** Co-directors) 

1 IPMC UMR7275 CNRS, Valbonne, France; 2 SdP UPS 846 CNRS, 
Rousset-sur-arc, France; 3 University of Nice-Sophia Antipolis, Nice, 
France; 4 IUCPQ, Université Laval, Québec, Canada; 5 LDB, Royal Victoria 
Hospital, Montreal, Canada; 6 LCN, Dept. of Anatomy ICB/USP, São Paulo, 
Brazil 
nahonjl@ipmc.cnrs.fr 
 
Melanin-concentrating hormone (MCH) is a cyclic neuropeptide that is involved 
in a number of neuronal functions including the regulation of food intake and 
energy expenditure, mood and stress response, sleep and addiction. MCH 
gene over-expression leads to obesity and insulin resistance whereas MCH 
gene null mice are hypophagic and lean and are resistant to ageing-associated 
increases in body weight and insulin resistance. Two MCH receptors have 
been found in human brain while a single MCH receptor has been identified in 
rat and mouse. Because of the lack of suitable animal models the biological 
functions of MCHR2 remained unknown up to date. To resolve the issue, a 
transgenic mouse has been generated carrying the human MCHR2 (hMCHR2) 
gene by a targeted knock-in (KI) approach. The overall strategy consists in 
introducing a single copy of the hMCHR2 gene (with native regulatory flanking 
regions) associated with an eGFP sequence under the control of an IRES 
structure at the HPRT unique docking site. The HPRT locus allows permissive 
chromatin environment that supports promoter dependent transgene 
expression. Indeed, neuronal expression of the transgene in adult KI hMCHR2 
mice has been demonstrated by monitoring of the spatial and temporal 
expression of the transgene and immunohistochemical mapping. In agreement 
with MCHR2 mRNA distribution in Primates, we found expression of the 
transgene in the hippocampus and defined hypothalamic and cortical areas 
that would be involved in metabolic control and emotional behaviours. First 
behavioural experiments have shown that both feeding and weight were 
significantly altered in hMCHR2 mice (expressing both MCH receptors like in 
humans) when compared to wild type mice (expressing only MCHR1) treated 
with a high fat diet. These phenotypic changes could be related to 
modifications in the MCHR1 response of specific neurons expressing both 
receptors. 
 
Supported by the CNRS (INSB), Chaire de recherche Merck Frosst/IRSC, 
Danone Institute 
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Characterisation of a functional allatotropin 
receptor in the bumblebee, Bombus terrestris. 
 
Els Lismont, Heleen Verlinden, Magdalena Bil, Roger 
Huybrechts, Jozef Vanden Broeck 
 

Animal Physiology and Neurobiology Section, KU Leuven, Leuven, Belgium. 
els.lismont@bio.kuleuven.be 
 
Allatotropins (ATs) are multifunctional neuropeptides initially isolated from 
the tobacco hornworm, Manduca sexta, where they were found to stimulate 
juvenile hormone synthesis and release from the corpora allata. ATs have 
been found in a wide range of insects, but appear to be absent in Drosophila. 
Only recently, in 2012, AT precursor genes were identified in hymenopteran 
species. The first AT receptor (ATR) was characterised in 2008 in the 
lepidopteran Bombyx mori and since then, ATRs have been characterised in 
Coleoptera and Diptera. ATRs show large sequence and structural similarity 
to vertebrate orexin receptors (OXR). Also, AT in insects and orexin in 
vertebrates show some overlap in functions, including modulation of feeding 
behaviour and reproduction. 
The aim of this study was to identify for the first time a functional ATR in a 
hymenopteran insect. We used ATRs (insect sequences) and OXRs 
(vertebrate sequences) to search the genome of the bumblebee, Bombus 
terrestris and found two different receptors (XP_003402490 and 
XP_003394933) with resemblance to ATRs and OXR. Phylogenetic analysis 
provided the first indication that XP_003402490 is more closely related to 
ATRs than XP_003394933. By means of quantitative real-time reverse 
transcriptase PCR we investigated the transcript level distribution of both 
receptors and of the AT precursor gene. We found that XP_003402490 
displays a tissue distribution comparable with ATRs in other species, with 
high transcript levels in the male accessory glands. After pharmacological 
characterisation, using a calcium reporter assay and a cyclic AMP (cAMP) 
reporter assay, it appeared that XP_003402490 is indeed a functional ATR. 
Activation of the receptor caused an increase in intracellular calcium and 
cyclic AMP levels with EC50 values in the low nanomolar to picomolar range. 
XP_003394933 remains an orphan receptor. 
 
 

 
Structural and Functional Divergence of Growth 
Hormone-Releasing Hormone Receptors in 
Early Sarcopterygians 
 
Janice K. V. Tam, Leo T. O. Lee, Billy K. C. Chow 
 

School of Biological Sciences, The University of Hong Kong, Pokfulam, 
Hong Kong 
bkcc@hku.hk 
 
The evolutionary trajectories of growth hormone-releasing hormone (GHRH) 
receptor remain enigmatic since the discovery of physiologically functional 
GHRH-GHRH receptor (GHRHR) in non-mammalian vertebrates. 
Interestingly, subsequent studies have described the identification of a 
GHRHR2 in chicken in addition to the GHRHR and the closely related 
paralogous receptor, PACAP-related peptide (PRP) receptor (PRPR). In this 
study, we provide information on the GHRHR in sarcopterygian fish and 
amphibians by the cloning and characterization of GHRHRs from lungfish (P. 
dolloi) and X. laevis. Sequence alignment and phylogenetic analyses 
demonstrated structural resemblance of lungfish GHRHR to their 
mammalian orthologs, while the X. laevis GHRHR2 showed the highest 
homology to GHRHR2 in zebrafish and chicken. Functionally, lungfish 
GHRHR displayed high affinity towards GHRH in triggering intracellular 
cAMP (EC50=56.1nM) and calcium accumulation (EC50=1.66nM), while X. 
laevis GHRHR2 was able to react with both endogenous GHRH and PRP 
[GHRH (EC50=3.28 nM) and PRP (EC50=0.19nM) in calcium signaling]. 
Tissue distribution analyses showed that both lungfish GHRHR and X. laevis 
GHRHR2 had the highest expression in brain, and interestingly, X. laevis 
GHRHR2 also had high abundance in the reproductive organs. The 
functional and tissue distribution data, therefore, suggested that GHRH and 
PRP are utilizing the same receptor, GHRHR2 in X. laevis. These findings, 
together with previous reports, suggest that early in the Sarcopterygii 
lineage, GHRHR and PRPR have already established diverged and specific 
affinities towards their cognate ligands. GHRHR2, which has only been 
found in xenopus, zebrafish and chicken hitherto, accommodates both 
GHRH and PRP. 
 
Supported by the Hong Kong Government RGC grant 77702/12M to LTOL, 
7648/12M and CRFHKU6/CRF/11G to BKCC 
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Vasopressinergic regulation of stress 
responsiveness of the hypothalamic-pituitary-
adrenal axis in old monkeys with different 
types of adaptive behavior  
 
Nadezhda D. Goncharova, Victor Yu. Marenin, Tamara E. 

Oganyan  
Research Institute of Medical Primatology, Sochi, Adler, Russia, 
ndgoncharova@mail.ru 
 
The age dysfunctions in the adrenals of nonhuman primates including 
responsiveness to acute psycho-emotional stress are related with adaptive 
behavior of the animals (Goncharova et al., 2010). However, mechanisms of 
different vulnerability to stress for individuals with different types of adaptive 
behavior are not clear. The purpose was to study individual features of 
vasopressinergic regulation of stress responsiveness of the hypothalamic-
pituitary-adrenal axis (HPA) in old monkeys. Rhesus monkeys, 21-27 years old 
females, 3 animals of depression and 1 monkey of anxiety behavior type (group 1, 
DAB), and 4 control ones of standard behavior type (group 2, SB) were subjected 
to restraint (2 h at 15:00), and to AVP injection (1 µg/kg b. w., i. v. at 15:00). 
Besides, the animal of anxiety behavior was twice injected with insulin (0.1 U/kg b. 
w., fasting, at 15:00), first one to induce hypoglycemia in the basal conditions and 
second one 30 min after the preliminary injection of antagonist of vasopressin V1b 
receptors (SSR 149415). We revealed that the animals with DAB demonstrate 
essentially higher blood plasma levels of ACTH and AVP, lower levels of DHEAS 
and higher molar F/DHEAS ratios in response to the restraints as compared with 
the stress responsiveness of HPA in the animals with SB. The AVP dynamics 
tightly correlates with the ACTH dynamics. Moreover, AVP injections induce the 
intergroup differences in HPA responses similar to the differences that were 
previously revealed in response to the stress, i.e. the higher levels of ACTH, the 
lower levels of DHEAS and the higher values of the molar F/DHEAS ratios in 
animals with DAB. The similarity in HPA responses to the acute stress and to the 
AVP injections in animals of both behavioral groups, along with the close positive 
correlation in the dynamics of ACTH and AVP, suggest that the intergroup 
differences in HPA responses originate from the difference in vasopressinergic 
regulation of stress responsiveness of the anterior lobe of the pituitary followed by 
hyperreaction of corticotrophs in the DAB animals. Indeed, the increase in ACTH 
plasma level in the monkey with anxiety behavior in response to the insulin-
administration hypoglycemia was dramatically reduced by preliminary 
administration of SSR 149415 compared with the ACTH increase in response to 
the same stressor in absence of the antagonist. Thus, the age-related 
dysfunctions of HPA are much more pronounced in the DAB animals that are 
apparently caused by the increased role of vasopressinergic system in the 
regulation of HPA stress reactivity.  

 
Therapeutic potential of frog skin host-defense 
peptides as immunomodulatory agents 
 
J. Michael Conlon1, Milena Mechkarska1, Miodrag L. Lukic2 
 
1Department of Biomedical Sciences, University of Ulster, 

Coleraine, N. Ireland 
2Center for Molecular Medicine, University of Kragujevac, Kragujevac, 
Serbia 
jmconlon1@gmail.com 
 
The therapeutic potential of the host-defense peptides in frog skin secretions 
as antimicrobial agents has not been realized and so other possible 
applications are being explored. Hymenochirin-1B from Hymenochirus 
boettgeri (Pipidae) and tigerinin-1R from Hoplobatrachus rugulosus 
(Dicroglossidae) increase production of the anti-inflammatory cytokine IL-10 
by human peripheral blood mononuclear (PBM) cells and mouse peritoneal 
macrophages (MPM) without affecting production of the pro-inflammatory 
cytokines IL-12 and IL-23.  Similarly, brevinin-2GUb from Hylarana guentheri 
(Ranidae) and B2RP-ERa from Hylarana erythraea (Ranidae), as well as 
inhibiting growth of the infective bacterium Propionibacterium acnes, 
increase production of anti-inflammatory cytokines IL-4, IL-10, and TGF-beta 
from PBM cells and decrease production of proinflammatory TNF-alpha. 
These peptides may serve as templates for the design of non-toxic anti-
inflammatory agents for use in sepsis and for topical treatment of skin 
conditions such as acne vulgaris. In contrast, frenatin-2D from Discoglossus 
sardus (Alytidae) and plasticin-L1 from Leptodactylus laticeps 
(Leptodactylidae) stimulate production of the proinflammatory cytokines IL-
1beta, TNF-alpha, IL-12, and IL-23 by MPM and pseudhymenochirin-2a 
from Pseudhymenochirus merlini (Pipidae) inhibits production of IL-10 by 
MPM. Human tumors produce immunosuppressive cytokines such as IL-10 
in order to evade immune surveillance. Consequently, peptides that inhibit 
IL-10 production but increase production of immunostimulatory cytokines 
may have a role in cancer chemotherapy in conjunction with conventional 
anti-tumor agents. In conclusion, certain frog skin host-defense peptides, by 
virtue of their complex effects on cytokine production, show potential for 
development into therapeutically valuable immunomodulatory agents. 
 
 
      

OR	  	  
13	  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
	  

OR	  
14	  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
 



  27th Conference of European Comparative Endocrinologists 

  62 

 
Insulin, glucose and lactate response to the 
insulin secretagogues arginine, phentolamine, 
and isoprenaline in normal, hyperglycaemic, 
and diabetic cats 
Karl Link1,2, Jacqueline Rand2, Elisabeth Eppler3,4 
 

1Centre for Evolutionary Medicine, Institute of Anatomy, University of Zurich, 
Switzerland ; 2School of Veterinary Science, The University of Queensland, 
St. Lucia, Brisbane, Australia. 3Research Group Neuro-Endocrine-Immune 
Interactions, Institute of Anatomy, University of Zurich, Switzerland. 4Centre 
for Integrative Human Physiology (ZIHP), University of Zurich, Switzerland 
karl.link@anatom.uzh.ch 
 
Diabetic cats can be classified as either insulin dependent (IDDM) or non-insulin 
dependent (NIDDM). Approximately 75% of diabetics are IDDM, while 25% are 
NIDDM and 50% of all diabetics can revert to temporary normoglycaemia after 
intensive insulin therapy. NIDDM feline diabetes may be controlled with oral 
hypoglycaemic agents such as glipizide. However, in order for glipizide to be 
effective there must be an adequate mass of functional pancreatic beta-cells, as 
its mode of action is to stimulate the beta-cells directly to secrete insulin. 
Therefore, a diagnostic test, which could identify cats with NIDDM and cats with 
the potential to achieve diabetic remission, would be useful, but knowledge about 
suitable secretagogues is limited. The majority of studies thus far have tested 
mainly diabetic cats. However, an increased knowledge of secretagogue 
stimulation on insulin release in the reversible state of hyperglycaemia as 
compared to diabetes and normoglycaemia could contribute to a better 
understanding of the secretory mechanisms underlying the transition from 
reversible hyperglycaemia to manifested diabetes in cats. The aim of the study 
was to assess by use of the secretagogues L-arginine, phentolamine and 
isoprenaline the residual beta-cell capacity to release insulin in induced chronic 
hyperglycaemic cats as compared to normoglycaemic cats. The most pronounced 
effects on insulin secretion in hyperglycaemic cats were obtained with L-arginine, 
which was then tested in diabetic cats treated with insulin or glipizide, respectively. 
However, none of the diabetic cats exhibited a significant increase in insulin 
secretion in response to L-arginine. We conclude that the stimulatory effects 
observed in the chronic hyperglycaemic cats in contrast to the diabetic cats point 
to specific mechanisms underlying the transition from hyperglycaemia to the 
manifestation of diabetes. Our findings further contribute to a better understanding 
of potential insulin secretagogues for testing feline diabetics. 
 
Supported by the Australian Companion Animal Health Foundation, Feline Control 
Council, University of Queensland and Overseas Postgraduate Research 
Scholarships and Research Grant 
 

 
Evidence for thyroid regulation of angiogenesis 
in zebrafish initiated at the cellular membrane.  
 
Shaelen A Konschuh1, Sarah J Childs2, and Hamid R 
Habibi1.  
1 Department of Biological Sciences, University of Calgary, 

Calgary, Alberta, Canada  
2 Department of Biochemistry and Molecular Biology, University of Calgary, 
Calgary, Alberta, Canada.  
habibi@ucalgary.ca 
Thyroid hormone is well-studied as a key regulator of growth, development, 
and metabolism in vertebrates. Focus has traditionally centred on its effects 
through ligand-dependent transcriptional activators, the nuclear thyroid 
receptors. Recent evidence has identified rapid, non-genomic, and 
proliferative effects of T3 and T4 and implicated the membrane-associated 
integrin heterodimer, integrin αVβ3, as a novel thyroid hormone receptor 
mediating these effects. Membrane-initiated events that are stimulated by 
thyroid hormone include pro-angiogenic activity in mammalian and avian 
experimental models, suggesting that thyroid hormone may be involved in 
the control of blood vessel development. In the present study we tested the 
hypothesis that thyroid hormone mediates angiogenesis in developing 
zebrafish embryos through the recently identified membrane integrin 
receptor. We provide information on the gene expression of integrins αV and 
β3 and a large complement of other angiogenic factors using real-time 
QPCR. These factors include VEGF-A and its receptors, angiopoietins and 
the Tie receptors, ephrins and ephrin receptors, as well as several other 
structural proteins and kinases involved in morphology and patterning of the 
cranial vasculature. The expression studies were performed on embryos 
that have been treated with thyroid hormone and Tetraiodothyroacetic acid 
(tetrac), a deaminated T4 analogue that has been shown to block thyroid 
activity through the membrane receptor. Using a transgenic line of zebrafish 
which expresses the red fluorescent protein mCherry in vascular tissues, we 
studied the effects of thyroid hormone and tetrac on vascular growth, 
morphology, and patterning during embryonic and larval development. We 
found that T4 promoted angiogenesis in the head region, and that tetrac 
exposure caused mispatterning, delayed sprouting, and impaired 
morphological development of cranial vessels. The findings suggest a novel 
role for thyroid hormone in the regulation of blood vessel development 
through its association with integrin αVβ3 in zebrafish embryos and larvae.   
Funded by NSERC grants to HRH. 
 

OR	  	  
15	  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
 

OR	  	  
16	  



  27th Conference of European Comparative Endocrinologists 

  63 

 
 
The brain of adult zebrafish: steroid synthesis, 
signalling and potential roles in constitutive 
and reparative neurogenesis. 
 
Diotel Nicolas1, Elisabeth Pellegrini2, Colette Vaillant2 and 

Olivier Kah2 
 
1: Team GEICO, Plateforme CYROI - Université de la Réunion, Saint-Denis, 
France 
2: Team NEED, IRSET, IFR 140, Rennes, France 
nicolas.diotel@gmail.com 
 
Among vertebrates, teleosts are unique in many respects. They exhibit 
really peculiar features, such as strong brain aromatase activity, intense 
neurogenesis and high capability for brain repair. In addition, some of them 
are also able to change sex during adulthood, implying special gonadal and 
brain plasticity. In the last few years, zebrafish has gained strong popularity 
as a model to study adult neurogenesis and brain regeneration. Interestingly, 
in zebrafish, the estrogen-synthesizing enzyme (aromatase B) is only 
expressed in radial glia cells that act as neural “stem” cells. Together, these 
data suggest key roles for aromatase and estrogens in constitutive and 
reparative neurogenesis. Here, we show that (1) the brain of adult zebrafish 
is a steroidogenic organ able to synthesize a wide variety of neurosteroids, 
(2) that radial glial cells are targeted by steroids, and (3) we finally provide 
evidences that 17β-estradiol inhibits neural progenitor proliferation and 
newborn cell migration. However, estradiol effects on neuronal 
differentiation and cell survival are not so clear. Last but not least, we 
developed a model of mechanical lesion of the telencephalon in order to 
investigate the potential involvement of estrogens in regenerative 
neurogenesis. Preliminary results tend to show that 17β-estradiol does not 
favour brain cell proliferation after stabwound. In contrast to other models, 
such as birds and mice, aromatase expression does not appear to be up-
regulated after brain lesion. Altogether, these data suggest major 
differences between fish and other vertebrates with respect to estrogen 
production and function in adult and reparative neurogenesis. 
 
key words: aromatase, neurogenesis, neurosteroid, radial glial cell, 
zebrafish  
 
 

 
Local modulation of steroid action: rapid control of 
aromatase activity 
 
Thierry D. Charlier1, Charlotte A Cornil2, Christine Patte-
Mensah3, A. Guy Mensah-Nyagan3, Jacques Balthazart2  
1 Ohio University, Athens OH, USA 2 University of Liège, 
Belgium 3 INSERM U1119, University of Strasbourg, 

France  charlier@ohio.edu 
 
Estrogens induce rapid, short-lived physiological and behavioral responses, 
in addition to their slow, but long-term, effects at the transcriptional level. To 
be functionally relevant, these effects must be associated with rapid 
modulations of estrogen concentrations. 17b-estradiol is synthesized by the 
enzyme aromatase, using testosterone as a substrate, but can also be 
degraded into catechol-estrogens via hydroxylation by the same enzyme, 
leading to an increase or decrease in estrogen’s concentration, respectively. 
We previously showed that aromatase activity in quail hypothalamus 
explants or in N2A neuronal cell lines transfected with human aromatase 
can be rapidly reduced by activating glutamatergic receptors. In parallel, we 
showed that rapid changes in aromatase activity (AA) are induced by 
calcium-dependent phosphorylations, first in Japanese quail hypothalamus 
homogenates, but also in quail ovary and in various cell lines transfected 
with human aromatase (HEK 293, Neuro2A, and C6). Enzymatic activity is 
rapidly inhibited after depolarization of aromatase-expressing HEK 293 cells 
with 100 mM KCl, and activity is fully restored when cells return to control 
conditions. The depolarization or phosphorylating conditions can also rapidly 
reduce the hydroxylase activity of human aromatase expressed in HEK293, 
as shown by pulse-chase HPLC coupled to continuous radiometric detection 
of steroids. Importantly, Western blot analysis demonstrated that the 
reduction of enzymatic activity is not due to protein degradation. We also 
investigated by site-directed mutagenesis the potential implication in the 
control of AA of specific aromatase residues identified by bioinformatic 
analysis. Mutation of several serine or threonine residues to alanine, alone 
or in combination, did not block the rapid inhibition of enzymatic activity 
induced by phosphorylating conditions. Altogether, these results 
demonstrate that the rapid inhibition of AA is a widespread and reversible 
process but the specific residues that must be phosphorylated to modulate 
AA remain to be identified. We currently do not know whether the 
phosphorylation of the same residues affects both aromatase or hydroxylase 
activities or whether these residues are different. These processes provide a 
new general mechanism by which local estrogen’s concentration can be 
rapidly altered in the brain and other tissues. 
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The neurosteroid pregnenolone counteracts 
CB1-mediated cannabinoid effects 
 
Monique Vallée 
 
INSERM U862 – Neurocentre Magendie 

Université Bordeaux 
146 Rue Léo Saignat, 33077 Bordeaux, France 
monique.vallee@inserm.fr 
 
Pregnenolone is often considered the inactive precursor of all steroid 
hormones and its potential functional effects have been largely neglected. 
We discovered that the administration of the main active principle of 
Cannabis sativa (marijuana) ∆9tetrahydrocannabinol (THC), activating the 
type-1 cannabinoid CB1 receptor, substantially increased the synthesis of 
pregnenolone in the brain of rats and mice. We further revealed that 
pregnenolone can counteract physiological and behavioral effects of CB1 
receptor activation by acting as an allosteric inhibitor of the CB1 receptor. As 
such, pregnenolone was capable of modulating one of the most abundant G 
protein-coupled receptor (GPCR), the CB1 receptor and may function as an 
endogenous negative feedback upon the cannabinoid system. This negative 
feedback mediated by pregnenolone reveals an unknown 
paracrine/autocrine loop protecting the brain from CB1 receptor over-
activation. These findings reveal a novel membrane target for pregnenolone 
and an unforeseen potential novel approach for treatment of cannabis 
intoxication and addiction. 
 
Supported by INSERM, the University Victor Segalen-Bordeaux2, the 
Structure Fédérative de Recherche Neurosciences (SFRn) de l'Université 
de Bordeaux and Region Aquitaine funds. 
 
Related patents: “Antagonists of CB1 receptor” (no. WO/2012/160006) and 
“Pregnenolone derivatives” (no. PCT/EP2013/074886). 
 
 

 
Two neuroprotective neurosteroids: 
progesterone and allopregnanolone 
 
Michael Schumacher1, Philippe Liere1, Alejandro de 
Nicola2, Rachida Guennoun1 
 

1 UMR 788 Inserm and Université Paris-Sud 
2 Instituto de Biologia y Medicina Experimental, Buenos Aires, Argentina 
michael.schumacher@inserm.fr 
 
Progesterone is well known as a hormone produced by the ovaries and 
placenta and necessary for the initiation and maintenance of pregnancy. 
However, progesterone and its reduced metabolites 5alpha-
dihydroprogesterone and allopregnanolone are also synthesized by neurons 
and glial cells within the central and peripheral nervous systems, and they 
thus qualify as "neurosteroids". Importantly, their formation is upregulated in 
the adult rodent brain and spinal cord in response to injury. After occlusion 
of the middle cerebral artery followed by reperfusion (transient MCAO 
model), brain levels of progesterone and 5alpha-dihydroprogesterone can 
even reach "pregnancy" levels in the male mouse brain (about 200 nM). It is 
important to specify that neurosteroid analysis was performed by gas 
chromatography/mass spectrometry (GC/MS), a very precise and sensitive 
method, preceded by a well validated tissue extraction procedure. The 
strong increase in brain progesterone levels may be part of neuroprotective 
responses by which neural cells cope with degenerative processes. Indeed, 
inactivating the progesterone receptors, by using either total or neural cell-
specific knockouts, increases the sensitivity of the brain to ischemic damage. 
However, the increase in endogenous progesterone following ischemic 
injury is only transient, not exceeding a few hours: its levels were increased 
at 6 hours after reperfusion and had returned to low control levels after 24 
hours. This may explain why the repeated administration of exogenous 
progesterone is required for efficient long-term neuroprotection. These 
observations suggest a new and promising therapeutic strategy for 
promoting recovery from brain injury: boosting the endogenous production of 
neuroprotective neurosteroids. It is indeed possible to stimulate the brain 
synthesis of neurosteroids by ligands of the translocase 18 kDa (TSPO), the 
former peripheral benzodiazepine receptor. Interestingly, the expression of 
TSPO is strongly and persistently upregulated in response to injury or 
neurodegenerative processes, allowing targeted therapeutic intervention. 
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Relationship between a specific wavelength of 
light and the neuroendocrine system in fish 
 
Akiyoshi Takahashi, Satoshi Kasagi, Kanta Mizusawa 
 
School of Marine Biosciences, Kitasato University, 

Sagamihara, Kanagawa 252-0373, Japan 
akiyoshi@kitasato-u.ac.jp 
 
Background color affects the activities of the neuroendocrine system in fish 
with respect to physiological body color changes. Under a white background, 
production of the melanin-concentrating hormone (MCH) in the brain of fish 
is high, whereas production of the melanocyte-stimulating hormone (MSH) 
in the pituitary is low. Here, we have discussed whether all wavelengths of 
light are necessary or a specific wavelength is sufficient for modulating the 
neuroendocrine system in fish. Barfin flounder, Verasper moseri, reared in 
white tanks in a dark room were irradiated with light from a light-emitting 
diode, with peak wavelengths of 464 nm (blue), 518 nm (green), and 635 
nm (red). An indoor tank under ambient light was used as the control. In the 
brains of the fish, mch expression under blue light was low; it was also low 
under green light, although the result was not statistically significant. In 
contrast, expression of the proopiomelanocortin-c gene (pomc-c), which 
codes for MSH, was enhanced by blue and green light. Also in the pituitary, 
pomc-c showed higher expression levels under blue and green light, 
whereas no increases were observed on the expressions of pomc-a and 
pomc-b. We also found the presence of six cone opsin mRNAs in the eyes 
of the fish. Maximum absorption spectra obtained using reconstitution 
experiments were 367, 416, 482, 490, 506, and 552 nm. This opsin 
repertory may contribute to the transmission of stimulation by a specific 
wavelength of light. In the case of goldfish, Carassius auratus, MCH mRNA 
levels in the brain were increased in a white tank compared to that in a black 
tank under fluorescent light. MCH mRNA levels in goldfish irradiated with 
blue light in the black tank were comparable to those in goldfish in the white 
tank. No increase in MCH mRNA levels was observed in goldfish under 
green and red light. In contrast, the expression of pomc in the pituitary was 
augmented by green and red light in goldfish. Our results demonstrate that 
mch and pomc expressions in the hypothalamo-pituitary axis are modulated 
by a specific wavelength of light. It is of interest that blue light is essential for 
mch expression and green/red for pomc expression. There may be 
reciprocal communication between these genes with respect to their 
expressions. 
 

 
Behind melanocortin antagonist 
overexpression in the zebrafish brain: 
Behavioural and transcriptomic approaches   
 
Guillot R1, Navarro S1, Cortés R1, Sánchez E1, Míguez JM2, 
Krasnov A2, Rotllant J3, Cerdá-Reverter JM1 

 
1Instituto de Acuicultura de Torre de la Sal, (IATS-CSIC), Castellón Spain.  
2Facultade de Bioloxía, Universidade de Vigo, Spain 
3Nofima AS, Ås, Norway 
4Instituto de Investigaciones Marinas, (IIM-CSIC), Vigo, Spain 
jm.cerda.reverter@csic.es 
 
Melanocortins are small peptides encoded by a complex precursor called 
proopiomelanocorin (POMC). They are mainly composed of an 
adrenocorticotropic hormone (ACTH) and melanocyte-stimulating hormones 
(α-, β- γ- and δ-MSH). These peptides exert its physiological actions by 
binding to 5 G protein-coupled receptors (MC1R-MC5R). Atypically, 
melanocortin signaling is regulated also by endogenous antagonists, agouti-
signalling protein (ASIP) and agouti-related protein (AGRP) that compete 
with melanocortin peptides by binding to MCRs. ASIP is expressed mainly in 
the ventral skin where it inhibits melanogenesis by binding to MC1R. AGRP 
binds MC3R and MC4R in the brain for the regulation of energy balance and 
growth. Overexpression of ASIP1 in zebrafish results in dorsal inhibition of 
melanogenesis. However, zebrafish overexpressing ASIP growth faster and 
exhibit increased food intake level but similar response to stressful 
conditions. In order to improve our understanding of the molecular 
mechanisms and markers associated with the central melanocortin inhibition 
we characterized the brain transcriptome induced by ASIP overexpression 
through microarray analyses, resulting in the identification of multiple ASIP-
induced mRNAs. Interestingly some genes regulating behavioral processes 
in zebrafish were modulated by melanocortin signaling blocking. 
   
Supported by the AGL2013-46448-C3-03 and ALG2011-23581  
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Interactions between rainbow trout MC2R, 
MC5R, and MRAP1: implications for the 
regulation of rainbow trout interrenal cells.  
 
Robert M. Dores1, Yesenia Garcia1, Jordan Rook1, 
Navdeep Sandhu2, Mathilakath M. Vijayan2 

 

1University of Denver, Department of Biological Sciences, Denver, Colorado 
80210, U.S.A. 2University of Calgary, Department of Biological Sciences, 
Calgary, Canada 
rdores@du.edu 
 
Teleost interrenal cells and tetrapod adrenal cells synthesize glucocorticoids as a 
result of the binding of the pituitary hormone, ACTH, to the melanocortin-2 
receptor (MC2R). The activation of teleost and tetrapod MC2R is dependent on 
the formation of a heterodimer complex with melanocortin-2 receptor accessory 
protein 1 (MRAP1). Studies on the activation of teleost interrenal cells and 
tetrapod adrenal cortex cells indicate that these steroidogenic cells can be 
activated by ACTH, but not by alpha-MSH. The apparent paradox in these 
observations is that the melanocortin-5 receptor (MC5R) is also expressed by, for 
example, rainbow trout interrenal cells and human adrenal cortex cells. MC5R 
from either species can be activated by alpha-MSH. To resolve this enigma Sebag 
and Hinkle (2009) J.B.C. 21: 22641, found that while MRAP1 facilitated the 
trafficking and activation of hMC2R, this accessory protein had the opposite effect 
on hMC5R. Based on these observations we tested the hypothesis that rainbow 
trout MC2R (rtMC2R) and rtMC5R will respond in a similar manner when co-
expressed with rtMRAP1. For these experiments rtMC2R, rtMC5R, and rtMRAP1 
were co-expressed in different combinations in Chinese Hamster Ovary (CHO) 
cells and stimulated with either  hACTH(1-24) or NDP-MSH at concentrations 
ranging from 10-6 to 10-12M. Activation was measured based on the stimulation of 
a Cre-Luciferase reporter construct. All experiments were done in triplicate and 
analyzed using Kaleidograph software. As expected rtMC2R/rtMRAP1 transfected 
cells had an EC50 value of 2.6 x 10-11 M, whereas, rtMC5R transfected cells had 
an EC50 value of 1.1 x 10-9 M. However, rtMC5R/rtMRAP1 transfected cells had 
an EC50 value of 5.8 x 10-10 M, and CHO cells transfected with 
rtMC2R/rtMC5R/rtMRAP1 has an EC50 value of 5.2 x 10-11 M. It appears that 
rtMRAP1 is having a positive effect on the ligand selectivity of rtMC5R. Clearly 
rtMC5R and hMC5R respond very different ways to interaction with their 
respective MRAP1. Hence, it appears that a novel mechanism has evolved in 
rainbow trout interrenal cells to regulate the activity of rtMC5R. In this presentation 
different mechanisms for the regulation of rtMC5R will be discussed. 
 

 
Pigment patterns in fish result from 
superimposition of two largely independent 
pigmentation mechanisms 
 
Rosa M. Ceinos1, Raúl Guillot2, Robert N. Kelsh3, José 
Miguel Cerdá-Reverter2, Josep Rotllant1 

 

1Aquatic Molecular Pathobiology Group, Instituto de Investigaciones 
Marinas, Consejo Superior de Investigaciones Cientificas (CSIC). Vigo, 
Spain, 36208 
2Control of Food Intake Group, Department of Fish Physiology and 
Biotechnology, Instituto de Acuicultura de Torre de la Sal (IATS-CSIC). 
Castellón, Spain, 12595 
3Centre for Regenerative Medicine and Developmental Biology Programme, 
Department of Biology and Biochemistry, University of Bath, Bath, UK BA2 
7AY 
rotllant@iim.csic.es 
 
Dorso-ventral pigment pattern differences are the most widespread 
pigmentary adaptations in vertebrates. In mammals, this pattern is controlled 
by regulating melanin chemistry in melanocytes using a protein,  Asip. In fish, 
studies of pigment patterning have focused on stripe formation, identifying a 
core striping mechanism dependent upon interactions between different 
pigment cell types. In contrast, mechanisms driving the dorso-ventral 
countershading pattern have been overlooked. Here, we demonstrate that, 
in fact, zebrafish utilize two distinct adult pigment patterning mechanisms -
an ancient dorsoventral patterning mechanism, and a more recent striping 
mechanism based on cell-cell interactions; remarkably, the dorso-ventral 
patterning mechanism also utilizes Asip. These two mechanisms function 
largely independently, with resultant patterns superimposed to give the full 
pattern.  
This work was funded by the Spanish Science and Innovation Ministry 
project ALG2011-23581 and Xunta de Galicia INCITE-09 402 193 to JR. 
Partial funding was also obtained from Science and Innovation Ministry 
(AGL2010-22247-C03-01 to JMC-R) 
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Coevolution of capa gene and perisympathetic 
organs in Hexapoda 
 
Reinhard Predel 
 
Zoological Institute, University of Cologne, Cologne, 

Germany 
reinhard.predel@uni-koeln.de 
@ 
CAPA peptides are typical of the insects’ neurosecretory system and are 
likely to be released as myostimulatory and/or osmoregulatory hormones 
from abdominal perisympathetic organs. These neurohemal organs perform 
the same function for the neurosecretory material of the ventral nerve cord 
as the corpora cardiaca for neurosecretions of the brain. Our current 
knowledge suggests perisympathetic organs as autapomorphy of Hexapoda 
and the origin of the capa gene within arthropods. Possibly within the 
Pancrustacea lineage, a gene duplication of a common ancestor of capa 
and pk/pban genes occurred and, in insects, both genes developed different 
sequences, expression patterns, and finally also different functions. Here, 
the remarkable coevolution of capa genes and perisympathetic organs is 
discussed in a comparative perspective. 
 
Supported by the DFG 
 
 
 
 
 
 
 

 
 A sulfothreonine adipokinetic peptide - a novel post-
translational modification revealed in the twig wilter 
Holopterna alata (Hemiptera, Coreidae) 
 
Gerd Gäde1, Petr Simek2, Heather G. Marco2 
 
1Department of Biological Sciences, University of Cape 

Town, South Africa  
2Biological Centre AS CR, Ceske Budejovice, Czech Republic 
gerd.gade@uct.ac.za 
 
Fuel mobilization for flight in insects is under neuroendocrine control by 
peptides of the adipokinetic hormone (AKH) family. We showed that the twig 
wilter H. alata synthesises an octapeptide, denoted Schgr-AKH-II in its 
corpora cardiaca (CC). This peptide was first characterized from the CC of 
Schistocerca gregaria and has m/z 934.5 for [M+H]+, and a sequence of 
pELNFSTGW amide. A dose of 1 pmol causes a hyperlipaemic effect in H. 
alata and activates triacylglycerol lipase in H. alata fat body (Gäde et al., JIP 
52, 1171-81, 2006).  
Here we describe a second AKH in the CC of H. alata. A smaller ion peak at 
10.47 min with m/z 1014.5 for [M+H]+ was revealed by advanced mass 
spectrometric measurements. ESI mass spectra indicate that this mass 
corresponds to either a phosphorylated or sulfated Schgr-AKH-II. Using a 
Fourier transform-based high resolution MS (FT-HRMS) on a hybrid linear 
ion trap-Orbitrap instrument operating at R=50000, a [M+H]+ ion mass of a 
peak at 8.56 min was m/z 934.4474 and the elemental composition 
assigned as C44H60N11O12 (= Schgr-AKH-II). The novel peak at 10.47 min 
showed an [M+H]+ 1014.3986 with a C44H60N11O15S1 elemental composition. 
Synthesis of both a phosphorylated and a sulfated Thr6-Schgr-AKH-II 
enabled us to compare the native and synthetic AKH peptides by FT-HRMS 
analysis. Indeed, the phosphorylated (P-) and sulfated (S-) peptides, despite 
their equal nominal mass, exhibit largely different chromatographic and MS 
properties. The P-AKH had [M+H]+ 1014.40805 indicating the elemental 
composition C44H61N11O15P1, whereas the S-AKH showed [M+H]+ 
1014.39887 and elemental composition C44H60N11O15S1 with less than 1 
ppm mass accuracy. Moreover, the collision-induced dissociation of the 
[M+H]+ ion at 1014.5 of the synthetic S-AKH and the natural sulfated peptide 
gave exactly the same MS2 spectra which is a further indication for the Thr 
sulfation at position 6. Co-injection of the synthetic peptides with the natural 
CC extract also proved that the novel peptide is sulfated Schgr-AKH-II. Thus, 
the AKH family of glycosylated, phosphorylated and hydroxyproline modified 
peptides is extended to a sulfated form. 
Supported by the NRF and University of Cape Town Grants. 
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The neuropeptide transcriptome of the starfish 
Asterias rubens, a model echinoderm for 
neuropeptide biology 
 
Maurice R. Elphick1*, Dean C. Semmens1, Mahesh R. 
Pancholi1, Olivier Mirabeau2, Susan Slade3, James H. 

Scrivens3. 
1. Queen Mary University of London, UK; 2. Institute Curie, Paris, France; 3. 
University of Warwick, UK. 
 m.r.elphick@qmul.ac.uk 
 
Advances in next generation sequencing are opening up opportunities for 
comprehensive analysis of neuropeptide signalling systems in a variety of animal 
types. We have selected the common European starfish Asterias rubens as a 
model echinoderm for neuropeptide research. Our choice of this species was 
based on several criteria. 1). as a deuterostomian invertebrate, starfish (and other 
echinoderms) occupy an “intermediate” position in animal phylogeny, bridging 
from model protostomian invertebrates (e.g. Drosophila, C. elegans) to 
vertebrates. 2). the pentaradial symmetry of adult starfish (and other 
echinoderms) provides a unique context for analysis of the physiological roles of 
neuropeptides. 3). 25 years ago, proof-of-principle research on this species led to 
the discovery of the first neuropeptides to be identified in an echinoderm - the 
SALMFamides S1 and S2 (see review by Elphick 2014, GCE). 4). A. rubens is a 
common and easily obtained starfish species throughout much of coastal Europe, 
with a range extending from the White Sea to the coast of Senegal. We have used 
Illumina HiSeq to sequence the neural transcriptome of A. rubens and have 
identified over thirty transcripts encoding neuropeptides, which include precursors 
of L-type SALMFamides, F-type SALMFamides, a vasopressin/oxytocin-type 
peptide, NGFFYamide, a GnRH-type peptide, TRH-type peptides, a calcitonin-
type peptide, CCK/gastrin-type peptides, orexin-type peptides, tachykinin-type 
peptides, a luqin-type peptide, AN peptides, bursicon-type peptides and relaxin-
type peptides (including a homolog of GSS; see also abstract by Mita et al.). 
Importantly, we have also discovered a precursor of two kisspeptin-type peptides 
– the first to be discovered in a non-chordate species. Discovery of this rich 
repertoire of precursor sequences has provided a basis for mass spectrometric 
identification of their neuropeptide products, analysis of their expression using 
mRNA in situ hybridisation and immunocytochemistry and functional studies using 
in vitro and in vivo pharmacology. For example, we have discovered that a 
vasopressin/oxytocin-type peptide (see abstract by Semmens et al.) and 
NGFFYamide (Semmens et al., JEB 2013) trigger stomach eversion and 
retraction, respectively, in A. rubens; on-going studies are investigating other 
neuropeptides identified in this species. Thus, discovery and functional analysis of 
neuropeptides in starfish is providing important contributions to our understanding 
of the evolution and diversity of neuropeptide signalling systems in the animal 
kingdom.  

 
Pharmacological and functional 
characterization of a conserved tachykinin 
signaling system in C. Elegans 
 
Frooninckx L.1* , Watteyne J.1, Van Sinay E.1, Van der 
Auwera P.1, Janssen T.1, Mirabeau O.2, Schoofs L.1 and 

Beets I.1 

 
1KULeuven, Naamsestraat 59, 3000 Leuven, Belgium  
2Institut de Neurobiologie Alfred Fessard, 1, Avenue de la Terrasse 
91198 Gif Sur Yvette, France.  
 
lotte.frooninckx@bio.kuleuven.be 
 
 
Although the neuronal connectome of C. elegans is entirely mapped, 
neuronal communication remains mainly a black box. Neuropeptides play an 
important part herein because they act as neurotransmitters, 
neurohormones and neuromodulators. Using a HMM-based program we 
were able to identify a tachykinin-like signaling system in the nematode C. 
elegans. Tachykinins are a multifunctional peptide family which is conserved 
in vertebrates and invertebrates. As they are involved in learning, olfaction 
and nociception, they have been of great interest in vertebrate research, but 
so far no functional tachykinin system has been described in C. elegans. To 
verify the predicted tachykinin receptor-ligand couple we challenged three 
tachykinin receptors (TKR-1, TKR-2 and TKR-3) with the predicted peptides 
in an in vitro cellular calcium assay. TKR-2 was the only receptor to respond 
dose dependently to these peptides. In vivo expression studies show that 
TKR-2 is expressed in sensory and interneurons involved in the nociception 
circuit in C. elegans. Based on functional conservation and in vivo 
expression of TKR-2 we are currently investigating a role for tachykinin 
signaling in C. elegans avoidance behavior. 
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Interactions between nutrition and circadian 
clocks: lessons from the comparison between 
diurnal and nocturnal rodents. 
 
Challet Etienne 
« Regulation of circadian clocks » team, Institute of 

Cellular and Integrative Neurosciences, UPR3212, CNRS, University of 
Strasbourg, France. 
callet@inci-cnrs.unistra.fr 
 
Most biological functions display daily rhythms, including feeding/lipogenesis 
during the active period and fasting/lipolysis during resting. This temporal order is 
controlled by a multi-oscillatory circadian system. The rest/activity rhythm is 
regulated by the master clock in the suprachiasmatic nuclei, mainly reset by 
ambient light. Secondary clocks, including in the white adipose tissue and the liver, 
are synchronized by the suprachiasmatic clock and can be influenced by various 
extracellular signals, including those linked with food intake. Numerous metabolic 
processes, like adipogenesis, are regulated by transcriptional networks shared by 
circadian clocks. Interactions between energy regulation and circadian clocks can 
occur at different levels: molecular clockwork, internal synchronization via 
neurohumoral signals, or external synchronization via photic or feeding cues. 
Mealtime, as modulated by temporal restricted feeding, is a potent synchronizer 
for secondary clocks in peripheral organs like the liver, but not for the 
suprachiasmatic clock. Even when animals are exposed to a light-dark cycle, 
timed calorie restriction (i.e., when only a hypocaloric diet is given every day) is a 
synchronizer powerful enough to modify the suprachiasmatic clockwork and the 
rest-activity rhythm. Calorie-restricted nocturnal rodents become partially diurnal. 
Conversely, calorie-restricted diurnal rodents switch most of their activity to the 
night. One major route by which the master clock can distribute circadian signals 
to peripheral clocks is via blood-borne signals. Two endocrine rhythms, pineal 
melatonin and adrenal glucocorticoids, are tightly controlled by the master clock 
and as such, both are internal time-givers able to impact the temporal organization 
of physiological processes. Circulating melatonin is synthesized by the pineal 
gland and secreted exclusively at night, whatever the species, diurnal or nocturnal. 
By contrast, the endogenous rhythm of glucocorticoids rises before the awake 
period, thus peaking at dawn and dusk in diurnal and nocturnal rodents, 
respectively. Leptin rhythm is also in anti-phase according to the rest-activity 
rhythm in rodents, peaking around midday and midnight in diurnal and nocturnal 
species, respectively. 
Together, these findings indicate that feeding and hormonal cues can modulate 
the temporal organization of physiology and behavior, with differential effects 
between night-active and day-active rodents. Diurnal species of muridae provide 
translational models appropriate to bridge basic science and applied research for 
disease prevention and human health. 
 

 
Avian Circadian Organization: Birdsong as an 
Input and an Output of the Biological Clock.  
Vincent M. Cassone.  
Department of Biology, University of Kentucky, Lexington, 
KY 40505, USA 
vincent.cassone@uky.edu 

As both a photoreceptor and pacemaker in the avian circadian clock system, 
the pineal gland is crucial for maintaining and synchronizing overt circadian 
rhythms in processes such as locomotor activity and body temperature 
through its circadian secretion of the pineal hormone melatonin. In addition 
to receptor presence in circadian and visual system structures, high affinity 
melatonin binding and receptor mRNA are present in the song control 
system of male oscine passeriform birds. Similar to locomotor activity, both 
singing and calling behavior are regulated on a circadian basis by the 
central clock system through pineal melatonin, since these behaviors free-
run with a circadian period and since pinealectomy abolishes them in 
constant environmental conditions. Further, rhythmic melatonin 
administration restores their rhythmicity. However, the rates by which these 
behaviors became arrhythmic and the rates of their entrainment to rhythmic 
melatonin administration differed among locomotor activity, singing and 
calling under constant dim light and constant bright light. Overall, the data 
suggests a role for pineal melatonin in regulating circadian oscillations of 
avian vocalizations in addition to locomotor activity. Conversely, locomotor 
rhythms in zebra finches entrain to the rhythmic presence of conspecific, 
context- and dose-dependent vocalization. Rhythmic presentation of male 
song for 1 hr every day at the same time of day has no effect on the 
circadian patterns of either male or female birds. However, 2 hr and 4 hr of 
male birdsong entrain locomotor patterns of male birds, but not female birds. 
The picture that emerges is that the circadian clock of birds synchronizes a 
rich fabric of behaviors and physiological processes, and that these are 
sensitive to different environmental cues. On a seasonal basis, the role of 
pineal melatonin has been a conundrum. Birds’ circadian system depends 
on pineal function, and circadian organization is important for photoperiodic 
control of primary reproductive function. Yet, removal of the pineal or 
melatonin replacement has no effect on gonadal activity. We have found 
that pinealectomy of house sparrows interferes with seasonal changes in 
bird song behavior, and simulation of winter durations of melatonin causes a 
decrease in the size of song control structures in the brain. Thus, the pineal 
gland may affect seasonal reproductive function through its control of bird 
song behavior and structures. 
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Hormonal systems involved in seasonal 
changes in energy balance  
 
Annika Herwig1, Jonathan Bank1, Perry Barrett2 
 
1Zoological Institute, University of Hamburg, Hamburg, 

Germany 
2The Rowett Institute of Nutrition and Health, University of Aberdeen, 
Aberdeen, UK 
annika.herwig@uni-hamburg.de  
 
jungarian hamsters (Phodopus sungorus) show pronounced physiological 
adaptations in response to changes in photoperiod. When day-length 
decreases, they change their fur colour and insulation properties, lose up to 
40% body weight, cease reproduction and spontaneously display daily 
torpor. We are interested in how the brain regulates these physiological 
adaptations, in particular those that are involved in the regulation of energy 
balance and metabolism. Recently we and others have shown that thyroid 
hormone (T3) availability to the hypothalamus is essential for the 
photoperiodic response in mammals. T3 concentration in the hypothalamus 
is regulated by glial type cells called tanycytes that express various 
components of thyroid hormone transport (monocarboxylate transporter 8 
(MCT8)) and metabolism (type 2 deiodinase (DIO2), type 3 deiodinase 
(DIO3)). Gene expression of thyroid hormone transporter and deiodinases is 
strongly regulated by photoperiod. We have shown that in Djungarian 
hamsters, mRNA levels are dependent on the time after a photoperiodic 
switch and precede the physiological changes. Trying to better understand 
the mechanisms by which centrally acting T3 might control energy balance, 
we have identified potential T3 regulated genes in the hypothalamus using 
microarray studies. The target genes include a methyltransferase and a 
transcription factor involved in insulin signalling. Despite acting in the brain, 
T3 has multiple functions in the periphery including adaptive thermogenesis. 
In Djungarian hamsters, T3 levels in the circulation appear to be controlled 
independent from the hypothalamic regulation. Currently we aim to divide 
out the role of central and peripheral T3 action in regulating seasonal 
changes in metabolism by manipulating the thyroid hormone system in vivo. 
 
Supported by the EU (Marie Curie, IEF) and the German Research 
Foundation (DFG, Emmy-Noethe 
 
 

 
Functional divergence of thyroid hormone 
deiodinases in the Atlantic salmon 
 
Elisa Casadei1, Marlene Lorgen1, Alex Douglas1, Mike J. 
Birnie1, Lars O. E. Ebbesson2, Tom O. Nilsen2, William C. 
Jordan3†, Samual A Martin & David G. Hazlerigg1,4 

 

1Institute of Biological and Environmental Sciences, University of Aberdeen, 
Tillydrone Avenue, Aberdeen, AB24 2TZ, UK. 
2 Uni Research AS, Thormøhlensgt 49B, N-5006 Bergen, Norway 
3 Zoological Society London, Institute of Zoology, London NW1 4RY, 
England 
4 Department of Arctic and Marine Biology, Faculty of BioSciences Fisheries 
& Economy, University of Tromsø,  
N9037 Tromsø, Norway 
david.hazlerigg@uit.no 
 
Thyroid hormone (TH) is an ancestral signal linked to life-history transitions 
throughout vertebrates (e.g. seasonal breeding, hibernation, 
metamorphosis). The refinement of TH action depends upon tissue-localised 
regulation of levels of active TH (triiodothyronine, T3), through 
spatiotemporal expression of thyroid hormone deiodinase (dio) genes. We 
investigated the dio gene family in the Atlantic salmon (Salmo salar), a 
teleost with high genomic complexity, in which preparation for seaward 
migration involves TH-dependent changes in physiology. Among six Atlantic 
salmon dio genes, we identified two paralogues of type 2 deiodinase (dio2), 
dio2a & dio2b, responsible for T3 synthesis in TH target tissues.  For both 
paralogues, promoter analysis revealed conservation of the proximal cAMP 
response element (CRE) linked to seasonal increases in brain dio2 
expression and hence T3 levels in birds and mammals. Correspondingly, 
dio2b was induced in the salmon brain during photoperiodically induced 
transformation of juvenile fish to a migratory phenotype. Contrastingly, the 
dio2a promoter showed marked enrichment for osmotic response elements 
(OREs), not seen in dio2b, and gill expression of dio2a was acutely induced 
by seawater exposure. Hence divergent evolution of dio2 paralogues 
following gene duplication permits refinement of TH-dependent physiological 
change in the organs necessary for expression of a migratory phenotype.  
 
Supported by a UK BBSRC grant to DGH & SAM, and by a University of 
Strasbourg Institute for advanced Studies (USIAS) Fellowship to DGH. 
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Epigenetic memories of hormone action 
 
Denis Michel 
 
Université de Rennes1 IRSET-TREC Rennes, France 
 

denis.michel@live.fr 
 
Egg production is induced by estradiol in oviparous vertebrates, from fishes 
to birds. It has long been noticed that animals retain the memory of their first 
estrogenic stimulation: the response to estradiol of genes encoding egg 
proteins such as vitellogenin, is much stronger in subsequent stimulations. 
The origin of this epigenetic memory has naturally been investigated at the 
level of chromatin. It was found that when highly active, the vitellogenin 
gene has an open chromatin structure, but the longevity of this structure 
after hormone withdrawal, is insufficient to explain the long term 
vitellogenesis memory effect. One must therefore resort to another type of 
epigenetic memory, which in fact corresponds to the first vision of 
epigenetics of Waddington, and which is based on dynamic genetic circuits. 
Chromatin modifications are not necessary for, but can be included in this 
type of epigenetics. For instance, chromatin-modifying enzymes are 
involved in positive feedbacks stabilizing the eu/heterochromatin status of 
genes. The general principle of dynamic epigenetics is simply illustrated and 
applied to the case of estrogeno-dependent vitellogenesis. 
 
 
 
 
 
 

 
Thyroid hormone receptors directly regulate 
transcription of the de novo DNA 
methyltransferase Dnmt3a gene in the 
developing brain. 
 
Yasuhiro Kyono1, Laurent Sachs2, Preeti Ramadoss3, Anthony 

N. Hollenberg3 and Robert J. Denver1,4. 1Neuroscience Graduate Program, 
University of Michigan, Ann Arbor, MI; 2UMR-7221, Centre national de la 
recherche scientifique (CNRS), Muséum National d'Histoire Naturelle, Paris, 
France; 3Division of Endocrinology, Diabetes and Metabolism, Beth Israel 
Deaconess Medical Center and Harvard Medical School, Boston, Massachusetts; 
4Department of Molecular, Cellular and Developmental Biology, University of 
Michigan, Ann Arbor, MI.  
 
Postembryonic brain development is critically dependent on thyroid hormone (T3), 
the actions of which are mediated by T3 receptors (TRs). The TRs modify 
chromatin structure by recruiting histone-modifying enzymes. In addition to histone 
modifications, dynamic regulation of DNA methylation by de novo DNA 
methyltransferases (Dnmts) is important for gene regulation and has been 
implicated in neuronal and glial cell differentiation. From our preliminary data we 
hypothesized that T3 modulates DNA methylation in the developing brain by 
regulating Dnmt genes. Gene expression analysis in Xenopus tadpole brain using 
real-time reverse transcriptase quantitative PCR (RTqPCR) and in situ 
hybridization histochemistry showed that dnmt3a mRNA increased during 
metamorphosis, was widely distributed throughout the tadpole brain except in 
neurogenic zones, and could be induced in premetamorphic tadpoles by treatment 
with T3. Using chromatin immunoprecipitation (ChIP) sequencing for TR; targeted 
ChIP for TR, histone 3 (H3) and acetylated H3; electrophoretic mobility shift and 
transfection-reporter assays we identified two T3 response elements (T3REs) in 
the frog dnmt3a locus, one at 7.1kb upstream and another within the second 
intron at 4.5kb downstream of the predicted translation start site. These findings 
prompted us to investigate whether Dnmt3a was also a direct TR target gene in 
mouse brain. Dnmt3a mRNA analyzed by RTqPCR increased in the hippocampal 
region and cerebellum during the first three postnatal weeks, which corresponds 
to a time when plasma [T3] rises. Injection of T3 in postnatal day 6 mice induced 
Dnmt3a mRNA in the hippocampal region. Treatment of the mouse 
neuroblastoma cell line Neuro2a[TRb1] induced Dnmt3a mRNA with rapid kinetics, 
and this was resistant to protein synthesis inhibition. Using similar assays in 
mouse as in frog we identified two T3REs in mouse Dnmt3a, one at 30.1 kb and 
another at 49 kb downstream of the transcription start site. The 30.1 kb T3RE is 
within the second intron of mouse Dnmt3a and may be homologous to the intronic 
frog Dnmt3a T3RE. Our findings support that T3 can influence DNA methylation in 
the developing brain through direct regulation of Dnmt3a gene transcription, and 
that this is an ancient pathway in tetrapods that arose prior to the divergence of 
the amphibian and amniote lineages. (Supported by NSF grant IOS 0922583 to 
RJD. YK was supported by a Ruth Kirschstein NRSA from the NINDS). 
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Environmental influences on DNA methylation 
in the European sea bass (Dicentrarchus 
labrax) 
Dafni Anastasiadi and Francesc Piferrer; Institute of 
Marine Sciences, CSIC, Barcelona, Spain 
dafanast@icm.csic.es 

The environmental information an organism receives during early 
development is integrated through epigenetic mechanisms, such as DNA 
methylation. The gene expression or the ability to respond to environmental 
factors experienced later in life may be altered by this process. We have 
focused our studies on two types of environmental factors that confer 
changes in DNA methylation: temperature and farming conditions. First, we 
studied temperature effects on DNA methylation of the aromatase promoter, 
the enzyme that converts androgens into estrogens and is essential for 
ovarian development, in 1-year old sea bass. We showed that males had 
higher DNA methylation levels than females and that high temperature led 
to increased DNA methylation levels in females, leading a portion of them to 
differentiate into males. Next, we applied eight different temperature 
treatments on sea bass larvae and used the Methylation Sensitive Amplified 
Polymorphism (MSAP) technique to detect global changes in DNA 
methylation. We found statistically significant differences in global DNA 
methylation between all groups of fish. Furthermore, moving to the single-
nucleotide level employing using next generation sequencing technologies, 
specifically Reduced Representative Bisulfite Sequencing (RRBS), we 
examined the genome-wide DNA methylation in 3-year-old fish treated with 
natural or high temperature during the thermosensitive period. We used two 
tissues: muscle and testis, and we found ~12000 differentially methylated 
CpGs (DMCs) in muscle and ~3000 DMCs in testis, the majority of which 
were located in close proximity to genes and their regulatory elements. 
Concerning the effect of farming conditions on DNA methylation, we 
compared wild with farmed sea bass at the single-nucleotide level using 
RRBS. We detected DMCs in both testis and muscle, most of which could 
be functionally important, since they are localized near genes. Genes 
involved in reproduction, such as sox9, sox3 and lhr, contain DMCs, 
therefore their expression is probably differentially regulated. Here, we have 
investigated genome-wide DNA methylation alterations influenced by the 
environmental conditions, moving from a low resolution level informative for 
global differences to the single nucleotide resolution level for important 
genes. We suggest that the environment during early development results in 
long lasting changes on DNA methylation of genes, including genes related 
to reproduction. 
Suppported by Spanish Government grant AGL2010-15939 to FP.

 
Effects of atrazine of epigenetic of meiosis in 
male mice 
 
Aurore Gely-Pernot, Chunxiang Hao, Igor Stuparevic, 
Christine Kervarec, Fréderic Chalmel, Emmanuelle Becker, 
Michael Primig, Bernard Jégou and Fatima Smagulova 

 
Research Institute in Health, Environment and Occupation (INSERM U1085) 
Université de Rennes 1, Rennes , France 
 
Declining human fertility and increase number of cases of endocrine related 
cancers has become a serious public health problem in many countries 
around the world. Human health is negatively affected by various 
environmental factors including exposure to chemical compounds such as 
pesticides, phthalates, bisphenol A. 
The aim of our study is to understand how commonly used herbicide 
atrazine can affect mammalian gametogenesis. We hypothesize that 
atrazine change DNA histone modifications, and gene expression that finally 
lead to decreased fertility. To test this idea we used the mouse model 
organism. We treated 4-5 weeks old male mice with low doses of atrazine 
during 3 weeks. Two weeks after treatment mice were sacrified and testis 
tissues were used for morphology analysis and chromosomal spreads 
preparation. We also performed Affymetrix microarray analysis and 
Chromatin immunopreciptation followed by genome wide sequencing  of 
H3K4me3 marks. 
Results: we found many histone modifying enzymes, trancription factors and 
regulatory proteins are differentially expressed in treated samples. 
Immunostaining of tissue and chromosomal spreads revealed increased 
histone gamma H2AX staining which may reflect DNA damage sites or 
Double Stranded Breaks persistence. Genome wide sequencing of 
H3K4me3 marks revealed that more than 400 marks are differential. Our 
data showed that atrazine treatment affected epigenetics of the meosis and 
may have a serious impact on spermatogenesis. 
 
This work was supported by UEB, Atip-Avenir and Inserm  
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Strengths and limits of transgenic zebra fish 
models to study the expression and the 
perturbation of steroidogenic genes by 
endocrine disrupting chemicals.  
 
François Brion1, Marie Picot1, Morgane Caulier1, 

Clémentine Garoche1, Camille Torchy1, Margaux Bédu1, Selim Aït-Aïssa1, 
Yann Guiguen2, Olivier Kah3, Jean-Marc Porcher1, Nathalie Hinfray1 
1 INERIS, Verneuil-en-Halatte, France . 2 INRA, LPGP, IFR 140, Rennes, 
France.  3 IRSET, Team NEED, Rennes, France 
francois.brion@ineris.fr 
 
Small fish species such as zebrafish (Danio rerio) are well-recognized 
models to identify Endocrine Disrupting Chemicals (EDCs), quantify their 
effects and explore their modes of action. Transgenic zebrafish models can 
provide reliable and suitable tools to assess EDCs while reducing the costs 
and the number of animals. The present work intends to review data 
recently obtained on new transgenic models that we developed to study the 
expression and the perturbation of several target genes involved in the 
biosynthesis of hormones and known to be affected by EDCs. These new 
transgenic lines express either fluorescent (Green or Red Fluorescent 
Protein) or luminescent (luciferase) proteins under the control of zebrafish 
promoters of steroidogenic genes coding for Cyp11c1 (11β-hydroxylase), 
Cyp19a1a (Aromatase A) or Cyp19a1b (Aromatase B). These genes are 
known to be expressed in various steroidogenic tissues and to play critical 
roles in the biosynthesis of glucorticoids, androgens and estrogens. Using in 
vivo fluorescence imaging techniques on whole organisms, tissue sections 
and immunostaining with specific antibodies, transgenes were fully 
characterized at the cellular and tissue levels demonstrating that the 
fluorescent reporters perfectly mimic the endogenous protein expressions. 
At embryo-larval stages, cyp19a1b is expressed in radial glial cells of 
developing brain while no expression of cyp19a1a and cyp11c1 was found 
in brain. At these stages, GFP under the control of cyp11c1 promoter was 
detected in the inter-renal cells. In adults, cyp11c1, cyp19a1a and 
cyp19a1ab were expressed in gonads of males and females. Exposures of 
these lines to different compounds revealed a differential regulation 
depending on the promoter. Given the high auto-fluorescence of some 
tissues and/or some cells, recoding the reporter fluorescence can be difficult 
to perform but can be overcome by using luciferase reporter. These newly 
developed transgenic lines provide relevant models that allowed us to 
acquire new data on the expression of key steroidogenic genes in zebrafish 
and their perturbation by endocrine active compounds.  
Supported by NEMO project (French Ministry of Environment). 

 
Improving genome annotation and assembly as 
a pre-requisite for functional genomics in non 
conventional models 
Nicolas Buisine1, Xiaoan Ruan2,3, Patrice Bilesimo1,4,5, 
Alexis Grimaldi1, 
Wing Kin Sung3, Yijun Ruan2,3*, Laurent M. Sachs1* 

1 UMR CNRS 7221, MNHN, Paris, France. 2 The Jackson Laboratory of 
Genomic Medicine, Connecticut, USA. 3 Genome Institute of Singapore, 
Singapore.  4 Watchfrog S.A.S., 4 rue Pierre Fontaine, 91000 Evry, France. 
5 Northwestern University Feinberg School of Medicine Ward, USA. 
buisine@mnhn.fr 
	  
The recent advances in functional genomics radically changed the scale and 
resolution of modern biology, and it holds many promises in the field of 
comparative endocrinology, often targeted at non conventional models. 
Functional post-genomic analyses require high quality genome assembly 
and annotation, and such levels have only been achieved for a few 
reference genomes. In contrast, most newly completed genome projects 
produce draft genome assemblies and annotations with (often) hundreds of 
thousands of fragmented scaffolds and numerous gap, which provide some 
estimation of the gene repertoire but poorly describe many functional 
components (location of promoters, gene boundaries...). The quality of these 
draft genomes may be enough for simple functional genomic analysis. 
We used functional genomics to characterize the regulatory network 
underlying thyroid hormones signaling in the context of Xenopus tropicalis 
metamorphosis. However, the poor quality of genome assembly and 
annotation quickly became limiting and prevented accurate data processing 
and analysis. For example, numerous sequence reads were located outside 
of genes, thus impacting the quantification of gene expression by RNA-Seq. 
We thus undertook to re-assemble and re-annotate the genome assembly 
with paired-end-tags (PETs) sequencing technologies. By using large insert 
DNA-PET, we reduced the level of genome fragmentation and reduced the 
number of scaffolds by 60%, correct assembly errors, estimate the real size 
of assembly gaps and derive a map of structural polymorphisms. We used 
RNA-PET to capture the 5' and 3' ends of transcripts, precisely demarcate 
gene boundaries, derive a map of transcription start sites and locate 5' and 
3' UTRs. This was completed with conventional paired-end RNA-Seq to 
better describe the internal structure of genes. These improved references 
were critical for the processing and biological interpretation of RNA-Seq, 
ChIP-Seq and ChIA-PET data. 
Supported by the EU IDEAL and CRESCENDO projects, MERLION project 
and ANR TRIGGER 
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Distribution and role of adipokinetic hormones 
in insect brain 
 
Dalibor Kodrík1,2, František Weyda2, Veronika 
Steinbauerová3, Tereza Stašková1, Radka Závodská1,2, 
Jitka Pflegerová1 

1 Institute of Entomology, BC ASCR, České Budějovice, Czech Republic 
2 University of South Bohemia, České Budějovice, Czech Republic 
3 Czech University of Life Sciences, Prague, Czech Republic 
kodrik@entu.cas.cz 
 
The action of neuropeptides in insect body is often complex involving a 
number of other humoral effector signals. The adipokinetic peptides - 
representatives of the AKH/RPCH (adipokinetic hormone/red pigment 
concentrating hormone) arthropod peptide family - represent a typical 
example of that phenomenon. The main function of those peptides is a 
control of insect metabolism and regulation of homeostasis. AKHs are 
synthesized and released from an endocrine retrocerebral gland - the 
corpus cardiacum (CC), however, small amounts of the hormone have been 
identified also in the brain. Interestingly, a role of AKH in the brain is not 
satisfactory elucidated. To contribute to solving of this problem we studied a 
gene structure, tissue distribution and subcellular immunolocalization of 
AKHs in the central nervous system (CNS) – brain and CC - of the firebug 
Pyrrhocoris apterus which possesses two AKHs – octapeptides Pyrap-AKH 
and Peram-CAH-II. They differ in one amino acid and their preprohormones 
share 93% amino acid similarity and 84% amino acid identity. The Q-RT-
PCR showed significantly - more than 500 times - lower level of the mRNAs 
in brain alone as compared to the whole CNS (brain-CC complex). Confocal 
microscope observation of whole-mounted CNS showed AKH intensive 
immunoreaction in CC, and isolated reaction in bodies and axons of 
neurones scattered within the whole brain. Immunodetection with colloidal 
gold as marker on ultrastructural level using a transmission electron 
microscope revealed presence of AKH in specialized granules of neurones 
situated near the neural lamella; the reaction seems to be missing in inner 
parts of neuropiles. AKH quantification demonstrated more than 30-fold 
lower amount of the AKHs in the brain than in the CC, however, under 
immediate stress caused by injection of 3 µmol KCl the level of brain-AKH 
increased more intensively than that of CC-AKH, thus, the difference 
dropped to 5-fold. That suggests more significant role of brain-AKH in 
imminent stress situation. 
 
Supported by the GACR project No. 14-07172S (DK)

 
Mouse model of conditional inactivation of 
androgen receptor : strengths and limits to 
assess the vulnerability of the neural circuitry 
underlying male sexual behavior to chronic 
exposure to Bisphenol A 
Marie Picot1,2, Lydie Naulé3, Clarisse Marie-Luce3, 

Mariangela Martini4, Kalina Raskin3, Valérie Grange-Messent3, Isabelle 
Franceschini4, Matthieu Keller4 and Sakina Mhaouty-Kodja3  
1 Team NEED, IRSET, IFR 140, Rennes, France.  2 Team ECOT, INERIS, 
Verneuil en Halatte, France 3 Team BNR, NPS (UMR 8246, INSERM 
U1130), IFR83, Paris, France. 4 INRA, UMR PRC, Nouzilly, France. 
Marie.PICOT@ineris.fr 
 
There are human reproduction concerns associated with extensive use of 
bisphenol A (BPA)-containing plastic and, in particular, the leaching of BPA into 
food and beverages. In this context, it remains unclear whether and how exposure 
to BPA interferes with the developmental organization and adult activation of male 
sexual behavior by testosterone. Rodents have been used from decades to study 
processes underlying reproductive behaviors and sexual dimorphism. Given the 
possibility of generating transgenic mouse lines carrying ubiquitous or restricted 
mutations of specific genes, mouse models provide particularly relevant tools to 
study the effect of BPA on mouse sexual behavior. In order to assess the effect of 
chronic exposure to oral BPA at reference doses (no-observed-adverse-effect-
level and tolerable daily intake-TDI) on this behavior, we developed mouse 
models of developmental or adult exposure to BPA. Until now, BPA has mainly 
been shown to exert estrogenic activity in vivo but anti-androgenic action could 
also be involved. As ubiquitous androgen receptor (AR) mutation leads to 
significant peripheral disruptions preventing mice from expressing proper sexual 
behavior, we tested the potential mechanisms underlying BPA effects by 
combining our exposure models to a model of neural conditional inactivation of AR. 
Only adult exposure to BPA at TDI dose reduced sexual motivation and 
performance. This deficiency was not restored by sexual experience and was 
associated with unchanged circulating levels of testosterone. Disrupting the neural 
AR resulted in behavioral and neuroanatomical effects similar to those induced by 
adult exposure to TDI dose. Moreover, adult exposure of mutant males to BPA at 
TDI dose did not trigger additional alteration of sexual behavior, suggesting that 
BPA and AR mutation share a common mechanism of action. This shows that the 
neural circuitry underlying male sexual behavior is vulnerable to chronic adult 
exposure to low dose of BPA. Although we cannot exclude BPA exerts action via 
other pathways, our results suggest that BPA act in vivo as an anti-androgenic 
compound. 
Supported by the ANR BIMUCE project 
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RA-signalling pathway during sex 
differentiation and puberty in the European sea 
bass (Dicentrarchus labrax)  
 
Paula Medina1,2, Ana Gómez3, Silvia Zanuy3, Mercedes 
Blázquez1 

1Institut de Ciències del Mar (ICM-CSIC), Barcelona, Spain 2Univ. 
Antofagasta, Antofagasta, Chile 3Instituto de Acuicultura Torre la Sal (IATS-
CSIC), Castellón, Spain 
blazquez@icm.csic.es 
Retinoic acid (RA) is a vitamin A derivative metabolite, known to activate the 
onset of meiosis in higher vertebrates through a spatio-temporal balance 
between its synthesis and degradation. This signalling pathway needs a fine 
tuning for the transcription of several genes, including a meiosis controlling 
master gene. However, in teleosts this paradigm is challenged, considering 
the insufficient evidence of this gene’s existence. Studies in fish point at the 
role of RA on body patterning, organ development and nutrition, but remain 
scarce regarding reproduction. Recent investigations in zebrafish suggest 
the pivotal role of RA on germ cell fate and the onset of meiosis, although 
the ultimate mechanism of action remains unclear. The European sea bass 
is a gonochoristic species with a sex specific timing of meiosis, established 
as a model for the study of fish reproduction. The present work is focussed 
at the assessment of possible sex-related differences in the expression of 
several genes involved in the RA signalling pathway during the first two 
years of age in the sea bass, including sex differentiation and puberty. 
Among these genes it is worth mentioning: crbp4, crabp (binding proteins), 
aldh1a2, aldh1a3 (oxidizing enzymes), cyp26a1 (RA catabolizing enzyme), 
stra6 (retinol receptor), and rarα, rxrα, pparγ (RA nuclear receptors). In 
males, cyp26a1, stra6, rarα, rxrα, crbp4 and crabp expression levels 
exhibited a significant decrease by the onset of puberty. Regarding aldh1a2, 
aldh1a3 and pparγ, the highest values were attained when sex 
differentiation was completed, and then decreased to lowest levels by the 
onset of puberty. Females had a different pattern since the expression of 
most genes increased along the experimental period. The study suggests 
that an increase in the availability of RA is needed to trigger the onset of 
meiosis. This is supported by the decrease of cyp26a1 levels by the time of 
puberty in males during the second year of life. Conversely, in females, 
cyp26a1 levels remained high since puberty is attained during the third year. 
The study contributes to the general knowledge of the prominent role of RA 
and the different components of its signalling pathway in fish reproduction. 
Supported by the Spanish Government (projects AGL2011-28890 and 
CSD2007-00002) 

 
Patch-clamp studies reveal functional 
differences between lhb- and fshb-expressing 
gonadotropes 
 
Finn-Arne Weltzien1 and Trude M. Haug2 
 

1Norwegian University of Life Sciences, Oslo, Norway; 2University of Oslo, 
Oslo, Norway 
 
 
Synthesis and release of Fsh and Lh are differentially regulated by Gnrh, but 
the mechanisms by which this regulation is achieved are not well 
understood. Teleost fish are powerful models for studying this differential 
regulation because they have distinct pituitary cells producing either Fsh or 
Lh. By using patch clamp recordings and fura2 Ca2+ imaging in combination 
with single-cell PCR, we were able to investigate and compare the 
electrophysiological properties of fshb- and lhb-expressing gonadotropes 
from Atlantic cod and Gfp-transgenic medaka. Both cell types fired action 
potentials spontaneously. The relative number of excitable cells was 
dependent on reproductive stage but varied in opposing directions according 
to season in the two cell types. Excitable and quiescent gonadotropes 
displayed different ion channel repertoires. The dynamics of outward 
currents and Gnrh-induced membrane responses differed between fshb- 
and lhb-expressing cells, whereas Gnrh-induced cytosolic Ca2+ responses 
were similar. Expression of Ca2+-activated K+ channels also differed with cell 
type and showed seasonal variation when measured in whole pituitary. The 
differential presence of these channels corresponds to the differences 
observed in membrane response to Gnrh. We speculate that differences in 
ion channel expression levels are involved in seasonal regulation of 
hormone secretion as well as the differential response to Gnrh in Lh- and 
Fsh-producing gonadotropes, through differences in excitability and Ca2+ 
influx. 
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Role of the progesterone receptor in the 
development of sexual behavior in female mice. 
 
Desroziers E.1, Brock O.1, Baum M.J.2 and Bakker J.1 

 
1Groupe Interdisciplinaire de Génoprotéomique 

Appliquée-Neurosciences, University of Liège, Liège, Belgium 
2Department of Biology, Boston University, Boston, Massachusetts 02215, 
USA 
edesroziers@ulg.ac.be 
 
The classical theory of brain sexual differentiation holds that testosterone 
secreted during perinatal development and aromatized into estradiol (E2) 
masculinizes brain circuits controlling sexual behavior in male rodents. 
Recently, we showed: 1) that E2 is also implicated in the organization of 
female sexual behavior during pre-pubertal period and also 2) that 
progesterone receptor (PR) expression, known to be up-regulated by E2, 
increased over the pre-pubertal period in WT but not in aromatase knock-
out (ArKO) mice, which are deprived of estrogen throughout life. This raised 
the question of whether any feminizing effects of E2 are mediated by the 
prepubertal induction of PR in the female brain. To investigate the role of PR 
in the development of sexual behavior in female mice, WT mice were 
treated with a specific PR antagonist (ZK 137316, 6mg/kg; Bayer Schering 
Pharma, Berlin, Germany) or vehicle (sesame oil) between postnatal days 
(P) 15 and 25. In our previous preliminary study, adult females treated with 
ZK during pre-pubertal development showed significantly less lordosis 
behavior than control females. By contrast, olfactory mate preference was 
not affected. Moreover, no differences were observed in PR expression 
between ZK and oil-treated females indicating no long term effects of ZK on 
PR expression. Further investigation by immunohistochemistry to determine 
the effects of our treatment on the neural circuitry underlying sexual 
behavior suggest that ZK-treated females showed an increase in kisspeptin 
activation compared to OIL-treated females. In conclusion, our preliminary 
results suggest that the PR may play a role prepubertally in the 
development of neural circuits that control the expression of lordosis 
behavior in adult. In a new experiment, we treated female and their male 
counterparts with ZK at 6mg/kg or vehicle during two different critical 
periods of brain sexual differentiation: the neonatal (P0, P5 and P10) and 
prepubertal period (P15, P20 and P25). We are currently investigating 
whether we can replicate our earlier findings observed in females as well as 
whether blocking PR signaling over the neonatal period affects reproductive 
behavior and function in male mice. 

 
Decoding high Gonadotropin-Releasing 
Hormone pulsatility by gonadotrope cells: roles 
of the cAMP pathway and of the accessory 
protein SET.  
 
Joëlle Cohen-Tannoudji 

Université Paris Diderot, Biologie fonctionnelle et adaptative, CNRS UMR 
8251, Team Physiologie de l’axe gonadotrope, INSERM U 1133 
joelle.cohen-tannoudji@univ-paris-diderot.fr 
 
The gonadotrope cells of the anterior pituitary play a critical role in 
reproductive activity as the intermediary between the hypothalamic 
gonadotropin-releasing hormone (GnRH) signal and the gonads. 
Understanding the mechanisms whereby the GnRH receptor (GnRH-R) and 
its associated complex signaling network contribute to the response of 
gonadotropes to pulsatile GnRH is a major issue in reproductive 
endocrinology. Here, we review several lines of evidence obtained in vitro, in 
cultured pituitary cells or gonadotrope cell lines and in cycling female rats in 
vivo, indicating that GnRH-R preferentially couples to the cAMP pathway 
under sustained stimulation by GnRH. Due to its atypical structure and 
desensitization properties, the GnRH-R may maintain its signaling through 
the cAMP pathway under conditions inducing desensitization for most other 
G-protein coupled receptors. This was shown to allow the induction of PKA-
regulated targets, such as the nitric oxide synthase type 1 or the GnRH-R 
genes. In an attempt to further understand the mechanisms regulating the 
efficacy and specificity of GnRH-R signaling, we recently identified the first 
direct interacting partner of the GnRH-R, the protein SET. Initially identified 
as an oncogene, SET was mainly described as a regulator of transcription 
through regulation of chromatin remodeling as well as an inhibitor of 
phosphatase 2A. Using GST pull down assays and site directed 
mutagenesis, we demonstrated that SET mostly interacts with the first 
intracellular domain of GnRH-R through basic amino acids clusters. Real 
time measurement of receptor signaling in the gonadotrope cell line aT3-1 
using cAMP and calcium biosensors revealed that SET increases GnRH-
induced mobilization of intracellular cAMP whereas it decreases mobilization 
of intracellular calcium. SET thus behaves as a switch molecule favoring 
GnRH-R coupling to the cAMP pathway. In addition, GnRH was shown to 
down-regulate SET expression in gonadotrope cells, providing a potential 
short regulatory loop by which GnRH influences the coupling specificity of its 
own receptor. Altogether, this provides new insights into the mechanisms 
underlying the decoding of GnRH signal by pituitary gonadotrope cells. 
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Effect of estradiol on testicular function in 
Rhinella arenarum (Amphibia, Anura) 
Scaia MF, Ceballos NR. 
 
Departamento de Biodiversidad y Biología Experimental, 
Facultad de Ciencias Exactas y Naturales, Universidad de 

Buenos Aires, Buenos Aires, Argentina. 
mflorenciascaia@bg.fcen.uba.ar 
 
Rhinella arenarum is an anuran of the Bufonidae family with a dissociated 
reproductive pattern. Unlike species of the Ranidae family, in adult males 
estradiol (E2) is not produced by the testis. This difference is related to the 
presence of the Bidder Organ, which is characteristic of bufonids and is the 
main source of circulating E2 in this species. In the toad, plasma E2 has a 
seasonal pattern, with the highest concentrations determined during the 
reproductive (R) and post-reproductive (PostR) seasons (Scaia et. al, J. 
Exper. Zool, 319A:355-364, 2013). Although the effect of E2 on testicular 
physiology has been investigated in frogs, the role of E2 on testicular 
steroidogenesis and spermatogenesis in bufonids still remains unexplored. 
In this study we analyze seasonal variations in the effect of E2 on testicular 
steroidogenic enzymes and testicular apoptosis and proliferation in adult 
males of R. arenarum. Testicular tissue was incubated for 24hs without or 
with 2nM and 20nM E2, being 2nM the concentrations determined during 
the R season. Enzymatic activities of cytochrome P450 17-hydroxylase, 17-
20 lyase (CypP450c17) and 3β-hydroxysteroid dehydrogenase/isomerase 
(3β-HSD/I) were determined using radioactive pregnenolone in the 
presence of NADPH and NAD+ as cofactors, respectively. Apoptosis and 
proliferation were analyzed in testicular fragments before and after E2 
incubations, using TUNEL fluorescent kit and BrdU detection kit, 
respectively. Our results indicate that there is no significant effect of E2 on 
17-hydroxylase and lyase activities of CypP450c17. Regarding 3β-HSD/I, 
E2 decreases enzymatic activity only during the PostR season with no effect 
during the pre-reproductive (PreR) and R seasons. Apoptotic 
spermatocytes were observed in E2-treated testicular fragments from the R 
season, but not from the PreR seasons. Finally, BrdU-positive-stained 
nucleus in control and E2-treated fragments from the R season correspond 
to spermatogonias. These results suggest that E2 could be involved in the 
regulation of 3β-HSD/I and testicular apoptosis-proliferation balance. In 
conclusion, E2 concentration corresponding to R season could be 
responsible for the apoptosis of the advanced spermatogenic cists and 
could be involved with the proliferation of new spermatogonia. 	  
 

 
Anatomical location and circadian daily profile 
of gPer1b gene expression in the brain, gut and 
liver of goldfish (Carassius auratus). 
Sánchez-Bretaño A1,2, Gueguen M-M2, Cano-Nicolau J2, 
Olivier Kah2, Delgado MJ1, Alonso-Gómez AL1, Isorna E1. 
1 Departamento de Fisiología Animal II. Facultad de 

Biología. Universidad Complutense de Madrid, Spain. 
2 Team NEED, IRSET, IFR 140, Rennes, France. 
aidasanchezbretano@ucm.es 
 
The molecular functioning of circadian oscillators is based on the action of 
interlocking positive and negative transcriptional feedback loops of the so-
called clock genes, and is well conserved in vertebrates. However, the 
anatomical organization of the circadian system and the location of the main 
circadian clocks vary through phylogeny. Our first objective was to 
investigate the anatomical location of the clock gene gPer1b by in situ 
hybridization (ISH) in the goldfish brain and pituitary, and for the first time in 
teleosts, also in the intestine and the in liver. The second aim was to study 
its daily profile of expression by quantitative Real Time-PCR in these 
locations. Goldfish were maintained under a 12L-12D photoperiod and fed 
daily (1% body weight) at 2 hrs after lights on. For the ISH study, goldfish 
were sacrificed at zeitgeber time (ZT) 2 and ZT 22. Brain, liver and anterior 
intestine were removed and fixed overnight in PAF (4%). 30 µm slices were 
obtained and ISH was performed with gPer1b probes labelled with 
digoxigenin. The data showed that gPer1b mRNA is widely distributed in 
goldfish forebrain, as previously described in zebrafish, with clear positive 
signal found in some hypothalamic nuclei, telencephalon, cerebellum, optic 
tectum, torus longitudinalis and nucleus habenularis. Moreover, gPer1b-
expressing cells were observed in the pituitary, liver and all layers of the 
anterior intestine. In all cases, the signal was higher at ZT 22. To quantify 
gPer1b expression by RT-PCR, goldfish were sacrificed at 4 hrs intervals 
and hypothalamus, cerebellum, pituitary, liver and anterior intestine were 
collected. A rhythmic gPer1b expression was observed in all tissues with 
similar acrophases at the end of the scotophase, suggesting a possible 
interplay between central and peripheral oscillators in goldfish. This profile 
coincides with that reported for gPer1a in hypothalamus, pituitary and liver in 
the same species, although the amplitude for gPer1b in the liver is higher. In 
summary, the results obtained support the existence of the functional 
machinery of the clock in many locations in goldfish, in agreement with the 
hypothesis that a complex network of oscillators in the whole body exists in 
fish.Supported by the Spanish MINECO, AGL2010-22247-C03-02. 
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Opposing dose-related effects of neonatal BPA 
exposure on female pubertal timing and 
neuroendocrine control 
 
Franssen D.G.1, Gérard A.L.1, Hennuy B.R.2, Parent A-S.1, 
Bourguignon J-P.1  

 
1 Developmental Neuroendocrinology Unit, GIGA Neurosciences, University 
of Liège, Belgium 
2 Transcriptomic platform, GIGA, University of Liège, Belgium 
delphine.franssen@student.ulg.ac.be 
 
We recently reported that neonatal exposure of female rats to 1 or 10 µg/kg.day of 
diethylstilbestrol could respectively cause late or early puberty and consistent 
changes in maturation of pulsatile GnRH secretion. Endocrine disrupting effects of 
low bisphenol A (BPA) doses in the µg range are a matter of controversy. We 
studied the effects of neonatal exposure to a very low dose of 25 ng/kg.day in 
comparison with 5mg/kg.day. Newborn female rats were exposed to vehicle (corn 
oil) or BPA injected subcutaneously from postnatal day 1 (PND 1) to 5 or from 
PND 1 to 15. The rats were followed for vaginal opening (VO) and estrous cyclicity. 
The GnRH interpulse interval that was known to decrease between PND 10 and 
25 was studied ex vivo using hypothalamic explants obtained at PND 15, 20 or 25. 
Gene expression in the retrochiasmatic hypothalamus was assessed by whole 
exome RNA-sequencing on PND 20 (3 samples per condition). After neonatal 
exposure to 25 ng/kg.day of BPA for 15 days, the age at VO was delayed (35.3 ± 
0.7 days vs 33.5 ± 0.5 days in controls) while advancement (32.1 ± 0.6 days) was 
observed using 5 mg/kg.day. The difference in pubertal timing between the two 
doses was significant. The late VO after exposure to 25 ng/kg.day of BPA was 
preceded by a significant increase in GnRH interpulse interval (52.5 ± 0.8 min vs 
44.6 ± 0.7 min in controls) at PND 20. By contrast, early VO after exposure to 5 
mg/kg/d was preceded by a significant decrease in GnRH interpulse interval (40.3 
± 0.1 min vs 42.8 ± 0.4 min). Similar dose-related changes in GnRH secretion 
were observed after BPA exposure from PND 1 to 5. At PND 20, after exposure 
from PND 1 to 15, RNA expression of 10 genes showed significant opposing 
changes in the high vs low BPA dose groups. Fourteen genes displayed an 
expression that was only affected by 25 ng/kg of BPA. The dose of 5 mg/kg 
resulted in modified expression level of 472 genes versus controls. A significant 
difference in level of RNA expression was observed for 1407 genes when 
comparing the two BPA dose conditions. In conclusion, neonatal exposure to a 
very low dose of BPA was followed by a delay in pubertal timing with consistent 
changes in pulsatile GnRH secretion. Changed hypothalamic RNA expression 
confirmed the effects of the two BPA doses with opposing changes of similar 
genes in relation to BPA dose and alteration of distinct genes by each of the two 
doses. 
 
 

 
Gonadotropin-releasing hormone signalling 
system in the kissing bug, Rhodnius prolixus 
 
Meet Zandawala1, Zina Hamoudi1, Angela B. Lange1, and 
Ian Orchard1 
 

1 Department of Biology, University of Toronto Mississauga, Mississauga, 
Canada. 
meet.zandawala@utoronto.ca 
 
Neuropeptides and their G protein-coupled receptors are widespread 
throughout Metazoa and in several cases, clear homologs can be identified 
in both protostomes and deuterostomes. One such peptide is the insect 
adipokinetic hormone (AKH) which is related to the mammalian 
gonadotropin-releasing hormone (GnRH). AKH has been studied 
extensively and is known to mobilize lipid and carbohydrates for energy 
consuming activities such as flight and locomotion. In order to determine the 
role of this signalling system in Rhodnius prolixus, we have isolated the 
cDNA sequences encoding R. prolixus AKH (Rhopr-AKH) and its receptor 
(Rhopr-AKHR). We also examined their spatial expression pattern using 
quantitative PCR. Our expression analysis indicates that Rhopr-AKH is only 
expressed in the corpus cardiacum of both fifth instars and adults. Rhopr-
AKHR, on the other hand, is highly expressed in the fat body, prothoracic 
glands/fat body, and reproductive tissues. This confirms the role for Rhopr-
AKH in lipid mobilization but also suggests a possible role for this peptide in 
development and reproductive physiology. Lastly, we utilized RNAi to 
knockdown Rhopr-AKHR and determine the physiological roles of this 
signalling system, in vivo.      
 
 
Supported by NSERC 
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From enzyme to hormone distributor: tweaking 
the structure to radically change the function. 
Samantha J. Richardson1, Kasai Kentaro2, Simone 
DeLuca1, Brett Cromer1, Vivian Cody3 and Kiyoshi 
Yamauchi2. 
1 School of Medical Sciences, RMIT University, Bundoora, 

Victoria, Australia. 2 Department of Biological Science, Shizuoka University, 
Shizuoka, Japan. 3 Hauptman-Woodward Medical Research Institute, 
Buffalo, New York, USA.  samantha.richardson@rmit.edu.au 
 
Thyroid hormones are involved in the regulation of growth and development, 
including vertebrate metamorphosis (anurans, salamanders) and smolting in 
salmonids. Vertebrate metamorphosis and smolting are characterised by an 
increase in thyroid hormones in the blood. Transthyretin (TTR) is a plasma 
protein that binds and distributes thyroid hormones throughout the body. We 
have previously shown that TTR is up-regulated at the time of 
metamorphosis in amphibians and smolting in salmon.  
TTR is present in all classes of vertebrates. In mammals, TTR binds the 
precursor (transport) form of thyroid hormone (T4) with higher affinity than 
the active (nuclear hormone receptor-binding) form of thyroid hormone (T3). 
However, we revealed that in fish, amphibians, reptiles and birds, TTR binds 
the active form of thyroid hormone (T3) with higher affinity than the 
precursor form (T4). Thus, the ligand bound by TTR has changed during 
vertebrate evolution.  
The amino acid sequence of TTR has been very highly conserved during 
evolution. We discovered TTR-Like Protein (TLP) genes in non-vertebrate 
genomes. We believe the TTR gene arose as a duplication of the TLP gene, 
as TTR genes are only present in vertebrates whereas TLP genes are 
present in all kingdoms. We found the TLP gene to be expressed in bacteria, 
a worm and a plant. We determined that the x-ray crystal structure for TLP 
from Salmonella dublin was almost identical to those of vertebrate TTRs. 
However, S.dublin TLP did not bind thyroid hormones. Instead, it functions 
as a 5-hydroxyisourate hydrolase, involved in uric acid metabolism. 
Furthermore, using site-directed mutagenesis in conjunction with the 3D 
structure, we identified amino acids required for the 5-hydroxyisourate 
hydrolase activity. 
We are now investigating the TTR/TLP in lamprey, a primitive vertebrate. 
This lamprey protein has features of both TTR and TLP. We aim to identify 
when the TLP gene first duplicated and the TTR gene evolved. Whereas the 
overall structure of TLP/TTR has remained unchanged, a few changes in 
amino acids have resulted in the ligand changing from 5-hydroxyisourate to 
T3 to T4. 

 
An additional Tshb gene was generated twice 
by independent global genome duplications in 
non-tetrapod vertebrates. 
 
Maugars G1, Dufour S1, Cohen-Tannoudji J2 and Quérat 
B21 BOREA, UMR 7208 CNRS-MNHN-UPMC, Paris, 

France.2 BFA, UMR 8251 CNRS-University Paris-Diderot, INSERM U1133, 
Paris, France.bruno.querat@univ-paris-diderot.fr 
 
Thyroid-stimulating hormone (TSH) is composed of a specific b subunit and 
of an a subunit that is shared with the two pituitary gonadotropins that 
compose the core of the vertebrate glycoprotein hormones. The three b 
subunits derive from a common ancestor gene through the two whole 
genome duplications (1R & 2R) that took place before the radiation of 
vertebrates. Analysis of genomic data from phylogenetically relevant species 
allowed us to identify a Tshb subunit sister gene that was generated through 
the 2R. This gene, named Tshb2, is present in chondrychties and in 
coelacanth and lungfish. It was lost in ray-finned fish and in tetrapods. 
Tshb2, like Tshb, is expressed in the pituitary. The absence of a second 
type of TSH receptor (Tshr) gene in these species suggests that both TSH 
and TSHb2 act through the same receptor. A third genome duplication (3R) 
occurred early after the emergence of teleosts. It also generated a new Tshb 
sister gene, named Tshb3. Tshb3 appears to be present in most teleost 
species but absent in tedraodontiforms. The three vertebrate Tshb sister 
gene products present highly specific amino acid positions that might be 
responsible for some specificity of action. More specifically, TSHb3 harbours 
a second potential glycosylation site that could alter some of its biochemical 
characteristics. The 3R also generated duplicated TSHRs. Interestingly, one 
of these Tshr, Tshrb was translocated from its original chromosomic position 
after the emergence of early teleosts like the eels and was then maintained 
in its new position. Zebrafish as well as other ostaryophysian species have 
lost Tshrb despite possessing the two TSHs. Tshrb is also absent from 
tetraodontiformes. In the eel, a basal teleost, both duplicated TSHs and TSH 
receptors are maintained. Whereas the classical Tshb subunit was 
essentially expressed in the pituitary, Tshb3 was also expressed in the 
immature ovary, adipose tissue, gills and brain. Tshra was expressed in the 
thyroid follicles and the eye, whereas Tshrb was expressed in the pituitary 
gland, the immature ovary, the adipose tissue and the brain. The similarity in 
the expression profiles of Tshb3 and Tshrb suggests a possible 
paracrine/autocrine mode of action. Further studies will be needed to 
determine the binding specificities of the two receptors, the roles of TSHs in 
non-thyroidal tissues and how these two TSH systems interplay. 
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Evolution of glucagon/PACAP receptor family from 
invertebrate to vertebrate: insights from amphioxus  
 
Jason S.W. On1, Linda Z. Holland2, Cumming Duan3, Billy 
K. C. Chow1, Leo T. O. Lee1 
 

1School of Biological Sciences, The University of Hong 
Kong, Hong Kong, China. 2Marine Biology Research Division, Scripps 
Institution of Oceanography, University of California San Diego, La Jolla, 
California, USA. 3Department of Molecular, Cellular, and Developmental 
Biology, University of Michigan, Ann Arbor, Michigan, USA 
itolee2@hku.hk 
 
Based on the recent available genome information of different invertebrate 
species, many hypotheses have been proposed regarding the origin and 
evolution of secretin-like peptides and their receptors (also know as GPCR 
class B1). In fact, a considerable number of members of this receptor family 
emerged only after the divergence of vertebrate species, majorly contributed 
by the two rounds of whole genome duplication in the beginning of 
vertebrate evolution and other gene duplication events. However, because 
of the low levels of gene and amino acid sequence identity shared by the 
ligands and receptors of invertebrate and vertebrate orthologs and/or 
paralogs, the retrieval and identification of corresponding ligand-receptor 
pair in invertebrate species has long been a hurdle. In this study, five 
receptors that belong to secretin-like receptor family were characterized 
from amphioxus (Branchiostoma floridae). Phylogenetically, they cluster with 
vertebrate parathyroid hormone receptors (PTHR). In chromosome synteny 
analysis, these PTH-like receptors share similar gene environments with 
several PTH and PACAP/glucagon receptors in Spotted gar, Xenopus and 
human. This indicates that these amphioxus receptors could be the 
orthologs/paralogs of the PTH and PACAP/glucagon receptors in vertebrate. 
According to the prediction by Mirabeau and Joly (2013), putative 
amphioxus PTH peptides (bfPTH1 and bfPTH2) and glucagon/PACAP-like 
peptides (bfP+G) were synthesized and their activities on these receptors 
were tested by cAMP assays. Among these receptors, bf98C and bf95.3 
were found to be activated by bfPTH1/bfPTH2 and bfP+G, respectively. 
Therefore, our study confirms the presence of PTH and glucagon/PACAP 
ligand-receptor pairs in invertebrate and suggests the presence of paralogs 
of these two receptor subfamilies before cephalochordate-vertebrate split. 
The bf98C and bf95.3 receptors are respectively functional homologs of the 
vertebrate PTH and glucagon/PACAP GPCR subfamilies. 
This project was supported by Hong Kong Government RGC grants 
770212M (to LTOL) and CRFHKU6/CRF/11G600283 (to BKCC). 

 
Neurohypophyseal nonapeptide precursors in 
vertebrates: A story of recurrent duplications and 
gene conversions in the background of stringent 
ligand- receptor selectivity 
Putul Banerjee1, Radha Chaube2, Keerikkattil Paily Joy1 
 
1 Centre of Advanced Study in Zoology, Department of 

Zoology, BHU, Varanasi, India. 2 Zoology section, MMV, BHU, Varanasi, 
India putulbanerjeezoo@gmail.com 
 
Most vertebrates have two paralogs of neurohypophyseal nonapeptides, 
believed to have originated after gene duplication at the base of 
gnathostome stock. Thereafter they followed independent evolutionary 
lineages, under the constraints of a strict hormone-receptor interaction 
mainly on substitutions in the hormone region. However, results of 
phylogenetic studies on vertebrate nonapeptide precursors demand a need 
to re-evaluate this theory of single origin of the nonapeptide paralogs. If 
there was a single origin, why the phylogenetic distance between the 
precursor paralogs of a particular group of vertebrates is lesser compared to 
their homologs in other groups? Concerted evolution caused by recurrent 
gene conversions may be plausible. However, duplications both local and 
global have occurred during vertebrate evolution supporting the possibility of 
independent origins of the nonapeptide precursor paralogs in some lineages. 
Teleosteii has a rich species diversity probably facilitated by whole genome 
duplication. Vasotocin (VT) and isotocin (IT), the two nonapeptide paralogs 
in teleosts are phylogenetically closer to each other like the nonapeptide 
paralogs in other vertebrates. This inference is largely based on sequences 
from species of the superorder Acanthopterygii. The present work has 
attempted to address this anomaly and reports the addition of few catfish 
species in the phylogenetic analysis. Heteropneustes fossilis and Clarias 
batrachus VT/IT precursors were cloned and Ictalurus punctatus sequences 
were obtained from the EST database. The catfish VT and IT were found to 
be phylogenetically not as close to each other as the nonapeptide paralogs 
of Acanthopterygii and other groups of vertebrates. However, catfish and 
Acanthopterygii VT and IT make a larger cluster of teleost nonapeptide 
precursors. We hypothesize that while the teleost VT and IT originated as a 
result of whole genome duplication explaining the clustering of all teleost VT 
and IT precursors, VT and IT of Acanthopterygii cluster due to an 
independent gene conversion event. IT precursors have an extended c-
terminal similar to VT and the fact that VT and IT genes are not linked in any 
of the teleost species studied so far lends further support to this hypothesis. 
Supported by DST grant no.SA/SO/AS-43/2009 to KPJ and RC, CSIR SRF 
to PB  
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Transcriptional rewiring, post-transcriptional 
regulation and neo-functionalization: how the 
master sex-determining gene of medaka was 
born. 
 
Amaury Herpin1, Cornelia Schmidt1 and Manfred Schartl1. 

 
1-University of Wuerzburg, Physiological Chemistry, Biocenter, Am Hubland, 
Wuerzburg, Germany 
amaury.herpin@biozentrum.uni-wuerzburg.de 
 
In medaka, dmrt1bY, the duplicated copy on the Y-chromosome of dmrt1a, 
became the master regulator of male development after acquiring an 
upstream position in the sex-determining cascade. Remarkably this 
evolutionary novelty, requiring a rewiring of the regulatory network, was 
brought about by co-optation of pre-existing cis-regulatory elements 
contributed by transposable elements. To another level of regulation, 
differential gene expression of the two dmrt1 co-orthologs seems to be also 
mediated by post-transcriptional regulation through a highly conserved cis-
regulatory motif that directs differential gonadal synexpression of Dmrt1 
transcripts during gonad development. 
While the autosomal dmrt1a is essential for testis maintenance, in contrast, 
dmrt1bY was shown to be responsible for male-specific primordial germ cell 
(PGC) mitotic arrest in the developing gonad at the sex-determination stage. 
Accordingly, the onset of dmrt1bY expression was recorded exactly at this 
stage in the Sertoli cell precursors only. 
For a detailed analysis of expression, regulation and function of Dmrt1 and 
other gonadal genes we generated several transgenic fluorescent reporter 
lines (BAC clones). Strikingly, we observed a very early expression of 
dmrt1bY in the PGCs long before the somatic gonadal primordium is 
committed. This PGC-specific expression then progressively vanishes while 
the somatic expression of dmrt1bY rises only at hatching stage. 
Concomitantly we observed that an HMG-box gene shows a strictly inverse 
PGC-specific expression pattern in relation to dmrt1bY. Interestingly, also 
some other gonad development genes showed transient sex-specific 
expression in the pre-committed gonad primordium. Using in vivo whole 
tissue ChIP and in vitro gene regulation assays, we found clear evidences 
that the specific expression pattern of dmrt1bY is controlled by differential 
cross-regulations of dmrt1a, dmrt1bY and the HMG-box gene as well as by 
specific stabilization and translational control of dmrt1 transcripts via an 
RNA-binding protein.  
 

 
The sexual fate of the gonad in the protandrous 
fish 
 
Guan-Chung Wu and Ching-Fong Chang 
 
Department of Aquaculture, National Taiwan Ocean 

University, Keelung, Taiwan 
B0044@mail.ntou.edu.tw 
 
 
Gonadal sex determination and differentiation is important for gonadal 
development, reproduction and sex manipulation in animals. Various 
mechanisms may exist in different species. Sex change occurs in a variety 
of fish and invertebrates. This ability is lost in amphibians, reptiles, birds and 
mammals. Furthermore, no ancient ancestry and no single sex-determining 
mechanism are involved in the hermaphroditic fish. However, the origins and 
evolution of hermaphroditism in fish are far from understood. Protandrous 
hermaphroditic fish (black porgy, Acanthopagrus schlegelii) is a unique to 
study sex differentiation and development of gonad especially due to the 
interaction between testicular and ovarian tissues. Gene profiles in the testis 
(male-related genes) and ovary (female-related genes) during sex 
differentiation and sex change were characterized. The sex switch is 
controlled by male fate that testis is a dominant ovary-suppressing factor. 
Sertoli cell Dmrt1 is a key regulator for testis development and regulates 
spermatogonia proliferation through Amh during testis development. 
Knockdown of dmrt1 and amh resulted in the female fate. Estradiol 
treatment induced the ectopic oocytes in the regenerated testis and then sex 
change to a female gonad. Furthermore, the cells surrounding the oocytes 
are Dmrt1-positive cells (Sertoli cells) in the oocytes at an early stage (with a 
robust Fig1a staining) and change to Cyp19a1a-positive follicle cells. Fig1a 
and Amh play important roles in the development of somatic cell 
transdifferentiation (Sertoli cells to follicle cells). These results shed light on 
the understanding for the appearance of more than one sex at the life time 
and also for the evolutionary transition from gonochorism to 
hermaphroditism in fish. 
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New insights in the role of the transcription 
factor Foxl3 and its ancient paralog Foxl2 in 
European sea bass gonads. 
 
Olivier Lan-Chow-Wing, Iciar Muñoz, Berta Crespo, Silvia 
Zanuy, Ana Gómez. 

 
Instituto de Acuicultura de Torre la Sal, CSIC, Castellón, Spain 
olanchow@gmail.com, a.gomez@csic.es 
 
Foxl2 is a forkhead transcription factor widely studied in mammals for its 
crucial role in ovarian development, physiology and maintenance. Its role in 
teleost reproduction has been directly associated with the transcriptional 
activation of various steroidogenic enzyme genes, such as cyp19a1a or 
cyp19a1b. An ancient paralog named foxl3 (previously known as foxl2b) has 
only been studied in some teleost species, although it has been described in 
other vertebrate clades. Recent reports suggest that while Foxl2 seems to 
be involved in ovarian processes, Foxl3 could be more related with testis 
physiology. In this study, we first focused on the first year of life of the 
European sea bass (Dicentrarchus labrax). Expression of both genes in 
gonads is highly correlated with the female marker cyp19a1a during gonad 
differentiation. Then, using antibodies against Foxl2 and Foxl3 we studied 
their cellular localization in both male and female adult gonads. As both Foxl 
factors were present in ovarian follicular cells, we analyzed the effect of 
different factors potentially regulating foxl2 and foxl3 transcription in two 
ovary culture systems. 8Br-cAMP, an analog of cAMP, has a stimulatory 
effect on the transcription of both foxl genes, and Lh upregulates foxl2 
expression. However, the effects of Fsh and estradiol are unclear and 
cortisol clearly represses foxl2 expression. Next, using cyp19a1a promoter 
luciferase constructs, we localized the Foxl2 DNA binding site. We 
demonstrate that, as for Foxl2, Foxl3 interacts with Ff1b (Nr5a1a) to 
upregulate in vitro cyp19a1a transcription through the same binding site. 
Combining this information with other reports, we suggest a binding matrix 
for Foxl3. All together we present for the first time data about gene 
expression regulation, cellular localization and DNA target sequence of 
Foxl3, providing innovative information on the putative role of Foxl3 in 
reproduction, which might be more ambiguous than initially suggested. 
 
Supported by MICINN (AGL2011-28890 to A.G., PhD-fellowship to O.L-C-
W), GV (ACOMP/2013/085) 
 

 
Apoptosis pathways in zebrafish gonad 
differentiation 
 
Ana Luzio1,2, Marisa Mendonça1, Sofia Santos1,2, António 
Fontainhas-Fernandes1,2, Manuela Matos1,3, Sandra M. 
Monteiro1,2, Ana M. Coimbra1,2 

 
1UTAD, Vila Real, Portugal. 2CITAB, Vila Real, Portugal. 3IBB-CGB, Vila 
Real, Portugal.  
acoimbra@utad.pt 
 
Zebrafish (Dario rerio) is classified as undifferentiated gonochoristic, with all 
individuals developing a “juvenile ovary” prior to the final differentiation. The 
transformation of the “juvenile ovary” into testis has been described to 
depend on apoptosis mechanisms. Aiming to identify the apoptosis 
pathways involved in zebrafish male gonad differentiation, fish were 
sacrificed at day 35 post-fertilization, during the gonad differentiation period. 
To unveil the potential genes involved in gonad apoptosis, a genome wide 
expression analysis by microarrays was performed and qRT-PCR was done 
in selected genes to validate the microarray results. Simultaneously, fish 
were collected for gonad histological and immunohistochemical (n=30) 
evaluation. A protein expression (stereological) analysis was performed, in 
fish showing particular differentiation patterns. The proteins were selected 
according to the gene expression results and to cover different apoptosis 
pathways: the death receptor FAS; the TNRF-associated death domain 
protein TRADD; the anti-apoptotic MDM and BCL2; the pro-apoptotic 
caspase-2 and -6 and the cell proliferation Birc5 and C-jun.The results 
suggest that apoptosis is initiated via caspase-2, through both FAS and 
TRADD activation. However, these proteins were found to be upregulated in 
both sexes. In males, while both anti-apoptotic proteins were downregulated, 
caspase-6 and Birc5 were upregulated, suggesting that the caspase 
cascade was triggered and cell proliferation is active in order to remove 
ovarian structures and promote testis development. In females, a 
downregulation of caspase-6 and the upregulation of MDM and BCL2 were 
clearly observed, indicating that the caspase cascade is not triggered and 
that the mitochondrial pathway remains inhibited. Additionally, this was also 
studied in fish exposed to a synthetic estrogen (ethinylestradiol) and to an 
aromatase inhibitor (fadrozole). Contrary to what was expected, the protein 
expression pattern suggests that the exposed fish are fighting the 
feminization and masculinization induction by ethinylestradiol and fadrozole, 
respectively. 
Supported by the FCT project grant: PTCD/CTV/102453/2008 (FCOMP-01-
0124 FEDER-009527) and A. Luzio PhD grant: SFRH/BD/44794/2008 
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Modulation of transforming growth factor-β  
signalling by microRNAs in placenta 
 
Jelena Brkic1, Guodong Fu1, Linlin Luo1, Lubna Nadeem1, 
Stephen Lye2, Chun Peng1 
 

1Department of Biology, York University, Toronto, Canada   
2Research Centre for Women’s and Infants Health, Samuel Lunenfeld 
Research Institute, Toronto, Canada   
cpeng@yorku.ca 
Placenta plays critical roles during pregnancy. A key event in placental 
development is the invasion of extravillous trophoblast cells (EVT) into the 
uterus and subsequent remodeling of maternal arteries. Abnormal placental 
development, particularly shallow invasion of EVTs, is involved in the 
pathogenesis of preeclampsia (PE), a pregnancy associated disorder 
characterized by hypertension and proteinuria. Hormones and growth 
factors, including the transforming growth factor-β (TGF-β) superfamily, 
have been shown to regulate placental development and are implicated in 
the pathogenesis of PE. Specifically, TGF-β and Nodal are strongly 
upregulated in PE placenta and they exert potent inhibitory effects on EVT 
cell proliferation and invastion.  In this study, we investigated the role of 
microRNAs (miRNAs) in modulating TGF-β signalling and placental 
development and their contribution to the pathogenesis of PE.   
Using bioinformatics, luciferase reporter assays and Western blot analyses, 
we identified several miRNAs that target the TGF-β pathway.  Specifically, 
miR-378a-5p targeted Nodal, miR-218-5p inhibited Nodal and TGF-β2, and 
miR-376c-3p targeted activin receptor-like kinase (ALK)-5 and ALK7 to 
attenuate Nodal and TGF-β signalling, respectively.  Stable or transient 
overexpression of these miRNAs in an EVT cell line resulted in increased 
cell proliferation, migration, and invasion. On the other hand, inhibition of 
endogenous miRNAs using anti-miR-378a-5p, anti-miR-218-5p, or anti-miR-
376c suppressed cell proliferation and invasion.  In placenta explant culture, 
force overexpression of these miRNAs promoted the outgrowth of EVT cells.  
Preliminary results suggest that miR-218-5p induced maternal artery 
remodelling in a placental explants/decidua coculture model.  Finally, all 
these miRNAs were significantly down-regulated in PE placenta, as 
compared to gestational age-matched controls.  These findings 
demonstrated that paracrine growth factor signalling in the maternal-fetal 
interface is modulated by miRNAs and disruption of the balance between 
miRNAs and growth factor signalling may lead to abnormal placental 
development and pregnancy complications.   
Supported by CIHR 

 
Endocrine and Paracrine Regulation of 
Spermatogonial Stem Cell Niche in Zebrafish 
 
Rafael Nóbrega1,2, Roberto Morais2, Rune Male3, Luiz 
Renato França4, Jan Bogerd2, Rüdiger W Schulz3 
 

1Departament Morphology, IBB, UNESP-Botucatu, Botucatu, Brazil 
2Departament Biology, Faculty of Science, Utrecht University, Netherlands 
3Department Molecular Biology, University of Bergen, Norway 
4Department Morphology, Institute Biological Sciences, UFMG, Belo 
Horizonte, Brazil 
biorhn@yahoo.com.br 
 
In stem cell biology, the term niche refers to anatomical and functional traits 
at specific sites that allow stem cells to retain their undifferentiated state, 
while showing a low cell cycling frequency. However, the niche should also 
respond to conditions requiring the production of more progenitor cells 
destined for differentiation if needed. To achieve this balance, niche cells 
integrate different signals and produce regulatory output modulating stem 
cell behavior to sustain a dynamic issue homeostasis. In the adult zebrafish 
testis, the anatomical location of spermatogonial stem cells (SSCs) was 
identified by the “long-term label retaining cell” approach, showing that two 
populations of SSC candidates (“active” and “reserve”) were found, both 
enveloped by Sertoli cells and situated near the interstitial compartment. 
This suggests that Sertoli cells but also interstitial elements (Leydig, myoid, 
blood vessel cells) contribute to the niche conditions. To study the functional 
dimension (signals), we challenged the SSC niche by exposing zebrafish to 
a cytostatic drug that depleted the testis of rapidly dividing, differentiating 
cells. Gene expression analysis during the initial recovery phase showed 
that two growth factors expressed by Sertoli cells, Amh (anti-Müllerian 
hormone) and Igf3 (insulin-like growth factor 3), were down- and up-
regulated respectively. Recombinant Amh blocked spermatogonial 
differentiation and inhibited androgen production, while recombinant Igf3 
stimulated spermatogonial proliferation and differentiation towards meiosis. 
Since follicle-stimulating hormone (Fsh) reduced Amh and increased Igf3 as 
well as androgen production, we propose that Fsh is an important regulator 
of the niche conditions.  
 
Supported by EU (LIFECYCLE FP7-222719, Utrecht University, FAPESP, 
CNPq 
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Paracrine regulation inside the germinal niche 
in a chondrichthyan species, Scyliorhinus 
canicula 
 
Aude Gautier1, Adrien Bosseboeuf12, Pierrick Auvray2, 
Pascal Sourdaine12 

1UMR BOREA, UCBN, IBFA, Caen, France 
2KELIA firm (Cellis pharma group), Saint-Malo, France 
aude.gautier@unicaen.fr 
 
The maintenance of a pool of spermatogonial stem cells (SSC) is crucial for 
the continuous production of gametes in male. The engagement of 
spermatogonia in the way of differentiation or their maintenance at a stem 
state is regulated by paracrine factors. The catshark Scyliorhinus canicula is 
a particularly interesting model to study the SSC niche due to its polarized 
testis allowing an easy access to the germinative area and its dissection. In 
addition, the phylogenetic position of dogfish among Chondrichthyes at the 
root of Vertebrates makes it a valuable model for comparative studies. Our 
aim was to determine if the GDNF Family Receptor (GFR) alpha 1 function 
was conserved during Vertebrates evolution. An in vitro model of the 
germinal niche in catshark was firstly established. After dissection and 
cellular dissociation of the germinative area, enrichment in spermatogonia 
was performed by differential plating on gelatin-coated flasks. Colony 
formation was observed and the primary culture was maintained several 
weeks. GFR alpha 1 mRNA was previously localized in dogfish early 
spermatogonia, its expression by the cultured spermatogonia was confirmed 
at the protein level. The addition in the culture of human recombinant GDNF, 
the classical ligand of GFR alpha 1, promoted the formation of colonies in 
number and size. Their content in alkaline phosphatase positive cells, an 
activity generally used as a stem cell marker, was increased. GDNF induced 
also a dose-dependent protection against apoptosis and increase the 
culture duration up to 5 months. These effects of GDNF were also described 
in Osteichthyes, in Mammals but also in Teleosts, so GFR alpha 1 function 
seems conserved in Vertebrates. Surprisingly, no GDNF sequence was 
found in dogfish transcriptomic libraries. Instead, artemin, another GDNF 
Family Ligand, is expressed in the germinative area and its sequence shows 
substitutions at key amino acids for the interaction with its receptor. So, 
artemin is a potential ligand for GFR alpha 1 in dogfish. To conclude, the 
GFR alpha1 pathway mediates proliferation and stemness maintenance of 
spermatogonia in catshark like in Osteichthyes, however, in this species, 
GFR alpha 1 could be activated by artemin in spite of GDNF. 
Supported by the PEPTISAN project (CRBN and FEDER) 

 
Potential autocrine, paracrine and endocrine 
roles for insulin-like growth factor-I in 
physiology and pathology of the cellular 
immune system: lessons from higher and lower 
vertebrates 
 

Elisabeth Eppler 
 
1 Research Group Neuro-endocrine-immune Interactions, Institute of 
Anatomy, University of Zurich, Zurich, Switzerland 
2 Institute of Neuroradiology, University Hospital, Otto-von-Guericke-
University, Magdeburg, Germany 
3 Zurich Center for Integrative Human Physiology (ZIHP), University of 
Zurich, Zurich, Switzerland 
4 XERR Center for Xenobiotic Risk Research, University of Zurich, Zurich, 
Switzerland 
elisabeth.eppler@uzh.ch 
 
Interactions between the growth hormone (GH)-insulin-like growth factor-I 
(IGF-I) axis and the immune system have been under debate for decades, 
and there exist indications for substantial roles for both, GH and IGF-I, in 
immune organ development and sustaining as well in the support of a 
healthy immune response. Nevertheless, data are rudimentary and derived 
from different species in higher and lower vertebrates.  
Our recent investigations in mammals like in fish point to an important role of 
IGF-I in the development of immune organs and in shaping and sustaining 
complex immune tissues such as lymph nodes in humans and 
melanomacrophage centers in fish.  
The presentation will give an overview over the current state of research in 
mammals, also with respect to pathologies including malignant diseases. 
Furthermore, the focus is laid on the importance of GH and IGF-I in bony 
fish immune development, particularly in light of anthropogenic influences on 
fish health and the increased demand for a healthy immune response to 
infections in aquaculture.  
Translational aspects are discussed for new insights into both, higher and 
lower vertebrate immune systems and their development. 
 
Supported by the Stiftung für wissenschaftliche Forschung/Baugarten-
Stiftung at the University of Zurich and the Prof. Dr. med. Karl and Rena 
Theiler-Haag Foundation 
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The input/output systems of kisspeptin 
neurons suggested by studies using 
transgenic medaka 
 
Shinji Kanda, Masaharu Hasebe, Mikoto Nakajo, Yu 
Shikano, Akiko Takahashi, Tomomi Karigo, Yasuhisa 

Akazome, Yoshitaka Oka 
1Department of Biological Sciences, Graduate School of Science, The 
University of Tokyo.  shinji@bs.s.u-tokyo.ac.jp 
 
Kisspeptin is attracting attentions because it is essential for reproduction of 
placental mammals including human beings. However, the authentic function of 
kisspeptin remains to be elucidated in species other than mammals. Interestingly, 
the lack of kisspeptin gene in birds strongly suggest that kisspeptin is not essential 
for reproduction in vertebrates in general. To unveil the authentic function of 
kisspeptin in vertebrates, we use a small teleost medaka, by taking advantage of 
their availability of molecular genetic tools and the whole brain in vitro preparation 
for electrophysiological analysis with their synaptic connections intact. The kiss1 
gene expressions in medaka have been demonstrated to be highly sensitive to 
estrogen, and we have generated kiss1-GFP transgenic medaka for 
electrophysiological analysis of such sensitivity. Patch clamp study demonstrated 
that Kiss1 neurons show higher firing frequency in breeding medaka than in non-
breeding ones, suggesting that Kiss1 neurons are regulated by gonadal steroids 
at both expression and release levels. Despite the wealth of knowledge on their 
inputs and changes in release according to the reproductive states, the outputs of 
kisspeptin system in non-mammalian species are not clear. Although there are 
some studies in which peripheral injection of synthetic kisspeptin induces LH 
release, we did not find any colocalization of GnRH1 mRNA and gpr54 mRNA in 
medaka. Moreover, our kisspeptin peptide administration in goldfish did not induce 
LH release. On the other hand, there are some reports including ours that 
kisspeptin receptors are expressed in isotocin, vasotocin, somatostatin and some 
other neurons. We generated transgenic medaka that express RFP in vasotocin 
neurons and demonstrated that kisspeptin directly regulates vasotocin neuron 
activity. Moreover, to discover novel functions of vertebrate kisspeptin neuronal 
system, we generated gpr54-1-EGFP transgenic medaka to characterize them by 
RNAseq, electrophysiology and axonal projection analyses. This strategy 
successfully labelled gpr54-1 mRNA positive neurons in live fish, and identification 
of the transmitters and responses to synthetic kisspeptins are ongoing. As 
materials to unveil the neural circuits as well as to find some essential functions of 
kisspeptin, we have almost finished generating kiss1, kiss2, gpr54-1, gpr54-2 
knockout medaka by TALEN and CRISPR. As expected, kiss1 knockout medaka 
do breed every day. Search for novel functions of kisspeptins is now under way.  
 
JSPS 24870007, 26840111, SUNBOR grant to SK, JSPS 20247005 to YO. 
 

 
A Kiss for daily and seasonal reproduction 
Valérie Simonneaux  
« Melatonin and seasonal rhythms » team, Institute of 
Cellular and Integrative Neurosciences, UPR3212, CNRS, 
University of Strasbourg, France. 
simonneaux@inci-cnrs.unistra.fr 
 

Kisspeptin (Kp) neurons located in the anteroventral periventricular (AVPV) and 
arcuate (ARC) nuclei control the activity of GnRH neurons which in turn regulate 
gonadotrophin (LH and FSH) secretion. Reproductive activity is regulated by 
various factors, especially environmental time cues. In this paper we report how 
AVPV and ARC Kp neurons integrate daily and seasonal information respectively 
to synchronize reproduction with appropriate astronomical time. 
Female reproduction undergoes infradian cycles driven by the positive estrogen 
feedback and is characterized by a transitory LH surge triggering ovulation. In 
female rodents, the estrous cycle last 4-5 days and the preovulatory surge is 
gated at a specific time of the day of proestrus. In female mice, Kp content in the 
AVPV displays a marked and transient decrease at late afternoon, 2 hours before 
the LH surge on the day of proestrus, but not in diestrus, indicating there is a daily 
regulation of Kp secretion occuring only when estrogen level is elevated. The daily 
regulation of AVPV Kp involves a circadian vasopressingeric signal arising from 
the master hypothalamic clock, but also from an intrinsic oscillator, with a period of 
about 23 h, expressed in the Kp neurons. These data indicate that AVPV Kp 
neurons display an estrogen-dependent daily activity probably driven by a 
endogenous KissClock, acting in synergy with a SCN clock input to time the 
preovulatory LH surge.  
Most mammalian species synchronize their reproductive activity with the seasons 
using the photoperiod-dependant secretion of the pineal hormone melatonin. In 
long day breeders, like hamsters, the long nocturnal production of melatonin in 
short photoperiod inhibits reproductive activity, whereas in long photoperiod the 
decrease in melatonin production allows reproductive activation. In hamsters, Kp 
content in the ARC displays photoperiodic variation indicating that the peptide may 
be critical for the melatonin-driven seasonal reproduction. Melatonin regulates the 
synthesis of TSH in the pars tuberalis so that TSH production is elevated in long 
photoperiod and inhibited in short photoperiod. TSH binds TSH receptors located 
in the neighbouring tanycytes to activate deiodinase 2 which in turn converts T4 
into the bioactive T3 locally in the hypothalamus. An exogenous infusion of TSH or 
T3 in short day-adapted hamsters rescues reproductive activity via an increased 
Kp synthesis in the ARC. Therefore ARC Kp neurons appear as a critical interface 
between the photoperiodic production of melatonin and seasonal reproduction. 
Supported by the FrenchKiss ANR project 
 (thus shorter than the master clock circadian period 25,09 ± 0,61h). In 
conclusion, our data demonstrate that AVPV Kp neurons display a estrogen-
dependent daily activity probably driven by a endogenous KissClock, acting 
in synergy with the SCN clock to time the  the preovulatory LH surge. 
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What can neuroanatomy teach us about 
kisspeptin neurons of the human? 
 
Erik Hrabovszky  
 
Laboratory of Endocrine Neurobiology, Institute of 

Experimental Medicine, Hungarian Academy of Sciences, Budapest, 
Hungary  
hrabovszky@koki.hu 
 
Neurons co-synthesizing neurokinin B (NKB), kisspeptin (KP) and dynorphin 
(Dyn) in the hypothalamic arcuate nucleus of laboratory species (‘KNDy 
neurons’) are important upstream regulators of pulsatile gonadotropin-
releasing hormone secretion and critical mediators of sex steroid feedback 
to the reproductive axis. Except for a handful of morphological studies 
available from monkeys and humans, our neuroanatomical knowledge about 
these systems is dominantly based on observations on species that are 
phylogenetically distant from primates. KP and NKB neurons of the human 
infundibular nucleus (Inf) exhibit surprisingly different anatomical and 
neurochemical characteristics from those of laboratory rodents. Species 
differences include the infrequent co-expression of Dyn and the frequent co-
expression of substance P and cocaine- and amphetamine-regulated 
transcript in the human, but not the rodent, neurons. The abundance and 
coexpression pattern of the neuropeptides in cell bodies and axons of the 
human KP and NKB neurons largely vary, depending on the reproductive 
status. This paper presents new anatomical findings about the topographic 
distribution, network connectivity, neurochemistry, sexual dimorphism and 
aging-dependent morphological plasticity of the human hypothalamic KP 
and NKB neuronal system, with an emphasis on differences and similarities 
between the human and laboratory species. 
 
Financial support: Funded by the National Science Foundation of Hungary 
(OTKA K83710, K100722), the National Development Agency (BONUS HU 
08/2-2011-0006) and the European Community's Seventh Framework 
Programme (FP7/2007-2013; n°245009). 
 
 

 
Functional characterization of the role of 
kisspeptin and GnRH receptor neurons in the 
neural circuit controlling the lordosis reflex 
 
Vincent Hellier1, Olivier Brock4, Vincent Prévot2, Ulrich 

Boehm3, Julie Bakker1,4 

1 GIGA Neuroscience, University of Liege, Belgium 
2 Inserm, Jean-Pierre Aubert Research Center, U837, Development and 
Plasticity of the Postnatal Brain, University of Lille, France 
3 Experimentelle Pharmakologie und Funktionelle Bildgebung, University of 
Saarland, Hombourg, Germany 
4 Netherlands Institute for Neuroscience, Amsterdam, The Netherlands 
Vincent.hellier@ulg.ac.be 
 
In rodents, female reproductive behavior involves the display of lordosis 
which is characterized by immobility on the part of the female along with an 
arching of the back and hindleg extension that elevates the rump and head. 
Remarkably, lordosis can be facilitated by GnRH indicating that GnRH 
neurons may thus have other functions in addition to gonadotrope control. 
However, elucidating the functional role of GnRH in the central nervous 
system has been hampered because of the difficulty in identifying GnRH 
signaling targets in brain tissue. It has been discovered that GnRH neurons 
are controlled by a set of neurons expressing the peptide kisspeptin. We 
recently showed that ablation of kisspeptin neurons by systemic 
administration of diphtheria toxin to a transgenic line of mice expressing 
diphtheria toxin receptor off the kisspeptin promoter (KissIC/R26-iDTR) but 
not those expressing the kisspeptin receptor, GPR54, greatly decreased 
lordosis suggesting that kisspeptin neurons are part of the neural circuit 
controlling the lordosis reflex. The finding that ablation of GPR54-expressing 
neurons did not affect lordosis gives rise to two different hypotheses: 1) 
kisspeptin acts on GnRH neurons through a different receptor other than 
GPR54 leading to the release of GnRH peptide within the central nervous 
system to act on downstream neurons expressing GnRHR; 2) kisspeptin 
neurons express another neuropeptide or neurotransmitter that will affect 
directly the lordosis circuit. My main research objective is thus to unravel the 
role of kisspeptin and GnRHR neurons in the lordosis reflex. 
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Selectivity of environmental chemicals for 
human and zebrafish estrogen, androgen and 
peroxysome proliferator activated γ  receptors 
 
Caroline Pinto1, Marina Grimaldi2, Abdelhay Boulahtouf2, 
Anne Riu1, Farzad Pakdel3, François Brion4, Sélim Aït-

Aïssa4, Vincent Cavaillès2, William Bourguet5, Jan-Ake Gustafsson1,6, Maria 
Bondesson1, Patrick Balaguer2. 
 
1CNRCS, University of Houston, Houston, Texas 77204-5056, USA. 2IRCM, 
INSERM U896, 34298 Montpellier, France. 3IRSET, INSERM U1085, 
Rennes, France. 4Unité ECOT, INERIS, 60550 Verneuil-en-Halatte, France. 
5CBS, INSERM U1054, CNRS UMR5048, 34290 Montpellier, France. 
6Department of Biosciences and Nutrition, Karolinska Institutet, 14183 
Huddinge, Sweden 
 
The number of environmental chemical contaminants suspected to act as 
endocrine disruptor compounds by interacting with nuclear receptors (NRs) 
signaling pathway has been continuously increasing (Hotchkiss et al, 2008). 
To study such interaction, the use of stable reporter gene assays is relevant, 
but species-specific in vitro screening assays are lacking to address hazard 
assessment of chemicals in aquatic vertebrates. Although NR 
transactivation by chemical ligands is a well conserved mechanism, it is 
greatly influenced by several intracellular factors such as the promoter 
context, the cellular context, or the origin species of the receptor. Depending 
on cell type, one chemical could thus elicit differential response in terms of 
receptor activation and subsequent gene transcription. In addition, the 
amino acid composition of the NR, notably in the ligand-binding domain, is 
also an important source of variation of activity of ligands. This composition 
varies between NR subtypes from the same species but also between 
species, yielding significant interspecies differences in NR affinity for 
chemicals (Matthews et al, 2000 ; Pakdel et al, 1990).In this presentation, 
we describe the development of stable reporter cell lines based on stable 
expression of subtypes of human and zebrafish estrogen, androgen and 
peroxysome proliferator activated γ receptors coupled to NR response 
element-driven luciferase in human cell lines. The screening of various 
chemicals from different classes in the different models resulted in different 
luciferase response patterns and confirm the specificity and conveniency of 
these in vitro tools for comparative assessment of NRs selective activation 
by chemicals. 
Supported by the ANR CESA, the PNRPE and the ANSES 
 

 
Species-specific sensitivity of the fetal testis to 
mild analgesics 
 
Séverine Mazaud-Guittot1, Millissia Ben Maamar1, Antoine 
D. Rolland, Isabelle Coiffec1, Christophe Nicolas Nicolaz1, 
Laurianne Lesné1, David M. Kristensen2, Christèle 

Desdoits-Lethimonier1, Vincent Lavoué3, Bernard Jégou1,4. 
1 Inserm U1085, IRSET, Rennes 1 University, Sfr Biosit, Rennes, France  
2 Faculty of Health Sciences, University of Copenhagen, Copenhagen, 
Denmark  
3 Rennes hospital, Rennes, France  
4 EHESP - School of public health, Rennes, France 
severine.mazaud@univ-rennes1.fr 
 
Around the world, up to 70% of pregnant women report the consumption of mild 
analgesics sold over-the-counter. Several independent epidemiological studies 
have indentified an increase in the risk of cryptorchidism (abnormal descent of 
the testis) in the sons of women reporting analgesic use during pregnancy. 
Considering the role of fetal Sertoli- or Leydig cell-derived testicular hormones in 
testis descent and in the masculinization of the genital tract, the endocrine 
disruptive properties of several analgesics were assessed in rat and in human 
fetal testis using ex vivo culture systems. In the rat, whereas paracetamol, 
aspirin and indomethacin displayed anti-androgenic properties, ibuprofen did not 
alter testosterone production by the fetal testis. In human, paracetamol is norm-
androgenic, aspirin and indomethacin pro-androgenic and ibuprofen anti-
androgenic. In addition, the effects of analgesics in human on testosterone were 
found to be age-dependent. Whereas in the rat paracetamol did not impact the 
production of Insulin like factor 3 (INSL3), a Leydig-cell derived hormone crucial 
for testis descent, it decreased INSL3 production by the human fetal testis. To 
understand the etiology of these species-differences in terms of reproductive 
toxicology, we have undertaken a comparative analysis of fetal Leydig cell 
differentiation in mouse, rat, human and pig fetal testes by focusing on the 
acquisition of steroidogenic capability and INSL3 synthesis by fetal Leydig cells. 
Interestingly, we have identified major differences in the dynamics of fetal 
Leydig cell differentiation between rodents on the one hand and pig and human 
on the other hand. To which extend these differences contribute to differences 
in susceptibility to endocrine disrupters is still unknown. To conclude, we believe 
that understanding interspecies differences represents a major issue and 
challenge to the deciphering of the mechanisms underlying the development of 
the male reproductive systems and for the establishment of the risk assessment 
procedures in reproductive toxicology. 
Supported by the french national security agency of medicines and health 
products, Inserm, EHESP and Rennes University. 
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Effects of emerging marine pollutants on 
ecdysteroid pathway in the intertidal copepod 
Tigriopus japonicus 
 
Dae-Sik Hwang1, Jae-Seong Lee1,2 

 
1Institute of Natural Sciences, Sungkyunkwan University, Suwon, South 
Korea 
2Department of Biological Sciences, College of Science, Sungkyunkwan 
University, Suwon, South Korea. 
jslee2@skku.edu 
A useful toxicity assessment method upon exposure of marine emerging 
pollutants is required using marine organisms. However, there is still not 
clear on mechanism of larval development upon exposure of emerging 
chemicals. In this study, we firstly present the identified ecdysone signaling 
pathway and the effect of marine pollutant on larval development in the 
intertidal copepod Tigriopus japonicus. On molting stages, Ponasterone A 
(PoA) accelerates to shorten the molting period of nauplius stages to 
copepodid stages in the copepod T. japonicus. However, a lindane, a 
molting antagonist, delayed the molting period to 4.4 days from 5.6 days, 
and also other marine pollutants such as Water Accommodated Fraction 
(WAF), 2,2',4,4'-Tetrabromodiphenyl ether (BDE-47) and Perfluorooctane 
Sulfonate (PFOS) showed similar results. To examine the proper ecdysone 
signaling pathway in the copepod T. japonicus, we cloned thirty putative 
nuclear receptors (NR) based on the presence of a conserved DNA-binding 
domain, and also cloned thirty one chitin metabolism related gene from T. 
japonicus. Of 61 ecdysone signaling pathway genes in the larval 
developmental stage, we have not shown transcripts of NRs at nauplius 1~2 
stages of T. japonicus but 5 to 6 NR mRNAs strong increased after nauplius 
stage, while they are decreased again during copepodid stage. To check 
effect of marine pollutants (WAF, BDE-47 and PFOS), we analyzed the 
expression of ecdysone signaling pathway genes including 30 nuclear 
receptor and 31 chitin metabolism genes mRNA that measured by 
quantitative real-time RT-PCR. The expression of ecdysone signaling 
pathway genes was upregulated after exposure of PoA in T. japonicus. 
However, WAF, BDE-47 and PFOS exposure group showed a 
downregulation as shown in lindane-exposed group. Differentially modulated 
expression patterns of ecdysone signaling pathway genes suggest that T. 
japonicus ecdysone signaling pathway genes are involved in growth 
retardation on molting change with metabolic changes against marine 
pollutants. Overall, this is the first report to characterize this including nearly 
all the ecdysone signaling pathway genes in the copepod T. japonicus. 
Supported by the NRF project 

 
Endocrine Disruption of Maternal and Paternal 
Behaviors in Monogamous, Biparental 
California Mice (Peromyscus californicus) 
Cheryl S. Rosenfeld1,2 and Sarah A. Johnson1,2 
 
1 Department of Biomedical Sciences, University of 

Missouri, Columbia, MO 65211 USA 
2 Bond Life Sciences Center, University of Missouri, Columbia, MO 65211 
USA 
rosenfeldc@missouri.edu 
 
Bisphenol A (BPA) is one of most ubiquitous endocrine disrupting compound 
(EDC) with production exceeding 8 billion pounds per year. Its stability and 
pervasiveness has ensured inevitable exposure of wildlife and humans that 
assuredly will continue and expand in the coming decades. BPA exposure 
has been previously shown to decrease maternal care of pups in mice and 
rats, but no study has considered the biparental responses in a 
monogamous animal model that might better mirror most human societies. 
To address this void in our understanding, we employed the valuable 
monogamous, biparental California mouse (Peromyscus californicus) model 
to examine biparental behaviors in developmentally BPA-exposed F1 male 
mice paired with F1 control females (n= 3) and a group of control males 
paired with control females (n= 3). Females whose offspring had been 
fathered by BPA-exposed males spent less time nursing their pups, 
particularly from PND 1-5 (P<0.0001). BPA-exposed F1 males and their 
control female partners spent less time in the nest and grooming the pups 
compared to the control pairs (P value range 0.05 to 0.0001). We also 
determined immediate effects of BPA-induced parental care in F1 pups 
whose P1 parents had both been exposed to BPA. It has been postulated 
that care of offspring by California mice males might permit the female 
increased time outside of the nest to forage for food. Pup body weight and 
temperature, as assessed by thermal imaging, in F1 pups whose P1 parents 
were exposed to a lower (5 mg BPA/ kg feed weight, FW) or upper BPA 
dose (50 mg BPA/ kg FW) or ethinyl estradiol EE (0.1 ppb feed weight) was 
compared to control F1 offspring. While there was no difference in F1 pup 
body weight, body temperature of these pups from all three of these 
treatment groups was overall less than those of control (CTL) pups (P value 
range= 0.01 to 0.04). Overall, findings suggest that acute and 
developmental exposure to BPA can compromise aspects of biparental care 
in California mice.  
Supported by the US National Institute of Environmental Health Sciences 
(NIEHS) 
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Hypothalamic AgRP-neurons control 
peripheral nutrient partitioning and substrate 
utilization 
Aurélie Joly-Amado1, Raphaël G.P. Denis1, Julien Castel1,2, Amélie 
Lacombe1, Céline Cansell1, Claude Rouch1,2, Nadim Kassis1,2, 
Julien Dairou1, Patrice D. Cani3, Renée Ventura-deussing4, 
Alexandre Prola4, Melissa Flamment5, 6, Fabienne Foufelle5, 6, 

Christophe Magnan1, Serge Luquet1,2 serge.luquet@univ-paris-diderot.fr  
1Univ Paris Diderot, Sorbonne Paris Cité, Unité de Biologie Fonctionnelle et Adaptative, 
CNRS UMR 8251, F-75205 Paris, France and  2Centre National de la Recherche 
Scientifique-CNRS EAC 4413, F-75205 Paris, France. 3Université catholique de Louvain, 
Louvain Drug Research Institute, Metabolism and Nutrition Research Group, Brussels, 
Belgium. 4 INSERM, UMR-S769, Univ Paris-Sud Châtenay-Malabry F-92296 France 
5INSERM, UMR-S 872, Centre de Recherche des Cordeliers, Paris, France and 
6Université Pierre et Marie Curie-Paris 6, Paris, France. 
 
Control of energy homeostasis involves a complex network of both peripheral and central 
signals which permanently inform central nervous system (CNS) about nutritional status 
thus allowing an adaptive response in regard to energy demand. At the level of the 
hypothalamus, the arcuate nucleus (ARC) plays a fundamental role in the integration of 
circulating signals of hunger and satiety that cannot cross the blood brain barrier such as 
leptin, insulin, ghrelin or the peptide YY (PYY3-36). The ARC contains at least two 
neuronal populations that are crucially involved in the regulation of energy balance: the 
neurons that make Neuropeptide Y (NPY) and Agouti-related Protein (AgRP) both 
powerful orexigenic peptide and the neurons that make the pro-opiomélanocortin 
(POMC), which secretes the alpha-melanocyte-stimulating-hormone (alpha-MSH) and 
the cocain and amphetamine related transcript (CART) which are  powerful anorectic 
peptide. Disruption of this central integrative ability invariably leads to uncontrolled body 
weight such as obesity. Interestingly, it has become evident that obesity-related 
metabolic complications are not solely caused by excessive nutrient intake, but also 
involve the inappropriate conversion, storage and utilization of nutrients. Obesity-related 
diseases such as diabetes and dyslipidemia result from metabolic alterations including 
the defective conversion, storage and utilization of nutrients, but the central mechanisms 
that regulate this process of nutrient partitioning remain elusive. As positive regulators of 
feeding behavior, AgRP-neurons are indispensible for the hypothalamic integration of 
energy balance. We have developed a mouse model in which hypothalamic AgRP 
neurons can be selectively ablated at neonatal stage to study the role of this neuronal 
population in different aspect of energy balance. Here, we demonstrate a role for AgRP-
neurons in the control of nutrient partitioning. We report that ablation of AgRP neurons 
leads to a change in autonomic output onto liver, muscle, and pancreas affecting the 
relative balance between lipids and carbohydrates metabolism. As a consequence, mice 
lacking AgRP-neurons become obese and hyperinsulinemic on regular chow but display 
reduced body weight gain and paradoxical improvement in glucose tolerance on high fat 
diet. These results provide a direct demonstration of a role for AgRP-neurons in the 
coordination of efferent organ activity and nutrient partitioning, providing a mechanistic 
link between obesity and obesity-related disorders. 

 
Recent advances in rainbow trout leptin 
endocrinology 
Thrandur Björnsson, Marcus Johansson, Ingibjörg E 
Einarsdottir, Elisabeth Jönsson and Ningping Gong 
The Fish Endocrinology Laboratory, Department of Biological 
and Environmental Sciences, University of Gothenburg, 

Sweden  thrandur.bjornsson@bioenv.gu.se. 
In rainbow trout, plasma leptin levels range from 300-2200 pM under various 
physiological and experimental conditions. The origin of circulating leptin is 
as yet unknown, but evidence indicates liver as well as adipose as leptin-
secreting tissues. 
Plasma leptin levels increase under catabolic conditions induced by fasting 
or feed restrictions, as well as during parasitic infection, i.e. situations during 
which feed intake is reduced. On one hand, this is in agreement with the 
anorexigenic effect of leptin in rainbow trout where treatment acutely 
suppresses food intake and increases POMC expression. On the other hand, 
the fasting-induced leptin increase is in contrast with a decrease in 
mammalian species such as mouse and human under similar circumstances. 
This implies fundamental differences between species in the role that leptin 
may play in energy homeostasis. Rainbow trout as other salmonid species 
are evolutionary adapted to seasons of limited food availability during which 
energy conservation is a key survival strategy. A leptin-induced anorexia 
has been suggested to be an endocrine mechanism supporting such 
strategy. After prolonged fasting, rainbow trout are slow (hours-days) in 
resuming foraging activities and feed intake, indicating that they have 
entered a state of anorexia, but as the fish start feeding, plasma leptin 
decreases to normal levels within hours.  
Several shorter leptin receptor isoforms, generated through alternative 
splicing mechanisms, have been characterized in rainbow trout, 
representing circulating leptin-binding proteins as well as a membrane-
bound truncated receptor. Data show leptin-binding protein levels to be 
around 45 ng ml-1 and increase after 3-week fasting. The truncated leptin 
receptor is differentially expressed in the CNS and changes in response to 
nutritional conditions, indicating that it can function as a dominant negative, 
modulating leptin action at the level of the CNS. 
In fish as in mammals, fundamental differences exist among species in 
terms of energy homeostasis and its regulation, and generalizations 
concerning leptin function across species should probably be avoided. In 
rainbow trout, leptin appears to be involved in the short-term regulation of 
appetite and well as the long-term regulation of energy balance, but much 
work remains for the full elucidation of leptin action in this species. 
Supported by the Swedish research council Formas and the EU LIFECYCLE 
project 
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Probiotics regulate lipid metabolism: the zebrafish 
model to study the mechanism to prevent lipid 
disorder 
 
Silvia Falcinelli1, Simona Picchietti2, Ana Rodiles3, Lina 
Cossignani4, Daniel L. Merrifield3, Anna Rita Taddei2, 

Francesca Maradonna 1, Ike Olivotto1, Giorgia Gioacchini 1 and Oliana Carnevali1  
 
1.Dipartimento di Scienze della Vita e dell’Ambiente, Università Politecnica delle 
Marche, Ancona, Italy.  
2.Department for Innovation in Biological, Agro-food and Forest Systems 
(DIBAF),University of Tuscia, Viterbo, Italy.  
3.Aquatic Animal Nutrition and Health Research Group, School of Biological 
Sciences, Plymouth University, PL4 8AA, UK.  
4.Dipartimento di Scienze Economico-Estimative e degli Alimenti, Sezione di 
Chimica Bromatologica, Biochimica, Fisiologia e Nutrizione, Università degli Studi 
di Perugia, Perugia, Italy.  
s.falcinelli@univpm.it  
Dipartimento di Scienze della Vita e dell’Ambiente, Università Politecnica delle 
Marche, Via Brecce Bianche, 1 Ancona, Italy. 
 
The gut microbiota has been identified as an environmental factor that may plays 
an important role on host’s energy balance, despite that, how microbiota interact 
to regulate lipid metabolism is still objective of study. In the present research, we 
evaluated the effects of probiotic Lactobacillus rhamnosus administration on gut 
microbial community composition, lipid metabolism, appetite control and growth in 
zebrafish larvae. Metagenomic results revealed that L. rhamnosus administration 
was able to populate the gastrointestinal tract and modulate the relative 
abundance of the microbial composition of the zebrafish larvae. Morphological 
analysis by Transmission Electron Microscopy showed that the changes on 
microbial community composition were associated with an increase of microvilli 
and enterocyte height, and with a reduction of lipid droplets size in the intestinal 
epithelium of treated zebrafish larvae. Moreover, the gut microbial changes after 
L. rhamnosus supplementation, modulated the expression of genes involved in 
appetite control and also modulated a wide set of genes involved in synthesis, 
transport, storage and homeostasis of lipids, concomitant with a significant 
decrease of total body triglycerides and cholesterol, and an increase of total body 
fatty acids amount in probiotic treated larvae. These changes are related to a 
faster growth in zebrafish treated larvae. This study clearly demonstrated a novel 
role of L. rhamnosus on the modulation of gut microbiota which reflect an 
improvement of intestinal epithelium structures, a modulation of lipid metabolism 
and appetite related genes and growth in zebrafish, suggesting a potential role for 
L. rhamnosus within lipid disorders treatments. 
 
Acknowledgment: this study was supported by FA to OC 

 
Adipokinetic hormone enhances serine 
protease activity in the midgut of the 
anautogenous flesh fly, Sarcophaga 
crassipalpis 
 
Magdalena Bil1*, Valerie Broeckx2, Roger Huybrechts1 

 
1 Research group of Insect Physiology and Molecular Ethology, KU Leuven, 
Naamsestraat 59, B-3000 Belgium  
2 Research group of Functional Genomics and Proteomics, KU Leuven, 
Naamsestraat 59, B-3000 Belgium 
magdalena.bil@bio.kuleuven.be 
 
Digestion plays a crucial role to valorize the nutrients that are the main 
source of building blocks and energy to start vitellogenesis. Obligate 
anautogenous insects, like several species of mosquitoes and flesh flies, 
need a protein meal in order to produce their first batch of eggs. This protein 
meal elicits an increase in midgut proteolytic activity that is under 
neuropeptidergic regulation. Time series of decapitation and rescue 
experiments of liver fed flies evidenced the need of a peptide factor released 
by corpora cardiaca (CC) within four hours post protein meal in order to 
assure complete protein digestion. Q-Exactive quantitative differential 
peptidomics analysis on CC of sugar fed flies and flies five hours post 
protein meal respectively, showed a unique consistent decrease in the 
stored amount of adipokinetic hormone (AKH) ranging between 16 up to 
63%. Injection of AKH into liver fed decapitated flies as well as sugar fed 
intact flies resulted in enhanced midgut proteolytic activity up to the level of 
intact protein fed flies. The pharmalogicaly induced release of AKH from CC, 
using injections of metformin, also resulted in increase of midgut proteolitic 
activity and as such mimics AKH injection. Our finding of AKH affecting 
enzymatic digestive activity confirms earlier data obtained using firefbugs 
(Kodrik et al., 2012). 
The other 7 different low molecular weight neuropeptides found in the CC 
extract are Yamides, short neuropeptides F, myosuppressin, corazonin, 
pyrokinin and CAPA. The literature study suggests that almost all of these 
molecules are in some way related to feeding behavior. However our 
analysis demonstrated that none of them are involved in the process of 
digestion in sugar or liver fed flies. 
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Feeding entrainment of locomotor activity and 
clock gene expression rhythms in a nocturnal 
flatfish, the Senegalese sole 
 
Sara Frau1, F. Javier Sánchez-Vázquez2, Carlos Pendón3, 
José A. Muñoz-Cueto1, Águeda J. Martín-Robles1   

1 Department of Biology, Faculty of Marine and Environmental Sciences, 
University of Cádiz, Spain. munoz.cueto@uca.es 
2 Department of Physiology, Faculty of Biology, University of Murcia, Spain. 
3 Department of Biomedicine, Biotechnology and Public Health, Faculty of 
Sciences, University of Cádiz, Spain. 
 
Endogenous circadian rhythmicity is adjusted by environmental cues, which 
entrain clock gene expression and generate rhythmic behavioral and 
physiological responses. In vertebrates, light and feeding have been 
classically considered as the most powerful synchronizers for central and 
peripheral oscillators, respectively. Feeding cycles could also be involved in 
resetting the central oscillator, although this role is still unclear in fish as 
studies are scarce. In this research, we analysed the effect of light and 
feeding cycles on locomotor activity and clock gene expression for the first 
time in a nocturnal fish species. Sole were maintained under a 12h light:12h 
dark cycle (LD) and different feeding schedules were applied: a single daily 
meal delivered in the middle of the day (ML), night (MD) or at random (RD). 
After one month, animals were sacrificed every 4h during a 24h cycle and 
selected neural (diencephalon and optic tectum) and peripheral (liver) 
tissues were dissected out. Clock gene expression was quantified by real 
time qPCR and significant daily rhythms were determined by cosinor 
analysis. Locomotor activity was also monitored during the experiment. A 
strictly nocturnal locomotor activity was observed in sole, although a diurnal 
feeding-anticipatory peak of activity was detected prior to mealtime in ML 
group. Daily rhythms of clock gene expression in diencephalon were 
entrained by the LD cycle and faintly affected by feeding time. However, in 
optic tectum both LD and feeding cycles were able to entrain clock gene 
expression in ML and MD, but not in RD fish. Regarding the liver, feeding 
time was the main synchronizer of clock gene rhythms, confirming the 
higher sensitivity of this organ to feeding entrainment. These data suggest 
that a light entrainable oscillator (LEO) could be present in sole 
diencephalon, and point to the optic tectum as a candidate brain area to 
hold a feeding entrainable oscillator (FEO) or, at least, to be part of the FEO 
network in this species.  
Supported by a grant from MINECO (AGL2010-22139-C03-03-3) to JAMC. 

	  
Melatonin affects migration and apoptosis of 
carp inflammatory leukocytes 
Magdalena Kepka1, Lukasz Pijanowski1, B.M. Lidy Verburg-van 
Kemenade2, Magdalena Chadzinska1 
1Institute of Zoology, Jagiellonian University, Krakow, Poland 
2Cell Biology and Immunology Group, Wageningen University, 

the Netherlands 
Lidy.vankemenade@wur.nl 
 
Melatonin is notorious as a crucial mediator for synchronization of many 
physiological processes. It is also involved in the bidirectional interaction between 
the neuroendocrine and immune systems. During inflammation in mammals, 
melatonin regulates the vascular permeability, the recruitment of leukocytes and 
the expression of pro- and anti-inflammatory mediators. Moreover, in the immune 
system melatonin is a potent scavenger/inhibitor of reactive oxygen (ROS) and 
nitrogen (RNS) species, being potent phagocyte derived antimicrobial factors. 
Interestingly, both ROS and RNS play an important role in the induction and 
regulation of programmed cell death – apoptosis. This crucial mechanism for 
eradication of cells during the resolution phase of inflammation can be activated 
via two main pathways: the extrinsic pathway involving death receptors and the 
intrinsic pathway which induces mitochondrial changes, including the loss of 
mitochondrial membrane potential (MMP). Both pathways lead to a caspase 
cascade and activation of endonucleases.  
We studied the role of melatonin, as an antioxidant, in the modification of 
leukocyte apoptosis in common carp, in vitro upon cell immunostimulation and in 
vivo – during zymosan-induced peritonitis.  
As expected, in vitro incubation of head kidney leukocytes with phorbol ester 
(PMA) induced a robust production of ROS and induced apoptosis, however 
surprisingly melatonin only slightly inhibited late apoptosis in granulocytes and 
lymphocytes (both in control and in PMA-stimulated cells) and 
monocytes/macrophages (only upon PMA stimulation). Melatonin however 
induced a significant reduction of leukocyte migration towards CXCL8-like and 
CXCL9-11-like chemokines. During zymosan-induced peritonitis melatonin 
changed the cell composition of the peritoneal lavage – in the focus of 
inflammation it reduced the number of inflammatory granulocytes and 
lymphocytes, but not macrophages. Furthermore, these melatonin-induced 
changes in cell composition resulted in an inhibition of ROS production in the 
focus of inflammation. Interestingly, melatonin also reduced apoptosis of 
inflammatory leukocytes but did not affect MMP. These data indicate that in fish 
melatonin regulates both the early phase of inflammation, comprising phagocyte 
migration, as well as the late resolution phase of this process connected with 
apoptosis of inflammatory leukocytes. 
Supported by the Polish National Science Center (grant no. 
2012/05/N/N26/00761). 
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Ghrelin does not seem to synchronize 
locomotor activity rhythms in goldfish 
(Carassius auratus). Effects of animal handling.  
 
Miguel Gómez-Boronat, Ayelén M. Blanco-Imperiali, Esther 
Isorna, María J. Delgado 

 
Department of Animal Physiology, Faculty of Biology, University Complutense of 
Madrid, Spain 
miguelbio_mxb@hotmail.com 
 
An interaction between circadian system and some endogenous feeding 
regulators, as ghrelin, has been suggested in mammals. Recent studies in fish 
indicate a possible role of this orexigenic peptide as an input signal synchronizing 
food-entrained oscillators. To date it is unexplored the possible actions of ghrelin 
on daily locomotor activity rhythms and, particularly, on the establishment of the 
food anticipatory activity. Then, the objective of this study is to investigate if 
ghrelin can be acting as a synchronizer of general locomotor activity and feeding-
related activity in goldfish (Carassius auratus). For that purpose fish were 
maintained under free-running conditions, 24h semidarkness (50lux) and random 
feeding regime, and intraperitoneal (IP) injected with ghrelin (20pmol/g bw) or 
saline during 10 days. Locomotor activity was quantified by attaching a series of 
photocells to the aquaria walls linked to a chronobiological software. Results show 
that the location of photocells allows to clearly discriminate between general and 
feeding-related activity. IP injections of both saline and ghrelin increase general 
locomotor activity, but not feeding-related activity, from one hour before to one 
hour after the injection time. Thus, animal handling seems to be responsible of 
such altered general activity pattern, synchronizing a significant 24-h rhythm in 
general activity. To elucidate if that synchronization is produced by the exposure 
of fish to higher light intensity (4000lux) for 5min at a fixed time, the aquaria lids 
were opened for another 10 days without additional disturbance. We found that 
daily general activity is not synchronized by such 4000lux exposure for 5min, but it 
increases significantly one hour after. These results indicates that it does not 
seem to exist a synchronization to the light exposure by itself, but it produces an 
acute stimulatory effect of general locomotor activity. Feeding-related activity, in 
contrast, remains unmodified. In conclusion, ghrelin does not seem to synchronize 
locomotor activity (neither general nor feeding-related), but animal handling does. 
Therefore, animal handling must be taken into account when performing 
chronobiological studies, since it could modify not only the functioning of 
oscillators, but also the outputs of circadian system, as the locomotor activity 
rhythms. 
 
Acknowledgements. This study was supported by the Spanish MINECO (AGL 
2010-22247-C03-02) project. A. M. Blanco-Imperiali is a predoctoral fellowship 
from Spanish MEC (FPU). 
 

 
Melatonin-dependent rhythmicity in cell 
proliferation in the median eminence and 
pituitary of adult mice 
 
Michaela Fredrich1, Elmar Christ1, Horst-Werner Korf1 

 
1Dr. Senckenbergische Anatomie, Dr. Senckenbergisches Chronomedizinisches 
Institut, Goethe-Universität Frankfurt 
Fredrich@med.uni-frankfurt.de 
Cell proliferation in the adult hypothalamic-pituitary system is required to 
adjust neuroendocrine circuits to environmental stimuli such as the 
photoperiod. The hypothalamic-pituitary system is subjected to 
diurnal/circadian rhythms both on the molecular and behavioral level. We 
studied the median eminence (ME), the hypophysial pars tuberalis (PT) and 
pars distalis (PD) of male adult mice to investigate whether cell proliferation 
follows a diurnal rhythm controlled by melatonin signaling. Melatonin-
proficient C3H/HeN (C3H) mice, melatonin-deficient C57Bl/6J (C57Bl) mice 
and melatonin-proficient mice with targeted deletion of both melatonin 
receptors (MT1/2 double KO) were adapted to a 12h light 12h dark cycle 
and sacrificed at ZT00, 06, 12 and 18, with 4 animals per timepoint and 
strain. Immunohistochemistry for Ki67, a nuclear marker for all active stages 
of the cell cycle, served to measure cell proliferation. In all regions and 
strains analyzed, we found ongoing cell proliferation at all 4 timepoints. Cell 
proliferation in the PT was constitutive and showed no rhythm. On average, 
1% of all cell nuclei labeled by Hoechst were Ki67 immunoreactive. In 
contrast to the PT, the ME and the PD showed daily fluctuations in cell 
proliferation. In the ME of C3H mice, Ki67 immunoreactive cell nuclei 
accounted for about 2% of the total number of cell nuclei at ZT00, 06 and 18, 
but at ZT12, i.e. at the beginning of the night the number of proliferating cells 
increased significantly, while cell proliferation in the ME of C57Bl and MT1/2 
KO mice showed no rhythm. In the PD of C3H mice, the percentage of Ki67 
immunoreactive cell nuclei did not differ between ZT00, 12 and 18. However 
at ZT6, i.e., in the middle of the day, cell proliferation decreased by about 
40% as compared to ZT00, 12 and 18. Notably, cell proliferation in the PD of 
C57Bl and MT1/2 KO mice showed no daily rhythm. In summary, our results 
indicate that cell proliferation in the ME and PD of C3H mice underlie a 
distinct day/night rhythm while cell proliferation in C57Bl and MT1/2 KO mice 
showed a constant level over the day. We suggest that melatonin signaling 
is involved in the control of rhythmic proliferation. The total number of cell 
nuclei, including dividing and non-dividing did not change significantly in the 
course of the day. Therefore, proliferation seems to be accompanied by 
apoptosis to ensure proper maintenance and function of the ME, PT and PD 
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Thermosensing mechanisms in salmonid fish 
and seasonal responses 
 
Laura Gabriela Nisembaum1, Laurence Besseau2, 
Charles-Hubert Paulin2, Alice Charpantier2, Guillaume 

Loentgen2, Patrick Martin3, Elodie Magnanou1, Michael Fuentès1, Maria 
Jesus Delgado4, Jack Falcón1. 
 

1CNRS, UMR7232, Banyuls sur Mer, France 
2UPMC, Univ Paris 06, UMR7232, Banyuls sur Mer, France  
3Conservatoire National du Saumon Sauvage, Chanteuges, France  
4Universidad Complutense de Madrid, Madrid, Spain 
nisembaum@obs-banyuls.fr 
The water temperature and length of the light/dark phases are used as 
external cues by the rainbow trout (Oncorhynchus mykiss) and the Atlantic 
salmon (Salmon salar) to synchronize seasonal events such as the 
migration from fresh to sea water. During this process, a set of physiological 
and behavioral changes occurs, including the control of locomotor activity 
and the preparation to sea water tolerance (smoltification); once in the sea 
the fish will invest in fattening, and maturation until his return to the mother 
river to achieve the reproduction stage. Melatonin, the time-keeping 
hormone, is secreted at night. While the duration of its secretion reflects the 
duration of the night, the amplitude of the nocturnal peak depends on the 
ambient temperature. This and the observation that melatonin synchronizes 
many biological functions led us to study the possible implication of this 
hormone in triggering the migration process in salmonid fish. In addition, we 
hypothesized that the effects of temperature might be mediated by transient 
receptor potential channels (TRPs), which are known to mediate 
temperature sensing in mammals. In the present study we show that pineal 
melatonin secretion in vitro is temperature-dependent in trout and salmon 
pineal glands. In addition, we describe the cloning, tissue distribution and 
cellular localization of two TRP (TRPV1 and TRPV4) channels in both 
species. Finally, pharmacological approaches lead us to suggest the 
implication of these channels in the control of pineal melatonin secretion. 
Seasonal dependent differences were observed in response to temperature 
changes or challenges with TRP analogues; this might reflect seasonal-
dependent changes in temperature sensitivity. In conclusion, these results 
provide clues to understand the mechanisms of temperature control of 
pineal melatonin secretion in fish. More generally they pave the way to 
future studies aiming at investigating the still not deciphered mechanisms of 
temperature sensing in ectothermic vertebrates. 
Supported by SalTemp project (ANR Programe Bioadapt).  

 
Melatonin amplifies circadian clock and 
induces antidepressant-like effect in mice 
under short photoperiod 
 
Nagy A.D. 1,2, Iwamoto A1, Kawai M1, Goda R1, Matsuo H1, 
Otsuka T1, Nagasawa M1, Furuse M1, Yasuo S1 

 
1 Laboratory of Regulation in Metabolism and Behavior, Faculty of 
Agriculture, Kyushu University, Fukuoka, Japan 
2 University of Pécs, Medical School, Department of Anatomy; Pécs, 
Hungary 
andras.d.nagy@aok.pte.hu 
 
Recently we have shown that C57BL/6J mice exhibit depression-like 
behavior under short photoperiod and suggested them as an animal model 
for investigating seasonal affective disorder (SAD). In the present study we 
tested if manipulations of the circadian clock with melatonin treatment could 
effectively modify depression-like and anxiety-like behaviors, and brain 
serotonergic system in C57BL/6J mice. Under short photoperiods (8 h 
light/16 h dark), daily melatonin treatments two h before light offset have 
significantly altered the 24 h patterns of mRNA expression of circadian clock 
genes (per1, per2, bmal1, clock) within the suprachiasmatic nuclei (SCN) 
mostly by amplification of their expressional rhythms without inducing phase 
shifts in them. Melatonin treatments altered the expression of genes of 
serotonergic neurotransmission in the dorsal raphe (tph2, sert, vmat2, 
5ht1a) and serotonin contents in the amygdala. Importantly, melatonin 
treatment reduced the immobility in forced swim test, a depression-like 
behavior. As a key mechanism of melatonin-induced antidepressant-like 
effect, the previously proposed phase-advance hypothesis of the circadian 
clock could not be confirmed. In turn, we have found the enhancement of 
the amplitude of the circadian clock in the SCN as a result of melatonin 
treatments, which may be linked to findings in the brain serotonergic system 
and to improvement in depression-like behavior. Our study confirmed a 
predictive validity of C57BL/6J mice as a useful model for the molecular 
analysis of links between the clock and brain serotonergic system which 
could greatly accelerate our understanding of the pathogenesis of SAD, as 
well as the search for new treatments 
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X-ray irradiation phase-advances the molecular 
clockwork in liver, adrenal gland, and pancreas 
 
Mareike Müller1,2, Franz Rödel3, Horst-Werner Korf1 
 
1 Dr. Senckenbergisches Chronomedizinisches Institut, 

Theodor-Stern-Kai 7, 60590 Frankfurt am Main, Germany  
2 Frankfurt Institute for Advanced Studies, Goethe University Frankfurt/Main, 
Ruth-Moufang-Straße 1, 60438 Frankfurt am Main, Germany  
3 Klinik für Strahlentherapie und Onkologie, Klinikum der Goethe Universität 
Frankfurt am Main, 60590 Frankfurt am Main, Germany 
m.mueller@med.uni-frankfurt.de 
 
The circadian clock of man and mammals shows a hierarchic organization. 
The master clock, located in the suprachiasmatic nuclei (SCN), controls 
peripheral oscillators distributed throughout the body. Rhythm generation 
depends on molecular clockworks based on transcriptional/translational 
interaction of clock genes. Numerous studies have shown that the clockwork 
in peripheral oscillators is capable to maintain circadian rhythms for several 
cycles in vitro, i.e., in the absence of signals from the SCN. The aim of the 
present study is to analyze the effects of X-ray irradiation on the clockwork 
of liver, adrenal and pancreas. To this end organotypic slice cultures of liver 
(OLSC) and organotypic explant cultures of adrenal glands (OAEC) and 
pancreas (OPEC) were prepared from transgenic mPer2luc mice which 
express luciferase under the control of the promoter of an important clock 
gene, Per2 and allow to study the dynamics of the molecular clockwork by 
bioluminometry. The preparations were cultured in a membrane-based 
liquid-air interface culturing system and irradiated with X-rays at doses of 10 
Gy and 50 Gy or left untreated. Bioluminometric real-time recordings show a 
stable oscillation of all OLSC, OAEC, and OPEC for up to 12 days in vitro. 
Oscillations persist after irradiation with X-rays. However, a dose of 50 Gy 
caused a phase advance in the rhythm of OLSC and OAEC by 6 h and in 
OPEC by 7 h. Our study shows that X-ray radiation affects the molecular 
clockwork in liver, pancreas and adrenal leading to phase advances whose 
magnitude varied among the three organs investigated. Our results confirm 
and extend previous studies showing a phase-advancing effect of X-ray 
radiation at the level of the whole animal and single cells. 
 
 

 
Food, in contrast to environmental light-dark 
cycle, is the synchronizer of gut melatonergic 
system in carp Catla catla 
 
Mukherjee Sourav, Moniruzzaman Mahammed and Maitra 
Saumen Kumar 

Department of Zoology, Visva-Bharati University, Santiniketan - 731235, 
India 
sourav16@gmail.com 
 
Melatonin (5-methoxy-N-acetyltryptamine) in carp is synthesised in the pineal and 
in the gut as well. In the pineal, Arylalkylamine N-acetyltransferase (AANAT), the 
key enzyme in the regulation of melatonin biosynthetic pathway, undergoes 
diurnal fluctuations in synchronization with daily light-dark cycle with a peak during 
dark phase and is held responsible for nocturnal rise of melatonin in the pineal as 
well as in circulation. Melatonin in carp gut also exhibits diurnal rhythm, but unlike 
in pineal and serum, the peak is recorded at mid-day. Moreover, the regulation of 
synthesis of melatonin in gut is not influenced by the environmental light-dark 
conditions, as is evident from experimental studies under artificial long- (LP) or, 
short (SP) photoperiods as well as under continuous light (LL) or, darkness (DD) 
under which a almost identical diurnal pattern of rhythm of gut melatonin is noted, 
irrespective of photoperiodic history of the carps. In contrast, the temporal pattern 
of pineal and serum melatonin is altered by LP, SP as well as LL and DD. Such 
study warranted search for non-photic cues involved in circadian organization of 
gut melatonin in carp. Accordingly, the effects of food deprivation or, refeeding for 
different duration or, altered timing of food availability have been studied through 
estimation of melatonin concentrations and relative densitometric analysis of 
AANAT protein in gut following radioimmunoassay and Western blot analysis, 
respectively. The results depict that food deprivation gradually increases 
melatonin concentrations and AANAT density, and in contrast, re-feeding 
decreases their levels, while ~2 weeks of continuous re-feeding results in 
retainment of the normal level of both gut melatonin and AANAT. Additionally, a 
sudden elevation in the melatonin concentration is noted in serum in all the food 
deprived carps, which provides indications that during starvation gut is contributing 
to the circulating profiles of melatonin at least during the daytime, as nocturnal 
values remain unchanged. Moreover, a significant positive correlation in between 
the attainment of diurnal peak in melatonin as well as AANAT density in gut and 
the time of food supply is noted and thereby underlines a strong influence of the 
schedule of food availability in the regulation of gut melatonin synthesis. Taken 
together, it appears reasonable to argue that, in all probability, food entrainment 
factors may act as the synchronizer of the daily temporal pattern of melatoninergic 
system in carp gut. 
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Influence of melatonin on ovaprim induced 
oocyte maturation and ovulation in Indian 
major carp Catla catla 
 
Moniruzzaman Mahammed, Mukherjee Sourav and Maitra 
Saumen Kumar 

 
Department of Zoology, Visva-Bharati University, Santiniketan-731235, India 
e-mail: moni.vbu@gmail.com 
 
Ovaprim, an effective spawning inducer for artificial breeding of fish, contains 
sGnRH analogue and domperidone, a dopamine receptor blocker. The current 
study demonstrates the influence of melatonin on ovaprim induced final oocyte 
maturation and ovulation through the production of 17α, 20β-dihydroxy-4-pregnen-
3-one or MIH, maturing ultimately with formation of MPF. During post-vitellogenic 
phase, adult female Catla were injected with ovaprim alone or in combination with 
melatonin at different time intervals. After latency period, the rate of germinal 
vesicle breakdown (GVBD), a visual marker of final oocyte maturation, in each fish 
group was determined at microscopic level. Additionally, the rate of formation of 
maturation promoting factor (MPF), a complex of two proteins (a regulatory 
component called cyclin B and the catalytic component protein kinase known as 
cyclin-dependent kinase, Cdk1) were measured following relative densitometry of 
respective immunoblots. At the end of latency period, while injection of Ovaprim 
alone led to GVBD in about 52% oocytes, administration of melatonin in 
combination with ovaprim resulted in about 79% and 70% GVBD at primary dose 
or booster dose respectively. Conversely, a schedule of melatonin administration 
2h before, or 2h after ovaprim injection resulted in about 96% and 60% GVBD 
respectively.  Notably, administration of luzindole (a pharmacological blocker of 
melatonin receptors) prior to injection of ovaprim significantly reduced the rate 
(about 28%) of GVBD and thus depicted receptor-mediated actions of exogenous 
melatonin in the acceleration of ovaprim-induced oocyte maturation in carp, 
especially when it is administered 2h prior to administration of ovaprim at primary 
dose. Moreover, estimation of the rate of formation of reactive oxygen species 
(ROS), marker of intra-cellular stress, along with measurement of different anti-
oxidant enzymes and relative abundance of  melatonin receptor proteins in the 
brain and ovarian tissues provided support to the conjecture that exogenous 
melatonin accelerates the process of ovaprim-induced oocyte maturation in carp 
by reducing the intrafollicular oxidative damage enhancing final oocyte maturation 
as reflected in the rate of GVBD in the concerned oocytes. Additionally, present 
study contributes to the idea advocating extra-hypothalamic actions of melatonin 
in the process of final oocyte maturation and ovulation in fish in general and in 
carp in particular. 

 
 
The expression of the circadian clock 
component Brain-Muscle-Arnt-Like 1 (BMAL1) 
in the chicken pineal clock model. 
 
Sabrina S. Arnold, Valer Csernus, Andras D. Nagy 

 
University of Pécs, Medical School, Department of Anatomy 
Szigeti u. 12, H-7624 Pécs, Hungary 
SabrinaArnold@gmx.de 
 
The mammalian circadian timing system allows anticipating environmental 
stress factors with relevance to health and disease development. The main 
pacemaker, the hypothalamic suprachiasmatic nucleus (SCN) coordinates 
sleep-wake cycle, hormone secretion, core body temperature, and 
metabolism via neuronal and hormonal rhythms. So far the only molecule 
found essential in generating circadian oscillations in vertebrates is BMAL1, 
a transcriptional factor. Regarding transcriptional rhythms, the pineal clock in 
birds was shown previously to function similarly to the mammalian SCN 
clock. However, tissue distribution of clock components in the avian pineal 
clock model was not analyzed earlier. Therefore, we aimed to perform 
immunohistochemical investigation of the chicken embryonic pineal gland 
using an antiserum raised against the chicken BMAL1 protein, which was 
provided for us as a generous gift from Prof. Takashi Yoshimura from 
Nagoya University. Furthermore, the transcriptional patterns of bmal1 mRNA 
contents were also investigated with RT-qPCR under various light-dark 
conditions. Our experiments revealed that BMAL1–immunoreactivity was 
present exclusively in the follicular cells of the gland, but not in the interstitial 
compartment. Bmal1 mRNA contents of chicken pineal extracts showed a 
daily rhythm with peaks during the night, and light exposure at night 
decreased bmal1 mRNA levels both in vivo and in vitro. These functional 
data resemble those seen in the mammalian SCN, confirming the potential 
of the pre-hatch chick pineal clock model for investigating circadian 
biological clock mechanisms. 
 
This work was supported by the OTKA-PD100927 and TAMOP 4.2.2.A-
11/1/KONV-2012-0024 grants.	  
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Analysis of mRNA expression patterns of 
Vasoactive Intestinal Peptide (VIP) in the 
chicken embryonic pineal gland 
 
Nagy A.D.1, Csernus V.2 

 
1. University of Pecs, Department of anatomy, Szigeti ut 12, 7624 Pecs, 
Hungary 
luqman_c@hotmail.com 
 
In the mammalian hypothalamic circadian clock, VIP is not only a key 
neuropeptide but also an important paracrine signal to synchronize neuronal 
oscillators within the suprachiasmatic nucleus. In lower vertebrates, the pineal 
gland  posseses oscillator properties similar to that of the suprachiasmatic nucleus 
(SCN) of mammals: pinealocytes keep running synchronized to each other for 
several days under in vitro cultured conditions. However, factors which maintain 
the coherent synchrony among oscillator units of the avian pineal gland were not 
known earlier. VPAC1 receptor expression and VIP contents have already been 
detected in the chicken pineal gland. However, the source of production of this 
ligand was linked to afferent neuronal inputs. To clarify if VIP could be a paracrine 
ligand in this non-mammalian clock model, we have investigated the 24 hour 
expression profile of VIP transcription with RT-qPCR in the chicken pineal gland 
both in vivo and under in vitro flow-through tissue culture conditions. To validate 
oscillator properties of our model, we measured the expression patterns for aanat 
(arylalkylamine N-acetyltransferase) and per2 (drosophila period homolog 2) 
mRNA contents aswell, which showed results consistent with abundant literature 
data 
The production of vip mRNAs showed high amplitude (100x) changes within the 
chick pineal gland both under in vivo LD and DD conditions. In contrast,  the 24 h 
pattern of vip mRNA expression showed under in vitro LD conditions no robust 
alterations. Upon light exposure at night in vitro,  a decrease of vip mRNA 
contents was seen within 2 h after light exposure, which shows that vip 
transcription in the chicken pineal model is directly responsive to unexpected light 
stimuli decoded by pineal photoreceptors and downstream signaling. On the other 
hand, PACAP1-38 treatments, a known ligand for phase-resetting the mammalian 
SCN clock,  altered or abolished transcriptional rhythmicity of vip in a dose 
dependent manner. This suggests a key role for the regulation of vip production in 
the phase adjustment of the chicken pineal clock, which can respond differentially 
to both low or high dose PACAP stimulations. In summary, our transcriptional 
results suggest that VIP produced in the chicken pineal gland may be a key 
paracrine signal to maintain intrinsically synchronized oscillations of rhythmic 
pinealocyte functions. 
 
Supported by the OTKA-PD100927 and TAMOP 4.2.2.A-11/1/KONV-2012-0024 
grants 

 
Evolutionary scenario of the Arylalkylamine N-
acetyltransferase gene duplication form early 
vertebrates to Tetrapods: functional 
implications for the melatonin time keeping 
system  
 

Elodie Magnanou1,2, Damien Cazaméa-Catalan1,2, Laurence Besseau1,2, 
Steven L. Coon3, Michael Fuentès1,2, Charles-Hubert Paulin1,2, Even H. 
Jørgensen4, Yuri I. Wolf5, Eugene V. Kooning5, Susumu Hyodo6, David C. 
Klein3, Jack Falcon1,2 
magnanou@obs-banyuls.fr 
 
1 UPMC, Univ Paris 06, UMR 7232, BIOM, Laboratoire Arago, Banyuls/Mer, 
France 
2CNRS, UMR 7232, BIOM, Laboratoire Arago Banyuls/Mer, France 
3NIH, NICHD, Section on Neuroendocrinology, Bethesda, MD, USA 
4University of Tromsø - The Arctic University of Norway, Tromsø, Norway 
5NIH, NCBI NLM, Bethesda, MD, USA 
6University of Tokyo, Chiba, Japan 
 
Melatonin is the vertebrate hormone of the night: circulating levels are 
markedly higher at night than during day. This increase is driven by 
increases in acetylation of serotonin in the pineal gland by arylalkylamine N-
acetyltransferase (AANAT), the penultimate enzyme in the synthesis of 
melatonin. AANAT is also found in the retina where melatonin plays a 
paracrine role. Here, we focused on the evolution of AANAT in early 
vertebrates and tested the putative role of whole genome duplications 
(WGD) on their diversification, using cloning, syntheny analysis and 
functional assays. We found that pineal and retinal AANAT from Agnates 
and Chondrichthyes are compositionally, biochemically, and kinetically 
similar to AANATs found in bony vertebrates (VT-AANAT), while it is absent 
in Cephalochordates and other forms of life. VT-AANAT evolved from a 
duplication of the non-vertebrate gene form of AANAT after the 
Cephalochordate–Vertebrate split. Its emergence involved a dramatic 
acceleration of evolution that accompanied neofunctionalization. The 
appearance of new VT-AANAT forms in Actinopterygians and Teleosts are 
concomitant with known WGD. We discuss the resulting AANAT 
subfunctionalization and secondary losses. 
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Leptin signaling modulates circadian 
rhythmicity of plasma glucose 
 
Edith Grosbellet1,2, Stéphanie Dumont1, Carole Schuster-
Klein3, Béatrice Guardiola-Lemaitre3, Paul Pévet1, 
François Criscuolo2 and Etienne Challet1* 
1 « Regulation of circadian clocks » team, Institute of 

Cellular and Integrative Neurosciences, UPR3212, CNRS, University of 
Strasbourg, France. 
2 « Evolutionary Ecophysiology» team, DEPE, IPHC, UMR7178, CNRS 
University of Strasbourg, France. 3 ADIR - SERVIER Research Group, 
Suresnes, France. 
grosbellet@unistra.fr 
Leptin plays a major role in the regulation of energy metabolism, via 
anorexic effects and modulation of glucose and lipid metabolism. The multi-
oscillatory circadian system regulates daily rhythmicity of most cellular and 
physiological processes. Internal timing between the central and peripheral 
clocks, whose alteration is thought to be deleterious for metabolic health, is 
maintained regular by nervous and hormonal (i.e., melatonin and 
glucocorticoids) cues. Here we tested the involvement of leptin as an 
internal time-giver for circadian coupling by investigating the impact of leptin 
rhythm on daily variations of blood glucose and lipids. Mice lacking 
functional leptin signaling (db/db and ob/ob mice) have the same altered 
timing in blood glucose rhythm (nocturnal peak), opposite to that in 
respective heterozygous littermates (daytime peak). Of note, leptin rhythm in 
db/db and control mice also peaks in anti-phase (i.e., midday and midnight, 
respectively). On the other hand, impaired leptin signaling does not induce 
major temporal abnormalities in the daily variations of plasma lipids 
(triglycerides, NEFA, HDL, LDL), besides higher levels than in control mice. 
The systematic phase-opposition for a given genotype between diurnal 
variations of glucose and leptin suggests functional relationships. Systemic 
leptin treatment (1 mg/kg for one week) in ob/ob mice out of phase (late 
morning) with endogenous secretion in control mice, leads to diminished, 
albeit arrhythmic blood glucose. By contrast, the same treatment applied in 
phase with the endogenous rhythm (early night) leads to phase-advanced 
rhythm of blood glucose (i.e., closer to the regular pattern in ob/+ mice), 
together with normalization of glycemia. Moreover, leptin treatment during 
daytime and nighttime differentially modifies the phase of daily rhythm of 
food intake, leading to respective 2-h phase-delay and 3-h phase-advance. 
Together, these findings indicate that endogenous leptin rhythm can be a 
determinant of blood glucose rhythm, independently of feeding time. 
Adequately timed leptin therapy may thus be useful to maintain/restore 
rhythmic glucose homeostasis and reduce circadian disturbances related to 
metabolic diseases. 

 
Mice, melatonin and the maintenance of 
chronotypes 
 
Pfeffer M.*, Wicht H., Ekhart D., Korf H.-W. 
 
Dr. Senckenbergische Anatomie, Institute of Anatomy II, 

Goethe University, Theodor-Stern-Kai 7, 60590 Frankfurt/Main, Germany. 
*presenting author  
 M.Pfeffer@em.uni-frankfurt.de 
 
Humans display interindividual variation of their circadian system which 
leads to considerable differences in their preferred timing of sleep and 
activity and allows to identify different chronotypes. The morning type (lark) 
displays a phase advanced onset of daily activity and sleep, whereas the 
evening type (owl) demonstrates the opposite pattern with a later phase 
angle of entrainment. Previous studies showed that different chronotypes 
also exist in laboratory rodents which would offer an ideal model to identify 
the molecular mechanisms and environmental cues underlying the different 
chronotypes. By investigating the general locomotor activity of different 
inbred mouse-strains including the melatonin-deficient (C57BL) and 
melatonin-proficient (C3H) mice as well as melatonin-proficient (C3H) mice 
with targeted deletion of one or both melatonin receptors (MT1-/-, MT2-/- 
and MT1, 2-/-) in LD and DD we have established parameters allowing to 
determine strain-specific chronotypes. Some strains accomplish most of 
their "locomotor workout" already early in the night, while others take their 
time and extend their activities well into the morning. Notably, melatonin, 
one of the main effector hormones of the circadian system, and its receptors 
were found to influence the chronotype. Mouse strains with defects in 
melatoninergic system (be it the lack of melatonin or its receptors) reproduce 
their daily rhythms (thus: their chronotype) with less accuracy than those 
with an intact system, even though the general (averaged over several days) 
early or late chronotype remained largely unaffected. 
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Stress an Adaptation 
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Downstream signalling by adipokinetic 
hormone to counter oxidative stress in 
Drosophila melanogaster – Is FoxO involved? 
 
Andrea Bednářová1,2,3, Dalibor Kodrík1,2 and Natraj 
Krishnan 3  

 
1 Institute of Entomology, Biology Centre, České Budějovice, Czech 
Republic 
2 University of South Bohemia, České Budějovice, Czech Republic 
3 Mississippi State University, Mississippi State, USA 
 
Forkhead box class O (FoxO) transcription factors are a family of conserved 
proteins that regulate the cellular response to various stimuli, such as 
energy deprivation, stress, as well as developmental cues. FoxO proteins 
are also important mediators of the response to oxidative stress (OS). In this 
study we present evidence that insect adipokinetic hormones (AKHs), which 
are pleiotropic neuropeptides involved in response to OS (in addition to their 
primary role in energy homeostasis) employ the FoxO transcription factor 
(dFoxO) to exert this effect in Drosophila melanogaster. Using the Gal-
4/UAS system several fly lines were generated: (1) with ablation of AKH 
cells (AKH-Gal4/UAS-rpr- AKH cell deficient- AKH-CD), (2) with AKH 
secretion deficiency (AKH-Gal4/UAS-Tetx- AKH-SD), (3) with over-
expression of AKH production (AKH-Gal4/UAS-AKH), and (4) the AKH-RNAi 
line. The response to acute exposure to either paraquat (20 mM) in 5% 
sucrose or 80 µM hydrogen peroxide (HP) revealed that flies overexpressing 
AKH had significantly less mortality than AKH-CD, AKD-SD, AKH-RNAi or 
the respective control lines (AKH-Gal4/+). Gene expression analysis 
followed by western blots revealed that AKH-RNAi flies had significantly less 
FoxO transcript and translated protein compared to flies overexpressing 
AKH when challenged with HP. Differential changes in expression of AMPK, 
TOR, PKA and Akt were also recorded among the genotypes tested in 
response to HP stress. The median lifespan of AKH over-expressing flies 
was also greater than AKH-CD, AKH-SD, AKH-RNAi and comparable to the 
control (AKH-Gal4/+). Circadian locomotory activity rhythms revealed that 
flies over-expressing AKH sustained the strength of their rhythms even at 
day 35 compared to AKH-CD, AKD-SD and AKH-RNAi flies. Taken together, 
our data strongly suggest a role for dFoxO downstream of AKH as a 
transcription factor to mediate response to OS in D. melanogaster. 
 
Supported by the GAJU project No. 140/2014/P and GACR project No. 14-
07172S	  

 
Gradation of the acute stress response in 
rainbow trout exposed to stressors of different 
intensity 
 
Manuel Gesto, Cristina Otero-Rodiño, Juan Hernández, 
Fatemeh Naderi, Cristina Velasco, Marta Librán-Pérez, 

Marcos A. López-Patiño, José L. Soengas, Jesús M. Míguez 
 
Departamento de Bioloxía Funcional e Ciencias da Saúde, Universidade de 
Vigo, Vigo, Spain 
manuelgesto@uvigo.es 
 
After an intense acute stressor, fish develop a metabolic and behavioural 
stress response that usually lasts for several hours. Brain monoaminergic 
systems, in special the serotonergic system, seem to have a key role in the 
central regulation of the stress response. However, the relevance of the 
stressor intensity in the brain monoaminergic systems and in the induced 
stress responses is yet poorly understood. We hypothesized that 
serotonergic system could have a direct role in the integration of sensory 
information during stressor exposure and in the organization of the 
subsequent integrated stress responses. According to our hypothesis, lower 
stressor intensities would induce lower alterations in brain serotonergic 
system and therefore, stress responses of less intensity and duration. To 
test this, we exposed fish to handling disturbance for 5 s, 15 s or 3 min. After 
the beginning of the stress protocol, we sampled fish at 0 (controls), 3, 15, 
45 and 240 min. Brain levels of serotonin, dopamine and their respective 
main oxidative metabolites 5-HIAA and DOPAC were analysed, along with 
plasma stress markers (catecholamines, cortisol, glucose and lactate). 
Regarding stress markers, the 5 s and 15 s stress protocols induced similar 
and relatively low elevations in all parameters assessed. As expected, the 3 
min protocol induced responses of higher intensity and duration in all 
plasma parameters. Interestingly, the alterations of brain monoaminergic 
systems did not follow the same trend. The three stress protocols induced 
similar increases (in size and duration) on the serotonergic activity in all 
brain regions analysed (hypothalamus, telencephalon and medulla 
oblongata), independently of the duration of the handling disturbance, while 
the effects on dopaminergic system were minor and brain region-dependent. 
These data suggest that the brain serotonergic system, though likely 
involved in the recognition of the stressor stimuli, is not the only actor 
determining the intensity of the acute stress response in trout. Further 
studies would be required to investigate the participation of other neural 
pathways in that regulation. 
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Oxidative load of lymphatic tissues of common 
goat Capra hircus: Involvement of sex, season 
and melatonin 
 
Ghosh S., Kaushalendraa, Singh A. K., Haldar C. 

 
Pineal Research Lab., Department of Zoology, Faculty of Science, Banaras 
Hindu University, Varanasi-221005, Uttar-Pradesh, India. 
somenath.bdn@gmail.com 
 
Aim: Oxidative stress is an active field of research in veterinary science, as 
generation of free radicals in excess affects various physiological functions 
including immunity that may limit the production. The discovery of melatonin 
as a direct free radical scavenger and as an indirect antioxidant via its 
stimulatory actions on antioxidant enzymes increased our interest to use this 
agent in present study. Our study was conducted on common goats, Capra 
hircus of tropics to note the season and gender dependent variation in 
antioxidant enzyme activity in lymphatic tissues to correlate it with 
circulatory level of melatonin and cortisol as well as their receptor 
expression on lymphatic tissues. Main methods: Various anti-oxidant 
enzyme activities were estimated by standardized biochemical methods. 
Circulatory level of cortisol and melatonin was estimated by ELISA and 
receptor expressions were studied by Western Blot. Key findings: The anti-
oxidant enzyme activity was highest during monsoon in both the sexes (P < 
0.01) where females showed higher anti-oxidant activity than males (P < 
0.05). Circulatory level of melatonin was highest during winter where cortisol 
level was highest during monsoon. Expressions of melatonin receptor (MT1 
and MT2) and glucocortcoid receptor (GR) were highest during monsoon. 
Significance: We found an inverse relationship between the levels of cortisol, 
marker for stress and melatonin as a powerful anti-oxidant. The high level of 
anti-oxidant activity during monsoon suggests an increased chance of 
inflammatory stress due to season bound pathogenic invasion during 
grazing. Goats are short day breeder hence elevated melatonin level during 
winter act as a free radical scavenger to minimize the winter stress (cold 
shock) in both the sexes but additionally it also reduced the gestational 
stress in female goats. Thus, goats presented a sex and season dependent 
anti-oxidant activity in lymphatic tissues that is being managed by seasonal 
variations in level of melatonin. 
Supported by the DBT project 

	  
Deoxycorticosterone increases Taenia 
crassiceps WFU cysticerci Na+-K+ ATPase 
expression and its synthesis is related to the 
developmental stage of the parasite 
 
José Martín Patricio-Gómez, Ricardo A. Valdez, Brenda 

Ramos-Robles, 1María de Lourdes López-González, 1Adolfo Sierra-Santoyo, 
Marta C. Romano 
Dpto. de Fisiología, Biofísica y NC and 1 Dpto. de Toxicología,  CINVESTAV 
del I. P.N., Av. I. P.N 2508, San Pedro Zacatenco, C.P. 07360, México D.F., 
Mexico. 
jpatricio@cinvestav.mx 
 
Cysticercus, the larval stage of Taenia crassiceps WFU (TcWFU) tapeworm is a 
bladder with an inverted scolex-neck from which the tapeworms develop after 
special evagination stimulus. Evagination was linked to the cysticerci capacity to 
develop a tapeworm. We have shown that T. crassiceps WFU cysticerci 
transformed 3H-P4 to corticosteroids, being 11-deoxycorticosterone (DOC) the 
most abundant metabolite. DOC is involved in osmoregulation and ion transport 
through Na+-K+ ATPase activity in several species. The aims of this work were to 
investigate the role of DOC on the TcWFU cysticerci Na+-K+ ATPase expression 
and whether DOC synthesis capacity was related to cysticerci development. For 
these purposes, TcWFU cysticerci were obtained from the abdominal cavity of 
mice and pre-incubated in DMEM + antibiotics/antimycotics. To investigate the 
cysticerci Na+-K+ ATPase expression and the effect of DOC, parasites were 
exposed to different DOC concentrations and incubation periods, thereafter 
homogeneized in RIPA plus protease inhibitors. The protein extracts were applied 
to 12 % SDS-PAGE gel electrophoresis and incubated with a Na+-K+ ATPase α 
sub-unit antibody and a secondary antibody conjugated with HRP. For the second 
objective some of the cultured parasites were evaginated through a pH change. 
The globular and evaginated cysticerci were cultured separately with 3H-P4. 
Blanks were simultaneously incubated. After different periods, media were 
removed from the parasites, ether extracted and the steroids separated by thin 
layer chromatography. Results showed that the cysticerci express a Na+-K+ 
ATPase α sub-unit of 100 kDa. The DOC treatment increased the expression of 
the enzyme after 48 h of culture. Mixed globular and evaginated parasites 
synthesized corticosteroids but DOC production was significantly higher in the 
evaginated parasites. In summary, present results suggest that DOC may have a 
role in cysticerci osmoregulation and Na+-K+ equilibrium by the regulation of the 
parasite pump expression. Results also indicate that the capacity to synthesize 
DOC increases with cysticerci development. 
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Effects of seawater and freshwater challenge 
on the immune system and natriuretic peptides 
in the salinity-tolerant black-chinned tilapia 
(Sarotherodon melanotheron) 
 
Karl Link1,2, Natallia Shved1,2, Gülfirde Akgül1,2, Nabil 

Baghdadi-Serrano1, Farouhar Mouttet1, Giorgi Berishvili1, Helena D’Cotta3, 
Jean-François Baroiller3, Manfred Reinecke1, Elisabeth Eppler1,4,5 
 
1Research Group Neuro-Endocrine-Immune Interactions, Institute of 
Anatomy, University of Zurich, Switzerland.  2Centre for Evolutionary 
Medicine, Institute of Anatomy, University of Zurich, Switzerland 3CIRAD, 
Campus International de Baillarguet, UPR20 Aquaculture, Montpellier, 
France 4Centre for Xenobiotic Risk Research (XERR), University of Zurich, 
Switzerland 5Zurich Centre for Integrative Human Physiology (ZIHP), 
University of Zurich, Switzerland 
karl.link@anatom.uzh.ch 
 
Both growth hormone (GH) and prolactin (PRL) are known to regulate the 
immune system in fish. Few studies have investigated the impact of salinity 
changes on immune organs or natriuretic peptides (NPs) of fish and none of 
these studies have specifically studied the GH/insulin-like growth factor 
(IGF) gene regulation, i.e. the mechanism of immunomodulation nor the 
impact on NPs. Therefore, this study is investigating the effects of increased 
salinity – seawater (SW) and retransfer into freshwater (FW) on the gene 
regulation of IGF-1, IGF-2, GH receptor (GHR-1), tumour necrosis factor 
(TNF-α), atrial NP (ANP) and brain/B-type NP (BNP). A mixed population of 
sexually mature 14 month-old black-chinned tilapia Sarotherodon 
melanotheron heudelotii were transferred from FW to SW and maintained 
for one wk in SW, then retransferred back to FW and maintained for one wk 
in FW. Sampling was performed at 4 h, 1 d, 2 d, 3 d and 1 wk after transfer 
from FW to SW and at 4 h, 1 d, 2 d, 3 d and 1 wk after retransfer to FW. At 
each time point, tissue specimens were collected from the spleen, head 
kidney, heart and brain. For quantitative analysis of mRNA expression, 
TaqMan real-time PCR assays were created for the target genes IGF-1, 
IGF-2, GHR-1, TNF-α, ANP and BNP and the reference genes 18S 
ribosomal RNA, ß-actin and elongation factor (EF1α). The final results will 
be presented for the first time at the conference. This investigation should 
give us a better understanding of immune system evolution, the role of the 
GH/IGF axis on the immune response and increased salinity’s impact on 
fish osmoregulation as indicated by ANP and BNP gene expression levels. 
Supported by the Swiss National Foundation and Prof. Dr. med. Karl und 
Rena Theiler- Haag Foundation 

	  
Prolactin integrates acid-base and osmotic 
homeostasis during salinity acclimation of air-
breathing fish  
	  
Peter	  M.C.	  Subhash#*	  and	  Valsa	  S.Peter	  
 

#Centre for Evolutionary and Integrative Biology and *Department of Zoology, 
University of Kerala, Kariavattom,Thiruvananthapuram 695 581, Kerala 
subashpeter@yahoo.com 
 
Prolactin (PRL) is known for its osmotic and metabolic actions in freshwater 
fish. However, it is not certain that whether this hormone has a role in acid-
base regulation and whether it integrates with osmotic processes in fish. 
Rapid action of PRL was examined in the air-breathing fish Anabas 
testudineus during its acclimation to dilute seawater to explore the 
integrative role of PRL in acid-base and osmotic regulation. PRL treatment 
showed a dose and time-dependent effects on acid-base and osmotic 
indices of fish. The pattern of these changes is sensitive to ambient salinity. 
The osmotic competencies of osmoregulatory epithelia showed organ-
specific response to PRL as evident in the pattern of Na+, K+-ATPase and 
H+-ATPase activities. A reduced osmotic competence was found in the gills 
of bromocriptin-treated fish, but it elevated when these fish were treated with 
PRL. Likewise, in situ and in vitro PRL challenge showed rapid osmotic 
action in the tested tissues. A substantial modification of cellular H+ 
secretion in the osmotic epithelia was found after PRL treatment and these 
responses are dependent on the ambient salinity. These differential 
responses of fish to PRL in FW and SA further exemplify that ambient 
salinity can modify acid-base and osmotic responses of this fish. An 
interaction of exogenous PRL with thyroid hormones and cortisol was found 
in our fish which appears to be sensitive to ambient salinity. Collectively, our 
data provide evidence for a rapid role of PRL in acid-base control and 
present clues on its integrated and coupled action with osmotic regulation 
which is sensitive to ambient salinity. 
  
Supported by a DST project on fish 
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Nuclear factor of activated T-cells 5 (NFAT5) 
regulates secretin receptor in the kidney 
medulla in response to hypertonicity 
 
Jason S.W. On1, Sookja Kim Chung2, Billy K. C. Chow1, 
Leo T. O. Lee1 

 
1School of Biological Sciences, The University of Hong Kong, Hong Kong, 
China 
2Department of Anatomy, University of Hong Kong, Hong Kong, China 
 
Recently, our laboratory has provided evidences that secretin (SCT) is a 
novel element in the osmoregulatory pathway. SCT functions at multiple 
levels to directly stimulate water intake in the central nervous system, and it 
is released from the posterior pituitary into circulation under osmotic stress 
to stimulate water reabsorption in the kidney. It is interesting to note first of 
all that SCT and its receptor (SCTR) are colocalized with a key osmo-
sensitive transactivator, nuclear factor of activated T-cells 5 (NFAT5, also 
known as TonEBP), in the kidney, and also that SCTR genes are activated 
upon hyperosmolality. However, the precise molecular mechanisms 
underlying the induction of SCTR gene expression in response to changes 
in osmolality have not yet been clarified. Detailed DNA sequence analysis of 
the promoter regions of SCTR gene reveals the presence of multiple NFAT5 
binding sites, we therefore hypothesize that NFAT5 is responsible for 
modulating SCTR expression under hypertonic environments. In this study, 
we found that hypertonic treatment stimulates the promoter activities of both 
SCT and SCTR in a mouse inner medulla collecting duct cell, mIMCD3. 
Overexpression and silencing of NFAT5 further confirm that NFAT5 is 
responsible for the up-regulation of SCTR gene under hypertonic condition. 
In in vivo situation, osmotic stress upregulates both SCT and SCTR genes 
in kidney cortex and medulla of wild-type mice, but not in NFAT5+/- animals. 
Hence, this study provided comprehensive information on how NFAT5 
regulate SCTR expression under different osmotic environment. 
 
This project was supported by Hong Kong Government RGC grants 
171114M, 770212M (to LTOL) and 764812M, CRFHKU6/CRF/11G600283 
(to BKCC). 
 

	  
Stress response and activity of the 
Hypothalamus-Pituitary-Interrenal axis (HPI 
axis) in carp lines with different susceptibility to 
disease 
 
Lukasz Pijanowski1, Patrycja Jurecka2, Ilgiz Irnazarow2, 

Magdalena Kepka1, Lidy Verburg-van Kemenade3, Magdalena Chadzinska1 
  
1Institute of Zoology, Jagiellonian University, Krakow, Poland. 2Institute of 
Ichthyobiology and Aquaculture, PAN, Chybie, Poland.Team NEED,  .3Cell 
Biology and Immunology Group, Wageningen University, the Netherlands 
lukasz.pijanowski@uj.edu.pl 
 
The stress response is one of the best examples of  neuroendocrine-immune 
interactions. Analogue to the HPA axis in mammals, the stress response in fish is 
characterized by activation the hypothalamo-pituitary-interrenal (HPI) axis, 
activation of which starts in the hypothalamic nucleus preopticus (NPO) releasing 
corticotropic releasing hormone (CRH). CRH stimulates the pituitary to release 
adrenocorticotropic hormone (ACTH) which is cleaved from  pro-opiomelanocortin 
(POMC). ACTH stimulates release of cortisol from the head kidney. Interestingly, 
also the crucial pro-inflammatory cytokine IL-1b is involved in both immune and 
endocrine signalling during stress. Like in mammals, fish leukocytes express 
receptors for cortisol (GR) and effects of cortisol on the fish immune system 
generally comply with findings in mammals. This implies that a differential 
sensitivity to stress may influence the immune response and as a consequence 
survival. Therefore we studied the stress response in different carp lines that 
display a differential pathogen susceptibility (R3xR8 and R3 carp are susceptible 
to bacterial and parasite infection, while R2 and K are relatively resistant). After a 
stress paradigm of prolonged restraining  glucose and cortisol levels were 
determined, as well as expression of genes involved in HPI axis activity. Stress 
induced significant increase of serum cortisol levels in all fish lines studied. Both 
basal and stress-stimulated cortisol levels were higher in the R3xR8 line than in 
R2, K and R3 fish. In R3 fish we observed stress-induced up-regulation of POMC 
and GR2 gene expression in the NPO, while in K fish restraining stress slightly 
down-regulated expression of POMC and GR genes both in NPO and pituitary. 
Furthermore, both in NPO and pituitary of R3 fish the highest up-regulation of IL-
1b gene expression was observed. Although we are aware of the complexity of 
the network of connections between stress and susceptibility to pathogens it is 
striking that the fish more susceptible to infection also exhibit a higher expression 
of stress related genes. 
 
Supported by the Polish National Science Center (grant no. N N308 572039). 
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Aldosterone and corticosterone serum profiles 
in wild Alouatta palliata and Alouatta pigra 
monkeys: response to capture and anesthesia. 
 
Alba Zulema Rodas-Martínez.1, Liliana Cortés-Ortíz.2, 

Domingo Canales3, Ricardo A. Valdez, Marta C. Romano 1 
 

1Depto. de Fisiología, Biofísica y Neurociencias, CINVESTAV-IPN, D.F., 
México; 2Museum of Zoology and Department of Ecology and Evolutionary 
Biology, University of Michigan, Ann Arbor, Michigan 48109-1079; 3 Instituto 
de Neuroetología, Universidad Veracruzana, Xalapa, México. 
 mromano@fisio.cinvestav.mx 
 
The genus Alouatta has two species in Mexico, A. palliata and A. pigra both 
of which are endangered by habitat perturbations. Corticosterone and 
aldosterone are the main mineralocorticoids (MCs) in most vertebrates. 
However, information on serum aldosterone profiles and its relationship with 
corticosterone and stress response was not found in howler monkeys. 
Therefore, the objectives of this study were to investigate the presence and 
concentrations of serum MCs in both Alouatta species, and their relationship 
with stressful situations. Eighty-four and 69 wild A. pigra and A. palliata 
individuals respectively were included in this study that is part of a wide 
project that investigates the health and genetics of Allouatta wild life 
populations living in Mexico. Two blood samples from each individual were 
obtained separated by 30-40 minutes. Samples were analyzed by RIA. 
Results (mean ± SE) showed the presence of aldosterone and 
corticosterone in A. pigra (Aldosterone 1.83 ± 0.24 ng/ml (n=49); 
corticosterone 35.98 ± 6.95 ng/ml (n=84) and A. palliata (Aldosterone 2.41 ± 
0.29 ng/ml (n=38); corticosterone 118.16 ± 17.73 ng/ml (n= 69) in the serum 
of both species. The aldosterone concentrations of A. palliata adult males 
were higher compared to that of A. pigra, while no differences were found in 
the females. Interestingly, in the second sample obtained after capture, 
aldosterone was significantly increased in both species, and followed a 
pattern closed to that of corticosterone. Therefore, the stress generated by 
handling not only increased corticosterone as reported in other species; in 
Alouatta genus aldosterone was also augmented. In addition this study 
shows that significant differences in MCs concentrations can be found in 
closely related primate species, the cause remains to be explained. Sample 
collecting was funded in part by NSF BCS-0962807 grant to L.C.O. 
 

 
Analysis of handling stress-responsive 
transcriptome of red cusk-eel (Genypterus 
Chilensis) 
 
Jorge Aedo1, Eduardo Nicolas Fuentes1, Cristian Gallardo-
Escarate2, Alfredo Molina1, Juan Antonio Valdes1. 

1FONDAP, Interdisciplinary Center for Aquaculture Research (INCAR), 
Departamento de Ciencias Biologicas, Facultad de Ciencias Biologicas, 
Universidad Andres Bello, Santiago, Chile. 
2Laboratory of Biotechnology and Aquatic Genomics, Interdisciplinary 
Center for Aquaculture Research (INCAR), Universidad de Concepcion, 
Concepcion, Chile. 
jvaldes@unab.cl 
 
The red cusk-eel (Genypterus chilensis) belonging to the family of the 
Ophidiidae is an eel-like teleost fish, distributed along the coasts of the 
Southeastern Pacific Ocean. The red cusk-eel has been considered one of 
the endemic species of greatest farming potential in Chile, with a high 
commercial value in the market as a result of the exceptional quality of its 
meat. Despite his great qualities, this species requires longer times to reach 
commercial size as a consequence of its slow growth rates compared to 
classical farm fish. One of the most important inputs affecting growth rates of 
fish is stress, mainly due to intensive rearing conditions in farms. Stress 
response is mainly mediated by glucocorticoids, important negative 
regulators of growth. The actions of these hormones are mediated by its 
receptor, which finally generates cellular changes in target tissues. 
Identifying and characterizing the molecular mechanisms underlying stress 
responses will make possible to develop strategies that aim to progress in 
animal welfare and aquaculture production.  In this study, we used RNA-seq 
to identify transcripts which are differentially expressed in response to 
handling. Total RNA was extracted from the livers and skeletal muscle of 
juvenile red cusk-eel under control and stressed conditions, and sequenced 
by Illumina technology. Reads were mapped onto the previously generated 
reference transcriptome to identify 128 differentially expressed transcripts. 
Eight genes associated to catabolic process were selected for qPCR to 
validate the RNA-seq approach. This study is the first step towards the 
comprehensive understanding of the influence of stressful farming 
conditions on the molecular and endocrine mechanisms that control growth 
in red cusk-eel, a non-model fish species. 
Supported by CONICYT/FONDAP/15110027. 
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Estradiol 17beta regulates mitochondrial ion 
transport during hypoxic stress in fish brain  
 
Peter Valsa S.  
Centre for Evolutionary and Integrative Biology, University 
of Kerala, Kariavattom 695 581, Thiruvananthapuram, 

Kerala, India  
valsasp@yahoo.in 
 
Mitochondria, the central coordinators of energy metabolism, exchange ions 
and metabolites between its membranes. Mitochondrial ion carriers that 
transport monovalent and divalent ions are important regulators of energy 
metabolism.  There could be specific ion-dependent adenosine 
triphosphatases (ATPases) in the mitochondria of fish brain that could 
transport ions between mitochondrial membrane.  In view of understanding 
a role for estradiol 17beta (E2) in the transport of Ca2+, Mg2+ and H+ in 
mitochondria, brain mitochondria were harvested from freshwater climbing 
perch treated with varied doses of E2 and sampled after varied time intervals. 
The effect of hypoxic stress on mitochondrial ion transporters were also 
examined. The specific activities of vanedate, oligomycin or bafilomycin-
sensitive ATPases were quantified in the mitochondria isolated from three 
segments of fish brain. E2 produced dose and time-dependent remarkable 
modifications on these ion transporters. Likewise a modified mitochondrial 
ion transport due to the interference of E2 was found in hypoxia-induced fish 
brain. The data indicate that E2 has a direct control on Ca2+, Mg2+ and H+ 

transport in brain mitochondria and this sex steroid has a modifying effect on 
the mitochondrial ion transport of hypoxia-induced fish. The results thus 
support the hypothesis that E2 has a role in brain mitochondrial ion transport 
and suggest that this sex steroid can modify the energy status of fish brain 
mitochondria.  
Supported by a DST project on fish 
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Stage specific modulation of deiodinase (DIO) 
genes during Atlantic halibut (Hippoglossus 
hippoglossus) metamorphosis 
 
Ricardo N Alves, João CR Cardoso, Deborah M Power 

 
Comparative Endocrinology and Integrative Biology, Centre of Marine 
Sciences (CCMAR), Universidade do Algarve, Campus de Gambelas, 8005-
139 Faro, Portugal 
ralves@ualg.pt 
 
Local production and degradation of THs is controlled by a family of three 
selenoprotein enzymes, the deiodinases (DIO1, DIO2 and DIO3). In the majority 
of vertebrates each deiodinase is encoded by a single gene. However, a 
transcriptome study of metamorphosis in the flatfish, Atlantic halibut 
(Hippoglossus hippoglossus), revealed 2 different transcripts for DIO3 but only a 
single transcript for DIO1 and DIO2, respectively. The two halibut DIO3 were 
designated DIO3a and DIO3b and share 68% overall amino acid (aa) sequence 
identity. DIO3a and DIO3b shared a similar level of aa sequence similarity with 
DIO1 (47%) and DIO2 (50%). DIO3a corresponds to the previously isolated 
Atlantic halibut gene and DIO3b represents a novel gene. Atlantic halibut DIO3a 
and DIO3b contains all the motifs characteristic of deiodinases, conservation of 
the aa’s, Phe, Ser and Sec, that are essential for enzyme activity and reside within 
the catalytic motif and a SECIS element in the 3’UTR necessary for the 
recognition of selenocystein-tRNA. Comparative analysis identified homologues of 
the two Atlantic halibut DIO3 in other fishes and genome analysis revealed that 
DIO3a and b are encoded by two independent genes and that both are intronless. 
Phylogenetic analysis suggests that fish DIO3a and b result from a specific gene 
duplication during the teleost radiation. Extensive bioinformatic analysis failed to 
reveal duplicate genes for DIO1 and DIO2 in fish or any other vertebrate. 
Expression analysis of DIO3a and b during metamorphosis in individual whole 
halibut larvae revealed that they have a similar gene expression pattern but that 
DIO3b is in general most abundant and up-regulated (p < 0.05) in pre-
metamorphic (stage 5) halibut and at the end of the end of the metamorphic 
climax (stage 9C). The expression profile of DIO1 and DIO2 during halibut 
metamorphosis was similar and transcript abundance was low before climax and 
significantly (p < 0.05) higher at climax (stages 9A-9C) and dropped to pre-
metamorphic levels in post-metamorphic juveniles. Chemical disruption of 
metamorphosis using methimazole (MMI) suggests that MMI treatment down-
regulates (p < 0.05) DIO3b transcript abundance but does not modify DIO3a 
transcript abundance compared to control Atlantic halibut.  
 
Supported by Fp7 project LIFECYCLE. RNA is in receipt of a FCT grant 
SFRH/BD/69209/2010. JCRC is supported by FCT Pluriannual funds – “Pest-
C/MAR/LA0015/2013 project” 

 
Maternal Thyroid hormone is essential for 
zebrafish brain development 
  
Marco A. Campinho1*, João Saraiva1, Cláudia Florindo2 
and Deborah M. Power1.  
 

1Comparative Molecular Endocrinology, Centre of Marine Sciences, 
Universidade do Algarve, Campus de Gambelas, 8005-139 Faro, Portugal. 
2Departamento de Ciências Biomédicas e Medicina; CBME/IBB, UAlg, 
Portugal *Corresponding author. Email: macampinho@ualg.pt 
 
Maternal derived thyroid hormones (THs) are found in all teleost eggs. 
However, their role during development remains elusive. The present study 
uses morpholino based knockdown of the specific TH transporter MCT8 to 
prevent maternal TH uptake by zebrafish embryos and establish their 
functional importance during development. No disruption of early brain 
development was detected in mct8 morphants. However, dorsal 
specification of the brain and spinal cord as well as specific neuron 
differentiation is impaired at later stages. Analysis of key signalling pathways 
during development reveals that maternal THs acts downstream of shha and 
fgf8a signalling but upstream of pax2.1a, pax7 and pax8. Notably, pax8 
expression is totally abrogated in mct8 morphants suggesting that this gene 
is a putative TH-target gene during zebrafish embryonic development. In the 
mct8 morphants, the lack of inhibitory spinal cord interneuron’s and 
increased motorneurons, is consistent with their stiff body axis and impaired 
mobility indicative of abnormally formed neural networks. This is the first 
detailed dissection of the cellular and molecular consequences of MCT8 
knockdown, and hence maternal THs, during embryonic development in a 
vertebrate model. Given the association of MCT8 mutations with X-linked 
mental retardation in humans the results provide new insight into the role of 
THs in this condition. 
 
Acknowledgements: Lifecycle EU-FP7 222719. MAC recipient of a Post-
doctoral grant (SFRH/BPD/66808/2009) from FCT, Portugal. 	  
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Scatomancy in red deer :  Fitness correlates of 
faecal androgen and cortisol metabolites 
 
Pavitt, A.1, Walling, C.1, Pemberton J.1, Kruuk L.2,1 
 
1Institute of Evolutionary Biology, School of Biological 

Sciences, The University of Edinburgh, Edinburgh, EH9 3JT, UK 
2Division of Evolution, Ecology & Genetics, Research School of Biology, 
The Australian National University, Canberra ACT 0200, Australia. 
a.pavitt@sms.ed.ac.uk 
 
Hormone concentrations are known to vary between individuals, however 
the causes and implications of this within wild mammal populations are 
poorly understood. The wild, long-running study population of red deer 
(Cervus elaphus) on the Isle of Rum in Scotland provides us with a fantastic 
opportunity to start addressing this disparity.  
In this study we examined androgen and cortisol metabolites in faecal 
samples collected from around 300 individually identifiable red deer over the 
past 10 years. Results show that hormone concentrations were most heavily 
influenced by immediate or recent effects, rather than fixed life history traits. 
An individual’s hormone concentrations were most clearly understood by 
considering a combination of their immediate environment and condition, as 
well as their recent reproductive history.    
Whilst a number of previous studies have tested the fitness effects of 
cortisol and androgens in experimentally manipulated populations, few have 
examined this relationship using natural hormone concentrations measured 
in wild animals. However we have shown that these subtle differences in 
natural hormone levels are sufficient to provide important information about 
an individual’s potential short-term reproductive success and survival. 
 
 

	  
The developing brain barriers are important 
in the regulation of thyroid hormone 
availability in the embryonic chicken brain. 
 
Stijn LJ Van Herck1, Joke Delbaere1, Nele MA 

Bourgeois1 and Veerle M Darras1 

 

1KU Leuven, Laboratory of Comparative Endocrinology, Department of 
Biology, Leuven, Belgium 
stijn.vanherck@bio.kuleuven.be 
 
Thyroid hormones (THs) are involved in neurodevelopment in all vertebrates 
and are present in the embryo from the start of development. During chicken 
embryonic development the concentration of T3 (the receptor active TH) and 
the T3/T4 ratio are markedly higher in the brain as compared to the levels in 
circulation. This indicates that a mechanism of strong local regulation is 
already functional at this time. Therefore we used in situ hybridisation (ISH) 
to visualise the distribution of TH transporters and deiodinases, which 
regulate local TH availability, in the embryonic chicken brain. In recent years 
several transporter proteins responsible for TH transport across the cell 
membrane have been identified. They belong to the families of 
monocarboxylate transporters (MCT8 and MCT10), the organic anion 
transporting polypeptides (OATP1C1) and the L-type amino acid 
transporters (LAT1 and LAT2). Our ISH studies showed widespread MCT8 
expression, in accordance with the idea that this is the main TH transporter 
in the brain. Additionally, we found high LAT1 expression in the blood 
vessels, which form the blood-brain-barrier (BBB), and expression of MCT8, 
OATP1C1 and LAT1 in the choroid plexus which forms the blood-
cerebrospinal fluid-barrier (BCSFB). Deiodinases are responsible for 
intracellular activation and inactivation of THs. We found the TH-activating 
type 2 deiodinase (D2) expressed at the BBB, while the TH-inactivating type 
3 deiodinase (D3) was found in specific locations of the developing brain, 
including the BCSFB. These results indicate that multiple regulators at the 
brain barriers play a crucial role in maintaining correct TH levels in the 
developing brain. The co-localisation of LAT1 and D2 at the BBB indicates 
that this barrier is the main entrance route for T3 into the brain. The co-
expression of several TH transporters and D3 at the BCSFB suggests that 
the uptake of T3 at this barrier is limited, so that the choroid plexus could be 
involved in efflux of THs and their metabolites from the brain and 
cerebrospinal fluid.  
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Maternal thyroid hormones regulate zebrafish 
blood-hindbrain-barrier development  
 
Yifeng Li1,2, DM Power1 and MA Campinho1 
 

1Comparative Molecular Endocrinology, Centre of Marine Sciences, 
Universidade do Algarve, Campus de Gambelas, 8005-139 Faro, Portugal; 
2College of Fisheries and Life Science, Shanghai Ocean University, 
Shanghai, China  
 
Development of the zebrafish blood-hindbrain barrier (BHBB) occurs from 
32 to 48 hours post-fertilization (hpf). During this time arteries from the 
primordial hindbrain channel (PHBC), just ventral to the hindbrain, sprout in 
a dorsal direction and invade the hindbrain. After entering the hindbrain 
these vessels connect to the basal artery (BA) thus forming the central 
arteries (CtA). In a previous study we demonstrated that knock-down of the 
zebrafish thyroid hormone transporter MCT8 is a de facto knock-down of 
maternal thyroid function. The hindbrain of mct8 morphant embryos failed to 
develop normally and all pax8-positive and a portion of pax2 hindbrain 
interneurons were missing. A surprising observation was that although 
PHBC and BA developed normally the CtAs were abnormal and the BHBB 
was compromised. The present study aimed to establish why BHBB 
development was disrupted and tested two hypothesis: i) that maternal 
thyroid hormone dependent brain development provides the cues for BHBB 
development or; ii) that maternal TH provide the means by which the 
vascular and nervous system interact in the BHBB. Zebrafish Tg(fli1::EGFP) 
mutants in which all the vasculature is labelled with GFP were used along 
with immunohistochemistry for neuronal markers we establish that the loss 
of CtAs coincides with the loss of neurons in the hindbrain. The starting 
hypotheses remain unresolved but the results so far indicate that maternal 
THs are essential for normal development of the brain and supporting 
structures. Taking into consideration the similarity of the zebrafish mct8 
morphant phenotype to human mct8-associated X-linked mental retardation 
we propose that abnormal development of supporting structures of the brain, 
a hitherto unexplored factor, may be important in the pathology of this 
disease. 
 
Acknowledgements: Work supported by FCT research project 
PTDC/MAR/115005/2009; MAC is supported by a FCT pos-doc grant 
SFRH/BPD/66808/2009. 
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Differentiation between the pars distalis cells 
of the Egyptian insectivorous bats Rhinopoma 
hardwickei using transmission electron 
microscope 
 
Atteyat Mohammed Selim 

 
Zoology Department, Faculty of Science, Tanta University, Egypt 
atteyatselim@hotmail.com 
 
Differentiation the pituitary cells of the insectivorous bats in the world has 
attracted the attention of many authors, however in Egypt may be low ,so 
my article concentrated on pituitary cells of Rhinopoma hardwickei as 
example of insectivorous bats.   
Material and method: The animals collected alive from the field and killed by 
decapitation and the pituitary gland dissected out and fixed in glutraldeyhde 
for electron microscope. 
Result: In Rhinopoma hardwickei the gland is compressed, and semicircular 
in shape. The cells of the anterior pituitary are distributed singly or small 
groups with the sinusoids. Two types of cells appeared by semi thin sections. 
The acidophilic with the basophilic cells distributed homogenous in the body 
of the gland. The current concept of cell identification and differentiation in 
the bat pituitary gland is based on the activity of the Golgi apparatus, the 
elaboration of secretary granules, morphology of the mitochondria ,the 
shape and the size of the of the secretary granules and the cell nucleus. 
(STH) cell: are most numerous, the nucleus is spherical and eccentric with 
mitochondria and well developed endoplasmic reticulum .The secretary 
granules are large with dense granules. (LTH) cells: are easily recognizable 
with electron microscopy. The nucleus is eccentrically indented far from the 
sinusoids but near the plasma membrane, the mitochondrion is spherical or 
elongated, the endoplasmic reticulum is rough and the granules are more. 
(ACTH) cells: These cells are found singly, irregular with eccentric nucleus. 
The nucleus is large, irregular. Some vacuoles present. Golgi apparatus is 
not well developed. Secretary granules are mall and spherical shaped. 
(TSH) cells: With small secretary granules, the nucleus is large in size with 
chromatin granules. (FSH and LH): are found singly, angular in shape with 
eccentric nucleus. The nucleus is large, irregular with chromatin granules. 
Secretary granules are spherical or ovoid shaped and exhibit variation in 
electron density than STH cells. 
Conclusion: There are slightly and some differences between the Egyptian 
bats and that of the world    
Keyword: pituitary cells- insectivorous bats - electron microscope 
 

	  
Establishment and characterization of a primary 
culture of pituitary cells from the Mediterranean 
sea bass Dicentrarchus labrax.  
 
Emilie Baye*, Charles-Hubert Paulin, Guilaine Mathieu, 
Jack Falcón, Laurence Besseau 

falcon@obs-banyuls.fr 
 
CNRS UMR7232 BIOM, Laboratoire Arago, Banyuls sur Mer, France. 
 
The pituitary gland is a component of the neuroendocrine system at the 
interface between the nervous system and the rest of the body. It receives 
input from the brain and produces in turn a set of hormones involved in 
physiological functions as important as reproduction, growth, 
osmoregulation, feeding and immunity. The aim of this project was to 
establish and characterize a culture of Mediterranean seabass (D. labrax) 
pituitary cells. For this purpose, pituitaries were dissociated 
(collagenase/trypsin solution) and the cells seeded in L15 culture medium 
supplemented with 10% fetal calf serum, using different substrates.  We 
established conditions favorable to cell maintenance, proliferation and 
expression (immunocytochemistry, qPCR) of all the pituitary hormones as 
well as the secretion (western blot, ELISA) of some of them. This offers 
unique opportunities for in vitro investigations on the regulation of pituitary 
secretions, and the interaction and proliferation of pituitary cells.  
 
*E Baye granted by the European Community under EMBRC-France project, 
§ C-H Paulin & G Mathieu granted by the European Community under the 
FP7-ASSEMBLE project (grant agreement N° 227799-JRA) 
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Characterization of the pituitary 
morphogenesis of Astyanax altiparanae 
 
Branco, G. S.1, Jesus, L. W. O.1, Chehade, C.1, Cassel, 
M.1, Borella, M. I.1 
 

1University of São Paulo, USP, São Paulo, Brazil 
giovanabranco@yahoo.com 
 
Astyanax altiparanae is an important economic and commercial Brazilian 
Neotropical species, largely distributed in the Parana River Basin. It belongs 
to the Characiformes, whose studies characterizing initial development of 
the pituitary are scarce. Knowledge of the morphogenesis of pituitary allows 
us to better understand the role of hormonal axes, because they regulate 
many physiological processes. In the present study, a semi natural 
reproduction of A. altiparanae was made to obtain larvae and juveniles. 
After 18 hours of embryonic development larvae hatched, and the 
specimens were collected and fixed in Bouin until 120 days post hatching 
(dph). From histochemical and immunohistochemical techniques using 
heterologous antibodies against fish adenohypophyseal prolactin (PRL), 
somatolactin (SL) and growth hormone (GH), cells were identified during the 
stages of morphogenesis. The pituitary is located ventrally to the brain and it 
is connected there by means of a short pituitary stalk. The gland is 
composed by neurohypophysis (NH), differentiated at 3dph, and 
adenohypophysis (AH), the latter being subdivided into regions: rostral pars 
distalis, proximal pars distalis and pars intermedia, differentiated at 12dph. 
PRL-producing cells were detected at 1dph, at the beginning of the 
formation of the gland, presenting only few cells. The identification of 
immunoreactive cells to anti-SL and anti-GH was possible at 5dph. At 30dph, 
there was a large increase in the pituitary, and it is separated from the 
hypothalamus by the pituitary stalk, acquiring similar shape to that observed 
in adult pituitary morphology. There is a pattern in the gland development 
common to all vertebrates, but the pattern of larval development and the 
duration of the embryonic period in distinct fish species are different. Due to 
this condition, the differentiation process of the AH and NH regions develops 
at different times. The differentiation of other AH cells along the 
morphogenesis will be characterized in future studies. Thus, the results of 
this research may reveal important aspects related to the morphogenesis of 
the hypothalamic-pituitary-gonadal axis in South American teleosts as well 
as can improve the application of technology at the right time of the 
development, which can improve the production of farmed fish. 
Supported by CNPq. 

	  
Ectonucleotidases and purinergic signaling in 
mouse brain and hypophysis 
 
Homola M1, Fischer C1, Meissl H2, Zimmermann H3, Korf 
HW1 

 

1Institute of Anatomy II, Dr. Senckenbergisches Chronomedizinisches 
Institut (SCI), Goethe University, Frankfurt am Main, Germany 

2Max Planck Institute for Brain Research, Frankfurt am Main, Germany 
3Institute of Cell Biology and Neuroscience, Molecular and Cellular 
Neurobiology, Goethe University, Frankfurt am Main, Germany 
M.Homola@em.uni-frankfurt.de 
 
Extracellular purines (ATP, ADP, AMP and adenosine) are important 
signaling molecules involved in many processes in the mammalian CNS, 
such as vasodilation, neuromodulation and neural protection. Moreover, 
extracellular purines are supposedly involved in the regulation of hormone 
release, cell proliferation and cytokine expression in the hypophysis. 
Regulation of extracellular purine levels depends to a large extent on the 
enzymes E-NTPDases (ectonucleoside triphosphate diphosphohydrolases) 
and ecto-5’-nucleotidase (ecto-5’). To investigate the expression patterns of 
the enzymes NTPDase 1, 2 and 3 as well as ecto-5’, we demonstrated their 
mRNA expression and catalytic activity in the mouse brain and hypophysis. 
The mRNA levels were examined by means of radioactive in situ 
hybridization in brain and hypophysis of C3H (melatonin proficient) mice and 
C57Bl (melatonin deficient) mice, which were sacrificed at four different time 
points [at circadian time (CT)00, CT06, CT12 and CT18]. Catalytic activity 
was demonstrated by use of lead phosphate enzyme histochemistry as well 
as via measurements of purine levels with biosensors. The mRNA 
expression of these enzymes was localized to specific brain regions as well 
as to the different lobes of the hypophysis. Furthermore, strain dependent 
circadian expression patterns were detected, suggesting involvement of 
melatonin in this mechanism. ATPase and ADPase catalytic activity was 
observed in the hypophysis and in the hypophysial pars tuberalis (PT). AMP, 
however, was only moderately degraded in these regions. Additionally, real 
time conversion of exogenously applied ATP to adenosine and its 
derivatives was detected in PT and PD (pars distalis) kept in vitro, implying 
ectonucleotidase catalytic activity in these areas. These studies provide 
novel results regarding the localization and circadian expression patterns of 
these enzymes and the processing of extracellular purines. 
Supported by Dr. Senckenbergische Stiftung, Frankfurt am Main, Germany 
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Pituitary-specific transcription of chicken prolactin 
receptor gene 
 
Hiromi Kaneda, Masahiro Nishita, Nobuhiro Nakao, 
Minoru Tanaka 
 

Graduate School of Veterinary Medicine and Life Science, Nippon 
Veterinary and Life Science University, Musashino, Tokyo, Japan 
m1453@nvlu.ac.jp 
 
Prolactin exerts a variety of physiological functions in vertebrates. In birds, 
prolactin is involved in crop-milk production, osmoregulation and induction of 
incubation behavior. These hormonal actions of prolactin are mediated 
through prolactin receptor (PRLR)  
in target tissues. The transcription of PRLR gene is regulated by complex 
mechanisms. Multiple alternative first exons encoding 5’-untranslated region 
(5’-UTR) have been identified in mammalian PRLR genes, and the distinct 
expression patterns of these first exons are controlled by promoters located 
in the upstream regions of each first exon. Recently, two major first exons, 
exon 1A and exon 1G, have been found in the chicken PRLR gene. The 
expression of exon 1A and exon 1G is controlled by a generic promoter (P2) 
and a tissue-specific promoter (P1), respectively. We have previously shown 
that chicken PRLR gene is abundantly expressed in the pituitary. However, 
regulatory mechanism of the expression in the pituitary is not known. In this 
study, we investigated pituitary-specific transcription of chicken PRLR gene. 
Tissues were isolated from adult hens (White Leghorn) and immediately 
frozen in liquid nitrogen. Total RNA was prepared with TriPure Reagent 
(Roche Diagnostics). The RNA obtained from pituitary gland was subjected 
to 5’-RACE analysis with Smarter RACE Amplification kit (Clontech). 
Expression levels of first exon variants of PRLR mRNA in the chicken 
tissues were determined by real-time PCR. The 5’-RACE analysis revealed 
that transcription start site (TSS) in the pituitary is present at 160 bp 
downstream of the known 5’-end of exon 1A. Real-time PCR showed that 
the TSS is predominantly used in both the cephalic and caudal lobes of 
pituitary. The expression levels of PRLR mRNA in the pituitary decreased 
before hatch and temporally increased after hatch. These results suggest 
that the transcription of PRLR gene in the chicken pituitary is 
developmentally regulated by a pituitary-specific manner.  
 
Supported by the Grant-in-Aid for Scientific Research (B) from the Ministry 
of Education, Culture, Sport, Science, and Technology of Japan 
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Clinical application of new screening method 
that adopts a set of routine tests  successfully 
detected latent patients with thyroid 
dysfunction 
 
Kenichi Sato1, Sorama Aoki1, Kenji Hoshi1, Junko 

Kawakami1, Kouki Mori2, Yoshinori Nakagawa3, Wataru Hida4, Katsumi 
Yoshida4 
 
1MPIS, Tohoku Pharmaceutical University, Sendai, Japan 
2Center for Health Promotion, JR Sendai Hospital, Sendai, Japan  
3Sendai Thyroid Clinic, Sendai, Japan 
4Department of Health Supervision, Tohoku Kousai Hospital, Sendai, Japan 
ksato@tohoku-pharm.ac.jp 
 
It was reported that thyroid dysfunction is common, may often go 
undetected. Some thyroid specialists emphasized that it is indispensable to 
measure serum TSH to avoid overlooking patients with thyroid dysfunction. 
However, TSH measurement for all people visiting a clinic or receiving 
health checkup is generally difficult in terms of cost-effectiveness. We 
already developed a novel screening method for patients with thyroid 
dysfunction by making quantitative use of already measured routine test 
data and pattern recognition methods. It showed high screening ability for 
hyperthyroidism with the combination of 3 routine tests [ALP, serum 
creatinine (S-Cr) and total cholesterol (TC)] or 4 routine tests [ALP, S-Cr, TC 
and heart rate (HR)] and for hypothyroidism with the combination of 4 
routine tests [ lactate dehydrogenase (LDH), S-Cr, TC and red blood cell 
(RBC)]. Many routine tests including those 6 routine tests are usually 
measured when individuals visit a clinic or Ningen Dock in Japan, or similar 
routine tests in some countries. In the present study, we applied this 
screening method for  8831 Japanese people (5464 men, 3367 women) 
who attended Ningen Dock at Tohoku Kousai Hospital for a general health 
check-up from September 2011 to March 2013, and successfully found 14 
new overt PTDs (8 Graves’ disease, 2 painless thyroiditis, 4 hypothyroidism). 
None of them except one Graves’ disease patient was suspected of thyroid 
dysfunction by a medical examination. Considering the results of our 
screening study, almost 10,000 new patients with thyroid dysfunction who 
should be examined soon (TSH > 10 or TSH < 0.1) are expected to be 
discovered annually. In addition, similar study using a combination of some 
routine test data may open a new possibility to care patients with some 
diseases without being too late, as we already verified about Cushing 
syndrome by using the combination of 8 routine tests. 
 

	  
ROLE OF PINEAL GLAND IN PRO- AND ANTI-
OXIDANT SYSTEM IN THE GINGIVAL TISSUE 
 
meera shanker, khdorovsky.g.i 
 
bukovinian state medical university, chernivtsi, ukraine 

 
Hormones are regulatory molecules that have potent effects on major 
determinants of the development and integrity of various organs and organ 
systems. In line with this theory, we conducted experiments to study the 
effect of hormones on the gingival tissue. Studies have already brought out 
the fact that imbalance in steroid (sex) hormones have periodontal 
manifestations . There is also enough evidence to prove the profound 
effects that the pineal gland hormone, melatonin has on the sex hormones. 
We, the authors of this research were inquisitive about the effects of 
melatonin on the gingival tissue. Periodontitis is a set of inflammatory 
diseases affecting the periodont. It involves progressive loss of alveolar 
bone around teeth. The goal of this research was to evaluate the effect of 
pineal gland function on the pro and anti-oxidant system of the gingival 
tissue. The research was conducted on male albino rats. The rats were 
divided into 3 groups. Each group was assigned a specific photoperiod and 
was observed for a duration of 14 days :  
1st Group- Control rats - Natural daylight and darkness 
2nd Group - permanent light(physiological pinealectomy) 
3rd Group - permanent darkness 
The following parameters were measured in the blood serum and gingival 
tissue 

• Pro-oxidant factors -diene conjugates(DC) and Malone 
dialdehyde(MD) 

• Anti-oxidant enzymes-superoxide dismutase(SOD) and 
database(Ct) 

The findings revealed that the pineal gland did indeed have prominent 
effects on the gingival tissue. We observed that the antioxidant-prooxidant 
index in complete darkness was lower than that of permanent light. In 
addition to this, we observed increased activity of antioxidant enzymes 
during permanent darkness, and contrary to this, there was decreased 
activity of antioxidant enzymes during permanent illumination. This result 
testifies the fact that change in photoperiod changes the intensity of free 
radical oxidation and activity of antioxidant enzymes at a systemic 
level(blood) and much more at the organ level(gingival tissue). 
Our experiment clearly shows that stimulation of the PINEAL GLAND has 
therapeutic effects on the periodont. 
 
KEY WORDS: pro-oxidant, anti-oxidant, PINEAL GLAND, photoperiod, 
gingival tissue 
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Restoring cognitive functions in 
neurodegenerative disease models 
 
Van Sinay E, Watteyne J, Van Assche R, Peymen K, 
Beets I, Depuydt G, Schoofs L, Temmerman L 
 

Functional Genomics and Proteomics, Department of Biology, KU Leuven, 
Leuven, Belgium 
elien.vansinay@bio.kuleuven.be 
 
Neurodegenerative diseases are characterized by a progressive loss of 
function and death of specific populations of nerve cells in the central 
nervous system. Because ageing is the primary risk factor for these 
diseases, their prevalence is expected to rise significantly in the coming 
decades due to the rapid increase in average life expectancy. As a result, 
age-associated disorders, amongst which neurodegenerative diseases, will 
represent a major challenge to the individual patients as well as to our 
society and healthcare systems.  
Cognitive impairment is one of the most devastating symptoms related to 
neurodegeneration. Memory deficits affect an individual’s ability to perform 
daily tasks and therefore further reduce quality of life. However, little is 
known about the mechanisms underlying cognitive impairment in 
neurodegenerative diseases. We believe fundamental insights can be 
obtained by using the free-living nematode Caenorhabditis elegans as a 
model system.	   C. elegans is capable of both associative and non-
associative learning and, like humans, it loses the ability to perform learned 
behaviours with increasing age.	  Furthermore, tremendous efforts have been 
invested in the development of C. elegans models of neurodegenerative 
diseases. These models are a powerful tool for the investigation of the 
molecular determinants of these debilitating disorders. 
We are currently using a Huntington’s disease (HD) model, which expresses 
a range of polyglutamine (polyQ) stretches throughout the nervous system, 
to search for interesting modifiers of disease-related cognitive impairment. 
Thereto, we are comparing the associative learning abilities of wild type C. 
elegans with those of the HD model. Known genetic modifiers of 
neurodegenerative diseases will be tested experimentally for their learning-
improving ability. In order to better understand the mechanisms involved, 
the expression profile and mode of action will be determined for the most 
interesting targets. 

 
Cmparative Proteomic Analysis of Neonatal and 
Adult Wistar Rats Islet by Using Bottom-up 
Strategies  
 
Hatice Yıldızhan1, Gülbahar Böyük2, Duygu Özel Demiralp3 
 

1,3 Ankara University, Biotechnology Institute, Proteomics Department, 
Ankara, Turkey  2 Translational Research Center, Diskapı Teaching and 
Research Hospital, Ankara, Turkey 
haticeyldzhn@gmail.com 
 
Diabetes mellitus (DM) is a kind of metabolic diseases mainly characterized 
by high blood sugar which is mainly caused by islet beta cells disfuction. 
Even if there are several therapeutic applications, there is no exact cure but 
it is known that beta cell mass has significant importance. Beta cell mass 
expansion during neonatal stage is known as their high replication capacity 
therefore to explore underlying mechanism for beta cell mass increment 
during this term has vital importance to get right route for diabetes treatment.  
In our study, we did comparison analysis between neonatal rat islets and 
adult islets proteome by using bottom up proteomics strategies.  For this 
purpose, we isolated islets from 5-day aged Wistar rats and 20-week aged 
adult Wistars. For neonatal rats, islets were isolated by handpicking and for 
the adults before handpicking, gradient centrifugation was performed. We 
isolated 23.3 IEQ islets from neonatal and 34,66 IEQ from adults. To see 
purity of isolation, DTZ staining and to check the islet viability, FDA/PI 
staining were performed. At the same day of isolation, islets were directly 
taken to proteomic analysis to detect differentially expressed proteins 
between neonatal stage and adults. We compared the islets protein profiles 
by using bottom-up strategies (2D-PAGE, PDQuest analysis, MALDI-TOF). 
As the first step (2-D PAGE) was performed, 2 groups with 3 replicates were 
analysed with PDQuest software to detect differentially expressed spots and 
we got 270 protein spots that were matched in all groups in which 35 protein 
spots were upregulated in neonatal stage while 33 spots were 
downregulated. MALDI/TOF was performed to whole differentially expressed 
spots for protein identification by peptide mass fingerprint (PMF) analysis by 
using Mascot Software. We identified several proteins that have important 
role in proliferation, apoptosis, inflammation and main molecular 
mechanisms of the cell which can be important for the potential targets for 
diabates treatment by the sign of beta cell mass. In this stage using bottom-
up proteomic strategies is one of the best way to see age-dependent 
dynamic changes which is a promising way to get peptide based treatment 
for diabetes mellitus.  
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A replication study of 49 Type 2 Diabetes risk 
variants in the Pakistani population 
 
Asima Zia1, Attya Bhatti1, F. Yesim Demirci2, Xingbin 
Wang2, Aysha Karim Kiani1, Danish Saleheen3, Wei Zhao 

3, Muhammad Ismail4, Jamal Zafar5, Peter John1, M. Ilyas 
Kamboh1 

 
1Atta-ur-Rahman School of Applied Biosciences (ASAB), National 
University of Science and Technology (NUST), Islamabad, Pakistan 
2 Department of Human Genetics, Graduate School of Public Health, 
University of Pittsburgh, PA, USA  
3 Institute of Biomedical and Genetic Engineering (IBGE), Islamabad, 
Pakistan 
4 Pakistan Institute of Medical Sciences (PIMS), Islamabad, Pakistan 
asimazia@gmail.com 
 
The prevalence of T2D is increasing as alarmingly worldwide, especially in 
developing countries. Past genetic studies carried out mainly in Asians and 
European populations have identified multiple T2D susceptibility loci, but 
little data is available in Pakistani population. The aim of this study was to 
replicate 49 genome-wide significant SNPs previously identified among 
Asians and Europeans in a unique Pakistani population. We examined the 
association of 49 SNPs in 853 T2D cases and 1,945 controls using additive 
logistic regression model in PLINK after adjusting for age and gender. Eight 
of the 49 genotyped SNPs were replicated in our sample with p-values 
ranging from 3.54E-06 to 0.02; the most significant association was with 
TCF7L2/rs7903146. Additional 10 SNPs showed suggestive associations 
with the same allele and direction. These results suggest that although a 
number of T2D susceptibility loci are shared across various ethnicities, 
larger replication samples are needed in order to detect small effect sizes. 
Supported by the Higher education commission (HEC), Pakistan 
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Possible role of SGPP-5 in reproduction, 
immunity and digestion in the desert locust 
Schistocerca gregaria. 
 
Katleen Crabbé*, Jozef vanden Broeck 
 

Laboratory of Molecular Developmental Physiology and Signal Transduction 
*Corresponding author. 
Katleen.crabbe@bio.kuleuven.be 
 
In 1987, the first member of a new family of serine protease inhibitors was 
discovered in the crayfish, Pacifastacus leniusculus. Pacifastin-like peptides 
belong to a family of Arthropoda specific inhibitors, of which the endogenous 
functions haven’t been fully discovered so far. Nevertheless, there are 
indications that they may play a role in several regulatory pathways in the 
desert locust, Schistocerca gregaria. Pacifastin-like inhibitors appear to 
inhibit digestive enzymes in vitro in diverse insect species. It has already 
been shown that SGPI-2 is a potent and specific inhibitor for bovine 
chymotrypsin, whereas other inhibitors more specifically inhibit trypsins.  
 
Preliminary results indicated that the fifth precursor of the pacifastin-like 
inhibitors, SGPP-5, can have an influence on reproduction of adults locusts. 
Analysis of possible copulation and post-copulation effects after RNA 
interference of SGPP-5 will help us to verify if there is indeed a regulatory 
link between the pacifastin-like inhibitors and the reproductive cycle in adult 
S. gregaria.  
 
Another putative role of some of these peptides is situated in the innate 
immune response of arthropods. In crayfish, pacifastin-like inhibitors were 
shown to inhibit the prophenoloxidase-activating enzyme. In the migratory 
locust, Locusta migratoria, previous studies have indicated that some 
pacifastin-like inhibitors can indeed inhibit the proPO activating cascade in 
hemocytes. Therefore, it will also be of interest to investigate whether this is 
an endogenous function of these peptides in the desert locust.  
	  

	  
Does the “inbrome” farnesol along with 
steroid- and other lipophilic hormones 
compete for the same receptor site on the 
SERCA pump, thereby controlling life 
cycles? 
 

Arnold De Loof, Liliane Schoofs 
Functional Genomics and Proteomics Group, Department of Biology, KU 
Leuven-University of Leuven, Belgium 
arnold.deloof@bio.kuleuven.be 
 
Peter Karlson, the discoverer of the insect molting hormone ecdysone, 
showed that this steroid could induce puffs in specific regions of the 
polytene chromosomes present in the salivary gland cells of some dipteran 
insects. Later, it was found that steroid hormones form complexes with a 
receptor molecule in the cytoplasm. Next the hormone-receptor complex 
migrates to the nucleus where it can control the expression of specific genes. 
This became the standard model explaining the mode of action of steroid 
hormones as well as of lipophilic hormones in general. Yet, another model, 
namely the Lezzi-Kroeger-Gilbert model competed for some time with the 
Karlson model. These authors could also induce specific puffs including the 
so-called ecdysone-sensitive puffs in the absence of any hormone. They 
advanced their scientifically-sound ionic control of gene expression model. 
They advanced the plasma membrane as the site where steroid hormones 
exert their first and most important action. For a variety of reasons, this 
model undeservedly got forgotten. The nuclear- versus membrane receptor 
mode of action of steroids dilemma remained unresolved until a recent 
breakthrough in the endocrinology underlying insect metamorphosis yielded 
novel insights that reconcile both models. The primordial candidate for 
acting as the long sought-for membrane receptor of insect juvenile hormone, 
and probably of other lipophilic signalling substances/hormones as well, 
seems to be nothing else than (tissue-specific isoforms of) elements of the 
Ca2+-homeostasis system, in particular of the calcium-pump present in the 
sarco(endo)plasmic reticulum, in concert with some types of Ca2+-channels. 
This system is ubiquitous in all animals, plants and fungi. It is evolutionarily 
very ancient. It enables a high degree of variability, thereby conferring cell-
type and developmental specificity. This model offers plausible explanations 
for the coming into existence of female-male physiological dimorphism, of 
Ca2+-rich endo- and exoskeletons, as well as for the succession of the 
different stages in the life cycle. The final conclusion is that Karlson’s model 
for explaining steroid hormone action needs a substantial upgrade. 
Granting agencies: FWO-G.0.601.11  and GOA 
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Juvenile hormone signaling pathways in the 
regulation of hemolymph and accessory gland 
proteins in males of Pyrrhocoris apterus 
 
Marketa Hejnikova*1,2, Magdalena Hodkova1 .  
Biological Centre, Institute of Entomology, Academy of 

Sciences, Ceske Budejovice, Czech Republic. 2University of South Bohemia, 
Faculty of Science, Ceske Budejovice, Czech Republic. 
marketahejnikova@seznam.cz 
 
Males of the linden bug, Pyrrhocoris apterus exhibit adult diapause 
regulated by photoperiod. In short-day photoperiod (SD) males do not mate, 
while in long-day photoperiod (LD) they are reproductively active. Mating 
shortens the life of LD-males, while ablation of the corpus allatum (CA), the 
source of juvenile hormone (JH) prolongs it. Mating is not much influenced 
by allatectomy. It was found previously that Methopren-tolerant (Met) and 
Taiman (Tai), but not Krueppel-homolog (Kr-h1) are required for the action 
of JH in adult females (1). On the other hand, Met and Kr-h1 (1) but not Tai 
(2) are required for the action of JH in larvae. Therefore, we examined the 
effect of the CA (JH), Met, Tai, and Kr-h1 on accessory gland proteins 
(Acps) and hemolymph proteins in males of P. apterus. Allatectomy and 
knockout of Met and Tai by RNA interference reduced Acps. Conversely, Kr-
h1 RNAi slightly enhanced Acps. Interestingly, all treatments enhanced 
hemolymph proteins, hexamerins, with the highest effect of Met RNAi. As 
expected, the level of Acps was low and hexamerins were high in diapause 
males. While diapause males do not mate and hence are not fertile, fertility 
of active males with Met, Tai, Kr-h1 RNAi or allatectomized was not much 
influenced. (1) Smykal V., Bajgar A., Provaznik J. et al. (2014) Insect 
Biochem. Mol. Biol. 45, 69-76. (2) Konopova B., Smykal V., Jindra M. (2011) 
Plos ONE 6 (12).  
Acknowledgements: Grant GACR :P502/10/1612 
 

	  
The regulation of delta-11-desaturase gene 
expression in the pheromone gland of 
Mamestra brassicae (Lepidoptera; Noctuidae) 
during pheromonogenesis  
 
Gabriella Köblös1, Tamás Dankó2,1, Kitti Sipos1, Ágnes 

Geiger3,1, József Fodor1,  Adrien Fónagy1 
 
1 Plant Protection Institute, CAR, HAS, Budapest, Hungary 
2 Budapest University of Technology & Economics, Dept. Appl. Biotech. 
Food Sci., Budapest, Hungary 
3 Corvinus University of Budapest, Dept. Entomol., Budapest, Hungary 
koblos.gabriella@agrar.mta.hu 
 
The cabbage moth, Mamestra brassicae females de novo synthesize Z11-
16Ac:16Ac (90:10) lure in the pheromone gland (PG) through desaturation of the 
16Acyl intermediate, to attract conspecific males. The periodic release of the 
Pheromone Biosynthesis Activating Neuropeptide (PBAN) regulates the 
production of sex pheromones. 
We cloned Mambr-Δ-11-desat as well as housekeeping genes used as reference. 
Specific primers were designed for real-time RT-PCR experiments based on 
sequence analysis of cloned RT-PCR fragments. For gene expression studies 5 
PGs in 3 replicates were collected for the time course: pupal, at emergence and 
on days 0-8. Samples were collected at 1 h prior to scotophase (Sp), the 3rd and 
7th h of Sp as well as 3 h after light on (16:8 L:D; 25oC; 60%RH). The results 
showed that Mambr-Δ-11-desat gene expression in pupae (1-2 day prior to 
emergence) was about 1%, and in emerging individuals 10% of the level detected 
in calling females. Its expression increased up to the end of the 1st day when it 
reached a plateau phase without significant fluctuation up to the 8th day. 
Pheromone production was detected with GC-MS (3 PGs/sample in 5 replicates) 
from 1st to 8th adult days. We found an intensive daily fluctuation peaking at the 
end of the Sp of the 2nd-3rd day (+200ng Z-11-16Ac /PG). When 5.6 pmol synthetic 
pheromonotropin (18aa Mambr-PT) was injected into 27h decapitated 3-day-old 
females, an increasing production (up to +130ng Z-11-16Ac /PG) was detected 
after 20, 40, 60, 90 and 120 min of sampling. Neither decapitation nor Mambr-PT 
administration affected significantly Mambr-Δ-11-desat gene expression. 
This is the first report on a long term study of gene expression pattern of a PG 
specific desaturase in parallel with systematic monitoring of pheromone 
production leading to the conclusion that Δ-11-desat is not under direct PBAN 
control. 
This research was supported by the European Union and the State of Hungary, 
co-financed by the European Social Fund in the framework of TÁMOP 4.2.4. A/2-
11-1-2012-0001 ‘National Excellence Program’ and OTKA K 104011. 
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Identification of nuclear receptor superfamily 
and developmental expression profile in the 
copepod Tigriopus japonicus 
 
Dae-Sik Hwang1, Bo-Young Lee1, Jae-Seong Lee1,2 

1Institute of Natural Sciences, Sungkyunkwan University, Suwon, South 
Korea 2Department of Biological Sciences, College of Science,  
ungkyunkwan University, Suwon, South Korea. 
jslee2@skku.edu 
 
Nuclear receptors (NRs) are a large superfamily of proteins containing a 
DNA-binding domain (DBD) and a ligand-binding domain (LBD). They 
function as transcriptional regulators to control expression of genes involved 
in development, homeostasis, and metabolism.  The numbers of NRs are 
different from species to species because of the gene duplication during 
metazoan evolution.  It is interesting that many NRs appear to interact with 
the ecdysteroid hormone and are involved in the ecdysone-regulating 
signaling pathway. We identified the NR superfamily in the copepod 
Tigriopus japonicus, and investigated their expression patterns based on the 
developmental stages.  T. japonicus is an important marine model species 
for ecotoxicology and environmental genomics, Using whole genome 
sequences and transcriptome data of T. japonicus, we found a total of 30 
nuclear receptors in the genome. The nomenclature of the identified NR was 
successfully performed with the sequence similarity and phylogenetic 
analysis.  T. japonicus nuclear receptors represented all 7 subfamilies (NR0 
to NR6) segregating into 4 major clades (subfamily NR1, NR2, 3/5/6, and 
NR4), which was similar to those in Daphnia.  We also found 11 nuclear 
receptors unique to T. japonicus, which seemed to be closest to Dappu-
HR97 with the sequence similarity of 50-70% in DD and 9-37% in LBD.  We 
investigated the expression pattern of the NRs in 7 developmental stages: 3 
nauplius (N1-2, N3-4, and N5-6), 2 copepodid (C1-2 and C3-5), and 2 adult 
stages (male and female).  Expression analysis showed that most 
previously known nuclear receptors including ECR and USP are significantly 
expressed in the stages of N5-6, where molting process occur.  However, T. 
japonicus unique nuclear receptors mostly showed the significant 
expression in the stage of C4-5 instead of N5-6.  Interestingly, one (TJ-
NR051) of new unique NRs showed the strongest expression in N5-6 which 
was even 4 times higher than ECR, suggesting the possibility that copepod 
might have different ecdysteroid hormone receptor from other arthropod, 
although further functional study might be required. 
 
Supported by the NRF project 

	  
Effect of temperature on expression in insulin, 
glycogen, and lipid signaling pathway-related 
genes and change of fatty acid composition in 
the copepod Tigriopus japonicus 
 
Dae-Sik Hwang1, Min Chul Lee2, Jae-Seong Lee1,3 

1Institute of Natural Sciences, Sungkyunkwan University, Suwon, South 
Korea 2Department of Food and Nutrition, College of Human Ecology, 
Hanyang University, Seoul 133-791, South Korea 3Department of Biological 
Sciences, College of Science, Sungkyunkwan University, Suwon, South 
Korea. 
jslee2@skku.edu  
 
To examine the effect of temperature on gene expression within the insulin 
signaling pathway, we have cloned all the genes involved in the insulin, 
glycogen, and lipid signaling pathways in the copepod Tigriopus japonicus. 
Of them, the T. japonicus insulin-like peptide (TJ-ILP) gene was firstly 
cloned in T. japonicus, encoding 120 amino acid residues with a Mw 13.7 
kDa and pI 8.59. Phylogenetically this was allocated to a rather underived 
cluster of the animal kingdom. Basal expression levels were measured from 
genes involved in insulin signaling pathway, lipid synthesis pathway, 
glycogen synthesis pathway, and elongase and desaturase. TJ-ILP gene 
was upregulated in response to 2 g/L glucose exposure over time and 
reached highest levels at 4 hr after exposure. Polyunsaturated fatty acids 
(PUFAs) were changed in response to a transition of temperature to low 
temperature (25°C to 10°C). Most insulin signaling pathway genes were 
upregulated during temperature transition but only some of the fatty acid and 
glycogen synthase signaling pathway genes were upregulated in their 
temperature transition. This paper will be helpful for a better understanding 
on expression patterns of temperature-driven insulin, glycogen, and lipid 
signaling pathways including elevated PUFAs in the copepod T. japonicus. 
  
Supported by the NRF project 
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A PPAR orthologue from a lophotrochozoan 
mollusc: insights into the evolution of nuclear 
receptors  
Mónica Lopes-Marques1,2, Raquel Ruivo1, S.B Sainath1, 
Ana Capitão1,3, Miguel M. Santos1, 3, * and L. Filipe C. 
Castro1, 3* 

1 CIMAR/CIIMAR (Interdisciplinary Centre of Marine and Environmental 
Research), University of Porto, Porto, Portugal, 2 ICBAS (Institute of 
Biomedical Sciences Abel Salazar), University of Porto, Porto, 
Portugal;  3 Department of Biology, Faculty of Sciences, University of Porto, 
Porto, Portugal  
 filipe.castro@ciimar.up.pt; santos@ciimar.up.pt 
 
Nuclear Receptors (NRs) play a critical role in the regulation of several 
biological processes such as metabolism, development and reproduction; 
they act as transcription factors and regulate the expression of specific 
target genes. As a result, NRs play a paramount role in the homeostasis of 
endocrine systems in metazoans. The evolution of NRs superfamily has 
gathered considerable attention over the past decade, particularly, since 
NRs have often been linked with endocrine disruption processes. 
Nevertheless, the vast majority of NR families remain uncharacterized 
particularly in the protostome lineage. 
The Peroxisome proliferator-activated receptor (PPARs) constitutes an 
important family of NRs, which regulate energy balance as well as lipid and 
glucose homeostasis. Here, we investigate the PPAR in a lophotrochozoan 
(mollusc). We combine extensive searches in the full genomes available 
with phylogenetic analysis, uncovering clear PPAR orthologues in the 
lophotrochozoans (molluscs). Phylogenetic analysis of these NRs indicates 
that they are clear orthologous to the corresponding NRs described in the 
vertebrate lineage, indicating that PPAR evolved in bilaterian ancestry. 
Additionally we provide the first isolation and characterization of PPAR gene 
in the mollusc limpet Patella depressa and in the basal deuterostome 
Paracentrotus lividus. We next performed comparative sequence analysis 
and 3D modelling and find a high degree of structural conservation. Finally, 
the novel NRs were functionally characterized using transactivation assays. 
The overall findings are discussed considering the evolution of the PPAR 
signalling pathways and endocrine disruption mechanisms mediated by this 
family. This work was financed by the Fundação para a Ciencia e a 
Tecnologia (FCT) projects PTDC/MAR/105199/2008, 
EXPL/MAR/EST/1540/2012 and PhD grant SFRH / BD / 84238 / 2012 
awarded to Mónica Lopes-Marques. 

	  
Pyrokinins change sugar and protein 
concentrations in haemolymph of beetles  
 
Pawel Marciniak, Monika Szymczak, Joanna Pacholska-
Bogalska, Grzegorz Rosinski 
Department of Animal Physiology and Development, Adam 

Mickiewicz University in Poznan, Poland 
pmarcin@amu.edu.pl 
 
Neuropeptides from the pyrokinin (PK) family are a large, structurally and 
functionally diverse group of the insect neuropeptides produced by the various 
neurosecretory cells of the insect nervous system. This family contains short and 
long peptides which share C-terminal -FXPRLa amino acid sequence. Pyrokinins 
regulate the visceral muscle contractions, pupariation, pheromone biosynthesis 
and diapause duration in insects. They are encoded by two genes PBAN and 
capa, which are mainly expressed in the suboesophageal ganglion. Peptides are 
then transported to the retrocerebral complex and released into haemolymph. In 
beetles – the largest insects order, detailed pyrokinin functions still remains 
unclear.  
Previosly, we reported myotropic and hyperglycaemic properties of pyrokinins 
discovered in the neuro-endocrine system of the beetles Tenebrio molitor and 
Zophobas atratus. We showed that Tenmo-PK-2 (SPPFAPRLa) apart from 
myotropic activity stimulate free sugar level in the haemolymph of the beetles. 
Here, we report the detailed studies on the possible metabotropic activity of 
pyrokinins in T. molitor and Z. atratus beetles. 
In the present study, we investigated the effect of the peptides on the glucose, 
trehalose, saccharose and polyoles concentrations as well as protein content after 
injections of three beetles endogenic pyrokinins Tenmo-PK-1 (HVVNFTPRLa), 
Tenmo-PK-2 and Tenmo-PK-3 (HLSPFSPRLa). Tested peptides caused various 
effects in the haemolymph of the larvae. For example, Tenmo-PK-2 increased the 
trehalose concentration 2h after injections in the dose-dependent manner. The 
hypertrehalosaemic effect was stronger in T. molitor. The concentrations of 
glucose, saccharose and polyoles slightly increased. Similar hypertrehalosaemic 
respose was observed also after injection of Tenmo-PK-1 in the haemolymph of T. 
molitor.  
Injection of tested peptides into the larvae of the T. molitor and Z. atratus caused 
serious differences of protein content estimated by SDS-PAGE electrophoresis 
24h after peptide administration. Particularly overexpression of smaller proteins 
(60-25 kDa) was observed after Tenmo-PK-2 injections in both beetles.  
Supported by 2013/D/NZ3/00002 and IP2011033571 projects founded by National 
Science Center and Polish Ministry of Science and Higher Education.	  
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Comparative analysis of relaxin-like gonad-
stimulating substance in several starfish 
species 
 
Masatoshi Mita1,  Shogo Haraguchi2, Dean C. Semmens3, 

Maurice R. Elphick3, Kazuyoshi Tsutsui2 

 
1Department of Biology, Faculty of Education, Tokyo Gakugei University, 
Tokyo 184-8501, Japan 2Laboratory of Integrative Brain Sciences, 
Department of Biology and Center for Medical Life Science, Waseda 
University, Tokyo 162-8480, Japan 3Queen Mary University of London, 
School of Biological & Chemical Sciences, Mile End Road, London E1 4NS, 
UK 
bio-mita@u-gakugei.ac.jp 
 
Gonad-stimulating substance (GSS) of starfish is the only known 
invertebrate peptide hormone responsible for final gamete maturation, 
rendering it functionally analogous to the vertebrate luteinizing hormone 
(LH). GSS stimulates ovaries to induce oocyte maturation by producing 
maturation-inducing hormone, 1-methyladenine (1-MeAde) in the ovarian 
follicle cells. Previously, GSS has been purified from the radial nerves of the 
starfish Asterina pectinifera. The purified GSS is a heterodimer composed of 
two different peptides (A- and B-chain) with disulfide cross-linkages. 
According to phylogenetic analyses, A. pectinifera GSS belongs to the 
insulin/insulin-like growth factor (IGF)/relaxin superfamily and, more 
precisely, to the subclass of a relaxin-like peptide. The cDNA of A. 
pectinifera GSS encodes a preprohormone sequence with a C-peptide 
between the A- and B-chains. However, little is known about GSS in other 
species of starfish. In this study, we identified GSS in several starfish 
species, including Acanthaster planci, Asterias rubens, Asterias amurensis, 
and Coscinasterias acutispina. Phylogenetic analysis of the GSS sequences 
corresponded well with known taxonomic relationship for Asteroidea. 
Focusing on A. pectinifera, which is an endemic species commonly found 
from northern to southern Japanese waters, we examined whether genetic 
variation or polymorphism is found in GSS. Not only peptide sequences but 
also nucleotide sequences in A. pectinifera GSS were completely consistent 
across ten local populations from Japanese waters. This suggests that the 
GSS gene is very highly conserved. Furthermore, high levels of GSS mRNA 
expression were detected in the radial nerves and nerve rings of A. 
pectinifera. The amount of GSS contained in radial nerves remained 
constant regardless of breeding or nonbreeding season. However, release 
of GSS from the nervous system probably occurs during the breeding 
season 

	  
Physiological changes in ageing Tenebrio 
molitor beetle at tissue and organismal level.  
 
Joanna Pacholska-Bogalska, Monika Szymczak, Paweł 
Marciniak, Karolina Walkowiak, Grzegorz Rosiński 
 

Department of Animal Physiology and Development, Adam Mickiewicz 
University, Poznan, Poland 
pacholsk@amu.edu.pl 
 
Ageing is a physiological process during which severe changes occur at 
cellular and tissue level and determine the life expectancy of the organism. 
Heart is one of the organs, which function is influenced by age - related 
dysfunction, such as arrhythmia, tachycardia or bradycardia. Physiological 
changes in the heart contractile activity and hemodynamic parameters of 
ageing insect are poorly known. There is also no information about its 
sensitivity to influence of neuropeptides, such as CCAP (the crustacean 
cardioactive peptide, PFCNAFTGCa), which can modulate the action of 
insect heart. Moreover, the life ativity of ageing beetles has not been studied 
before. We used the semi-isolated heart assay of T. molitor beetle to 
determine age-dependent changes in the mechanical and hemodynamic 
parameters of myocardium, under the influence of CCAP. To evaluate the 
life activity of ageing beetles the spontaneous locomotor activity was also 
examined.  
Our results demonstrated that spontaneous locomotor activity slightly 
decreased with beetles age. In the heart we detected chronotropic and 
inotropic changes in its endogenous rhythm. The number of arrhythmia 
incidences rised with age of beetles, but also lusitropic changes in the 
contractile activity were discovered. We also observed that CCAP 
application caused, depending on age, alternations in chronotropic and 
inotropic parameters of the heart contractions and the myocardium of the 
older beetles was less sensitive to its stimulating impact. CCAP caused age-
related changes of heart hemodynamic parameters. In young beetles we 
detected the increase of the stroke volume, cardiac output and cardiac 
ejection fraction. All of the analyzed parameters decreased in older beetles, 
suggesting the decline of cardiac function with age of this beetle species. 
 
Supported by the National Science Centre, Poland, grant no. N N303 
805640  
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The Lophotrochozoan Ecdysone Receptor: 
novel or illusive disruption pathways? 
 
M. Inês Páscoa1, Mónica Lopes-Marques1,2, L. Filipe C. 
Castro1,3*, Miguel M. Santos1,3 and Raquel Ruivo1* 

 
1 CIMAR/CIIMAR, University of Porto, Portugal;  
2 ICBAS, University of Porto, Portugal;  
3 FCUP, Department of Biology, University of Porto, Portugal 
rruivo@ciimar.up.pt 
 
Steroid-hormones are cholesterol-derived molecules, found in both plants 
and animals, which modulate processes like homeostasis, development, 
and reproduction. Two categories of steroid hormones occur in bilaterians: 
vertebrate-like steroids (androgens, oestrogens, corticoids) and arthropod-
specific ecdysteroids. Given their essential role in developmental and 
reproductive physiology, sterol-pollutant interactions where shown to disturb 
the normal endocrine functions in animals: a phenomenon termed endocrine 
disruption. However, a strong bias towards research with classical 
vertebrate-related endocrine disruption pathways jeopardizes our 
understanding of the impact of alternative endocrine disruption mechanisms, 
notably in invertebrates. For instance, ecdysteroid signalling acting via the 
Ecdysone Receptor (EcR)—a sterol-activated nuclear receptor that 
regulates gene transcription—was thought to be Ecdysozoan–specific, 
because these hormones were not found outside this group. Yet, we have 
isolated and cloned a Lophotrochozoan EcR orthologue: a finding 
corroborated by genome database mining. To understand the physiological 
significance of a Lophotrochozoan EcR we addressed the evolutionary 
history and molecular function of this receptor. Regarding the latter, the 
primary question arising from our finding is whether the Lophotrochozoan 
EcR is functional and responds to ligand activation. Therefore, we will 
assess the ligand-binding affinities of EcR using both in silico homology 
modelling and molecular docking techniques and in vitro transactivation 
assays. Together with phylogenetic analysis, this work should provide a 
novel insight into the biological relevance of this receptor. From an 
ecological perspective, with EcR serving as target for the development of 
insect-specific pesticides and anti-parasitic drugs, the study of the molecular 
mechanisms underpinning these signalling pathways can unravel novel 
vulnerabilities towards environmental pollutants. 
Supported by FCT: PTDC/MAR/105199/2008, PTDC/MAR/115199/2009, 
EXPL/MAR/EST/1540/2012. R.R. and M.L-M. supported by FCT fellowships 
SFRH/BDP/72519/2010 and SFRH/BD/84238/2012, respectively.  

	  
Discovery of a novel vasopressin/oxytocin-type 
neuropeptide that triggers stomach eversion in 
starfish 
 
Dean C. Semmens1, Nataly Martynyuk1, Esther A. 
Odekunle1 Mahesh R. Pancholi1, Susan E. Slade2, James 

H. Scrivens2, Maurice R. Elphick1 
1 Queen Mary University of London, School of Biological and Chemical 
Sciences, Mile End Road, London E1 4NS, UK; 2 Waters/Warwick Centre for 
BioMedical Mass Spectrometry and Proteomics, School of Life Sciences, 
University of Warwick, Gibbet Hill Road, Coventry, CV4 7AL, UK 
d.semmens@qmul.ac.uk 
 
Vasopressin (VP) and oxytocin (OT) are related peptides belonging to a 
family of VP/OT-type neuropeptides that occur throughout the Bilateria. The 
physiological role of these peptides has been studied extensively in 
vertebrates but much less is known about the their functions in invertebrates. 
The echinoderms are of special interest in this respect because they are a 
sister phylum to the chordates and their pentaradial symmetry as adult 
animals provides a unique context for analysis of neuropeptide function. 
Here we report the discovery of a novel VP/OT-type peptide in the starfish 
Asterias rubens, named asterotocin. Analysis of neural transcriptome data 
identified a contig encoding a 147-residue precursor protein, comprising 
asterotocin and a C-terminal neurophysin domain, confirmed by cDNA 
cloning and sequencing. A noteworthy and unusual feature of asterotocin is 
that it has an acidic glutamate residue in its penultimate position. 
Interestingly, investigation into the pharmacological actions of synthetic 
asterotocin in vivo revealed that it triggers cardiac stomach eversion in 
starfish. Consistent with this finding, asterotocin was found to be a potent 
relaxant of cardiac stomach preparations in vitro. Furthermore, analysis of 
asterotocin precursor expression in A. rubens using mRNA in situ 
hybridisation revealed transcripts localised in mucosal cells of the cardiac 
stomach. The relaxing action of asterotocin is interesting because VP/OT-
type neuropeptides typically act as muscle contractants and, to the best of 
our knowledge, asterotocin is the first VP/OT-type neuropeptide to be 
discovered that acts as a muscle relaxant. Collectively, our data indicate that 
release of asterotocin may mediate neural control of the remarkable process 
of stomach eversion in starfish, which occurs when they feed on prey such 
as mussels. This discovery adds to other putative peptidergic mediators of 
starfish feeding, with SALMFamide-type peptides also implicated in cardiac 
stomach eversion and NGFFYamide implicated in cardiac stomach 
retraction.   
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Cholecystokinin-like signaling in C. elegans 
 
Kevin Van Calster*1, Charline Borghgraef1, Liesbet 
Temmerman1, Isabel Beets1, Tom Janssen1, Lotte 
Frooninckx1, Liliane Schoofs1  
 

1Functional Genomics and Proteomics, KU Leuven (University of Leuven), 
Belgium. 
kevin.vancalster@bio.kuleuven.be 
 
Neuropeptides are involved in the regulation of several key biological 
processes. Members of the evolutionary conserved cholecystokinin/gastrin 
family of peptides play an important role in energy homeostasis and feeding 
behavior. We have identified a functional cholecystokinin-like signaling 
system in the nematode C. elegans, which comprises the two neuropeptide 
ligands NLP-12a and NLP-12b. Both neuropeptides function by activating 
the splice isoform receptors CKR-2a and CKR-2b (Janssen et al., 2008)a. 
 Using a microarray approach, we explored the effect of ckr-2 receptor 
mutation on the C. elegans transcriptome, dependent on the nematode’s 
feeding status. Results suggest that the functionality of the cholecystokinin-
like system in C. elegans is mostly active in food-deprived conditions, in 
contrast with the homologous system’s role in arthropods and vertebrates. 
Current data lead us to hypothesize an important role in survival 
mechanisms during starvation. We are now investigating the pathways 
involved in these potential coping mechanisms.  
We recently identified a second functional cholecystokinin GPCR (CKR-1) in 
the C. elegans genome. Through a reverse pharmacology approach, in 
which we expressed the orphan CKR-1 receptor in a mammalian cell line, 
we discovered the activating neuropeptide ligand. Expression analysis 
indicates that this receptor is localized in sensory head neurons of C. 
elegans and expression seems to be overall distinct from CKR-2 localization. 
 
aJanssen, T. et al. (2009). Discovery and characterization of a conserved 
pigment dispersing factor-like neuropeptide pathway in Caenorhabditis 
elegans. Journal of Neurochemistry, 111(1), 228-241.  
 

	  
Adipokinetic hormone regulates the anti-
oxidative response and the wing beat frequency 
in Drosophila melanogaster	  
 
Arnau Rodríguez-Illamola1, Roman Sidorov1, Suresh 
Sajwan1,2, Jan Bartussek3, Natraj Krishnan 4, Michal 

Žurovec1,2 and Dalibor Kodrík1,2	  
1 Institute of Entomology, BC, České Budějovice, Czech Republic 2 
University of South Bohemia, České Budějovice, Czech Republic 3 
University of Rostock, Rostock, Germany	  
4 Mississippi State University, Mississippi State, USA 
arnauvigo@gmail.com 
 
Adipokinetic hormones (AKHs) are a group of insect neuropeptides, which 
are activated under stress conditions to initiate corresponding defence 
reactions and maintain homeostasis. Primarily AKHs control insect 
metabolism, but they are also involved in other activities including activation 
of anti-oxidative reactions and stimulation of locomotion. In the present work 
the fruit fly Drosophila melanogaster was used as a model species, and 
paraquat as the agent eliciting the oxidative stress (OS) conditions. In the 
experiments, the following mutants were used: one overexpressing normal 
UAS-AKH with the act-Gal4 driver (AKH-overexpressed), a group with UAS-
RNAi silenced AKH gene by use of AKH-Gal4/UAS-AKH [RNAi] (AKH-def. 
1), a null AKH mutant prepared by the use of the TALEN technique (AKH-
def. 2), a P-insertion mutant for the AKHR/GnRHR (AKHR-def. 1) and flies 
with UAS-RNAi silenced AKHR/GnRHR gene by use of act-Gal4/UAS-AKHR 
[RNAi] (AKHR-def. 2). The results have shown that the catalase activity 
increased after the paraquat treatment in the controls, while in the AKH-def 
and AKHR-def mutants the effect was not recorded. Further, the superoxid 
dismutase activity was reduced in controls under the OS conditions, and 
again, no reaction was recorded in the deficient mutants. On the other hand, 
changes of the glutathione level after paraquat treatment were recorded just 
in the AKH-def mutants, while no changes in the glutathione-S-transferase 
activity were indicated. The lack of both AKH and AKHR production resulted 
in reduction of wing beat frequency. All data indicate that the AKH–AKHR 
system plays a crucial role in regulation of the anti-OS response in the D. 
melanogaster body, and it is also involved in the control of insect flight 
activity.	  
Supported by the GACR project No. 14-07172S, and by the Postdok 
BIOGLOBE CZ.1.07/2.3.00/30.0032 project co-financed by the European 
Social Fund and the state budget of the CR. 
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Ancient complexity of the urotensin II system: 
five ancestral vertebrate receptors became one 
in placental mammals but are retained in non-
avian reptiles 
 
Daniel Ocampo Daza, David Lagman, Christina A. 

Bergqvist and Dan Larhammar  
 
Department of Neuroscience, Uppsala University, Uppsala, Sweden 
David.Lagman@neuro.uu.se 
 
The peptides urotensin II (UII) and somatostatin (SST) and their relatives 
form a family of structurally related peptides with multiple endocrine and 
neural roles. They act on two closely related families of G protein-coupled 
receptors belonging to the rhodopsin superfamily. Mammals have a single 
UII receptor, UTS2R, but possesses no less than five somatostatin receptor 
subtypes (SSTRs). The UTS2R gene is located close to the SSTR2 gene. 
As the SSTR family expanded through the ancestral vertebrate 
chromosome duplications (in two tetraploidizations), and because the 
UTS2R gene arose before the SSTR duplications, we have investigated if 
the UTS2R receptor too has undergone early vertebrate duplications. We 
have previously reported that the vertebrate ancestor had as many as five 
UTS2R genes (and six SSTR genes). Here we describe in detail the number 
of UTS2R in different vertebrate lineages. The anole lizard and other non-
avian reptiles have retained all five UTS2R genes. Placental mammals and 
marsupials have lost four of the ancestral genes, but marsupials have kept a 
different copy than placental mammals. Teleost fishes have four of the five 
ancestral genes. Interestingly, the teleosts have not retained a single copy 
after the third tetraploidization. This contrasts with the situation for the SSTR 
genes, of which three of the five genes have kept the duplicates. Thus, the 
number of UTS2R genes ranges from 1 to 5 among the vertebrate lineages. 
These chromosomes also harbour duplicates of several other neuronal and 
endocrine gene families, for instance some that are involved in vision. The 
number of UII family peptides also varies widely among the vertebrates, 
likewise ranging from 1 in mammals to 5 in teleosts, with one of the teleost 
copies originating in the teleost tetraploidization. In conclusion, the urotensin 
II system displays dynamic variation across the vertebrates and its 
extensive complexity in reptiles and teleost fishes invite studies of the 
functional roles and the functional differences between the peptide and 
receptor subtypes. 
 
Supported by the Swedish Research Council 
 

	  
Role of secretin in blood pressure regulation, 
cardiac morphology and function 
 
Zaw A.M.1, Law H.K.W.2, Lee L.T.O.1 and Chow B.K.C1. 
 

1School of Biological Sciences, The University of Hong 
Kong, Hong Kong SAR, China. 2Department of Health Technology and 
Informatics, Faculty of Health and Social Science, The Hong Kong 
Polytechnic University, Hunghom, Hong Kong SAR, China. 
moezaw@hku.hk, (correspondence: bkcc@hku.hk ) 
 
The incidence of hypertension and heart diseases are increasing which are 
leading causes of deaths globally. With its emerging role in regulating body 
water homeostasis and previous findings of its activity in acute 
cardiovascular functions, we hypothesize that secretin may play a 
physiologic role in controlling blood pressure and cardiac functions. In this 
study, using C57BL6N mice as controls, the blood pressure, heart 
morphology, and various plasma parameters in secretin knockout mice 
(SCT-/-), secretin receptor knockout mice (SCTR-/-) and double knockout 
mice (SCT/R-/-) were monitored and compared. The SCT-/- mice showed 
significant increases in mean arterial (113±4 vs 103±1mmHg; p = 0.0155) 
and diastolic pressure (101±5 vs 88±2 mmHg; p = 0.0027) when compared 
to the C57BL6N controls. In the double knockout mice, pulse pressure and 
heart rate were found significantly reduced and elevated, respectively (26±2 
vs 31±2 mmHg, p = 0.0492; 622±15 vs 536±11 bpm, p < 0.001). In 
echocardiography, SCTR-/- mice exhibited a significant augmentation in left 
ventricular anterior wall thickness (1.75±0.10 vs 1.14±0.05 mm; p = 0.0018). 
Also, SCT-/- mice were found to have a significant reduction in stroke volume 
(23.73±2.46 vs 37.80±3.6 µl; p=0.0116). Increased levels of cardiac fibrous 
tissue were observed in SCTR-/- and double knockout mice. The plasma 
angiotensin II levels were significantly higher in SCTR-/- mice (3.51±0.75 vs 
1.77±0.2 ng/ml; p = 0.042). Though not statistically significant, plasma 
secretin level is higher in SCTR-/- mouse and vasopressin level is elevated in 
SCT-/-. The new information should help to understand the role of secretin in 
regulating blood pressure, cardiac function and renin-angiotensin system in 
the future. 
Supported by the GRF 770212 and CRF/11G. 	  
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The neuropeptide CCAP is involved in the signaling 
pathway for ecdysis behaviour in a hemimetabolous 
insect, Rhodnius prolixus. 
 
Lee, D.H., Orchard, I. and Lange, A.B. 
 

University of Toronto Mississauga, Department of Biology, Mississauga, ON, 
Canada, L5L 1C6 
angela.lange@utoronto.ca 
 
 
In holometabolous insects, behaviours associated with the shedding of the 
exoskeleton (ecdysis) are orchestrated by the sequential actions of 
neuropeptides, one of which is crustacean cardioactive peptide (CCAP). 
Little is known about the control of ecdysis in hemimetabolous insects. Here, 
we report that CCAP is essential for successful ecdysis in the 
hemimetabolous insect, Rhodnius prolixus; the vector of Chagas disease. 
The first indication of CCAP’s involvement in ecdysis was the observation of 
decreased staining intensity of CCAP-containing neurons immediately 
following ecdysis, indicative of the release of CCAP.  Also, we observed 
variations in CCAP transcript expression in the central nervous system 
(CNS) and the CCAP receptor (CCAPR) transcript expression in the CNS 
and specific peripheral tissues associated with ecdysis. The critical 
importance of the CCAP signaling pathway was further demonstrated by 
knockdown (as determined by qPCR and immunohistochemistry) of the 
CCAP and CCAPR transcripts utilizing dsRNA.  This technique reduced the 
staining intensity of CCAP-containing neurons, and knocked down the 
transcript levels by up to 83%, with lethal consequences to the insect. 
Insects with these transcripts knocked down had very high mortality at the 
expected time of ecdysis, or had ecdysis extremely delayed.  CCAP’s 
cardioactive property is also retained in R. prolixus. Basal heartbeat 
frequency was decreased by 31% in bugs treated with dsCCAPR.  Also, 
knocking down the receptor resulted in loss of function of applied CCAP in 
vitro. This is the first report of the susceptibility of R. prolixus to dsRNA 
knockdown of neuropeptide and receptor transcripts, and the data clearly 
demonstrates the conserved nature of the CCAP-signaling pathway in 
ecdysis and control of heartbeat between holometabolous and 
hemimetabolous insects. 
 
This work is support by grants from NSERC to ABL and IO.	  
 

 
Brain neuropeptides in central cardio-
ventilatory regulation in trout 
 
Jean-Claude Le Mével1, Frédéric lancien1, Nagi Mimassi1, 
J. Michael Conlon2, 1INSERM UMR1101, Laboratoire de 
Neurophysiologie, SFR ScInBioS, Université de Brest, 

France.2	   School of Biomedical Sciences, University of Ulster, Coleraine, 
N.Ireland 
Jean-claude.lemevel@univ-brest.fr 
 
Neuropeptides appeared very early during evolution and the primary 
structures of these peptides and their G-protein coupled receptors have 
been generally well conserved from fish to mammals. These neuropeptides 
and their receptors are present within the brain area involved in ventilatory 
and cardiovascular regulation including the hypothalamus and the brainstem 
autonomic nuclei. However, only a few mammalian studies have focused on 
the integrative physiological actions of neuropeptides on these vital cardio-
ventilatory functions. Consequently, we have developed a trout model to 
gain insight into the effects of intracerebroventricular (ICV) injection of 
exogenous synthetic replicates of endogenous neuropeptides on ventilatory 
and cardiovascular parameters in the unanesthethized rainbow trout 
Oncorhynchus mykiss. In this presentation, we contrast the central 
ventilatory effects of an equimolar dose  (50 pmol) of trout neuropeptide 
gamma, a peptide belonging to the tachykinin family of biologically active 
peptides, with the action of trout gastrin-releasing peptide (GRP), a peptide 
sharing similarity with bombesin, a peptide that is only present in 
amphibians. ICV injection of neuropeptide gamma produces an impressive 
hypoventilatory response due to a drastic reduction in the ventilatory 
amplitude (VAMP). In contrast, GRP causes a hyperventilatory response 
which is mainly due to an increase in VAMP and a slight elevation of the 
ventilatory frequency. In addition GRP produces a sustained hypertensive 
response without change in heart rate. We propose hypotheses relating to 
the potential sites of actions and physiological significance of these 
neuropeptides in the brain of the trout. Central interaction between the two 
neuropeptides acting as neuromodulators and/or neurotransmitters may be 
of physiological importance in finely tuning motor autonomic output to the 
peripheral cardio-ventilatory effectors. We hope that our comparative 
physiological studies provide new insights into evolution of the basic 
neuroregulatory mechanisms that operate in the central nervous system of 
vertebrates, including humans, to control vital cardio-ventilatory functions. 
Supported by the European Regional Development Fund for the PeReNE 
project. 
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Structure-activity relationship of AKH 
analogues in Hippotion eson, a sphingid moth 
 
Heather G. Marco, Gerd Gäde  
 
Department of Biological Sciences, University of Cape 

Town, South Africa  
Heather.Marco@uct.ac.za  
 
The sphingid moth Hippotion eson synthesises the highest number of 
adipokinetic hormones (AKHs) ever recorded, viz. five, in its corpus 
cardiacum: two octapeptides (pELTFTSSW amide and pELTFTSTW amide), 
two nonapeptides (pELTFTSSWG amide and pELTFTSTWG amide) and 
one decapeptide (pELTFSSGWQK amide) [Gäde et al. 2013: Regul. 
Peptides 184, 85-95). These five endogenous AKHs are all fully active to 
mobilise stored lipids from the fat body.  
The present study investigates structure-activity relationships in order to get 
insights into the ligand-receptor interaction. Decapeptides with a lysine or 
glycine at position 10 are fully active in our homologous in vivo bioassays. 
Analogues with an acetylated glutamate at position 1 (instead of a 
pyroglutamate), or an asparagine at position 3 (instead of threonine), or a 
proline at position 6 (instead of serine), are not tolerated well by the AKH 
receptor(s) of the sphingid moth and AKH activity is strongly suppressed. An 
isoleucine at position 2 (instead of leucine) is active, whereas a valine at this 
position is much less active. When tryptophan at position 8 is replaced by 
alanine, no AKH activity is recorded.  
Thus, it appears that all positions (except the tenth) are important for 
receptor activation and even the slight change from leucine/isoleucine to 
valine is unfavourable for full ligand binding. Further investigations are 
underway with shortened analogues (hexa- and heptapeptides), as well as a 
free acid (unblocked C-terminal) peptide. These studies will give an 
indication about the flexibility of the AKH receptor(s) in this sphingid moth 
and the relative half-life of shortened peptides in a biological system. This 
information is important for the consideration of peptide mimetics to combat 
specific lepidopteran pest insects.  
Supported by an Incentive Grant from the National Research Foundation 
(Pretoria, RSA) and the University of Cape Town staff grants.  
 

	  
Duplicated gonadotropin receptors in European 
eel and other teleosts originated in the 
actinopterygian lineage. 
 
Gersende Maugars1, Ron Dirks2, Guido van den Thillart2, 
Jonna Tomkiewicz3 

and Sylvie Dufour1. 
 
1 MNHN - UMR BOREA CNRS 7208 - IRD 207 - UPMC- UCBN, France. 
2 Leiden University, ZF-screens B.V. and Institute of Biology, Leiden, The 
Netherlands. 
3 DTU Aqua,Technical University of Denmark, Charlottenlund, Denmark. 
gersende.maugars@mnhn.fr 
 
Pituitary gonadodropin hormones, FSH and LH are key hormones that 
control reproduction. They stimulate stereoidogenesis and gametogenesis in 
ovary and testis by activating specific glycoprotein receptors related to 
seven transmembrane G protein-coupled receptors. Until recently, it was 
admitted that gonadotropins had evolved concomitantly with their 
corresponding gonadotropin receptor. Using the Eel genome database, we 
identified one fshr and two lhr genes in both European and Japanese eels. 
Genome analysis of representative vertebrates with key phylogenetic 
position indicated the presence of one fshr and one lhr in chondrichthyans 
and sarcopterygians including a basal coelacanth and tetrapods, and in 
some teleosts. One fshr but two lhrs were found in a non-teleost 
actinopterygian, the spotted gar and in some teleosts in addition to the eels. 
Phylogeny and synteny analyses revealed that actinopterygian LHRs cluster 
into two monophyletic groups. Noticeably, extent teleosts have conserved 
either both, or one or the other LHR. These results suggest that duplicated 
forms of lhr in eel does not result from the teleost specific genome 
duplication 3R but might be originated from a local duplication event that 
occurred early in the actinopterygian lineage, prior to the emergence of gars. 
In European eel, fshr and duplicated lhr were expressed in the ovary and 
testis. A differential extra-gonadal expression was observed for the fshr and 
two lhrs with a high expression in eye for the lhr1, while fshr and lhr2 
transcripts were abundant in the anterior brain. Transcript levels of fshr, lhr1 
and lhr2 sharply increased in ovary and testis in pre-pubertal stage 
(silvering) and were differentially regulated during experimental sexual 
maturation. 
This work was supported by grants from MNHN, CNRS-INEE and the 
European Community FP7 Pro-EEL No 245257. 
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Differential Rab6 immunolabelling in the 
hypothalamo-hypophysial tract of adult mice 
 
Tanja Müller, Michaela Fredrich, Amin Derouiche and 
Horst-Werner Korf1 
 

1 Dr. Senckenbergische Anatomie, Goethe-Universität Frankfurt am Main, 
Germany 
tanja_mueller@stud.uni-frankfurt.de 
 
Rab6 is a member of the rab protein family (ras-like in rat brain). Besides its 
function in regulation of ER–Golgi trafficking in a retrograde direction, Rab6 
can also play a role in constitutive exocytotis. Our initial findings indicated 
co-expression of Rab6 with arginine-vasopressin (AVP) and oxytocin (Ox) in 
the hypothalamo-hypophysial tract (HHT), as well as in the suprachiasmatic 
nucleus (SCN) of mice. Both neurohypophysial hormones are secreted by 
regulated exocytosis. Therefore, these data might indicate an additional 
function of Rab6 in regulated exocytosis. We studied the paraventricular 
nucleus (PVN), the supraoptic nucleus (SON), the median eminence (ME) of 
the hypothalamus, the pars nervosa (PN) of the pituitary, and the SCN of 
adult male mice to confirm co-localization of Rab6 with AVP and/or Ox, 
throughout the HHT. Sixteen melatonin-proficient C3H mice were adapted to 
a 12h light : 12h dark cycle for 3 weeks and were sacrificed at ZT00, 06, 12 
and 18, with 4 animals per timepoint. Immunohistochemical triple-labeling 
for Rab6, AVP, Ox and a marker for cell nuclei was performed to measure 
the staining intensities. Our results show a partial co-localization of Rab6 
and AVP in the SCN but no Rab6/AVP co-localization in the HHT. Instead, 
all Rab6-ir cell bodies in PVN and SON contain Ox. Rab6 immunoreactivity 
is exclusively localized in Ox-containing fibers of the ME as well as in Ox-
containing Herring bodies of the PN. In summary our results show that in the 
hypothalamo-hypophysial system Rab6 is localized exclusively in Ox 
positive cells.  Notably, a minority of the AVP- cells of the SCN were also 
Rab6 immunoreactive. We conclude that Rab6 might play a role not only in 
constitutive but also in regulated (non-constitutive) exocytosis. We will 
further investigate the possibilities of i) an essential difference in vesicle 
traffic between AVP- and Ox-neurones and ii) an activity dependent co-
expression of Rab6 with the neurohypophysial hormones. The latter 
hypothesis is strengthened by the co-localization of Rab6 and AVP in the 
SCN.	  
 

	  
Allatostatin type-A receptors and blood feeding 
in the malaria mosquito (Anopheles gambiae) 
 
Rute C Felix1, Marlene Trindade1, Isa RP Pires2, Vera G 
Fonseca1, Rute S Martins1, Henrique Silveira2, Deborah M 
Power1, João CR Cardoso1 

 
1 Comparative Endocrinology and Integrative Biology, CCMAR, 
Universidade do Algarve, Faro, Portugal 
2 Centro de Malária e outras Doenças Tropicais, IHMT, Lisboa, Portugal 
dpower@ualg.pt 
 
Females of the malaria mosquito (Anopheles gambiae) feed on nectar but 
egg maturation is stimulated by a blood meal and the factors mediating this 
shift in feeding habit are poorly defined. A general screen of receptors 
associated with feeding in the malaria mosquito identified a role for the 
Allatostatin type-A receptors (AstA-Rs), which are homologues of vertebrate 
galanin receptors (GALR). The identified ligands of AstA-Rs are type A 
Allatostatins (AstAs, FGL-amide C-terminal) that are known to inhibit food 
intake in arthropods. In the present study the potential involvement of AstA-
Rs in the feeding habits of A. gambiae is analysed. To this end the mosquito 
AstA system was characterised and compared to metazoan homologues 
and receptor transcription was analysed after a glucose or blood meal in the 
female. Two AstA-R receptors (GPRALS1 and GPRALS2) exist in mosquito 
and tissue distribution reveals that they are highly expressed in the midgut 
and ovaries and that GPRALS2 is the most abundant transcript. Compared 
to glucose fed females, a blood meal down-regulates GPRALS1 transcripts 
in the head (p<0.05) and up-regulates GPRALS2 transcripts in the midgut 
(p<0.05) and both receptors are down-regulated in the ovaries. In silico 
analysis of the mosquito genome identified 5 cognate ligands of the AstA-Rs 
denominated Alst1 to 5. The two mosquito AstA peptides with the highest 
amino acid similarity/identity with the D. melanogaster homologues, AstA1 
and AstA2, (62/50% and 87/87%, respectively) were tested for their ability to 
activate the mosquito AstA-Rs. The results indicate that the two mosquito 
peptides and the cockroach BLAST-2 signal via GPRALS1 and GPRALS2 
by activating the iCa2+ but not cAMP signalling pathway. The results suggest 
that GALR homologues may be one of the mediators of the cross-talk 
between energy balance and reproduction in insects.  
Supported by FCT PTDC/BIA-BCM/114395/2009 and “PEst-C/MAR/LA0015/2013” 
projects. RCF, VGF and RSM supported respectively by FCT grants 
SFRH/BPD/89811/2012 SFRH/BPD/80447/2011 and SFRH/BPD/66742/2009. 
JCRC supported by FCT Pluriannual funds - “PEst-C/MAR/LA0015/2013” project.  
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Comparative distribution and in vitro 
activities of the urotensin II-related peptides 
URP1 and URP2 in the central nervous 
system of zebrafish 
 
Feng B. Quan1, Christophe Dubessy2, Sonya Galant3, 

Natalia B. Kenigfest1, Lydia Djenoune1,4, Claire Wyart4, Isabelle Lihrmann2, 
Hervé Tostivint1. 
1. Evolution des Régulations Endocriniennes UMR 7221 CNRS and 
Muséum National d’Histoire Naturelle, Paris, France  2. Différenciation et 
Communication Neuronale et Neuroendocrine, INSERM U982, Université 
de Rouen, Mont-Saint-Aignan, France 3. Neurobiologie et Développement, 
CNRS UPR 3294, Institut Alfred Fessard, Gif-sur-Yvette, France 4. Institut 
du Cerveau et de la Moelle Épinière, INSERM UMR 1127, CNRS UMR 
7225, Université Pierre et Marie Curie, Paris, France 
quan@mnhn.fr, htostivi@mnhn.fr  
 
Urotensin II (UII) is an evolutionarily conserved neuropeptide initially isolated from 
teleost fish on the basis of its smooth muscle-contracting activity. Subsequent 
studies have demonstrated the occurrence of several UII-related peptides (URPs), 
such that the UII family is now known to include four paralogue genes called UII, 
URP, URP1 and URP2. These genes probably arose through the two rounds of 
whole genome duplication that occurred during early vertebrate evolution. While 
URPs have been identified both in tetrapods and teleosts, URP1 and URP2 have 
only been observed in ray-finned and cartilaginous fishes, suggesting that the 
URP1 and URP2 genes were lost in the tetrapod lineage.   
In the present study, we report the distribution of the URP1 and URP2 mRNAs in 
the central nervous system of the zebrafish. In the spinal cord, URP1 and URP2 
mRNAs were coexpressed in the same cells, both in embryos and adults. These 
cells also expressed the glutamate decarboxylase (GAD) and polycystic kidney 
disease 2-like 1 (PKD2L1) genes, indicating that they likely correspond to 
cerebrospinal fluid-contacting neurons. In the hindbrain, URP1-expressing cells 
were identified as cholinergic neurons located in the motor vagus nuclei (nX). We 
also showed that synthetic zebrafish URP1 and URP2 were able to induce Ca2+(i) 
mobilization in human UII receptor (UT)-transfected CHO cells with similar 
potencies (pEC50=7.99 and 7.52, respectively). Nevertheless, the potencies of 
zebrafish URP1 and URP2 were slightly lower than those of human UII and 
mammalian URP (pEC50=9.44 and 8.61, respectively). 
Taken together, our data suggest that URP1 and URP2 may act as 
neurotransmitters and/or neuromodulators in the central nervous system of 
teleosts. Further studies will be needed to determine their physiological functions. 

	  
Expression of leptin receptors in the brain and 
pituitary of the European sea bass 
 
Sebastian Escobar1, Alicia Felip1, Björn Thrandur 
Bjönrsson2, Manuel Carrillo1, Silvia Zanuy1, Olivier Kah3, 
Arianna Servili3,4 

 

1Department of Fish Physiology and Biotechnology, IATS, CSIC, Castellón, 
Spain. 2Fish Endocrinology Laboratory, Department of Biological and 
Environmental Sciences, University of Gothenburg, Sweden 3Team NEED, 
IRSET, INSERM U1085, SFR Biosit, Université de Rennes 1, France 
4IFREMER, centre Brest, Team PFOM/ARN, LEMAR UMR 6539, Plouzané, 
France 
arianna.servili@ifremer.fr 
 
Leptin is a cytokine that plays a crucial role in satiety and energy metabolism. In 
mammals, leptin is synthesized by adipocytes and acts on the brain to regulate 
feeding behavior. Although teleost leptins display little sequence identity with 
mammalian leptins, they serve similar functions in regulating energy intake and 
expenditure. Two putative coding sequences for sea bass leptin receptor are 
identified through TBLASTN search on the sea bass genome database (Kuhl & 
Reinhardt, unpublished) and only the long form (sbLepr) was cloned (GenBank 
Accession No. KF918755). Conserved domains and motifs for sbLepr are 
identified by Pfam searches. sbLepr aminoacid sequence shows very little identity 
with human (23%) as well as with zebrafish (34%) leptin receptors. qPCR studies 
reveal evident expression level of mRNA in most analysed tissues in both sexes 
with potential differences of expression level with sex. The neuroanatomical 
localization of sbLepr expressing cells has been assessed by in situ hybridization 
in female and male brains sampled during the first sexual maturation at two time 
points: the non-breeding (September) and the breeding season (February). This 
technique has not	   revealed obvious differences in sbLepr expression pattern 
according to sex or season. Leptin receptor expressing cells is widespread into 
the forebrain and midbrain of adult male and female sea bass until the caudal 
portion of the hypothalamus. A very high expression level of leptin receptor mRNA 
is detected in the telencephalon and the preoptic area. sbLepr mRNA is also 
observed in the medial tuberal zone, including the region above the pituitary stalk 
as well as in the pituitary gland. In a more caudal region sbLepr expressing cells 
are mostly revealed in the longitudinal torus and both lateral and posterior 
recesses. The expression pattern observed for s sbLepr mRNA suggests that 
leptin may be involved in the control of appetite, energy reserves and also 
reproduction in fish. 
Supported by AQUAGENOMICS (CSD2007/00002), and the EU project 
LIFECYCLE 
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Alterations in the expression of arginine 
vasotocin and its oxytocic-like receptor in the 
shell gland of Japanese quail and reproductive 
performance: Modulation by the gonadal 
steroids and short daylength  
 

1Rashmi Srivastava and 2C.M.Chaturvedi 
1Department of Zoology, Dr. H. S. Gour University, Sagar, M.P.- 470003, 
India, 2Department of Zoology, Banaras Hindu University, Varanasi, U.P.-
221005, India.  
rashmisri3@gmail.com	  
	  
The avian neurohypophysial hormone arginine vasotocin (AVT) is an 
important regulatory hormone involved in various physiological processes 
including fluid balance, blood pressure regulation, stress response and 
reproductive events including oviposition. The diverse roles of AVT are 
carried out by its three receptors. To explore reproductive performance in 
short day photoperiodic conditions studies have been conducted on 
Japanese quail in which changes in AVT and its oxytocic-like receptor VT3R 
have been monitored. This study summarizes information pertinent to the 
breeding biology and endocrine status of Japanese quail during short 
photoperiod by localization of AVT and in-situ hybridization of VT3R gene 
transcripts in the shell gland. Using AVT-specific antibody immunoreactive 
(ir) AVT was observed in myometrium of scotosensitive and scotorefractory 
Japanese quail. Further, to investigate the effect of estrogen on AVT as well 
as its receptor VT3R under the short day condition (6L: 18D), estradiol 
benzoate (EB) was administered daily in sexually quiescent (scotosensitive) 
condition for 15 days. After the initial period of sexual quiescence, the quail 
of control group exhibited sexual development (scotorefractory condition). 
Thereafter, scotorefractory quail were administered with anti-estrogen 
tamoxifen, which eliminated the reoccurrence of scotosensitivity. VT3R gene 
transcripts were detected in the myometrial region of the scotorefractory and 
scotosensitive quail. Treatment of scotosensitive quail with EB appears to 
increase level of both ir-AVT and VT3R mRNA in the shell gland. 
Administration of EB to scotosensitive female quail produced an increase in 
AVT and VT3R while tamoxifen suppressed them in scotorefractory quail. 
The results indicate that in quail myometrium the expression of VT3R is up-
regulated by estrogen when kept under short day condition. Our result 
suggests that shell gland contractility in response to AVT may be regulated 
during the short daylength condition and in part this regulation is estrogen-
dependent in quail.	  

	  
Divergent cardio-ventilatory and locomotor 
effects of centrally and peripherally 
administered urotensin II and urotensin II-
related peptides in the unanesthetized trout 
 
Gilmer Vanegas1, Jérôme Leprince2, Frédéric Lancien1, 

Nagi Mimassi1, Hubert Vaudry2, Jean-Claude Le Mével1. 
 
1INSERM UMR1101, Laboratoire de Neurophysiologie, SFR ScInBioS, 
Université de Brest, France. 2INSERM U982, UA CNRS, Différenciation et 
Communication Neuronale et Neuroendocrine, Université de Rouen, Mont-
Saint-Aignan, France. 
gilmer.vanegas@univ-brest.fr 
 
UII and URPs peptides exhibit the same cyclic hexapeptide core sequence 
(CFWKYC) while the N- and C-terminal regions are variable. UII, URP1 and URP2 
are differentially expressed within the central nervous system of teleosts, 
suggesting that the peptides may exert distinct functions. The goal of this study 
was to compare the central actions (5-500 pmol) of synthetic replicates of trout 
UII, URP1 and URP2, on cardio-ventilatory variables and locomotor activity in the 
unanesthetized trout Oncorhynchus mykiss. The central actions of these peptides 
were also compared with their peripheral effects. Compared to vehicle, 
intracerebroventricular (ICV) injection of UII, URP1 and URP2, induced a 
significant hyperventilatory response. However, the effect of UII at 50 pmol was 2 
to 3 fold higher than the effect of URP1 and URP2. In addition, ICV injection of UII, 
URP1 and URP2 significantly increased (about 5-fold) dorsal aortic blood 
pressure. The significant elevation in heart rate following UII injection (50 pmol) 
was also 2-3 fold higher than the effects of URP1 and URP2. UII and URP1, and 
to a lesser extend URP2, induced a potent increase in the locomotor activity. In 
contrast to their hyperventilatory and locomotor effects after ICV injection, none of 
the peptides evoked any ventilatory or locomotor action after intra-arterial (IA) 
injection except for the highest dose tested. Nonetheless, a significant dose-
dependent hypertensive effect was observed but only following IA injection of UII 
with a significant bradycardia. Collectively, these findings support the hypothesis 
that endogenous UII, URP1 and URP2 in the trout brain may act as 
neurotransmitters and/or neuromodulators acting synergistically or differentially to 
control the cardio-ventilatory and locomotor systems. In the periphery, the only 
physiological actions of these peptides might be those related to the well known 
cardiovascular regulatory actions of UII. It might be questioned whether the 
observed divergent physiological effects of UII and URPs may be due to 
differential interaction with the UT receptor or binding to distinct UT subtypes. 
This work was supported by the European Regional Development Fund for the 
project PeReNE 
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Retinoic Acid Metabolic Genes, 
Responsiveness and Meiosis in Medaka 
 
Mateus Contar Adolfi1, Amaury Herpin1, Joshua S. 
Waxman2 and Manfred Schartl1 

 
1 -University of Wuerzburg, Physiological Chemistry I, Biocenter, Am 
Hubland, D-97074 Wuerzburg, Germany.. 2 - The Heart Institute, Molecular 
Cardiovascular Biology and Developmental Biology Divisions, Cincinnati 
Children’s Hospital Medical Center, Cincinnati, Ohio, United States of 
America. 
mateus.adolfi@biozentrum.uni-wuerzburg.de 
 
Sex determination is a complex developmental process regulated and fine-tuned 
by cascades or networks of genes, involving the cellular fate of the 
undifferentiated soma and the primordial germ cell (PGC). One of the first 
recognizable differences between male and female gonad development is the 
onset of meiosis. This is regulated by retinoic acid (RA) in mammals. The retinoic 
acid receptors (RARs) bind to DNA at retinoic acid response elements (RAREs) in 
the absence of their ligand. RARs, through RAR heteromeric binding with a 
retinoid X receptor (RXR) on RAREs control the expression of RA-responsive 
genes, repressing the expression in the absence of RA and releasing the 
expression in its presence. Since little information is known of the involvement of 
RA in the entry of meiosis and sex development in fish, we studied sex 
determination in the model fish species medaka to elucidate it. We generated 
transgenic lines for the main RA-metabolic enzymes (Aldh1a2, Cyp26a1 and 
Cyp26b1) that report the expression of those genes during the development. 
Expression of those genes was also followed by whole amount in situ 
hybridization. We also generated a RA-responsive reporter transgene containing 
12 copies of the RARE together with eGFP (12XRARE). We observed different 
expression domain for the RA-synthesis gene and the RA-degrading genes, which 
can create a RA gradient during A-P axis formation. We found that the metabolic 
genes expressions are regulated by exogenous all-trans-retinoic acid treatments. 
We also demonstrate that the presence of Aldh1a2 gene expression does not 
reflect that RA is acting in those same cells. The responsiveness to RA starts in 
the very early stages of the development, and treatments with exogenous all-
trans-retinoic acid and DEAB (Raldh inhibitor) show that the RA-responsive 
reporter is RA inducible and dependent. There is a clear sex specific expression 
of the Aldh1a2 gene in the testis, and of the Cyp26a1 gene in ovary, 
demonstrating an important sex-bias of the RA production in the gonads. In 
summary, we hypothesize that RA is involved in the onset of meiosis in adult 
medaka, acting directly in the germ cells in females and through the Sertoli cells in 
male, complementary to what was shown in zebrafish. 
Supported by the Graduiertenkolleg 1048 “Molecular Basis of Organ Development 
in Vertebrates” (GRK-1048) 

	  
Development of the galaninergic system in the 
brain of an elasmobranch, the dogfish 
Scyliorhinus canicula  
 
Miguel A. Rodríguez, Isabel Rodríguez-Moldes, Fátima 
Adrio 

 
Department of Cell Biology and Ecology. Univ. of Santiago de Compostela, 
Spain.  
fatima.adrio.fondevila@usc.es 
 
Galanin is a 29 (30 in human)-amino acid neuropeptide widely distributed in 
the central and peripheral nervous system in vertebrates. In fish, the 
organization of galaninergic systems is well known. However, in contrast 
with the numerous studies carried out on the brain of adult fish, including 
elasmobrachs [Vallarino et al., 1991. Peptides 12:351-357], little 
investigation has been made of the expression of galanin during 
development. To extend the evolutionary analysis of galaninergic systems 
we have studied the development of galaninergic cell groups and fibers in 
the brain of embryos, juveniles and adults of the shark Scyliorhinus canicula 
using immunohistochemistry to galanin (GAL). Immunoreactive (GALir) cells 
appeared along the ventral telencephalon (including preoptic area) and 
hypothalamus of very early embryos, when the characteristic walls layering 
become evident. The earliest GALir cells appeared in the preoptic region of 
stage 26 (S26) and in the subpallium (primordia of Interstitial nucleus of the 
anterior commissure and area superficialis basalis) and hypothalamus of 
S27. At S28, GALir cells occupied the vascular organ of the terminal lamina. 
All the galaninergic cell groups observed in juveniles were already 
recognized at S34 (prehatching). Most of the GALir cells in preoptic and 
hypothalamic periventricular regions were cerebrospinal fluid (CSF)-
contacting neurons. The distribution of GALir cells in adults was similar to 
that previously observed (Vallarino et al., 1991). Along development, GALir 
fibers innervated different regions of the telencephalon, hypothalamus, 
mesencephalon and medulla oblongata being especially abundant in the 
median eminence, indicating that GAL may be related with hypophysis 
function. The developmental sequence of GALir cell groups in the dogfish is 
similar to that described for teleosts, apart from the abundance of 
galaninergic CSF-contacting cells which appear to be a primitive 
characteristic of elasmobranchs. The early expression of GAL may indicate 
a crucial role in development probably related to the development of nerve 
centers involved in food intake and growth. 
Supported by Xunta de Galicia (CN 2012/237) 
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The combined effect of DHA and taurine on 
growth, survival and eye development in blue 
fin tuna larvae (Thunnus Thynnus) 
 
Laurence Besseau1,2, Marilyne Escande1,2, Oriya Nixon2, 

Shiran Azouli3, 3William Koven, Jack Falcón1,2 
 
1CNRS, UMR7232, Banyuls sur Mer, France and 2UPMC, UMR7232, 
Banyuls sur Mer, France;  3Israel Oceanographic & Limnological Research, 
The National Center for Mariculture, Eilat, Israel.   
besseau@obs-banyuls.fr 
 
The larval rearing of blue fin tuna (BFT) is plagued by high mortality, 
particularly during first feeding. This may be due to poor eye development 
reducing the efficiency of prey capture leading to poorer growth and survival. 
Two nutrients, deficient in unenriched rotifers, that play a critical role in 
visual acuity are the essential fatty acid, docosahexaenoic acid (DHA; 
22:6n-3) and the amino-sulfonic acid, taurine. This paper describes a series 
of studies that determined effective dietary DHA and taurine levels in first 
feeding BFT larvae in terms of retinal opsin level, rotifer ingestion rate, 
growth and survival. A significant DHA dose-dependent effect on larval 
rotifer ingestion and retinal photopigment opsin was shown. DHA enhanced 
visual acuity and rotifer consumption did not markedly influence larval 
growth or survival suggesting that taurine may be another limiting factor. We 
suggest that BFT first-feeding larvae require high dietary DHA to improve 
visual acuity and prey ingestion rate while moderate and low dietary taurine 
is necessary for enhanced survival and growth. 
 
Supported by the EU FP7 SELFDOTT network and The French/Israeli 
Ministries of Education and Science (P2R Israel 2012; project n° 29703). 
 
 
 

	  
Comparative genomics elucidates the origin of Cpt1 
genes in vertebrate species 
 
Inês L. S. Delgado1, Mónica Lopes-Marques1,2, Raquel 
Ruivo1, Yan Torres1, Sanaith D.R.1, Eduardo Rocha1,2, 
Isabel Cunha1, Miguel M. Santos1,3 and L. Filipe C. 

Castro1,3 

 
1CIIMAR, University of Porto, Portugal 
2ICBAS, University of Porto, Portugal 
3FCUP, University of Porto, Portugal 
filipe.castro@ciimar.up.pt 
 
The Cpt1 gene family plays a crucial role in energy homeostasis 
participating in the β-oxidation of fatty acids in the mitochondria. Four gene 
members have been described in vertebrate species, Cpt1a1, Cpt1a2, 
Cpt1b, and Cpt1c. The later has been suggested to be mammalian specific, 
while Cpt1a2 has been found exclusively in teleosts. In effect it is currently 
accepted that the mammalian Cpt1b and Cpt1c are the result of a recent 
gene duplication in the ancestor of therian mammals. Here we reassess the 
evolutionary relationships of Cpt1 genes using a combination of 
experimental approaches from phylogenetics to detailed synteny studies 
and subcellular localization. In addition to teleosts we find Cpt1a2 in other 
lineages such as cartiligenous fish, birds, reptiles, amphibians and 
coelacanths. Furthermore, our synteny studies prove also that Cpt1c and 
Cpt1a2 are highly divergent orthologues. In summary, we provide a final 
clarification on the duplication history of Cpt1 genes in vertebrate history. 
We propose that the Cpt1 gene family diversified in basal vertebrates as a 
consequence of genome duplications (2R) and Cpt1C is a rapidly evolving 
orthologue of Cpt1a2. 
 
This work was supported by Fundação para a Ciência e a Tecnologia 
(Portugal), through the European Regional Development Fund (ERDF), 
COMPETE - Operational Competitiveness Programme and national funds 
through FCT – Fundação para a Ciência e a Tecnologia, under the project 
“PEst-C/MAR/LA0015/2013, and SFRH/BD/84238/2012 awarded to M 
Lopes-Marques. We thank three anonymous reviewers for their insightfull 
comments. 
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Fish R-spondin Inhibits Zygotic Wnt/β-catenin 
Signaling  
 
Xiaozhi Rong1, Chen Chen1, Pin Zhou1, Yumei Zhou1, 
Yun Li1, Ling Lu1, Yunzhang Liu1, Jianfeng Zhou1, and 
Cunming Duan2 

 

1Key Laboratory of Marine Drugs, Chinese Ministry of Education, Ocean 
University of China, Qingdao, Shandong 266003, China; and 2Department of 
Molecular, Cellular, and Developmental Biology, University of Michigan, Ann 
Arbor, MI 48109, USA  
 
The Wnt/β-catenin or canonical Wnt signaling pathway plays fundamental 
roles in early development and in maintaining adult tissue homeostasis. R-
spondin 3 (Rspo3) is a secreted protein that has been implicated in 
activating the Wnt/β-catenin signaling based on studies in amphibians and 
mammals. Here we report that zebrafish Rspo3 has a unique domain 
structure and plays a negative role in regulating Wnt/β-catenin signaling. 
While mammalian and amphibian Rspo3 genes contain 2 furin-like (FU) 
domains, zebrafish Rspo3 contains 3 FU domain. This additional FU3 is 
also present in four other ray-finned fish Rspo3 studied but absent in the 
elephant shark Rspo3. In zebrafish, rspo3 mRNA is maternally deposited 
and has a ubiquitous expression in early embryonic stages. After 12 hpf, its 
expression becomes tissue-specific and dynamic. Forced expression of 
rspo3 promotes dorsoanterior patterning and increases the expression of 
dorsal and anterior marker genes. Knockdown of rspo3 increases ventral-
posterior development and stimulates ventral and posterior marker genes 
expression. Forced expression of rspo3 abolishes exogenous Wnt3a action 
and reduces the endogenous Wnt signaling activity. Knockdown of rspo3 
results in increased Wnt/β-catenin signaling activity. Further analyses 
indicate that Rspo3 does not promote maternal Wnt signaling. Human 
RSPO3 has similar action when tested in zebrafish embryos. These results 
suggest that Rspo3 regulates dorsoventral and anteroposterior patterning by 
negatively regulating the zygotic Wnt/β-catenin signaling in zebrafish 
embryos. 
 

	  
Modulation of secretin and vasopressin 
signaling by receptor hetero-complex  
 
Hans K.H. Ng, Stephanie Y.L. Ng, Leo T.O. Lee and Billy 
K.C. Chow 

School of Biological Sciences, The University of Hong 
Kong, Pokfulam, Hong Kong 

 
With the emerging role of secretin to regulate body water homeostasis, it is 
important also to study its functional relationship with vasopressin, a key 
hormone responsible for water conservation in the kidney. In recent years, it 
has been documented the G protein-coupled receptors (GPCRs) are 
capable of forming homo- and/or hetero-complex, and such oligomerization 
event can regulate receptor function by modifying receptor trafficking and/or 
signaling. In light of the functional redundancy of secretin and vasopressin 
and the co-expression of their receptors in the kidney, in this report, we 
provide evidences for the heteromer complex formation of secretin receptor 
(SCTR) with vasopressin receptor (AVPR2). We have used 
Bioluminescence Resonance Energy Transfer (BRET) assays for 
investigating receptor oligomerization. Using mouse as a model, it was 
found that SCTR specifically heteromerizes with AVPR2 but not with 
vasopressin receptor 1a/1b (AVPR1a/1b). This GPCR interaction was found 
to potentiate the intracellular cAMP responses of secretin, the maximal 
response (Emax) was found to increase to 152% and the potency (EC50) 
changed from 51.4 nM to 2.48 nM, when comparing to the controls with cell 
expressing AVPR1b instead of AVPR2, or cells with SCTR only. On the 
contrary, co-transfection of both receptors into CHO-K1 cells blunts the 
effect of vasopressin. We observed a decrease in Emax to 45% and a 
lowered EC50 from 0.013 nM to 84 nM, compared to cells expressing only 
AVPR2. In order to study the structural interface responsible for hetero-
complex formation and devise a molecular tool to block such interaction, 
transmembrane (TM) peptides were designed according to the peptide 
sequences of the TM domains of SCTR and AVPR2. We observed that TM 
peptides corresponding to SCTR TM-IV (STM-IV) and AVPR2 TM-III (VTM-
3) could reduce BRET ratio when incubated with receptors bearing cells. 
This study suggests the possible regulation of secretin and vasopressin 
signaling through receptor hetero-complex, which may enhance 
understanding on how these hormones cooperatively regulate water 
homeostatsis. 
Supported by the Hong Kong Government RGC grants HKU 765011M, 
764812M and HKU6/CRF/11G to BKCC, and 770212M to LTOL. 
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Knockdown of monocarboxylate transporter 8 
(mct8) disturbs brain development and 
locomotion in zebrafish 
 
Peter H.M. Klaren1, Erik de Vrieze1,2, Sandra M. W. van 

de Wiel1, Jan Zethof1, Gert Flik1, Francisco J. Arjona3 
 
1 Dept. Organismal Animal Physiology, Radboud University, Nijmegen, The 
Netherlands 
2 Dept. Otorhinolaryngology, Radboudumc, Nijmegen, The Netherlands 
3 Dept. Physiology, RIMLS, Radboudumc, Nijmegen, The Netherlands 
p.klaren@science.ru.nl 
 
Allan-Herndon-Dudley syndrome (AHDS) is an inherited disorder of brain 
development characterized by severe psychomotor retardation. This X-
linked disease is caused by mutations in the monocarboxylate transporter 8 
(MCT8), an important thyroid hormone (TH) transporter in brain neurons. 
MCT8 knockout mice lack the two major neurological symptoms of AHDS, 
viz. locomotor problems and cognitive impairment. The pathological 
mechanism explaining the symptoms is still obscure and no cure for this 
condition is known. The development of an animal model that carries MCT8-
related neurological symptoms is warranted. 
We have employed morpholino-based gene knockdown to create zebrafish 
deficient for mct8. Knockdown of mct8 results in specific symptoms in the 
thyroid axis and brain. mct8 morphants showed impaired brain development 
and locomotor behaviour. More specifically, we observed maldevelopment 
of the cerebellum and mid-hindbrain boundary, and apoptotic clusters in the 
zebrafish brain. 
The mRNA expression of thyroid stimulating hormone (tsh), thyroid hormone 
transporters (mct8, mct10, oatp1c1), and deiodinases (dio1, dio2, dio3) was 
altered in mct8 morphants. In particular, deiodinase type 3 gene expression 
was consistently up-regulated in zebrafish mct8 morphants. 
The thyroid hormone metabolite tetrac, but not triiodothyronine (T3), partly 
ameliorated the affected phenotype and locomotion disability of morphant 
larvae. 
Our results show that mct8 knockdown in zebrafish larvae disturbs the 
thyroid axis, brain development, and locomotion. This is congruent with the 
clinical aspect of impaired locomotion and cognition in patients with AHDS. 
Taken together, zebrafish is a suitable animal model for the study of the 
pathophysiology of Allan-Herndon-Dudley syndrome. 
 

	  
Cloning, characterization and expression of 
vasa cDNA during embryonic development in 
Rhamdia quelen (Heptapteridae, Siluriformes) 
 
Emanuel R. M. Martinez1, Juliana M. B. Ricci*1,3, Marcos A. 
de Oliveira1,3, Angel A. Vigoya1,3, Arno J. Butzge1,3, Lucas 

B. Doretto1, Rüdiger W. Schulz2, Jan Bogerd2, Rafael H. Nóbrega1 
 
1São Paulo State University (UNESP/IB), Botucatu, SP, Brazil 
2Utrecht University, Utrecht, Netherlands 
3Aquaculture Center of São Paulo State University (CAUNESP), Jaboticabal, 
SP, Brazil 
*equally contributed 
erm_martinez@yahoo.com.br 
 
The vasa gene codes for a DEAD box helicase, essential for germ cell 
development. This gene shows specific expression in primordial germ cells 
(PGCs), germ line stem cells (male and female), and in early stages of 
spermatogenesis. To evaluate vasa expression during embryonic 
development (0 to 264 h post-fertilization or 11 days pf) of R. quelen, we 
isolated a full-length vasa cDNA sequence, using primers based on Clarias 
gariepinus vasa cDNA sequence. This was followed by 5’- and 3’-RACE, 
cloning and sequencing approaches, from which a full-length Brazilian 
catfsih vasa cDNA sequence (with an open-reading frame of 2016 bp that 
codes for 671 amino acids) was obtained. The amino acid sequence was 
compared with vasa protein sequences from other fishes, indicating that the 
protein belongs to the DEXDc superfamily. Evolutionary analyses were 
conducted by the method of phylogenetic distance. The obtained sequence 
was compared with vasa gene sequences of several fish species, showing 
that R. quelen is a sister group of Silurus meridionalis and C. gariepinus, 
belonging to the Siluriformes group, and distant from other fish species. 
Semi-quantitative RT-PCR, demonstrates vasa expression throughout the 
evaluated period. The high expression of vasa from 0 to 7 hpf is attributed to 
maternal inheritance, as shown in other species such Oncorhynchus mykiss. 
However, qPCR analyses suggest that expression in the embryo begins at 
216 hpf or 9 days pf. Furthermore, specific R. quelen vasa primers were 
designed to evaluate vasa expression by RT-PCR and qPCR in different 
organs in both sexes. Expression was detected in gonads, being stronger in 
ovary than in testis. Here we presented R. quelen as a potential model for 
spermatogonial stem cell transplantation using newly hatched embryos. 
Supported by the CAPES, CNPq and FAPESP Project	  
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Sox-genes expression analysis in the 
developing gonad in turbot (Scophthalmus 
maximus) 
 
Xoana Taboada*1,  Fátima Adrio2, Ana Viñas1 

 

1Department of Genetics. University of Santiago de Compostela, Spain 
 2Department of Cell Biology and Ecology. University of Santiago de 
Compostela, Spain 
xoana.taboada@usc.es 
 
Turbot (Scophthalmus maximus) is an appreciated flatfish species in 
European aquaculture with a high commercial value and a high potential 
growth rate under intensive culture conditions. Production reached 9,142  t in 
2009 and it is predicted to double up in size in 2014 (Federation of 
European Aquaculture Producers, FEAP 2010).  One of the main objectives 
of the breeding programs in turbot industry is to control sex ratio which is a 
central demographic parameter related to the reproductive potential of 
populations. Furthermore, in this species exists a strong sexual dimorphism 
for growth rate, females reach commercial size 4–6 months before males do, 
which explains the interest of the industry in obtaining all-female populations. 
Phenotypic sex depends on the processes of sex determination and sex 
differentiation. It is known that one principal sex-related QTL in linkage 
group 5 and other minor sex-related QTLs in 6, 8 and 21 LG groups exist in 
turbot [Martinez et al., 2009. Genetics 183(4):1443-1452] but the genetic 
basis of the sex determination and differentiation is still unknown. Sox (SRY-
relatd HMG- box) gene family plays different roles during development 
including sex determination and sex differentiation. In this work we have 
analyzed the expression of some of these genes, Sox2, Sox3, Sox14, 
Sox17 and Sox19, in the developing gonad of turbot by in situ hybridization 
in transverse and longitudinal paraffin sections. We have used 130 days 
post-fertilization (dpf), 180dpf, and two years old specimens of both sexes. 
We found expression in both sexes for genes Sox2, Sox3, Sox14 and 
Sox17 which suggests the involvement of these genes in the gonad 
development in turbot. Nevertheless, Sox19 showed strong expression in 
ovocytes and no expression in testis in all stages analyzed. This result is 
quite interesting since this gene is present only in fish and is related to 
ovarian differentiation as reported in other species [Navarro-Martín et al., 
2012. Comp Biochem Physiol B 163:316-323]. Therefore, Sox19 appears as 
a strong candidate for future analysis related to its function in female 
phenotypic development in turbot.  
Supported by the Xunta de Galicia (10MMA200027PR) 
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Steroid regulation of catfish Heteropneustes fossilis 
gonadotropin subunits (GPα, FSHβ, LHβ) in sexually 
quiescent and breeding phases 
 
Arup Acharjee1, Radha Chaube2, Keerikkattil Paily Joy1 

 
1 Centre of Advanced Study, Department of Zoology, BHU, Varanasi, India 
2 Zoology Section, MMV, BHU, Varanasi, India 
arupacharjee@gmail.com 
 
The duality of gonadotropin is established in teleosts, as in tetrapods. In catfish, 
the genes encoding FSH and LH, as well as LH protein are characterised but the 
native FSH protein has eluded detection. Hence, studies on regulation of FSH 
secretion are fewer. We performed ovariectomy (OVX) and Estradiol-17β (E2) 
supplementation after ovariectomy for understanding the regulation of catfish 
gonadotropin subunits. Acclimated mature female fish were ovariectomized and 
sham-ovariectomized in the sexually quiescent phase (second week of 
December) and sexually active phase (second week of March) of the reproductive 
cycle. The 3-week ovariectomized fish in both the phases were injected with E2 

intraperitoneally in dosages of 0.05 and 0.5 µg/g body mass. Transcripts encoding 
gonadotropin subunits GPα, FSHβ and LHβ were amplified from pituitary cDNA 
and assayed by semi-quantitative RT-PCR strategy. Ovariectomy produced 
significant but differential effects on GPα, FSHβ and LHβ. In the resting phase, 
OVX led to an increased transcription of FSHβ up to 4th week and later declined, 
however remained higher than the control and sham OVX fish. The sham fish also 
showed a gradual increase in the gene expression. LHβ did not show any change 
in the OVX or sham group. GPα showed a pattern similar to the FSHβ transcript. 
In the preparatory phase both FSHβ and GPα transcripts increased throughout 
OVX compared to control group. However, the LHβ transcript decreased 
significantly in OVX group. In both phases, E2 replacement in the 3-week OVX fish 
produced an overall significant effect on GPα and FSHβ, excepting LHβ. In the 
resting phase only the GPα and FSHβ, transcripts showed changes in the 
expression on E2 administration. The FSHβ and GPα expression was inhibited 
dose-dependently, 0.5 µg/g dose decreased it much lower than control, sham or 
OVX groups. LHβ transcription did not show any significant changes in the resting 
phase. However, in the preparatory phase the higher dose of E2 led to a marked 
increase in the LHβ and GPα transcripts, while FSHβ subunit did not show any 
significant changes during the E2 replacement. Both GPα and FSHβ subunits are 
inhibited at the higher doses. The results will be discussed in relation to changes 
in plasma steroid profiles.  
 
Supported by DST grant no: SA/SO/AS-43/2009 to KPJ and RC and CSIR-
SRF to AA 
 
 

	  
Effect of 17α-ethynylestradiol on 
steroidogenesis and gonadogenesis in wean 
gilthead seabream larvae. 
 
I. Cabas1*, M.C. Rodenas1, M.P. García-Hernández1, A. 
García-Alcázar2, J. Meseguer1, V. Mulero1 E. Chaves-

Pozo2, A. García-Ayala1 
 
1Department of Cell Biology and Histology, University of Murcia, 30100, e-
mail: agayala@mu.es 
2Centro Oceanográfico de Murcia, Instituto Español de Oceanografía, 
Puerto de Mazarrón, 30860. 
 
A wide variety of chemicals discharged from industrial and municipal 
sources have been reported to disrupt the endocrine system of animals, 
which may be exposed via the food chain and contaminated water. 17α-
ethinylestradiol (EE2), a drug used in oral contraceptives and hormone 
replacement therapy, has a widespread presence in the aquatic 
environment. Current knowledge on the sensitivity of marine fish 
reproductive system to estrogenic environmental chemicals is limited. 
Interestingly, the resistance of EE2 to degradation should not be 
underestimated and for instance, determining the impact of the intake of low 
levels of EE2 with the food on fish reproduction is mandatory. We report here 
the effects of dietary intake of EE2 on gilthead seabream recently weaned 
larvae (50 days post-hatching, dph) during 100 days of exposure (150 dph) 
and their recovery after 50 days (200 dph) of the dietary intake of 
commercial food. We have analyzed the hepatic vitellogenin and the gonad 
gene expression profile of several steroidogenic-relevant genes and 
testosterone (T), 11-ketotestosterone (11-KT), 5α-dihydrotestosterone 
(DHT) and 17β-estradiol (E2) serum levels as well as the gonad morphology 
in order to determine the sensibility of the gonadogenesis and 
steroidogenesis processes to endocrine disrupted chemicals and, more 
importantly, its capacity of recovery. 
Supported by the “Ministerio de Economía y Competitividad” and FEDER 
(AGL2011-30264-C02-01, -02 and AGL2010-20801-C02-01) and the 
“Fundación Séneca”, Coordination Centre for Research, CARM 
(04538/GERM/06). E. Chaves-Pozo thanks to “Ministerio de Economía y 
Competitividad” for her Ramón y Cajal’s contract (RYC-2009-05451). 
	  
 
  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
	  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
	  

PO	  
76	  
	  

PO	  
77	  
	  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
 



CECE 2014 27th Conference of European Comparative Endocrinologists 

146	  

 
Implications of aromatase and 5α-reductase in 
the sex steroid hormone balance in gilthead 
seabream males. 
 
M. García-García1, M. Sánchez-Hernández2, A. García-
Alcazar2, V. Mulero1, A. García-Ayala1, E. Chaves-Pozo2* 

 
1Department of Cell Biology and Histology, University of Murcia, Murcia, 
30100, Spain. 
2Centro Oceanográfico de Murcia, Instituto Español de Oceanografía, 
Puerto de Mazarrón, 30860 
elena.chaves@mu.ieo.es. 
 
Spermatogenesis is a continuum of cellular differentiation in which three 
principal phases can be discerned: spermatogonial renewal and proliferation, 
meiosis, and spermiogenesis. In teleosts, as in other vertebrates, 
spermatogenesis is combarnous 
essentially regulated by pituitary gonadotropins and testicular factors, 
including androgens and estrogens. Regarding androgens, 5α-
dihydrotestosterone (DHT) has recently been suggested to be 
physiologically important in some fish species but not in others. Although the 
function of DHT in teleosts is not clearly yet, there are growing lines of 
evidence that they are capable of synthesizing DHT. Estrogens, derived 
either from local aromatization of androgens or produced by the testis, exert 
paracrine actions within the testis itself. In this framework, gilthead 
seabream males have been implanted with 1mg/Kg testosterone (T), 
1mg/kg fradozole (Fz, an inhibitor of the aromatase) and/or 1mg/Kg 
finasteride (Fd, an inhibitor of the 5α-reductase). The treatment groups 
were: vehicle control, T, T+Fz, T+Fd, T+Fz+Fd, Fz, Fd, Fz+Fd and external 
control. In this study we have analyzed the T, 11-ketotestosterone (11KT), 
DHT and 17β-estradiol (E2) serum levels, the pattern of expression of the 
main enzymes involved in the steroidogenesis and the morphology of the 
gonad to determine the implications of testosterone modification to E2 or 
DHT in fish physiology.  
Supported by the “Ministerio de Economía y Competitividad” and FEDER 
(AGL2010-20801-C02-01) and the “Fundación Séneca”, Cordination Center 
for Reserarch, CARM (04538/GERM/06). E. Chaves-Pozo thanks to 
“Ministerio de Economía y Competitividad” for her Ramón y Cajal’s contrat 
(RYC-2009-05451). 
 

	  
Involvement of endogeneous pituitary FSH in 
hCG stimulation of uterine growth in immature 
rats 
 
Sandrine Rafert, Julie Mariot, Danièle Klett, Claire 
Cahoreau and Yves Combarnous 

INRA - CNRS, Physiologie de la Reproduction et des Comportements, 
37380 Nouzilly (France) 
combarno@tours.inra.fr 
 
We previously found that hCG (human Chorionic Gonadotropin) alone is 
also able to stimulate uterus weight gain despite it exhibits only LH activity in 
contrast to equine CG (eCG) that exhibits both LH and FSH activities in rat. 
In the present work, we demonstrate how hCG is able to stimulate uterus 
weight gain even in the absence of exogeneous FSH. 
We have shown that the anti-estrogen ICI 182,780 exerts dose-dependent 
inhibition of hCG stimulation when injected simultaneously with the 
gonadotropin but also inhibited uterus weight gain over 48h even when 
injected up to 24h after hCG. Therefore estrogens mediate hCG stimulation 
mainly between 24h and 48h after hCG stimulation. 
We then found that inhibin βA and βB subunit mRNAs in the ovaries are 
augmented 2 hours after hCG injection in contrast to inhibin α subunit. This 
is in agreement with a possible increase of activin (ββ) expression but not of 
inhibin (αβ) expression. We have also observed that hCG promotes a strong 
increase in ovarian aromatase mRNA within the 5 hours following injection. 
By contrast no significant modification was observed for ovarian FSH 
receptor RNA and pituitary inhibin α, βA and βB subunits mRNAs. 
Finally we found that hCG exhibits a stimulatory effect on pituitary FSHβ 
expression during the 2 first hours after injection and promotes its total 
inhibition from 5h on. In contrast, no modification was observed neither in 
the pituitary expression of LHβ gene nor of inhibin α, βA and βB subunits 
genes. These data are in agreement with rapid endogeneous FSH 
production by the pituitary following hCG injection and with negative feed 
back by estrogens at longer times after hCG injection. 
In brief, the most likely hypothesis explaining the estrogen-mediated uterus 
weight gain stimulated by the LH-only gonadotropin hCG is that the 
hormone stimulates ovarian activin that then promotes endogeneous 
pituitary FSH secretion. Afterwards, FSH stimulates the secretion of 
estrogens that stimulate uterus growth. 
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Administration of 17β-estradiol alters the 
susceptibility of European sea bass to 
nodavirus infection 
 
Y. Valero1, A. García-Alcazar1, M.A. Esteban2, J. 
Meseguer2, E. Chaves-Pozo1, A. Cuesta2* 

1Centro Oceanográfico de Murcia, Instituto Español de Oceanografía, 30860 
Puerto de Mazarrón, Spain.  2Fish Innate Immune System Group, 
Department of Cell Biology and Histology, Faculty of Biology, Campus 
Regional de Excelencia Internacional “Campus Mare Nostrum”, University of 
Murcia, 30100 Murcia, Spain. 
alcuesta@um.es 
 
In addition to their role in fish reproduction, sex steroids hormones are 
known to modulate the immune response in vertebrates. Moreover, the 
infection by some pathogens changes the serum levels of sex steroid 
hormones of the specimens probably as a pathogen strategy to avoid the 
immune response. However, this interaction has been very scarcely 
evaluated in fish. 17β-estradiol (E2) is responsible for the recruitment of 
leukocytes to the site of inflammation, activation of phagocytes and increase 
of humoral innate immune responses in gilthead seabream (Sparus aurata). 
However, in other fish species an inhibition of the immune response due to 
an exogenous administration of E2 has also been reported. Previous data 
obtained in our laboratory showed that nodavirus triggered a decrease in E2 
serum levels of infected European sea bass (Dicentrarchus labrax) when 
compared with control, while the E2 serum levels of infected gilthead 
seabream increased. Taking into account that the gilthead seabream is an 
asymptomatic carrier of nodavirus while the European sea bass develop the 
viral encephalopathy and retinopathy (VER) disease and suffer high 
mortalities due to the infection, we have experimentally altered the sex 
steroid serum levels of European sea bass juveniles specimens by an 
intraperitoneal injection of E2 concomitantly with an infection with (106 TCDI50 
/fish) nodavirus in order to determine whether high levels of E2 in serum 
might dismissed the pathogeny of nodavirus.  
Acknowledgements: Supported by Ministerio de Economía y Competitividad 
and FEDER (AGL2010-20801-C02-01 and AGL2010-20801-C02-02) and 
Fundación Séneca, Cordination Center for Reserarch, CARM 
(04538/GERM/06). E. Chaves-Pozo thanks to Ministerio de Economía y 
Competitividad for her Ramón y Cajal contrat (RYC-2009-05451) and Y. 
Valero for her PhD student’s grant to the Instituto Español de Oceanografía. 
Nodavirus strain and SSN-1 cells were kindly donated by Pilar Fernández 
Somalo (Laboratorio Central de Veterinaria de Algete, Ministerio de 
Agricultura, Alimentación y Medio Ambiente).	  

	  
Spermatogonial niche in common carp, 
Cyprinus carpio: evidence of somatic and 
germinal stem cell elements 
 
Marcos A. de Oliveira1, Emanuel R. M Martinez2, Angel A. 
A. Vigoya1, Juliana M. B. Ricci1, Arno J. Butzge1, Jan 

Bogerd3, Rüdiger W. Schulz3, Rafael Henrique Nóbrega2 
1Aquaculture Center of São Paulo State University, Jaboticabal, Brazil 
2Institute of Bioscience of Botucatu - São Paulo State University, Botucatu, 
Brazil 3Utrecht University, Utrecht, Netherlands 
oliveira@zootecnista.com.br 
 
In teleosts, spermatogenesis shows a cystic arrangement, which is formed 
when a single, undifferentiated, type A spermatogoniun (Aund) is 
surrounded by one or more Sertoli cells. Among the single type A 
spermatogonia are the spermatogonial stem cell (SSC) candidates, which 
are located in a specific microenvironment called niche. Although the 
conditions in the niche are important for the fate of SSC, their molecular and 
cellular composition remains unclear in many fish species. In this study, we 
start characterizing the spermatogonial niche in carp by evaluating amh 
expression in testes with high or low proliferative activity. Amh (anti-
Müllerian hormone). 20 adult carp received pulses of BrdU (5-Bromo-2’-
deoxyuridine), during 3 consecutive days, and testis was sampled after 4 h, 
1, 2, 3 weeks after the pulse. Type Aund were the only germ cells able to 
retain BrdU disappeared more quickly from type Aund (“active” stem cell) 
progenitors while in type Aund* (“reserve” stem cell), it remained stable. 
Type Aund* label-retaining cells were located preferentially near the 
interstitium, while Aund were found in the intertubular area. Some Sertoli 
cells decrease slowly during the period of chase. Among the slow-dividing, 
BrdU-positive Sertoli cells, ~30-40% are “free” (not associated with germ 
cells), and ~60-70% associated whit germ cells (90% associated with Aund*). 
This suggests the existence of Sertoli cell progenitors (stem cell) which are 
located in the spermatogonial niche in association with Aund*, being 
responsible to support the development of new cysts. Regarding amh gene 
expression, testes with high proliferation activity among spermatogonia and 
Sertoli cells have decreased expression of amh, indicating that lower Amh 
levels might create a permissive condition to cellular proliferation and 
differentiation. Sertoli cell progenitors (stem cell candidates) are associated 
with these cells to support the development of news cysts. To assure that, 
we suggest that amh has to be down-regulated to allow both germ and 
Sertoli cell proliferation and differentiation. 
Supported by the CAPES, CNPq and FAPESP project 
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Endocrine regulation of pejerrey (Odontesthes 
bonariensis) spermatogenesis in the wild 
 
Elisio Mariano1, Chalde Tomás2, Miranda Leandro 
Andrés3 
1 INIDEP, Mar del Plata (Buenos Aires, Argentina) 

2 CADIC, Ushuaia (Tierra del Fuego, Argentina) 
3 IIB-INTECH (CONICET-UNSAM), Chascomús (Buenos Aires, Argentina) 
melisio@inidep.edu.ar 
 
The endocrine mechanisms that regulate spermatogenesis in fish and their 
interaction with environmental cues have been poorly studied compared 
with oogenesis. The aim of this work was to study the spermatogenesis in 
pejerrey fish under the influence of photoperiod and water temperature 
fluctuation in a Pampas shallow lake (Chascomús, Buenos Aires, Argentina), 
evaluating the transcript levels of brain Gnrh variants and cyp19a1b, 
pituitary Gths subunits, gonadal Gth receptors, and 11-KT plasmatic levels. 
Males at spermiogenic phase were mainly observed during spring, and also 
during autumn, under a photoperiod above 11 hs of light and a water 
temperatures below to 21 ºC. Arrested males were observed in summer 
(water temperatures above 21 ºC), and some of them were caught during 
winter (9-10 hs of light). Males at spermatogonial phase were mainly 
observed in autumn, while most males at meiotic phase were caught in 
winter (lowest photoperiod and water temperature conditions). Gnrh-I 
increased in proportion to the testicular development. On the other hand, 
while gnrh-III showed a significant increase at the spermatogonial phase, 
cyp19a1b increased significantly during the meiotic phase and remained 
elevated up to the spermiogenic phase. No significant variation was 
observed for gnrh-II. At pituitary level, fshb increased progressively up to the 
meiotic phase, and decreased then during the spermiogenic phase. While 
gphα fluctuated similarly to fshb, lhb showed no significant variation 
between the gonadal stages. Gonadal Gth receptors showed a significant 
increase only during the spermiogenic phase, being this event more evident 
for lhcgr. Plasma levels of 11-KT increased proportionally to the advance of 
spermatogenesis up to the meiotic phase and decreased then during 
spermiogenic phase. Present results suggest that in pejerrey, the 
spermatocyte production occurs mainly during winter (low temperature and 
short daylength conditions) through the stimulation of FSH and 11-KT, while 
spermiation occurs after photoperiod increase, with water temperatures 
below to 21 ºC, and is related to a rise of gnrh-I, cyp19a1b a 
nd lhcgr.      
 

	  
How the energy sensor, AMPK, impact the 
testicular function 
 
Faure M1, Guibert E1, Brillard J-P2, Froment P1  
1 INRA-UMR-PRC, 37380 Nouzilly, France / 
pfroment@tours.inra.fr 2 FERTIL’AVI, 37360 Rouziers de 

Touraine, France 
 
Metformin an insulin-sensitizer used in human in the treatment of insulin 
resistance present others properties such as improve the oxidative status or 
limit food intake in mammals. Metformin is known to activate a fuel-sensing 
enzyme called AMP-activated protein kinase (AMPK) which control energy 
balance. Because fertility is modulated by growth and the energy status, we 
have investigated the role of metformin on chicken testicular activities 
through in vitro methodology and a metformin administration in vivo at the 
prepubertal stage. The chicken model was used, because 1/ this species 
was selected for its quick growth and present a relative insulin resistance,  2/ 
the chicken has an economical and agronomical interest 3/ the male chicken 
presents a decrease of fertility since several decade, and diet was used to 
improve it. 
In vitro, a Metformin treatment has shown a reduction in Sertoli cells 
proliferation but did not induce cell death. After 96h of stimulation, lactate 
secretion, an important energy substrate for germ cells, was increased 4-fold 
by Sertoli cells. The protective activity of Sertoli cells was also modulated as 
attested the expression of innate immune related genes (Toll-like receptors 
and cytokines). Indeed, a metformin treatment followed by a LPS stimulation 
(bacterial endotoxin lipopolysaccharide) stimulation induced an up-
regulation of some cytokines  expression  Culture of seminiferous tubules 
fragment (germ cells and Sertoli cells) revealed that metformin limit the 
proportion of germ cells and germ cells BrDU positive. These results were 
confirmed by in vivo experiment, because metformin-treated chicken had 
lower testicular weight, despite no modification of the body weight. The 
testosterone concentrations in blood or in testis were reduced up to 50%. In 
addition, the number of undifferentiated male germ cell was identical 
between the 2 groups (metformin vs control group), but a lower protamine 
concentration in “metformin” testis , a marker of late germ cells 
differentiation stage, confirmed the delay in the sperm production in 10-week 
old chicken. 
In conclusion, results suggest that the insulin-sensitizer, metformin, reduced 
Sertoli cell proliferation, androgens production and delayed the progression 
of the first wave of spermatogenesis in vivo.  
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Gdnf-Gfra1 pathway is expressed in a 
spermatogenetic dependent manner and is 
regulated by Fsh in a fish testis  
 
Florence Le Gac, Johanna Bellaiche, Jean Jacques 
Lareyre  

INRA, LGPGP, IFR Biosit, Rennes, France 
 
What makes the spermatogonial stem cells (SSCs) self-renew or 
differentiate to produce spermatozoa is barely understood, in particular in 
non-mammalian species. Our research explores possible regulations of the 
spermatogonial stem cell niche in teleost, locally by paracrine factors and 
peripherally by hormonal regulation. In the present study, we focus on the 
Gdnf/Gfra1 pathway that plays a major role in the regulation of SSC self-
renewal in mammals.   Using qPCR measurements in isolated testicular cell 
populations, the gdnfb paralog was found expressed in testicular somatic 
cells and in A spermatogonia. In contrast, the transcript of the gdnf receptor, 
gfra1a, was preferentially expressed in a population of undifferentiated A-
spermatogonia (und A-Spg) purified by centrifugal elutriation. This particular 
cell population also demonstrated high “stemness” potential in 
transplantation studies, and preferentially expressed nanos2, a putative 
SSC marker in trout [Bellaiche et al 2014]. Furthermore, by flow cytometry 
we find that only a sub-fraction of the und-A-Spg (<20%) expressed the gdnf 
receptor.    In trout, spermatogenesis develops along a strict annual cycle. 
We show that gdnfb and its receptor were expressed in a spermatogenetic 
activity dependent manner. Interestingly, a dramatic increase of the gdnfb 
transcript coincided with the progressive cessation of rapid spermatogonial 
proliferation and of meiosis towards the end of the reproductive cycle. These 
results suggest that, in trout, Gdnfb is involved in the repression of und A-
Spg differentiation.    In rodents, the Follicle Stimulating Factor, Fsh, is an 
endocrine regulator of the SSCs self-renewal through the up regulation of 
Gdnf. We demonstrate that in trout, in vitro Fsh treatment stimulated the 
expression of the gfra1a1, but not of its ligand, gdnfb. Fsh treatment also 
stimulated the proliferation of und A-Spg co-cultured with testicular somatic 
cells.  Based on those results we propose that the Gfra1 positive cells 
correspond to the putative SSCs in rainbow trout and that the balance 
between SSC self-renewal and differentiation during the trout 
spermatogenetic cycle is possibly under paracrine regulation by Gdnfb and 
under peripheral regulation by Fsh via the control of gfra1 expression. 
Bellaiche J, Lareyre JJ, Cauty C, Yano A, Allemand I, Le Gac F,   2014.  
Biol Reprod. 90(4):79, 1–14 
 

	  
Androgenic modification through GtH- induced 
development of previtellogenic ovarian follicles 
in Japanese eel, Anguilla japonica : the gene 
expression of  ARα, ARβ, FSHR, jeGDF-9 and 
jeKi-67. 
Shang Chien Lee and Show Wan Lou 

IFS, College of life science, National Taiwan University, Taipei 106, Taiwan. 
swlou@ntu.edu.tw 
In Japanese eel, the development of ovarian follicles is promoted by using SPH 
induction. According to our laboratory in vivo data, when induction was combined 
SPH with androgen (17α-methyltestosterone, MT) might to maintained the survival 
number of ovarian follicles. Generally, the ovary development suspend in primary 
ovarian follicle stage in the pubertal female eels. In this state, the folliculogenesis 
is one of the most important progressions to initial ovarian development. We 
hypothesize that the androgen receptors (ARs) actions in granulosa cells interact 
with the paracrine oocyte-secreted growth differentiation factor 9 (GDF-9). This 
cell-to-cell interaction will control the rhythm of folliculogenesis to maintain most of 
the ovarian follicles. Therefore, two experiments were designed to verify it. The 
first experiment in our study, ARα, ARβ, FSHR and jeGDF-9 mRNA were cloned 
in previtellogenic ovary. Progressively, we design in vivo experiments by 
intraperitoneal injecting with SPH, SPH+MT for 3 weeks and, SPH, MT, 
SPH+flutamide and MT+flutamide for 2 weeks. RT-qPCR was use to analyze the 
mRNA expression copies. The expression copies of ARα and ARβ mRNA were 
maintained in the same level between seawater control and flutamide injecton 
group. The data showed a significant high level (P< 0.05) of ARα and ARβ mRNA 
in SPH+MT injections for 3 weeks. In addition, ARα and ARβ mRNA in SPH only 
or MT only injection were shown 3-5 times higher than seawater control. The 
FSHR and jeGDF-9 mRNA of hormone-injected groups were also shown higher 
levels than seawater control. Moreover, MT treatments showed significantly high 
level of these two genes. However, these mRNA expression conditions were 
decline significantly in flutamide injections. In the second part of experiment, the 
relationship between proliferation and androgenic actions in ovarian follicles was 
observed cocurrently by in vitro ovarian tissue culture system and drug treatments. 
Nine female eels were separated into initial freshwater, seawater control and 
positive control (three injections of SPH). Ki-67 is an extensive indicator for cell 
proliferation. Thereby, jeKi-67 was cloned in female eel ovary. The mRNA 
expression data of ARα, ARβ, FSHR, jeGDF-9 and jeKi-67 showed different 
mRNA expression patterns between GSI < 1% and GSI > 1% in previtellogenic 
ovary. Likewise, further data will show more details of the relationship among 
androgens, its antagonists in folliculogenesis. Consequently, the data from two 
part of experiment reveal that GtHs are prerequisite to actuate ovarian growth and 
development. However, this GtH- induced process might be modified by 
androgens to enhance the survival of ovarian follicles in previtellogenic stage,this 
survival mechanism may maintain cell proliferation in folliculogenesis. 
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De novo annotation and analysis of Anguilla japonica 
transcriptome in previtellogenic ovary using the Next-
generation DNA sequencing technique. 
 
Shang Chien Lee and Show Wan Lou 
IFS, College of life science, National Taiwan University, Taipei 

106, Taiwan. kennygemini@gmail.com 
 
Keywords: Anguilla japonica, NGS, ovary, transcrptome, artificial induction. 
Japanese eel, Anguilla japonica is one of the major species in the aquaculture 
industry of East Asian countries, but the reproductive mature eels are rarely 
caught in the wild. Because a commercial production of artificial fries is not yet 
available, the seed for eel aquaculture is still totally depended on the nature 
supply. In order to examine the reproduction of female eels, artificial induction of 
maturation by injection of salmon pituitary homogenate (SPH) has been used for 
50 years. The teleost ovary formed after sex differentiation. The development of 
ovarian previtellogenic stage during artificial induction is a key point involved with 
oocyte quality, that is, the cell physiological functions includes cell proliferation, 
differentiation, follicullogenesis, steroidogenesis, nutrients distribution, 
metabolism… are all orchestrated to complete oogenesis.  Molecular approach is 
an excellent tool to analyze the ovarian physiological function. In this study, the 
Next Generation DNA Sequencing (NGS) was used to unfold ovarian 
transcriptome. The aim of this study is to analyze the function of gene clusters in 
early stage of previtellogenic ovary. We would like to retrieve some key factors 
and, these factors may give more evidences to understand unknown problems of 
female eel reproduction. Seawater cultivate eels were sampled as control group 
(GSI<1%). Positive growth was sampled from 3 doses SPH injected- female eel 
(GSI=2.56%). Ovarian tissue was collected, homogenized for total RNA extraction. 
Sequencing was conducted on an Illumina HiSeq 2500 by a sequencing 
contractor following double-stranded DNA synthesis from total RNA template. 
Sequence information from all two analyses (7 Gb) was used to construct contigs 
and relative transcript abundance was subsequently estimated from RKPM (reads 
per kilobase of sequence per million reads) data provided by the sequencing 
contractor. All reads were assembled using the SOAP denovo software. Contigs 
with good quality sequences were selected and subjected to annotation analysis. 
Sequences were distinguished from NCBI Nr database, TrEMBL by Using BLAST 
and BLAST2Go softwares. unigenes were classified into several Clusters of 
Orthologous Groups of proteins (COG) categories, Gene ontology (GO) functional 
groups, and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. The 
Anguilla japonica transcriptome analyzed using the next-generation DNA 
sequencing technique enriches the information of female eel ovarian development 
onset from reproduction arrest, which will assist our understanding of genome 
background of previtellogenic growth in Japanese eel ovary. 
 

	  
Stereology of brown trout liver peroxisomes at 
vitellogenesis and pre-spawning strengthens 
the hypothesis of regulation of those organelles 
by sex steroids 
 
Eduardo Rocha1,2, Albina D. Resende2,3, Maria J. 

Rocha1,2,3, Fernanda Malhão1,2, Tânia V. 1,2, Rogério A.F. Monteiro1,2 and 
Alexandre Lobo-da-Cunha1,2    1 ICBAS - Institute of Biomedical Sciences 
Abel Salazar, U.Porto, Portugal  2 CIIMAR/CIMAR - Interdisciplinary Centre 
of Marine and Environmental Research, U.Porto, Portugal  3 ISCS-N - 
Superior Institute of Health Sciences-North, CESPU, Paredes, Portugal 
tvmadureira@icbas.up.pt 
 
Peroxisomes are catalase rich organelles present in nearly all eukaryotic 
cells. Main roles include, e.g., metabolism of long chain fatty acids and 
amino acids, bile acids and cholesterol synthesis and purine catabolism. 
Peroxisome research acquired spotlight relevance because of peroxisome 
proliferators. These cover a heterogeneous group of chemicals known to 
cause massive proliferation of peroxisomes, followed by liver carcinogenesis 
in rodents. In 1999, our team exposed another pattern of peroxisome 
morphofunctional variation in reproducing brown trout (Salmo trutta f. fario). 
Then, we found a strong negative correlation between the ovary maturation 
and seasonal variations in the size of hepatic peroxisomes of that trout. We 
proposed that this event is critical for export adequate lipids to the ovary. We 
theorized then that females would continue through maturation, with small 
peroxisomes up to pre-spawning (unstudied at the time) and that males 
could actually increase peroxisome size. To strength and extend our 
previous data we studied adult animals in vitellogenesis and pre-spawning.	  
Three-year old male and female brown trout were collected in October 
(vitellogenesis) and in December (at spawning). Also, young adult immature 
specimens were sampled in October. By combining approaches at light and 
electron microscopy, relative and total volumes, surfaces and numbers of 
peroxisomes were estimated. Plasma estradiol and testosterone were also 
measured. The individual volume and volume density of peroxisomes in the 
hepatocyte were smaller in females, at both reproductive statuses. 
Organelle size in the two months did not change in females, while an 
increase existed in males. Immature specimens were always very alike the 
maturing males, except for having residual sex-steroid levels. Overall, the 
data agree with our prior hypothesis. 
Study supported by ERDF funds via COMPETE and by Fundação para a 
Ciência e Tecnologia (FCT): projects PTDC/CVT/115618/2009 and PEst-
C/MAR/LA0015/2013.	  
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Influence of chronic Sodium valproate 
treatment on cytochrome P450 aromatase gene 
of male Sprague-Dawley rats 
 
Manekar Ashok, Patil Yogita, Patil Shreya, Jha Shweta 

Endocrinology Laboratory, Department of Zoology, The Institute of Science, 
15, Madam Cama Road, Mumbai, India 
 
Sodium valproate is known and well defined for anticonvulsant activity. Its 
mode of action mediated through effects on the function of brain gamma-
amino butyric acid (GABA). One of its side effects is the negative effect on 
reproductive functions but its influence on cytochrome p450 aromatase 
gene is not known. The P450 aroma in testis and ovary is known to be 
regulated via. the proximal promoter II.  Androgen, estrogen and related 
hormones to reproductive functions play an important role in testis and 
epididymis and also act as important parameters for maintaining male 
fertility. In present study sodium valproate were fed orally to Sprague 
Dawley rat for 90 days to understand its chronic effects on cytochrome P450 
aromatase gene and hormones related to male reproductive functions.  
Present study registered decrease in weight of testis and epididymis with 
decrease in sperm count and sperm motility with significantly increase 
registered in FSH and estrogen level with decreased in LH and testosterone 
levels. Enzyme β-Glucuronidase and Hyaluronidase activity registered 
significant decrease in testis and epididymis. SNP analysis was conducted 
by standard procedure on testis tissue upon completion of treatment tenure. 
SNP report compared with normal gene sequence indicates chromosomal 
aberrations in the Exon I and Exon II of cytochrome P450 aromatase gene. 
The mutations i.e. insertation, deletion and mismatch observed before the 
start of translation site (ATG) and present within the Exon I and Exon II. The 
mutations were also seen in the proximal promoter II region of the 
aromatase gene. Chromosomal aberrations indicate mutations after the 
chronic treatment of this compound.  
 

	  
Revisiting the Shbg genes evolution across 
vertebrates supports a much earlier origin than 
previously hypothesized. 
 
Pasquier J., Marivin E., Fostier A., Guiguen Y., Bobe J. 
 

Sex differentiation and oogenesis group, UR1037 LPGP, INRA Rennes, 
France. 
 
In vertebrates, two different sex hormone-binding globulin (Shbg) genes have 
been characterized: Shbga and Shbgb. The Shbga gene has been shown to be 
conserved in most vertebrate lineages, from chondrichthyes to mammals. The 
protein encoded by this gene is mostly secreted by the liver and released in the 
blood circulation where it binds androgens and estrogens and regulates their 
access to target tissues. To date, the Shbgb gene has only been reported in 
salmonids. It has been demonstrated that the Shbgb transcript is mainly 
expressed in the ovary, suggesting a local mediation of the sex steroids effects by 
the Shbgb protein. In addition to exhibit totally different tissue distributions, the two 
Shbg share very low identity percentages as shown in rainbow trout 
(Oncorhynchus mykiss) with 26% identity at the amino acid level.  However, as 
salmonid ancestor has experienced a specific whole genome duplication (Ss4R), 
the Shbg diversity has been considered as resulting from this particular event, 
after which Shbgb would have experienced a functional shift.  
The increasing amount of genomic and transcriptomic data has enabled us to 
revisit the evolutionary history of Shbg among vertebrates. Investigating the 
transcriptomes of 24 actinopterygian species (including 22 teleosts) and 
vertebrate genomes, we identified previously non-reported Shbg genes. 
Performing phylogenomic analyses, we characterized orthologs of Shbgb in a 
wide variety of non-salmonid vertebrate species, including European eel (Anguilla 
anguilla), arowana (Osteoglossum bicirrhosum), spotted gar (Lepisosteus 
oculatus) and frog (Xenopus tropicalis). Those results support a much earlier 
origin of the Shbg diversity in vertebrates than first hypothesized. Our analyses 
demonstrate that this diversity results from one of the two first whole genome 
duplication rounds (1R & 2R) that occurred at the beginning of the vertebrate 
evolution. Our results also suggest independent losses of Shbgb among teleosts 
reflecting different evolutive and reproductive strategies in this lineage. 
Using quantitative PCR and next generation sequencing approaches, we 
characterized the expression profiles of Shbga and Shbgb transcripts for all the 24 
investigated actinopterigyan species.  Our results confirm that Shbga expression 
is mainly detected in the liver and highly conserved among actinopterygians. They 
also suggest that Shbgb expression pattern could have evolved from a gonadic-
specific expression pattern, in non-teleost actinopterygians, to an ovarian-specific 
pattern in current teleosts. 
Supported by ANR under grant n° ANR-2010-GENM-017 PHYLOFIS	  
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Sex and age dependent variation in gonadal 
nitric oxide of laboratory mouse, Mus 
musculus 
 
Vineet Prakash Singh1, Kazuyoshi Tsutsui2 and Chandra 
Mohini Chaturvedi1 

 
1Department of Zoology, Banaras Hindu University, Varanasi, India  2 Department 
of Biology, Waseda University, Tokyo, Japan  
vineet22bhu@gmail.com, cmcbhu@gmail.com   
 
Nitric oxide, a well-known signalling molecule is also reported to modulate 
reproduction. To understand its relationship with sex and age dependent 
reproductive performance, in the first experiment Parkes strain mice, Mus 
musculus of both the sexes were studied at two different stages. Sexually 
immature 3 weeks old and sexually mature 10 weeks old mice of two different age 
groups were sacrificed and monitored for plasma testosterone/ estrogen and nitric 
oxide level and gonads were used for nitric oxide estimation, routine histology and 
immunohistochemistry of iNOS and neuropeptide RFRP-3 (the mammalian 
ortholog of avian GnIH). In another experiment, male and female mice were 
administered with testosterone propionate (TP) and estrogen benzoate (EB) 
respectively over a period of 7 days and sacrificed thereafter for the assay of 
plasma and gonadal nitric oxide.  
Results indicate a significant decrease in plasma NO level of mature mice 
compare to immature mice in both the sexes. Testicular NO level also shows 
same trend as in plasma NO in both sexually immature and mature mice. 
However at gonadal level, while testicular NO level also shows same trend as in 
plasma NO in both sexually immature and mature mice, the ovary shows opposite 
relation i.e. ovarian NO was low in sexually immature mice and high in mature 
mice. Immunoreactivity of neuropeptide RFRP-3 and iNOS was increases in 
immature male mice compare to mature, while female mice exhibited opposite 
relationship in their immunostaining i.e. low in sexually immature compare to 
mature mice. Exogenous testosterone decreases NO level in both plasma and 
testis. However, exogenous estrogen, although decreases plasma NO level but 
has no effect on ovarian NO content.  
The results indicate an inverse relationship of gonadal activity and plasma NO 
level in both the sexes of mice under control and experimental condition as well. 
However, gonadal NO level exhibits different relationship with gonadal activity i.e. 
inverse in testis and parallel in ovary. Sexual dimorphism in various physiological 
activities including gonad-thyroid, gonad-adrenal is reported in some vertebrate 
species. But this is possibly the first study indicating sex dependent variation in 
gonadal NO level in relation to their gonadal activity suggesting different 
requirement and role of testicular and ovarian NO during gametogenesis. 
However, further studies are required to explain the underlying basis of this sex 
difference in mice. 
Supported by the CSIR Project, India 

	  
Spermatogonial stem cells markers and 
spermatogenesis depletion in common carp, 
Cyprinus carpio 
 
Angel A Arias Vigoya1, Emanuel R Monteiro Martinez2, 
Marcos A Oliveira1, Juliana M B Ricci1, Arno J Butzge1, 

Rafael H Nóbrega1,2.  
1 Centro de Aquicultura da Universidade Estadual Paulista – CAUNESP, 
Jaboticabal, Brazil 2 Instituto de Biociências de Botucatu – UNESP, 
Botucatu, Brazil  aaariasv1@gmail.com 
 
The progression of spermatogenesis and male fertility is maintained by the 
spermatogonial stem cells (SSCs), by ability to either self-renew or differentiate. 
The study of the SSCs biology provides new research fields in basic and applied 
sciences. Due to the importance of SSCs, we aimed to characterize stem cell 
markers (c-Kit, GRFα1 and Oct-4) in common carp testis, and to develop a 
protocol to deplete spermatogenesis in order to prepare recipients for SSC 
transplantation. To characterize SSC, immunohistochemistry (IHC) and western 
blot (WB) were performed using mammalian antibodies against c-Kit, GRFα1 and 
Oct-4. IHC was developed using primary antibodies at the following dilutions 1:500 
(c-Kit), 1:200 (GRFα1), and 1:100 (Oct-4). WB was performed using a dilution of 
1:1000 of the same antibodies. For spermatogenesis depletion, a protocol 
combining high temperature and cytostatic agent - Busulfan was tested. 48 adult 
males were divided into boxes of 200 liters and kept at 27º C and 35º C, receiving 
one single dose of Busulfan (40mg/kg/body weight) followed or not by a second 
dose after 14 days of the first dose. As control, fish kept at both temperatures (27º 
C and 35º C) received vehicle solution only. Sampling was done 14 days after the 
first and second injection. IHC reaction showed that type A undifferentiated 
spermatogonia are positive for GRFα1 and Oct-4, while c-Kit is expressed not only 
in undifferentiated but also in other generations of spermatogonia. WB analysis 
showed a single and specific band, indicating the specificity of the tested 
antibodies. Bands of approximately 145 kDa for c-Kit, 50 kDa for GRFα1 and 50 
kDa for Oct-4 were detected. Morphological analysis and gondadosomatic index 
(GSI) showed that the combination of Busulfan and high temperature were more 
effective to deplete carp spermatogenesis, showing seminiferous tubules 
containing Sertoli cell only and a GSI decrease. The treatment seems to be 
effective; however some residual spermatogonia are still present, suggesting that 
spermatogenesis could be restored after treatment. In this study we characterized 
candidate cell markers for SSCs, and developed a protocol to deplete 
spermatogenesis. These preliminary results will be useful to further select and 
enrich SSCs in common carp and to perform transplantation assays to assess the 
biological activity of these cells in carp. This technique can be a powerful tool to 
understand SSC biology in fish, as well to preserve valuable and endangered 
species in the aquaculture and nature, respectively. 
Supported by CAPES, CNPq and FAPESP R
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Estrogen-inducible yolk precursors: 
Characterization of the multiple vitellogenin 
system in European sea bass (Dicentrachus 
labrax) 
 
Ozlem Yilmaz1, Francisco Prat2, Antonio J. Ibáñez3, 

Haruna Amano4, and Craig V. Sullivan5 

 

1INRA, LPGP, UR1037, Rennes, France 2Instituto de Ciencias Marinas de 
Andalucía (ICMAN-CSIC), SPAIN  3University of Valência, SPAIN  4Kitasato 
University, JAPAN  5Carolina AquaGyn, USA 
oyilmaz@rennes.inra.fr 
 
This study explored multiplicity of the estrogen-inducible yolk precursor 
protein, vitellogenin (Vtg), in the European sea bass (Sbs), a major 
aquaculture species and leading model in fish endocrinology. Three full-
length Sbs vtg cDNAs were assembled from partial cDNAs that were cloned 
and sequenced from total RNA isolated from estradiol-induced male livers. 
Homology analyses of the deduced polypeptides via BLAST and ClustalW 
alignments with available Vtg sequences for teleosts from a broad array of 
taxa identified them as as Sbs VtgAa, VtgAb and VtgC. Analyses of 
conservation by Vtg-type of the key structural residues, cysteine (C), proline 
(P) and glycine (G) using Evotrace and their localization in the 3-D 
polypeptide structures modelled using Cn3D with a lamprey lipovitellin (Lv) 
template indicated that the N-sheet of the Lv domain of SbsVtgC, which 
bears the binding surface for the 'classical' Vtg receptor (Vtgr), has 
undergone massive alteration of its structure relative to the A-type Sbs Vtgs 
that may explain the limited Vtgr-binding reported for this form of Vtg. The 
presence and relative concentrations of each form of Sbs Vtg or product YP 
in postvitellogenic female liver, plasma and ovary were measured by 
nanoLC-MS/MS as ProteoIQ-normalized spectral counts. VtgAb tryptic 
peptide spectra were two- to several-fold more abundant than for the other 
Vtgs, and VtgC spectra were very limited except in ovary where they were a 
third of VtgAb spectral counts. Western blotting performed using antisera 
raised against purified grey mullet (Mugil cephalus) Lvs revealed limited 
degradation of all three forms of Lv during oocyte maturation, unlike the 
case in other marine pelagic spawners where only the LvAa undergoes 
almost complete proteolysis to free amino acids (FAA), which are important 
osmotic effectors of oocyte hydration and egg buoyancy.  The nearly 
identical Vtgs and patterns of YP degradation during oocyte maturation in 
sea bass and Moronidae spawning demersal or pelagic eggs in freshwater 
indicate that Vtg system structure and function cannot be inferred solely 
from reproductive life history. 

	  
Expression of P450arom mRNA in the ovary 
and brain of Indian teleosts, Labeo 
rohita and Anabas testudineus: seasonal 
variation and effects of gonadotropin 
 
Dilip Mukherjee1,Sujata Roy Moulik1, Puja Pal1, Suravi 

Majumder1, Buddhadev Mallick1 

 
Department of Zoology, University of Kalyani, Kalyani, West Bengal, India. 
dilipmukher@rediffmail.com 
 
The cyp19 encodes cytochrome P450 aromatase, the key enzyme 
catalyzing the conversion of androgens to estrogens. Estrogens play a 
critical role in controlling functional, behavioural and physiological aspects of 
sexual development both in males and females. Except in Anguilla anguilla, 
most teleosts studied so far possess two cyp19 genes 
namely, cyp19a and cyp19b; ovary- and brain-specific respectively. The  
present study in two fishes, Labeo rohita, a major carp and Anabas 
testudineus, a climbing perch, show a very high expression of ovary-
specific cyp19a mRNA in the ovary of both the fishes. Partial sequencing of 
cDNA product of cyp19a genes of both the teleosts revealed a high degree 
of homology with cyp19a cDNA sequences of other teleosts. Comparative 
seasonal analyses of the expression of cyp19a mRNA and its protein in 
these two teleosts showed increased expression of this gene in the ovary of 
vitellogenic and post-vitellogenic stages fish. HCG induced a profound 
stimulatory effect on the expression of ovarian cyp19a mRNA and its protein 
in both the fishes. Interestingly, cyp19b-specific primers used in semi-
quantitative RT-PCR analyses gave ~300bp fragment in the brain of both 
the fishes. Results showed that cyp19a mRNA expression in the ovary was 
dependent on the seasonal reproductive variation, however it was not so in 
the brain. Overlapping expression of cyp19a and cyp19b mRNAs were also 
detected in ovary and brain of both the teleosts. The physiological and 
functional significance of the presence of cyp19a and cyp19b in the ovary 
and brain of these two fishes has been discussed.	  
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New insights of the hormonal regulation of 
kisspeptin system in the brain of European sea 
bass.  
 
M. Victoria Alvarado1, Arianna Servili2, Manuel Carrillo1, 
Olivier Kah2, Alicia Felip1. 

1Instituto Acuicultura Torre la Sal, CSIC, Castellón, Spain. 
2NEED, INSERM U1085, Universitè de Rennes, Rennes Cedex, France. 
valvarado@iats.csic.es, afelip@iats.csic.es 
 
Kisspeptin system (Kiss/Gpr54) plays an important role in the onset of 
puberty and reproduction in mammals. The European sea bass posseses 
two kiss genes (kiss1, kiss2) and two receptors (gpr54-1b, gpr54-2b) whose 
expressions in the brain of adult males and females during different gonadal 
stages suggested the potential implication of kisspeptins in the seasonal 
control of reproduction of this species.  This situation led us to investigate 
the regulation of kisspeptins by the gonadal steroids, and the influence of 
exogenous melatonin on reproductive function in sea bass. To explore the 
first notion, experimental approaches based on castration and steroid 
replacement treatments were carried out to evaluate the effect of 
testosterone (T) and estradiol (E) on kiss1 and kiss2 expression dynamics 
by real time PCR and in situ hybridization in adult male and female sea bass, 
respectively. kiss1 expression decreased after gonadectomy and increased 
with T treatment in the medio basal hypothalamus (MBH) and the caudal 
hypothalamus (CH). While kiss2 increased in MBH, and decreased in  the 
dorsal part of the nucleus of the lateral recess (NRLd) after gonadectomy. 
kiss2 decreased in both nucleus brain with T treatment. In females, kiss1 
decreased in CH while kiss2 increased in MBH and NRLd in 
ovarectomized+E. Interestingly, the expression levels of fshβ in pituitary 
were low in gonadectomy and steroid replacement male and female. On the 
other side, we studied the effects of melatonin implantation on gonadal 
maturity and changes in kiss/gnrh gene expression patterns in the brain of 
adult males. Results showed that melatonin had an inhibitory effect on the 
gonadogenesis. Furthermore, our findings demonstrated that melatonin 
displayed two distinct effects at the brain level: an inhibitory effect of the 
mRNA expressions on kiss/gnrh gene system on dorsal brain, and only 
modest alterations of the expression of kiss genes in the hypothalamus. 
Nevertheless, further investigations are necessary to elucidate how 
kisspeptin cells mediate the actions of these hormones on gnrh-
gonadotropin system. 
Supported by AGL2009-11086 and LIFECYCLE FP7222719. 
	  

	  
GnRH immunoreactivity in the ovaries of 
Astyanax altiparanae (Teleostei: Characidae) 
 
Mônica Cassel1, Chayrra Chehade1, Maria Inês Borella1 
 
1Institute of Biomedical Sciences, University of Sao Paulo, 

Sao Paulo, Brazil 
monica_cassel@usp.br 
 
The development of the oocyte into a mature egg is a complex process 
modulated by numerous environmental and endocrine factors. Among them, 
GnRH is one of the key regulators of reproductive function in vertebrate 
species, modulating the synthesis and release of gonadotropins. Although 
the function of the hypothalamic GnRH is well established, the role of extra 
hypothalamic GnRH has yet been investigated. The pattern of distribution of 
GnRH in the gonads may help reveal its specific functions. Therefore, the 
main emphasis of this study is to detect the presence and distribution of 
GnRH in the ovary of the freshwater teleost Astyanax altiparanae (“lambari”) 
during the reproductive period. For the study, females spawned and non-
spawned were sacrificed, the ovaries were collected, fixed in methacarn and 
processed for embedding in paraffin. Sections of 5µm thickness were made, 
and the immunohistochemical method of peroxidase with an antibody raised 
against GnRHs (BB-8, donated by O. Kah) was used to detect its location in 
the ovary. GnRH labeling was observed in follicular and theca cells of 
oocytes from early until vitellogenic development. There were no staining in 
cells involving oogonia or in post-ovulatory complexes and atretic follicles. 
Also, the marking of GnRH increases as the oocytes become more 
developed. Thus, there were fewer surrounding cells labeled in initial 
oocytes than in pre-vitellogenic oocytes, and these, less when compared to 
vitellogenic oocytes. However, there were also unmarked follicular and 
theca cells of vitellogenic and pre-vitellogenic oocytes. These results 
suggest the possibility of GnRH be an important regulators of follicular 
selection for development and vitellogenesis of some oocytes for the 
reproductive periods. Thus, the GnRH oocytes labeled would be those 
selected and designed to be completely developed for the next breeding 
season. The oocytes that have some development but do not exhibit 
labeling could be discarded or could be in standby for other reproductive 
times. These characteristics may indicate an important role for GnRH in 
recruiting growth factors for the development of specific oocytes for 
reproduction, and this mechanism can be of great importance for species 
with splitted spawning, such as the species of this study. [Supported by 
FAPESP (Proc. nº 2012/24434-7)] 
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Molecular cloning of GnRH2 and its temporal 
expression in Astyanax altiparanae 
(Characiformes) submitted to a reproductive 
stimulus. 
 
Chayrra Chehade1, Fernanda Gaspar do Amaral1, Monica 

Cassel1, Maria Inês Borella1 
 
1Biomedical Sciences Institute, University of Sao Paulo, Brazil. 
chayrra_bio@yahoo.com.br 
 
Among the GnRH paralogs, the GnRH2 is the most conserved form, 
indicating a mild selective pressure exerted on it during evolution and 
pointing to a possible important role played by this hormone. However its 
function is not fully described and the sequences for GnRH2 and for the 
other GnRH forms are not known in a number of species, including the 
Characiformes order. To contribute with GnRH2 phylogenetic and functional 
studies, we cloned and sequenced part of GnRH2 mRNA and analyzed its 
temporal gene expression by real-time PCR. We used brains of animals 
submitted to reproductive stimuli, which consisted of adding males to 
females in a tank with reduced water level, causing stress and subsequent 
spawning. The specimens were collected every 4 hours, initiating 4 hours 
before and finishing 28 hours after stimulation. The gonads were collected 
for the reproductive stage analysis. We obtained a fragment of 366pb which 
encodes the 4 final amino acids of the decapeptide GnRH2, the proteolytic 
cleavage side and the GnRH coupled protein. This sequence showed high 
similarity to that of other teleosts sister groups, where 82% and 80% of the 
GnRH2 fragment of A. altiparanae is similar to that of Clarias gariepinus 
(Siluriformes) and Pimephales promelas (Cypriniformes), respectively. The 
temporal gene expression showed no detectable changes in females and an 
increase in males at the moment of the reproductive stimulus. The present 
evidences suggest that the GnRH2 may be associated with the modulation 
of reproductive behavior since that the males were added to females in the 
moment of the stimuli and the males are the responsible for the cohort 
behavior in this species. The maintenance of constant GnRH2 brain 
expression levels in both males and females in periods of increased number 
of spermatozoa and spawning may indicate that this form of GnRH is not 
directly involved in reproduction. Our results suggest the sequence 
conservation of GnRH2 in Characiformes and a possible role in the 
modulation of reproductive behavior in A. altiparanae. 
Supported by FAPESP: 2011/09567-8; 2010/17586-0. 
 

	  
Role of miRNA132/212 in the regulation of 
mouse gonadotropin synthesis by 
Gonadotropin-releasing hormone. 
 
Lannes J, Lhôte D, Laverrière JN, Cohen-Tannoudji J and 
Quérat B 

BFA, UMR 8251 CNRS-University Paris-Diderot, INSERM U1133, Paris, 
France 
lannes.jerome.bfa@gmail.com 
 
Gonadotropin-releasing hormone (GnRH) plays a key role in the vertebrate 
reproductive system by stimulating biosynthesis and secretion of pituitary 
gonadotropins. Although a wealth of knowledge has accumulated on 
transcriptional control of gonadotropin subunit genes, the regulation at a 
post-transcriptional level has still to be explored. During the last decade, 
microRNAs (miRNAs) emerged as critical regulators of gene expression, by 
modulating target mRNA availability (mRNA degradation or inhibition of 
translation) through their capture into the RNA-induced silencing complex 
(RISC). In this study, we investigated the potential role of miRNAs-132/212, 
shown to be highly induced upon GnRH stimulation. GnRH treatment of 
mouse gonadotrope LbT2 cell line induced a time-dependent increase in the 
mature form of miR-132/212 as quantified by qRT-PCR. Among the potential 
targets of these miRNAs, Sirt1 deacetylase mRNA was found to be 
increasingly retained into the immunoprecipitated RISC complex. Western 
blot analysis allowed us to show that Sirt1 protein was time-dependently 
down-regulated in response to GnRH stimulation. This down-regulation was 
mimicked by overexpressing miR-132, miR-212 or both miRNA together. 
Conversely, blocking action of miR-132/212 prevented GnRH-induced 
silencing of Sirt1. SIRT1 is known to deacetylate FOXO1, a transcription 
factor that inhibits basal and GnRH-stimulated transcription of LH and FSHb 
subunit genes, and acetylation of FOXO1 is known to alter its transcriptional 
activity. We show here that the level of acetylation of FOXO1 was increased 
by a GnRH treatment as well as by overexpressing miR-132/212. Anti-
miR132-212 prevented GnRH-induced FOXO1 acetylation. Overall, we 
show that GnRH increases miR132/212 that target Sirt1 mRNA into the 
RISC complex. The lower level of SIRT1 deacetylase results in an increase 
in the acetylated form of FOXO1 and thus a decrease in its transcriptional 
inhibitory action. This is the first report of the involvment of the miRNA 
pathway into the reguation of gonadotropin gene transcription. 
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Expression of gpha, fshb and lhb gonadotropin 
subunits during the annual reproductive cycle 
of female Astyanax altiparanae (Teleostei, 
Characiformes) in captivity  
 
Lázaro Wender Oliveira de Jesus1, Giovana Souza 

Branco1, Marília de Paiva Camargo1, Mônica Cassel1, Gisele Cristiane 
Melo1, Chayrra Gomes1, Jan Bogerd2, Maria Inês Borella1 
1 Instituto de Ciências Biomédicas, Universidade de São Paulo, São Paulo, 
Brasil 2 Faculty of Sciences, Utrecht University, Utrecht, Netherlands  
lazarowender@usp.br 
 
The order Characiformes displays the highest diversity of Neotropical fish 
and number of economically important species used in Brazilian aquaculture. 
However, knowledge on the endocrine regulation of the reproduction of 
Characiformes species is still scarce. Astyanax altiparanae is an 
ecologically and economic important species among Characiformes. 
Recently, we cloned the full-length gonadotropin cDNA sequences for this 
species. Here we report the gene expression profiles of the gonadotropin 
alpha subunit (gpha) and the follicle-stimulating (fshb) and luteinizing (lhb) 
hormone beta subunits, during the annual reproductive cycle of A. 
altiparanae females in captivity. Specimens were sampled bimonthly from 
Sep12 to Jul13 in the CESP Aquaculture station, Paraíbuna, State of São 
Paulo, Brazil. After euthanasia, the biometric data were obtained from each 
female to calculate the gonadosomatic (GSI) and hepatosomatic (HSI) 
indices. The pituitaries were collected, RNA was extracted and cDNA 
synthesized. Ovary samples were fixed in Karnosvky and submitted to 
histological analysis, and reproductive phases were identified. Next, the 
expression profiles for gpha, fshb and lhb were determined by qPCR using 
gene-specific primers. No changes in gpha levels were observed. In 
contrast, highest levels of fshb were observed in the Sep12 samples, after 
which levels decreased until Mar13; levels started to increase again after 
this date. The levels for lhb showed a slight variation during the annual cycle. 
The highest and lowest lhb levels were detected on Jul13 and Jan13, 
respectively. The GSI varied significantly during the year and peaked on 
Jan13. Interestingly, vitellogenic oocytes were detected in ovaries during all 
months assessed, suggesting that females of this species are able to spawn 
throughout the year. The HSI exhibited a discrete variation. These data 
suggest that A. altiparanae females have a distinct reproductive pattern from 
other Characiformes species and these results could be used to improve its 
reproduction in captivity.  
Supported by FAPESP and CNPq	  
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Effects of sex steroids and salmon pituitary 
homogenates on neuroendocrine gene 
expression levels in female Japanese eels 
 
Shan-Ru Jeng1, Wen-Shiun Yueh1, Yi-Ting Pen1, Jeremy 
pasquier2, Sylvie Dufour3 and Ching-Fong Chang4,5 

1Department of Aquaculture, National Kaohsiung Marine University, 
Kaohsiung, Taiwan  INRA, UR1037 LPGP, Sex Differentiation and 
Oogenesis Group, Rennes, France 3Muséum National d'Histoire Naturelle, 
Research Unit BOREA, Biology of Aquatic Organisms and Ecosystems, 
CNRS 7208 Paris, France 4Department of Aquaculture, National Taiwan 
Ocean University, Keelung, Taiwan 5Center of Excellence for the Oceans, 
National Taiwan Ocean University, Keelung, Taiwan 
srjeng@webmail.nkmu.edu.tw 
 
Eels are catadromous basal teleosts. Before the oceanic reproductive 
migration or under captive condition, the eels remain at a prepubertal stage; 
they have immature gonads. The actual protocols for experimental 
maturation are only based on gonadal stimulation with gonadotropin 
treatments, leading to extra-physiological activations and have poor quality 
eggs. Therefore, fundamental information on neuroendocrine regulatory 
mechanisms of eels is necessary to further comprehend eel reproduction. 
The aims of the present study were to decipher the effects of sex steroids 
and salmon pituitary homogenates (SPH) on neuroendocrine gene 
expression levels in BPG axis of female Japanese eels. In the SPH-treated 
eels, GSI, serum estradiol (E2) and testosterone (T) concentrations, brain 
mGnRH transcripts and pituitary LH-β transcripts were significantly 
increased.	  The GnRHR-2 transcripts in the pituitary, KissR-1 transcripts in 
the brain, pituitary and ovary were also significantly increased in the SPH-
treated eels. In contrast, SPH suppressed pituitary FSH-β transcripts. No 
increase in GSI was observed after treatment with E2 or T in female eels. 
E2 significantly increased brain KissR-1 transcripts and pituitary LH-β 
transcripts in female eels; in contrast, FSH-β transcripts were suppressed by 
E2 or T. SPH,	  E2 or T had no effect on brain TH, pituitary D2AR and D2BR 
transcripts in female eels. Our results showed the increase of mGnRH and 
LH, the decrease of FSH in SPH-treated eels may be due to the 
endogenous sex steroids feedbacks. Dopamine still had a strong inhibitory 
effect on the synthesis and release of gonadotropins in female eels after 
treatment with SPH. Our results could explain why eels need chronic 
treatment with exogenous hormones to stimulate the gonadal development. 
This study also revealed that KissR-1 and GnRHR-2 may involve in 
reproduction regulation in eels. 

	  
The addition of new astrocytes to the postnatal 
hypothalamus is required for female sexual 
maturation in rodents 
 
Ariane Sharif1*, Cécile Allet1, Danièle Leroy1, Aude Caillet1, 
Anne Loyens1, Jean-Claude Beauvillain1, Juergen 

Siepmann2, Gabriel Corfas3, Sergio R. Ojeda4 & Vincent Prevot1 
1Inserm, Jean-Pierre Aubert Research Center, U837, Development and 
plasticity of the postnatal brain, Lille cedex, France and Université de Lille 2, 
IMPRT, Lille, France.  2Inserm U1008, College of Pharmacy, Univ. Lille Nord 
de France, Lille, France and College of Pharmacy, Freie Universitaet Berlin, 
Berlin, Germany. 
3Division of Neuroscience, Children's Hospital and Harvard Medical School, 
Boston Massachusetts 02115, USA. 
4Division of Neuroscience, Oregon National Primate Research Center-
Oregon Health & Science University, Beaverton, OR 97006, USA. 
ariane.sharif@inserm.fr 
 
The initiation of mammalian puberty requires an increased pulsatile 
secretion of GnRH from specialized neurons of the hypothalamus. This 
increase is brought about by coordinated changes in transsynaptic and glial-
neuronal communication. Here, we show that pubertal activation of GnRH 
secretion in female rodents involves the participation of astrocytes born 
during the infantile period in the hypothalamus. Our results suggest that a 
significant fraction of GnRH neurons recruit and retain in their immediate 
vicinity newly generated cells born on postnatal day 8. These newborn cells 
differentiate into astrocytes and stay morphologically associated with GnRH 
neuron cell bodies throughout sexual development and in sexually mature 
animals. Local inhibition of cell proliferation in the surroundings of GnRH 
neuron cell bodies during the infantile period by stereotaxic injection of 
beads releasing the anti-mitotic paclitaxel caused delayed puberty and 
impaired adult ovarian cycle in female rats. Experiments carried out in mice 
deficient in both erbB1 and erbB4 signaling in astrocytes, which exhibit 
impaired sexual development and mature reproductive function, showed that 
erbB signalling was required for the long-term maintenance of the 
association between astrocytes born during the infantile period and GnRH 
neurons. Altogether, our results raise the exciting possibility that the birth of 
new astrocytes morphologically and functionally connected to GnRH 
neurons is a key maturational event required to initiate GnRH secretion in 
female rodents. 
Supported by the FRM and the ANR 
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Expression patterns of Sox2 and Sox19 genes 
in the forebrain of the turbot (Scophthalmus 
maximus) during development 
 
Xoana Taboada*1, Ana Viñas1, Fátima Adrio2.  
 

1Department of Genetics. University of Santiago de Compostela, Spain  
2Department of Cell Biology and Ecology. Univ. of Santiago de Compostela, 
Spain.  
xoanataboada@hotmail.com 
 
Sox genes code for HMG domain-bearing transcription factors involved in 
various processes such as sex determination, gonadal differentiation and 
central nervous system (CNS) development. Group B1 Sox genes, in which 
Sox2 and the fish-specific Sox19 are comprised, appear to play major roles 
in neural development. Semi-quantitative RT-PCR, immunohistochemistry 
and/or whole mount in situ hybridization have shown Sox2 and Sox19 
expression in the brain of adult and developing teleosts, indicating a role of 
these genes in CNS development. Here, we investigated the developmental 
expression of turbot Sox19 (tSox19) and tSox2 in the brain of the turbot, one 
of the most appreciated aquaculture species in Europe, by in situ 
hybridization in transverse and longitudinal paraffin sections. We have used 
30 days post-fertilization (dpf; premetamorphic larvae), 60dpf (post-
metamorphic larvae), 130dpf (juveniles), and two years old (adult) 
specimens of both sexes. Sox19 and Sox2 mRNAs presented a similar 
expression in the turbot forebrain. They were detected in ependymal cells 
(radial glia cells) of different regions such as the olfactory bulbs, 
telencephalic hemispheres, preoptic region, thalamus or hypothalamus at all 
stages of development investigated. No differences were observed in the 
expression patterns of both genes between males and females, and their 
ependymal expression progressively decreased throughout development. 
Sox2 has already been characterized as a neural stem cell marker in 
zebrafish. The similar expression pattern of both genes in the proliferative 
zones of the turbot forebrain, suggests that tSox2 and tSox19 have a role in 
neural development. To investigate the relationship between tSox2 and 
tSox19 expression and cell proliferation we immunostained parallel sections 
with antibodies raised against the brain lipid derived protein (BLBP, a radial 
glial cell marker), and proliferating cell nuclear antigen (PCNA). Our results 
showed that cells expressing tSox2 and tSox19 were just located in 
neurogenic regions, as indicated by the BLBP and PCNA immunoreactivity 
patterns, supporting a role for both genes in turbot brain development.  
Supported by the Xunta de Galicia (10MMA200027PR). 

	  
Neuropilin-1 expression in GnRH neurons is 
required for the normal onset of puberty and 
GnRH cells distribution 
 
Charlotte Vanacker, Filippo Casoni, Naresh Kumar 
Hanchate, Paolo Giacobini, Vincent Prevot 

Inserm UMR837, UDSL, Jean-Pierre Aubert Research Center, F-59045 Lille 
cedex  
Université Lille Nord de France, CHRU Lille, F-59000 Lille, France 
Charlotte.vanacker@inserm.fr 
GnRH, puberty, neuroendocrine system, cell migration, Neuropilin 
 
Semaphorin3A (Sema3A) and its receptor, neuropilin 1 (Nrp1), are involved 
in the guidance of GnRH neuron migration during embryogenesis. 
Disruption of Sema3A gene expression or of neuropilin 1 signaling indeed 
causes marked GnRH migratory defects in mice. However, the specific role 
of Nrp1 expression in GnRH neurons remains to be elucidated. Here, we 
analyse the phenotype of mice in which Nrp1 expression was selectively 
knocked out in GnRH neurons. Animals harbouring the conditional Nrp1 
allele were crossed with a mouse line expressing the Cre recombinase 
under the control of the endogenous GnRH gene promoter. The efficacy of 
our genetic strategy was verified by analysing Nrp1 expression in GnRH 
neurons of wild-type (Nrp1lox/lox) and mutant (GnRH-Cre; Nrp1lox/lox) 
littermates by immunofluorescence. Unexpectedly, mutant mice that did not 
show any alteration of adult reproductive function exhibited precocious 
puberty. While wild-type mice reach puberty (first ovulation) at postnatal day 
50 (P50), mutant mice first ovulate at P45. Our preliminary neuroanatomical 
data suggest that while there is no overt difference in the total number of 
GnRH neurons in the brain, their distribution appear to differ between 
mutant mice and wild-type littermates. This phenomenon is probably due to 
a differential migration of the cells during embryogenesis, since we have 
already noted differences in GnRH neuronal migration from nose to brain at 
embryonic age 14,5. Even though further analyses are required to determine 
the causes of this precocious puberty, the present study is the first report 
indicating that Nrp1 expression in GnRH neurons plays a role in the correct 
development/physiology of the GnRH system. 
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Expression of aromatase (cyp19) in radial glial 
cells is a feature of actinopterygian lineage 
 
Pascal Coumailleau1, Elisabeth Pellegrini1, Shan-Ru 
Jeng2, Collette Vaillant1, Olivier Kah1 
 

1Team NEED, IRSET, INSERM U1085, IFR 140, Rennes, France 
2National Kaohsiung Marine University, Kaohsiung, Taiwan  
Pascal.coumailleau@univ-rennes1.fr 
 
It is now well known that the brain of teleosts has a high brain aromatase 
activity and/or cyp19 gene expression from early development stages to 
adult. Moreover, we and others found that aromatase B (encodes by 
cyp19a1b gene) is only express by radial glial cells in teleost fish, including 
basal teleost species such as eel. On the contrary in the sarcopterygian 
lineage, especially in mammals and birds where most studies has been 
done, aromatase expression is known to be restricted to neurons under 
physiological conditions. In order to see the situation in basal group of 
sarcopterygian, we recently investigated the situation in amphibians. 
Interestingly, in the Xenopus laevis brain that also contain many radial glial 
cells at both larval and adult stages (in a similar way to fish), we found that 
cyp19a1 expression is strongly expressed from early larval stage to adult. 
The highest expression of cyp19a1 was found in the preoptic area and the 
hypotalamus compared to the rest of the brain. Importantly, we could never 
detect cyp19a1 expression in the ventricular layers and notably in radial glial 
cells. On contrary, using several neuronal markers, cyp19a1 expression 
matched to the distribution of neuronal sub-populations during brain larval 
development and in adult brain. To get more information from an evolutive 
point of view, we are currently studying aromatase/cyp19 distribution in 
other basal groups of vertebrates.  
Supported by the TC2N project 
	  

	  
Effects of reproductive hormones on thermal 
energetic and torpor expression in the 
marsupial Sminthopsis macroura. 
 
B. M. McAllan1,2, N. Feay2,3, A. J. Bradley4 and F. Geiser2 

 

1 Physiology, School of Medical Sciences & Bosch Institute, University of 
Sydney NSW Australia 
2 Centre for Behavioural & Physiological Ecology & Zoology University of 
New England, Armidale NSW Australia 
3 Quest Diagnostics, 26081 Avenue Hall 150 Valencia, CA 91355 USA 
4 School of Biomedical Sciences, University of Queensland, Brisbane QLD 
Australia 
bmcallan@medsci.usyd.edu.au 
 
Seasonal cycles of reproduction are common in mammals and these are 
combined with the necessary energy budgeting for thermoregulatory challenges. 
Torpor, a controlled reduction in body temperature and metabolic rate, is used by 
many mammals to meet the demands of changing environmental temperatures 
but often reproducing mammals avoid using torpor. Our study aimed to examine 
the interactions of the reproductive hormones on the seasonal cycles of 
reproduction and torpor use in a marsupial that fattens in autumn and commences 
reproduction in winter, the stripe-faced dunnart, Sminthopsis macroura. Animals 
were placed under LD 14:10 and natural reproductive hormones blocked by either 
flutamide (males) or mifepristone (females) or tamoxifen (females). Reproductive 
parameters, metabolic rate and torpor characteristics were determined. The same 
animals were then placed under LD 10:14 and given testosterone (males) or 
progesterone (females) or oestrogen (females) and measurements repeated. 
Body mass and tail widths (fattening indicator) in males were significantly affected 
by testosterone, and the effects were reversed by hormone blockers. 
Reproductive parameters were unaffected. Resting metabolic rate and torpor use 
were not affected by treatment in males, however torpor characteristics, especially 
torpor bout duration, were affected by presence of testosterone. In females, body 
mass was unaffected by hormone presence, although tail widths were affected. 
Disruption of reproductive cycles occurred with hormone blockers in females, 
however, resting metabolic rate was not affected, and only progesterone affected 
torpor characteristics in females. The data contrasts to that for rodents, where 
testosterone abolishes torpor use in males, and oestrogen inhibits torpor use in 
females. Our study suggests that, in this mammal, metabolic responses to the 
presence or absence of reproductive hormones differs between males and 
females, and there is no absolute endocrinologically-driven reproductive season 
separate from the torpor season. 
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Endocrine disruptors 
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Impact of carbon black nanoparticles exposure on 
expression of key genes involved in pituitary and 
ovarian endocrine functions 
 
Violaine Simon, Charlotte Avet, Ghislaine Garrel, Joëlle 
Cohen-Tannoudji 

Paris Diderot University, Biologie fonctionnelle et adaptative, CNRS UMR 
8251, Team: Physiologie de l’axe gonadotrope INSERM U 1133 
charlotte.avet@orange.fr 
 
A dramatic increase in the industrial production and use of nanoparticles 
has been observed in the past decades (cosmetics, foods, clothing, car 
pneumatics, …). Although exposure to carbon black nanoparticles (CB NP) 
has been associated with carcinogenic risk, their adverse effects on 
reproduction are largely unknown. Here, we provide for the first time 
evidence that CB NP may impact female reproductive function notably 
through dysregulation of gene expression at the level of the ovary and 
pituitary gland. For this study, we used the well-characterized CB NP of 13 
nm diameter (FW2) that have been recently classified as carcinogen of 
class 2B. We assessed the impact of increasing concentrations of CB NP 
(from 0.1 to 200 µg/ml) on pituitary gonadotrope and ovarian granulosa cells 
by using, respectively, the LβT2 and KGN cell lines. No effect of CB NP on 
cell viability was observed for any of the concentrations used for a 24h 
period exposure. However, the CB NP exposure dramatically changed 
expression of several genes both in gonadotrope and granulosa cells as 
measured by real time RT-PCR. Their effect was dose-dependent and 
started with concentrations ranging from 1 to 75 µg/ml depending on the 
genes. CB NP up-regulated the beta subunit of both gonadotropins, LH and 
FSH, by 125 ± 5 % and 241 ± 20 %, respectively in gonadotrope cells. 
Interestingly, CB NP also amplified by approximately 2-fold the action of 
GnRH on the FSHβ gene expression without any alteration in GnRH 
receptor transcript levels. In the granulosa cell line, CB NP exposure up-
regulated gene expression of components of the steroidogenesis pathway 
such as the protein StAR (277 ± 25 %), the steroidogenesis enzymes 
cytochrome P450 scc (226 ± 10 %) and 3β-HSD (508 ± 150 %) as well as of 
the FSH receptor (311 ± 15 %). In contrast, the same treatment decreased 
the expression of the gene coding for the androgen-converting enzyme, the 
cytochrome P450 aromatase (69 ± 8 %), suggesting that CB NP will 
promote progesterone instead of estradiol synthesis by the ovarian follicle. 
Such hypothesis is under current investigation. Altogether, our results show 
that CB NP disrupt the female endocrine system at both the pituitary and 
ovarian levels and may therefore affect female fertility. 
Supported by ANSES EST 2011/96, NANOVHYP Project. 

 
Effects of Bisphenol A on the rat and human 
fetal testis in vitro 
 
Millissia Ben Maamar1, Laurianne Lesné1, Christèle 
Desdoits-Lethimonier1, Isabelle Coiffec1, Vincent Lavoué2, 
Nathalie Dejucq-Rainsford1, Séverine Mazaud-Guittot1, 

Bernard Jégou1 
1Inserm (Institut National de la Santé et de la Recherche Médicale), U1085 
IRSET, Université de Rennes 1, Campus de Beaulieu, Rennes, France 
2CHU Rennes, Service Gynécologie et Obstétrique F-35000 Rennes, 
France 
millissia.benmaamar@gmail.com 
 
Among potential Endocrine Disrupting Chemicals (EDC), bisphenol A (BPA) 
has attracted a great deal of concern. Despite the fact that more than 5000 
safety-related studies have been published on this molecule, the 
controversy is still going on as to whether exposure of the general 
population to BPA causes adverse effects due to its estrogenicity. Several 
studies have shown that low doses of BPA leads to alterations of the organs 
of the male reproductive tract. It has been recently demonstrated that BPA 
at concentrations as low as 10-8M inhibited the testosterone production by 
the human fetal testes while only the highest concentration tested (10-5M) 
was able to significantly lower the testosterone levels in the rat and the mice 
testes. Such results could lead to the conclusion that rodents are not 
relevant to predict the effects of BPA on the human fetal testis and their 
disqualification as a species for risk assessment would be a great handicap. 
But are these results due to the species or to the experimental design? In 
this context of very limited number of studies, we investigated whether or not 
BPA could interfere in the hormonal homeostasis within the fetal rat and 
human testis through two organotypic culture systems based testis cultured 
for 3 days. We also investigated the impact of two different solvents, the use 
or not of gonadotropin in our culture system and the choice of different 
strains of rat on the interpretation of our results. Very interestingly, Wistar 
strain proved to be less sensitive to BPA than the Sprague-Dawley one. The 
use of DMSO or ethanol did not affect the interpretation of our results. 
However, we found that the use of gonadotropin in our medium culture 
greatly affected the basal levels of testosterone in the human fetal testis and 
thus the interpretation of the effect of BPA on this organ.	  Although ingenious 
in appearance the aligning of rat, mouse and human fetal assay is likely to 
be an illusion and the optimizing of each in vitro assay for a given species 
should be a major objective. 
Funded by INSERM, Rennes 1 University ANSES EST-2010-2-046	  
 R

e
n

n
es

 (
Fr

a
n

ce
) 

A
u

g
u

st
 2

5
-2

9
, 

2
0

1
4
	  

PO	  
106	  

PO	  
107	  
	  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
 



CECE 2014 27th Conference of European Comparative Endocrinologists 

164	  

 
Neonatal exposure to estrogen: Early 
transcriptional & DNA alterations in the rat 
ovary 
 
C. Chalmey1, F. Chalmel1, F. Nesslany2, B. Jégou1, S. 
Mazaud-Guittot1 

1IRSET - Inserm U1085, University Rennes I, Team 8 « Viral and Chemical 
Environment & Reproduction », 2 Laboratory of Genetic Toxicology, Pasteur 
Institute of Lille 
 
The ovary is both the unique source of oocytes necessary for fertilization 
and a crucial conductor of endocrine regulations of the reproductive system. 
In the fetal ovary, oocytes grouped in clusters are surrounded by somatic 
pre-granulosa cells, altogether delineated by a basement membrane and 
constituting ovarian cords. The fragmentation into follicles formed by a 
single oocyte surrounded by granulosa cells and delineated by a basement 
membrane occurs within a tiny period (the 3 days following birth in rodents) 
and is dependent on the correct timing of the meiotic process, on an 
apoptotic wave that specifically targets oocytes and the remodelling of the 
basement membrane. Follicle formation is a crucial event of ovarian 
development because the follicle stock formed at the end of this process is 
non-renewable. Therefore, any disturbance of this process can lead to 
reproductive abnormalities in adulthood. In order to better understanding 
how the endogen estrogen 17b-estradiol (E2) contributes to follicle 
formation, 3 groups of Sprague-Dawley rats were treated daily by 
subcutaneous injection of corn oil as a negative control or 17β-estradiol (E2). 
Two doses were used (0.1 or 10 µg/day) and treatment was administered at 
Post-Natal Day 0 (PND 0, day of birth), PND 1 and PND 2. We show that 
the E2 treatment within this critical period triggers a dose-dependent 
decrease of oocyte number per ovary at PND 3. All treated females are at 
least transiently fertile, yet these reproductive capabilities rapidly decline. 
Long-term troubles may originate from precocious E2 impact on the ovary. 
Early effects like transcriptome alterations and DNA integrity were assayed 
at PND 1. 
Many genes involved in various processes around birth have a modified 
expression depending on the dose of E2. The treatment also induces many 
direct primary lesions on ovarian cell DNA. Although the lesions are quickly 
repaired in the [0.1 µg/d] group, they seem to be persistent in the [10 µg/d] 
group. This could be linked to the initiated apoptosis process in this group, 
leading to the sharp decrease of the number of oocytes at PND 3. 
Funded by INSERM & University Rennes I 
 

	  
Protective effect of zinc (Zn) against cadmium-
induced reproductive toxicity is mediated by 
change in Zn transporters expression pattern in 
ovary of zebrafish 
 
Lina Chouchane1, Mohamed Banni2, Abdelhamid Kerkeni3, 

Khaled Saïd1, Imed Messaoudi1 
 
1Laboratoire de Génétique, Biodiversité et Valorisation des Bioressources, 
ISBM, Monastir, Tunisie 2Laboratoire de Biochimie et Toxicologie 
Environnementale, ISA, Sousse, Tunisie 3Laboratoire « Eléments trace, 
radicaux libres, systèmes antioxydants et pathologies humaines et 
environnement », Faculté de Médecine, Monastir, Tunisie 
Lina_chouchene@yahoo.com  
 
This study explored the potential for expression pattern of genes encoding 
zinc (Zn) transporters to be involved in the protective effect of Zn against 
cadmium (Cd)-induced reproductive toxicity in female of zebrafish. Therefore, 
gonadal structure and histology as well as Cd, Zn and metallothioneins 
(MTs) accumulation and expression of genes encoding Zn transporters (zMT, 
ZnT1, ZnT5, ZIP8 and ZIP10) were examined in ovary of adult zebrafish 
exposed to 0.4 mg/L Cd in water and supplemented with Zn (5 mg Kg-1) for 
21 days in their diet.  Cd-exposure decreased the expression of both ZnT1 
and ZnT5 and caused up-regulation of ZIP10 and zMT gene expression. 
These changes were accompanied by increased Cd and MTs accumulation, 
decreased Zn contents as well as by morphological and histopathological 
changes (i.e. decreased vitellogenic oocytes and increased oocyte atresia) 
in ovarian tissues. With the combined Cd and Zn treatment, the down-
regulation of ZnT1 and ZnT5 gene expression, under Cd influence, was 
significantly restored, whilst a persistently increased ZIP10 mRNA level was 
noticed. This treatment also decreased Cd and MTs accumulation, reversed 
Cd-induced Zn depletion and partially restored Cd-induced morphological 
and histological changes in ovarian tissues. Collectively, these results imply 
that Cd toxicity, in the ovarian tissues, is caused, in part, by its intracellular 
incorporation through ZIP transporters, stimulating the expression of their 
genes and also by inhibiting ZnT genes expression and that the protective 
effect of Zn consists in restoring the normal expression of these genes. 
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Combined in silico and in vitro studies of 
phthalates and 
organophosphorus compounds: effects on 
peroxisome proliferator-activated receptors 
(PPARs) signaling pathways 
 

Paolo Cocci1, Gilberto Mosconi1, Valentina Pomatto2, Patrizia Bovolin2, 
Francesco Alessandro Palermo1 
 
1School of Biosciences and Veterinary Medicine, University of Camerino, 
via Gentile III da Varano, 62032 Camerino (MC), Italia 
2Department of Life Sciences and System Biology, University of Turin, Italy 
paolo.cocci@unicam.it 
 
Increasing evidence suggests that some environmental contaminants, 
including known endocrine disrupting chemicals (EDCs), are able to 
interfere with metabolic pathways by interacting with nuclear receptors. 
Recently, it has been demonstrated that phthalates and organometallic 
compounds bind to peroxisome proliferator activated receptors (PPARs) 
resulting in modulation of lipid metabolism at both the systemic and 
peripheral level. However, little is known about the metabolic impact of 
these pollutants on fish. In this context, we performed an in 
silico docking screen of an EDCs database to identify a set of ligands with 
conveniently high affinity for the PPARs. Kd values in 
the nanomolar to micromolar range, generated by the in silico model, 
suggest that piscine PPARs may be activated by phthalates (e.g. di-
isononylphpthalate -DiNP; Di-isodecyl phthalate-DiDP) and some 
organophosphorus compounds (e.g. tri-m-cresyl phosphate-TmCP) at 
concentrations similar to those activating the homologous mammalian 
receptors. Because natural endogenous ligands for PPARs are involved in 
lipid homeostasis, we assessed the effects of compounds identified using in 
silico screening on Sparus aurata hepatocytes primary cultures. Generally, 
exposure of hepatocytes to 0.1, 1 or 10 microM of DiNP, DiDP or TmCP 
consistently increased both PPAR and its heterodimeric partner Retinoid X 
Receptor (RXR) mRNA levels at 48 h. In addition, all compounds 
investigated produced significant increases in the expression of the PPAR 
target genes, carnitine palmitoyltransferase (CPT) isoforms. In general our 
data show that phthalates and TmCP modulated PPAR signaling in the 
seabream in vitro system. The results also suggest the potential 
involvement of these pollutants in the modulation of mitochondrial fatty acid 
oxidation. 
Supported by MIUR, PRIN 2010/2011 

	  
Effect of progestagens on neurodevelopment of 
zebrafish embryos 
 
Cécile Cruciani, Joel Cano, Marie-Madeleine Gueguen, 
Colette Vaillant-Capitaine, Olivier Kah, Elisabeth Pellegrini 
 

Team NEED, IRSET, IFR 140, Rennes, France 
cecile.cruciani@cegetel.net 
 
A single nuclear progesterone receptor (Pgr) is widely expressed in the 
brain of zebrafish, particularly in radial glial cells, which express selectively 
Aromatase-B (Aro-B) and have a high neurogenic activity. This suggests 
that progestagens (such as progesterone (P4), norethindrone) and/or their 
metabolites could affect neurodevelopment. In this context and using the 
zebrafish embryos, we tested the effect of different concentrations of P4 on 
the expression of several genes including cyp19a1b (encoding Aro-B), pgr, 
estrogen receptors (esr1, esr2a, and esr2b), the proliferation marker pcna, 
the pro-apoptotic BAX, the anti-apoptotic Bcl2, and the apoptotic gene 
casp3. Our results show that P4 significantly affects the expression of a 
several genes in the brain of zebrafish larvae. We demonstrate, based on 
quantitative PCR analysis, that cyp19a1b is upregulated by P4. Inversely, 
casp3 is downregulated by P4. The inhibitory action of P4 on apoptosis 
process is confirmed by a TUNEL assay. Given the crucial role of radial glia 
in neurodevelopment, we suggest that P4 could modulate early 
neurogenesis in zebrafish embryo. Using cyp19a1b-GFP transgenic 
zebrafish, we also evaluated the potential estrogenicity of norethindrone, a 
progestagenic molecule used in contraceptive pills and found in surface 
water. Our preliminary results demonstrate that GFP signal increases in the 
brain of larvae treated with norethindrone suggesting estrogenic properties 
of this compound. 
Although more studies are required, this preliminary assessment suggest 
that P4 and norethindrone could have a potential role in early stages of 
neurodevelopment of zebrafish regarding neurogenesis, the fate of daughter 
cells and the cellular survival. 
Supported by the ANR PROOF  
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Effect of estrogenic and anti-estrogenic 
compounds on immune response in weaned 
gilthead seabream larvae 
 
M.C. Rodenas1, I. Cabas1, A. García-Alcázar2, J. Meseguer1, 
V. Mulero1, A. García-Ayala1* 

1Department of Cell Biology and Histology, University of Murcia, 30100, Spain. e-
mail: agayala@mu.es 
2Centro Oceanográfico de Murcia, Instituto Español de Oceanografía, Puerto de 
Mazarrón, 30860, Spain. 
 
It is well known that estrogens act as endocrine disrupting chemicals (EDCs) and 
have adverse effects on aquatic organisms. Nevertheless, there are few studies 
on the effects of estrogens on the fish immune response. 17α-ethinylestradiol 
(EE2), a drug used in oral contraceptives, and tamoxifen (Tmx), classically 
described as an anti-estrogenic compound, which is a selective estrogen-receptor 
modulator used in hormone replacement therapy, have a widespread presence in 
the aquatic environment. Moreover G1, a selective agonist of the recently 
identified G protein-coupled estrogen receptor (GPER), was used to determine the 
relevance of this receptor for the immune system. The gilthead seabream (Sparus 
aurata L.) is a seasonally breeding protandrous hermaphrodite marine teleost. 
This species has a great commercial value and, therefore, the impact of estrogens 
on its immune response is an important concern. Gilthead seabream recently 
weaned larvae (50 days post-hatching) were dietary treated with EE2, Tmx or G1 
during 100 days. After that, the larvae were fed with commercial food and were 
under an immunization schedule. For this, the animals were intraperitoneally 
injected with phosphate buffered saline (PBS) (control fish) or hemocyanin and 
Imject Alum Adjuvant (immunized/vaccinated fish) after 0 (priming) and 15 
(booster) days of the end of the treatments. We evaluated the impact of this 
exposure on the innate immune response by analyzing the expression of genes 
encoding key cytokines and on the adaptive immune response by evaluating the 
hemocyanin-specific IgM titers in the serum, respectively. As expected, 
vaccinated animals showed a strong antibody (Ab) response to the specific 
antigen. More importantly, EE2, Tmx or G1 treatments modulate the Ab titer of 
vaccinated fish at different time points. Moreover, the percentage of head kidney-
immunoglobulin M (IgM) positive cells showed an interesting correlation with the 
hemocyanin-specific IgM titers.  
Supported by the “Ministerio de Economía y Competitividad” and FEDER 
(AGL2011-30264-C02-01 and -02) and the “Fundación Séneca” CARM 
(04538/GERM/06). 

	  
Effect of 17α-ethynylestradiol on 
steroidogenesis and gonadogenesis in wean 
gilthead seabream larvae. 
 
I. Cabas1*, M.C. Rodenas1, M.P. García-Hernández1, A. 
García-Alcázar2, J. Meseguer1, V. Mulero1 E. Chaves-

Pozo2, A. García-Ayala1 
 
1Department of Cell Biology and Histology, University of Murcia, 30100, e-
mail: agayala@mu.es 
2Centro Oceanográfico de Murcia, Instituto Español de Oceanografía, 
Puerto de Mazarrón, 30860. 
 
A wide variety of chemicals discharged from industrial and municipal 
sources have been reported to disrupt the endocrine system of animals, 
which may be exposed via the food chain and contaminated water. 17α-
ethinylestradiol (EE2), a drug used in oral contraceptives and hormone 
replacement therapy, has a widespread presence in the aquatic 
environment. Current knowledge on the sensitivity of marine fish 
reproductive system to estrogenic environmental chemicals is limited. 
Interestingly, the resistance of EE2 to degradation should not be 
underestimated and for instance, determining the impact of the intake of low 
levels of EE2 with the food on fish reproduction is mandatory. We report here 
the effects of dietary intake of EE2 on gilthead seabream recently weaned 
larvae (50 days post-hatching, dph) during 100 days of exposure (150 dph) 
and their recovery after 50 days (200 dph) of the dietary intake of 
commercial food. We have analyzed the hepatic vitellogenin and the gonad 
gene expression profile of several steroidogenic-relevant genes and 
testosterone (T), 11-ketotestosterone (11-KT), 5α-dihydrotestosterone 
(DHT) and 17β-estradiol (E2) serum levels as well as the gonad morphology 
in order to determine the sensibility of the gonadogenesis and 
steroidogenesis processes to endocrine disrupted chemicals and, more 
importantly, its capacity of recovery. 
Supported by the “Ministerio de Economía y Competitividad” and FEDER 
(AGL2011-30264-C02-01, -02 and AGL2010-20801-C02-01) and the 
“Fundación Séneca”, Coordination Centre for Research, CARM 
(04538/GERM/06). E. Chaves-Pozo thanks to “Ministerio de Economía y 
Competitividad” for her Ramón y Cajal’s contract (RYC-2009-05451). 
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New transgenic zebrafish models to study the 
expression of key steroidogenic enzymes and 
their perturbation by endocrine disrupting 
chemicals  
 
Hinfray N. 1, Caulier M.1, Guiguen Y.2, Kah O.3, Piccini B.1, 

Chadili E.1, Porcher JM.1, Brion F.1 
 
1 INERIS, Unité d’écotoxicologie in vitro et in vivo, Verneuil-en-Halatte, 
France 
2 INRA, UR 1037, INRA-LPGP, Rennes, France 
3 IRSET, Inserm U1085, Université de Rennes 1, Rennes, France 
nathalie.hinfray@ineris.fr  
 
Concern about the effects of Endocrine Disrupting Chemicals (EDCs) to fish 
reproductive health has stimulated the development and implementation of 
fish screening and testing procedures for EDCs which has become an 
important aim notably within the perspective of the EU regulatory framework 
for chemicals REACH (registration, evaluation, authorization and restriction 
of chemicals). Small fish species such as the zebrafish (Danio rerio) had 
appear as relevant models to identify EDCs, quantify their effects and 
explore their mode of action. In this context, transgenic zebrafish can 
provide suitable and practical biological models to study EDCs while 
reducing costs and the number of animals. For instance, we recently 
demonstrated the usefulness and relevance of a vivo mechanism-based test 
(the EASZY test that uses transgenic cyp19a1b-GFP zebrafish embryos) for 
rapid and cost-effective screening of estrogenic activity of chemicals. In the 
present work, our aim was to develop a panel of new transgenic models to 
study the expression and the perturbation of several target genes involved 
in the endocrine system and known to be affected by exposure to EDCs. 
These new transgenic zebrafish lines express Green Fluorescent Proteins 
(GFP) under the control of the zebrafish promoters of steroidogenic genes, 
i.e. cyp11c1 cyp19a1a. These genes are known to play a critical role in the 
biosynthesis of androgens and estrogens respectively and are affected by 
exposure to EDCs. The transgene is stably expressed across generations 
(>F3). Immunohistochemistry experiments showed that there is a perfect co-
expression of GFP with endogenous zebrafish Cyp11c1 and Cyp19a1a 
proteins in the gonads. In both transgenic lines, GFP was localized in the 
cytoplasm of young oocytes and peri-follicular cells and in testes, GFP was 
localized in the cytoplasm of Leydig cells and germ cells. Since the fish 
brain is characterized by a strong ability to synthesize neuro-steroids, their 
expression in the central nervous system will be also considered. 

	  
Effects of intracerebroventricular administered 
fluoxetine on cardioventilatory functions in 
rainbow trout (Oncorhynchus mykiss) 
 
Marc Kermorgant1, Frédéric lancien1, Nagi Mimassi1, 
Charles R. Tyler2, Jean-Claude Le Mével1 

 
1INSERM UMR1101, Laboratoire de Neurophysiologie, SFR ScInBioS, 
Université de Brest, France. 
2Biosciences, University of Exeter, Exeter, United Kingdom. 
marckermorgant@yahoo.fr 
 
Fluoxetine (FLX) is a selective serotonin (5-HT) reuptake inhibitor present in 
the aquatic environment which is known to bioconcentrate in the brains of 
exposed fish. FLX acts as a disruptor of various neuroendocrine functions in 
the brain, but nothing is known about the possible consequence of FLX 
exposure on the cardio-ventilatory system in fish. Here we undertook to 
investigate the central actions of FLX on ventilatory and cardiovascular 
function in unanesthetized rainbow trout (Oncorhynchus mykiss). 
Intracerebroventricular (ICV) injection of FLX (dosed between 5-25 µg) 
resulted in a significant elevation of total ventilation (VTOT), with a maximum 
hyperventilation of +180 % (at a dose of 25 µg) compared with vehicle 
injected controls. This increase was due to an increase in ventilatory 
amplitude   (VAMP: +130 %) with minor effects on ventilatory frequency. The 
highest dose of FLX (25 µg) produced a significant increase in mean dorsal 
aortic blood pressure    PDA: +20 %) without effects on heart rate (ƒH). In 
comparison, intra-arterial injections of FLX (500-2500 µg) had no effect on 
ventilation but the highest doses increased both PDA and ƒH. The ICV and IA 
cardio-ventilatory effects of FLX were very similar to those observed 
following injections of 5-HT, indicating that FLX probably acts via stimulating 
endogenous 5-HT activity through inhibition of 5-HT transporter(s). Our 
results demonstrate for the first time in fish that FLX administered within the 
brain exerts potent stimulatory effects on ventilation and blood pressure 
increase. The doses of FLX given to fish in our study are higher than the 
brain concentrations of FLX in fish that result from acute exposure to FLX 
through the water. Nonetheless, our results indicate possible disrupting 
action of long term exposure to FLX. 
Supported by the European Regional Development Fund for the project 
TC2N. 
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Stress response of gill proteins following TBT 
exposure in the oyster Saccostrea cucullata 
and its potential biomarker of TBT exposure   
 
Sutin Kingtong1, Yaowaluk Chitramvong2, Chantragan 
Srisomsap3, Jisnuson Svasti3 and Richard J Simpson4  

1 Burapha University, Bangsean, Chonburi 20131, Thailand;  2 Mahidol 
University, Rama VI Road, Bangkok 10400, Thailand;  3 Chulabhorn 
Research Institute, Bangkok 10210, Thailand;  4 LIMS, La Trobe University, 
Bundoora Victoria 3086, Australia. 
sutin@buu.ac.th 
 
Tributyltin (TBT), an environmental pollutant in marine ecosystem, is toxic to 
marine organisms. Although contamination, bioaccumulation and toxicity of 
this compound have been widely reported, underlying molecular 
mechanisms of its activities remain unclear. To get inside into mechanism of 
TBT toxicity and stress response, experimental exposure carried out in the 
lab. Oysters Saccostrea cucullata were collected and treated with different 
concentration of TBT. Mortality was regularly observed every 24 hours for 
96 hours. After exposure gills were dissected for protein analysis using 2DE-
proteomic approach. Comparing to the control, TBT-exposed oysters exhibit 
32 differentially expressed proteins (p<0.05).  LC-MS/MS analysis and 
bioinformatics searches were able to identify 19 differential proteins which 
included 15 up-regulated and 4 down-regulated proteins. The results show 
that TBT up-regulates proteins involved in stress response and defensive 
mechanism (HSP-78, HSP-70, aldehyde dehydrogenase and catalase), 
calcium homeostasis (voltage-dependent anion channel-3, VDAC-3), 
cytoskeleton and cytoskeleton-associated proteins (actin, gelsolin-like 
protein 1 and myosin heavy chain), energy metabolism (enolase, isocitrate 
dehydrogenase [NADP] and aconitate hydratase) and amino acid 
metabolism (glutamine synthetase). In contrast, tubulin-alpha, tubulin-beta 
and 40S ribosomal protein S7 were down-regulated in TBT-treated oyster. 
Our results together with existing evidence suggest that cytoskeletons 
including actin tubulin-alpha and tubulin beta are central targets of TBT 
toxicity and all of altered proteins in this study should be used as potential 
biomarkers of TBT exposure. 
Supported by the National Research Council of Thailand and Faculty of 
Science Burapha University.  

	  
Central effects of serotonin and fluoxetine on 
cardiac baroreflex sensitivity in trout: a transfer 
function analysis 
 
Marc Kermorgant, Frédéric Lancien, Nagi Mimassi, Jean-
Claude Le Mével. 

INSERM UMR1101, Laboratoire de Neurophysiologie, SFR ScInBioS, 
Université de Brest, France. 
lancien@univ-brest.fr 
 
The serotonergic system is one of the most phylogenetically ancient and 
highly conserved neurotransmitter systems within the brain of vertebrates. 
Fluoxetine (FLX) is a selective serotonin (5-HT) reuptake inhibitor present in 
the aquatic environment which is known to bioconcentrate in the brains of 
exposed fish. FLX acts as a disruptor of various neuroendocrine functions in 
the brain. Our recent studies have shown that in trout, the 
intracerebroventricular (ICV) injection of 5-HT and FLX raised arterial 
pressure without heart rate changes. The lack of heart rate response to 
elevation of blood pressure suggests that the baroreflex sensitivity (BRS) 
may be depressed. Therefore, the aim of this study was to compare in our 
experimental model, the unanesthetized rainbow trout Oncorhynchus mykiss, 
the central effects of 5-HT and FLX on cardiac BRS. Cross spectral analysis 
techniques using a fast Fourier transform algorithm were employed to 
calculate the coherence, phase and transfer functions between spontaneous 
fluctuations of systolic arterial blood pressure (SAP) and R-R intervals (R-Ri) 
of the electrocardiogram. The transfer function provides a measure of the 
degree to which the input signal (SAP), at a given frequency, appears in the 
output (R-Ri) energy. The BRS (msec/kPa) was estimated as the mean of 
the gain of the transfer function between SAP and R-Ri when the coherence 
was high. The power spectral density of SAP and R-Ri, reflecting the SAP 
and R-Ri variabilities were also determined. ICV injection of FLX and 5-HT 
did not significantly change the overall variability of R-R intervals (R-Ri). The 
spontaneous variability of SAP was significantly increased. After ICV 
injection of FLX and 5-HT, the coherence value between SAP and R-Ri was 
decreased but remained significant. The transfer phase was unchanged but 
the gain was reduced indicating that the BRS was significantly decreased. 
Our results demonstrate that at brain level, FLX mimics cardiac effects of 5-
HT and induces a lessening in BRS. This suggests that FLX may disrupt, by 
central route, cardiac BRS and promotes arterial hypertension. 
Supported by the European Regional Development Fund for the project 
TC2N.	  
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Metabolism and estrogenicity of 
benzophenone-2 and bisphenol-S in zebrafish 
in vitro and in vivo models 
 
Vincent Le Fol1,2, Selim Aït-Aïssa1, Elisabeth Perdu2, 
Benjamin Piccini1, Laurent Debrauwer3, François Brion1, 

Daniel Zalko2 

 
1INERIS, ECOT unit, Verneuil-en-Halatte, France 
2INRA TOXALIM, Metabolism of Xenobiotics team, Toulouse, France 
3INRA TOXALIM, Axiom-Metatoul, Toulouse, France 
vincent.lefol@toulouse.inra.fr 
 
Among endocrine disruptors, benzophenones and bisphenols detected in 
human, in the aquatic environment and in fish, are of major concerns to 
human and wildlife health. Among benzophenones (UV filters) and 
bisphenols, benzophenone-2 (BP2) and bisphenos S (BPS, bisphenol A 
substitute) are hormonally active compounds that have been shown to be 
estrogenic and to disrupt the hormonal regulation in rat and/or fish. Several 
human and aquatic vertebrate bioassays have been designed over the last 
years with the aim to characterize the estrogeno-mimetic potential of 
chemicals. However, the characterization of the biotransformation capability 
of these biological models, which allows taking into account 
bioactivation/detoxification processes in effect assessment, is rarely 
reported. We have recently developed novel zebrafish assays used to 
assess the estrogenic potency of chemicals. They included ZELH zfERs cell 
lines based on the expression of zebrafish estrogen receptors in the hepatic 
cell line ZFL (ZELH zfERs), and the EASZY assay based on the expression 
of the Green Fluorescent Protein under the control of the cyp19a1b 
promoter in the zebrafish larva. They were used to investigate in a global 
approach, the fate and the estrogenic potency of BP2 and BPS. Metabolism 
of tritium-labeled chemicals was explored using radio-HPLC (metabolic 
profiling), and metabolite identification was investigated using biochemical 
tools and high resolution mass spectrometry. Whereas BP2 and BPS were 
found to be estrogenic in ZELH zfERs cells and in adult zebrafish, no 
disruption of expression of estrogeno-regulated genes specific of brain and 
liver in larva was observed. Regarding the BP2 and the BPS metabolism, 
similar metabolic profiles were shared by zebrafish in vitro and in vivo 
models suggesting a well conservation of metabolic capabilities. Overall, 
this study provides new and relevant data concerning the fate and the 
estrogenic activity of BP2 and BPS in novel zebrafish assays, allowing a 
better characterization of their respective biotransformation capabilities 
which is required for their use in the context of endocrine disruptors testing 

	  
Stereological estimation of volume densities of 
hepatocytic peroxisomes in brown trout after 
estrogenic exposures by catalase 
immunofluorescence 
 
Tânia Vieira Madureira1,2, Célia Lopes1,2, Fernanda 

Malhão1,2, José Fernando Gonçalves1,2 and Eduardo Rocha1,2 
1 ICBAS - Institute of Biomedical Sciences Abel Salazar, U.Porto, Portugal 
2 CIIMAR/CIMAR - Interdisciplinary Centre of Marine and Environmental 
Research, U.Porto, Portugal 
tvmadureira@icbas.up.pt 
 
Peroxisomes are until now recognized as “mysterious organelles”, responsible for 
a vast panoply of anabolic and catabolic functionalities. Recent investigations are 
mostly interested in screening the molecular aspects related with peroxisome 
alterations, however, it continues to be important to stress the relevance of 
morphological studies, which led firstly, to the recognition/characterization of this 
organelle. Initially, for conducting this study we were interested in finding an 
alternative method to estimate volume density changes of peroxisomes, which 
would be a faster, reliable, and affordable methodology, when compared with 
golden standard techniques (i.e. stereology coupled with catalase cytochemistry at 
electron microscopy). Additionally, we also aimed to investigate alterations on liver 
peroxisome volume densities after an estrogenic stimulus.  
Catalase immunofluorescence was first optimized and implemented in cell pellets 
of isolated primary hepatocytes from brown trout (Salmo trutta f. fario), exposed 
during 96 h to distinct treatments (solvent control, and 17α-ethynylestradiol – EE2 
at 1, 10 and 50 µM). For each exposure group at least three distinct paraffin 
sections from the same block were visualized and photographed (on a total of 10 
photos) under 100x oil-immersion objective, using DAPI and FITC filter sets. The 
volume densities of peroxisomes - Vv (peroxisome, hepatocyte), taking the 
hepatocyte as reference area, were estimated using a classic stereological 
technique.  
Catalase immunofluorescence protocol allowed the identification of a positive 
dotted fluorescent signal in the cytoplasm of hepatocytes, in all tested exposure 
conditions. Globally, it is clear that the volume density of peroxisomes decreases 
significantly after the EE2 exposures, particularly at higher doses. Our results 
corroborate our previous expectations of a negative correlation between ovary 
maturation (estradiol increase) and the size of hepatocytic peroxisomes in this fish 
species. 
Supported by ERDF funds via COMPETE and by Fundação para a Ciência e a 
Tecnologia (FCT): projects PTDC/CVT/115618/2009 and PEst-
C/MAR/LA0015/2013. 
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Looking for estrogenic and anti-estrogenic 
modulation in primary cultured brown trout 
hepatocytes  
 
Tânia Vieira Madureira1,2, L. Filipe C. Castro2,3, Ivone 
Pinheiro1,2, Ralph Urbatzka2 and Eduardo Rocha1,2 

 

1 ICBAS - Institute of Biomedical Sciences Abel Salazar, U.Porto, Portugal 
2 CIIMAR/CIMAR - Interdisciplinary Centre of Marine and Environmental 
Research, U.Porto, Portugal 
3 FCUP - Faculty of Sciences, Department of Biology, U.Porto, Portugal 
tvmadureira@icbas.up.pt 
 
Estrogens and estrogen-receptor (ER) signalling can influence peroxisome 
proliferator-activated receptor (PPAR) and peroxisome dynamics in fish. 
Previously, a negative correlation between ovary maturation and key activities in 
liver peroxisomes was reported in brown trout (Salmo trutta f. fario), this being 
probably related with the estrogens, which greatly vary throughout the 
reproductive cycle.  
Herein, we addressed the gene expression profiles of target genes related with 
the estrogenic response (estrogen receptors α and β-1 – ERα and ERβ-1, and 
vitellogenin A – VtgA), peroxisome function (catalase – Cat, urate oxidase – Uox, 
17β-hydroxysteroid dehydrogenase 4 – HSD17B4 and peroxisome proliferator-
activated receptor α – PPARα) and peroxisome division (peroxin 11α – Pex11α), 
in brown trout hepatocyte cell cultures, after single and mixture exposures to an 
ER agonist (17α-ethynylestradiol - EE2) and an ER antagonist (ICI 182,780). For 
our purpose, primary hepatocytes from juvenile brown trouts were used. In a first 
experiment, cells were exposed to: 1, 10 and 50 µM of EE2; 0.1% of ethanol 
(solvent control) and to L-15 medium without phenol red (control). In a second trial 
the exposure conditions were: control, solvent control, 1 µM of EE2, 10 and 50 µM 
of ICI 182,780, and three mixtures with distinct proportions of EE2 and ICI.	  After 
72 and 96 hours of exposure, the cells were collected to determine relative mRNA 
expression levels by Real-Time PCR.  
VtgA, ERα and HSD17B4 mRNA expression increased, in all tested EE2 
concentrations, while Cat, Uox, and ERβ-1 expressions decreased. PPARα and 
Pex11α mRNA expressions were not affected. It was also possible to demonstrate 
the reversion of the estrogenic stimuli, by using the ER antagonist at different 
ratios. Globally, our model reproduced effects detected in vivo in this species, 
under estrogen influence, disclosing new implications and showing that the 
reported peroxisome dynamics are estrogen mediated. 
Supported by ERDF funds via COMPETE and by Fundação para a Ciência e a 
Tecnologia (FCT): projects PTDC/CVT/115618/2009 and PEst-
C/MAR/LA0015/2013. 

	  
In vitro exposure of brown trout hepatocytes to 
testosterone – Role in estrogen and 
peroxisomal pathways 
 
Célia Lopes1,2, Tânia Vieira Madureira1,2, Fernanda 
Malhão1,2, Ivone Pinheiro1,2, L. Filipe C. Castro2,3 and 

Eduardo Rocha1,2 
 
1 ICBAS - Institute of Biomedical Sciences Abel Salazar, U.Porto, Portugal 
2 CIIMAR/CIMAR - Interdisciplinary Centre of Marine and Environmental 
Research, U.Porto, Portugal 
tvmadureira@icbas.up.pt 
 
The role and relevance of androgens in ecotoxicology are unexplored when 
compared to the variety of studies using estrogenic compounds. Recently, there 
has been a growing interest in addressing the toxicological and physiological 
effects of androgens at different levels, namely in fish. Several in vitro studies 
using primary hepatocyte and oocyte cultures have explored the effects of 
androgens, showing that they can lead to differences in the gene expression 
levels of, for example vitellogenin, traditionally associated with estrogen receptor 
pathways. Also, data from our previous studies established estrogens as 
modulators of the morphofunctionality of liver peroxisomes in brown trout (Salmo 
trutta f. fario). In this context, our aim here is to study the potential regulating effect 
of testosterone (an androgen) in genes connected with estrogenic responses 
and/or peroxisomal function, by using an in vitro model. As a first approach a pool 
of genes involved in these pathways was selected, namely vitellogenin, 
peroxisome proliferator-activated receptor alpha, catalase and urate oxidase. 
For that purpose, immature brown trouts were used for hepatocyte isolation. 
Briefly, liver was excised, doubly perfused and digested with collagenase. The 
hepatocytes were plated at a density of 1×106 cells/mL in 24 well plates in L-15 
medium without phenol red, supplemented with 5% fetal bovine serum charcoal. 
Cells were maintained in an incubation chamber at 19ºC without additional O2/CO2. 
After 24 h in culture hepatocytes were exposed to testosterone at 1, 10 and 50 µM. 
Each group was tested in six replicates, each corresponding to a well, distributed 
in three different culture plates. After 72 and 96 h of exposure cells were collected, 
centrifuged and the obtained pellets were frozen in liquid nitrogen and kept in a -
80ºC until RNA extraction. cDNA from samples was used to determine relative 
mRNA expression of the above gene levels by Real-Time PCR. Preliminary data 
suggest a modelling effect in some targets.  
Supported by ERDF funds via COMPETE and by Fundação para a Ciência e a 
Tecnologia (FCT): projects PTDC/CVT/115618/2009 and PEst-
C/MAR/LA0015/2013.  
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Expression of steroidogenic enzymes 
encoding gene response towards the estrogen 
mimics, BPA and BHA in the brain and gonads 
of freshwater teleosts  
 
Ramachandra Prabhu S., Saravanan N. and Moses 

Inbaraj R. 
 
Endocrinology Unit, Department of Zoology, Madras Christian College, 
Tambaram, Chennai 600059, India 
inbarajmoses2004@yahoo.com 
 
 
Endocrine disrupting chemicals (EDCs) are substances that can cause 
adverse effects by interfering in endogenous hormones and its actions 
through blocking the chemical signals or giving wrong signals. The potential 
health and ecological effects of EDCs has become a highly viable 
environmental issue. In the present investigation, an attempt has been 
made to study the effects of bisphenol-A (BPA) and butylhydroxy anisole 
(BHA) on the gonadal steroidogenesis and oocyte maturation in an Indian 
major carp, Labeo rohita and tilapia, Oreochromis mossambicus. The fishes 
were exposed to BPA and BHA at 2.5nM concentration in large cement 
tanks with 800litre capacity. Vitellogenic fishes were chosen and it was 
exposed to 21days. After the exposure, brain, liver and gonads were taken 
to analysis and fixed in RNAlater. The separation of total RNA and mRNA 
were extracted, and subjected to catch the expression of StAR and PBR 
protein, and P450scc, P450c17, P450c19, 3beta-HSD and 3alpha-HSD 
enzymes with specific primers coined for L. rohita and O. mossambicus. The 
expression of the genes showed the sexual differentiation at the brain 
neurosteroid synthesis more particularly at the expression of 3beta-HSD 
and 3alpha-HSD. The vitellogenic ovary has revealed the absorption of 
follicles with less/no expression of P450c17. Apoptosis like features 
appeared in the testis of carp exposed to estrogen mimics. In addition, the 
vtg-I and vtg-II expressions also were affected by the mimics during the 
period of vitellogenesis in liver. The study documents that the BPA and BHA 
interferes with the signal transduction of the steroidogenic pathway of brain 
and gonads of teleosts.   
Supported by UGC and Indo-French Project, New Delhi 
	  
 
 

	  
Combined in silico and in vitro studies of 
phthalates and organophosphorus compounds: 
effects on peroxisome proliferator-activated 
receptors (PPARs) signaling pathways 
Paolo Cocci1, Gilberto Mosconi1, Valentina Pomatto2, 
Patrizia Bovolin2, Francesco Alessandro Palermo1 

 
1School of Biosciences and Veterinary Medicine, University of Camerino, 
via Gentile III da Varano, 62032 Camerino (MC), Italia 
2Department of Life Sciences and System Biology, University of Turin, Italy 
paolo.cocci@unicam.it 
 
Increasing evidence suggests that some environmental contaminants, 
including known endocrine disrupting chemicals (EDCs), are able to interfere 
with metabolic pathways by interacting with nuclear receptors. Recently, it 
has been demonstrated that phthalates and organometallic compounds bind 
to peroxisome proliferator activated receptors (PPARs) resulting in 
modulation of lipid metabolism at both the systemic and peripheral level. 
However, little is known about the metabolic impact of these pollutants on 
fish. In this context, we performed an in silico docking screen of an EDCs 
database to identify a set of ligands with conveniently high affinity for the 
PPARs. Kd values in the nanomolar to micromolar range, generated by the 
in silico model, suggest that piscine PPARs may be activated by phthalates 
(e.g. di-isononylphpthalate -DiNP; Di-isodecyl phthalate-DiDP) and some 
organophosphorus compounds (e.g. tri-m-cresyl phosphate-TmCP) at 
concentrations similar to those activating the homologous mammalian 
receptors. Because natural endogenous ligands for PPARs are involved in 
lipid homeostasis, we assessed the effects of compounds identified using in 
silico screening on Sparus aurata hepatocytes primary cultures. Generally, 
exposure of hepatocytes to 0.1, 1 or 10 microM of DiNP, DiDP or TmCP 
consistently increased both PPAR and its heterodimeric partner Retinoid X 
Receptor (RXR) mRNA levels at 48 h. In addition, all compounds 
investigated produced significant increases in the expression of the PPAR 
target genes, carnitine palmitoyltransferase (CPT) isoforms. In general our 
data show that phthalates and TmCP modulated PPAR signaling in the 
seabream in vitro system. The results also suggest the potential involvement 
of these pollutants in the modulation of mitochondrial fatty acid oxidation. 
Supported by MIUR, PRIN 2010/2011 
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The effects of perinatal exposure to 
polychlorinated biphenyls on hippocampal 
neurogenesis 
Anneline Pinson1, Elise naveau1, Arlette Gerard1, Jean-
Pierre Bourguignon1, Anne-Simone Parent1 
 

1Developmental Neuroendocrinology unit, GIGA Neurosciences, University 
of Liège, Belgium 
apinson@student.ulg.ac.be 
 
Perinatal exposure to Polychlorinated biphenyls (PCBs) has been 
associated with disruption of thyroid hormone function and learning and 
memory deficits. We hypothesized that perinatal exposure to PCBs could 
decrease serum thyroid hormone levels and impair neurogenesis in the 
dentate gyrus.  
We orally exposed C56BL/6J dams to 6 mg/kg/d of Aroclor 1254 (A1254), a 
commercial mixture of PCBs, from gestational day 6 (E6) to postnatal day 
21 (P21) in C57BL/6J mice.  
The perinatal exposure to 6mg/kg/d of A1254 led to an accumulation of 
PCBs in the brain of pups at P21 (3988.3±931.5 vs 87.7±4.9 ng/g of wet 
tissue; control vs exposed). In the brain of young adult (P56) there was still 
168.73±43.00 ng/g of wet tissue in exposed mice and only 18.63±2.22 ng/g 
of wet tissue in control. The PCBs exposure caused a 35% decrease of 
circulating total thyroxin at P19. The total thyroxin level was normalized in 
young adult (P56). The serum level of free thyroxin was not affected by the 
PCBs At P7 the number of proliferating cells in the subgranular zone of the 
dentate gyrus, labelled by bromodeoxyuridine (BrdU), was not affected by 
the prenatal A1254 exposure (43421±2739 vs 48951±3952 cells/mm3; 
control vs exposed). At P28 the cell survival ratio is not different between 
control and exposed mice (37.08±2.25 vs 42.36±3.05 %; control vs 
exposed). Using Golgi staining to label granule cells, we have shown that 
the spine density of mature neurons was not affected at P19 while it was 
significantly increase in young neurons labelled using a stereotaxic injection 
of a retrovirus expressing the enhanced green fluorescent protein. 
In conclusion, prenatal and lactational exposure to A1254 decrease the total 
serum thyroxin in mouse pups but has no effect on proliferation and cell 
survival ratio at weaning. In contrast, PCBs seem to preferentially affect 
spine density in young neurons. In adults, PCBs levels in the brain are still 9 
times higher than in control but serum thyroxin is normalized. Based on PCB 
persistence in the adult brain, we will study whether thyroxin-independent 
delayed alteration of neurogenesis due to perinatal exposure could account 
for a possible mechanism of learning deficit in young adults. 
 

	  
Plasticizers present in food packaging 
significantly affect lipid metabolism  
Pomatto V.1, Cottone E.1, Palermo F.A.2, Nelson E.3, 
Mosconi G.2, Dati C.1, Bovolin P.1 
1Department of Life Sciences and Systems Biology, 
University of Torino, Italy 

2School of Biosciences and Biotechnologies, University of Camerino, Italy 
3Pharmacology and Cancer Biology (E.R.N.), Duke University Medical 
Center, Durham, North Carolina, USA 
valentina.pomatto@gmail.com 
 
Recent data suggest that endocrine-disrupting chemicals (EDCs) may alter 
lipid metabolism and energy balance. Among environmental EDCs, 
plasticizers employed in food packaging are of great concern due to their 
widespread distribution and high persistency in the food chain. We first 
selected by in silico screening several compounds from a list of plasticizers 
approved for food packaging (EU Regulation 10/2011) showing high affinity 
for lipogenic nuclear receptors (PPARs, LXR and RXR). The following 
plasticizers were chosen: the well-known bisphenol-A, three phthalates (di-
isononylphpthalate, DiNP; Di-isodecyl phthalate, DiDP; diethylene glycol 
dibenzoate, DiGD) and one organophosphorus compound (tri-m-cresyl 
phosphate,TmCP).Their binding capacity to nuclear receptors was verified 
on HEPG2 cells transfected with receptor-luciferase reporter constructs; all 
phtalates (10-5-10-7M) were shown to activate PPAR α/γ and to induce the 
expression of downstream target genes (FABP4, PDK4, FGF21, CPT2). The 
potential obesogenic effects of these compounds were then tested on 
differentiating 3T3-L1 preadipocyte cells. All molecules (10-8-10-6M) were 
able to significantly enhance lipid droplet deposition when administered both 
in the two-days differentiation induction, or in the eight-days post-
differentiation period. Food plastic packaging is mostly composed by 
mixtures of plasticizers, so multiple molecules may migrate simultaneously 
into food. We therefore treated 3T3-L1 cells with mixtures of plasticizers (10-

8M each), mimicking commercial plastics (pvc, polypropylene, polyethylene 
teraphthalate); in all cases we observed a significant positive modulation of 
lipid deposition. The obesogenic effects of all compounds were also 
investigated at the molecular level by performing qRT-PCR on target genes 
such as PPARs, LXR, RXR and their downstream effectors. Taken together, 
our data enforce the emerging awareness on alteration of lipid metabolism 
following environmental exposure to plasticizers. This effect could be of 
special concern in vulnerable periods such as pregnancy and early postnatal 
life. 
Supported by MIUR, PRIN 2010/2011 

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
	  

PO	  
	  124	  
	  

PO	  
125	  
	  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
 



CECE 2014 27th Conference of European Comparative Endocrinologists 

173	  

 
VALIDATION OF FOOD PRESERVATIVES ON 
ITS TOXICITY AND ENDOCRINE DISTRUPTING 
ACTIVITY 
 
Thanveer Fathima M.Y.1 and Winkins Santosh2* 

 
1 Master’s student, Department of Biotechnology, School of Bioengineering, 
SRM university, Kattankulathur, Tamil nadu, India 
2 Assistant professor, Department of Biotechnology, School of 
Bioengineering, SRM university, Kattankulathur, Tamil nadu, India 
santosh.sw@ktr.srmuniv.ac.in , santoshmcc@yahoo.com 
 
Propyl Paraben(PB) and 4 – hexylresorcinol(HR) are widely used Class two 
preservatives to prevent the degradation by its antimicrobial and antioxidant 
property. PB is used mainly to preserve the poultry meat and meat by 
products. HR has the anti melanosis property and used to prevent the 
development of melanosis in shrimps, lobsters and related crustacean. 
Recent studies identify that these preservatives have an effect on endocrine 
systems as endocrine disrupting chemicals (EDCs). To check the disrupting 
activity of these compounds, BP and HR was injected to the adult male flat 
head cat fishes through intramuscular injection with the concentration of 
7.5mg/kg and 2mg/kg respectively. After 96 hours, bioaccumulation of BP 
and HR in the gonad liver and muscle, plasma testosterone profile and 
histology were studied. Bioaccumulation of PB is higher in liver than gonad 
and muscles and found to be 13.20 ± 0.600 (µg/500mg of tissue). Whereas 
for the HR treated gonads showed higher accumulation of 0.635 ± 0.067 
(µg/500mg of tissue).  There was no significant change in the levels of 
testosterone (T) in the plasma. The Histological analysis of treated fishes 
liver showed haemorrhage, Hemosiderin laden macrophages, inflammation 
of hepatocytes and necrosis The testis showed morphological 
damages ,increase in interstitial tissue, decreased spermatogenesis and 
maturation arrest. This study demonstrate that these preservatives 
accumulate in various organs and exert toxic effects and also acts as EDCs. 
However the mode of action is not been studied but we used ArgusLab  
bioinformatics docking tool to check the binding affinity and it concludes that 
BP and HR binds efficiently with ER alpha & ER beta. 
Supported by DBT, Govt. of India and SRM University. 
	  
 
 

	  
Comparative analysis and effects of 17α- 
Ethinylestradiol, Butylparaben and Genistein on 
goandal sex steroid levels and ovarian 
histology in Cyprinus carpio. 
 
Rohit1, Sai Shradha1, Christy Lite2, S. Winkins Santosh3. 

 
1 Student, B.Tech. (Biotechnology), SRM University, Chennai, India. 
2 Research Scholar, Department of Biotechnology, SRM University, 
Chennai, India. 
3 Assistant Professor, Department of Biotechnology, SRM University, 
Chennai, India. 
santosh.sw@ktr.srmuniv.ac.in, santoshmcc@yahoo.com 
 
Endocrine disrupting compounds (EDC’s) are chemicals of natural or 
synthetic origin, found to interfere with the endocrine system of an organism. 
Among them Xenoestrogens are compounds that mimic the action of body’s 
endogenous hormone 17β-estradiol, by binding to the specific receptors and 
produce multiple effects on the endocrine system by perturbing the internal 
hormonal milieu. An increment in the amount of exogenous chemicals in 
water bodies has made aquatic life very susceptible to problems such as 
sex reversal, inhibition of spawning and many other reproductive and 
developmental anomalies. Both natural and synthetic xenoestrogens affect 
gonadal development, gametogenesis and steroidogenesis. This study 
focuses on estimating the changes in the gonadal sex steriod levels of 
fishes which were treated with the different endocrine disrupting chemicals 
viz. 17α- Ethinylestradiol, Genistein and Butyl-paraben by using High 
Performance Liquid Chromatography (HPLC).Histological examinations of 
ovaries were also performed determine the morphological changes in 
oocytes of Cyprinus carpio in response to these chemicals.	  
Supported by DBT, Govt. of India and SRM University. 
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The effect of 17α-Ethinylestradiol and 
Bisphenol-A on the mRNA expression of Vtg1 
and ZP2 in adult Daniorerio 
 
Shriya Sethuraman1, Sukanya Mazumder1, and  S. 
Winkins Santosh2. 

 
1Student, B.Tech. (Biotechnology), SRM University, Chennai, India. 
2Assistant Professor, Department of Biotechnology, SRM University, 
Chennai, India. 
santosh.sw@ktr.srmuniv.ac.in 
 
The Endocrine Disrupting Chemicals (EDCs) are known primarily for their 
interference with the body’s endocrine system and are suspected to be 
accountable for multiple adverse reproductive, developmental, neurological 
and immunological effects in both humans and wildlife. The prime objective 
of this project is to study the effects of EDCs (17α-Ethinylestradiol and 
Bisphenol-A) on Zebrafish, at the genetic level, by quantifying the mRNA 
expression of specific genes (Vtg1 and ZP2) in response to these chemicals 
by Semi-quantitative and Real-Time PCR. Semi-quantitative PCR results 
showed abnormal expressions of Vtg1 and ZP2 in the EE2 and BPA - 
treated zebrafishes of both sexes. Vtg1 expression in the treated male was 
the most unusual observation. The expression of these genes in the target 
organism is an affirmation of the role played by EDCs in disrupting the 
reproductive balance of the ecosystem. The semi-quantitative results are yet 
to be substantiated by Real-Time PCR. As an extension of the scope of the 
project, histological variation in the gonads of zebrafish on treatment with 
the EDCs of interest was also studied. 
Supported by DBT, Govt. of India and SRM University. 
 
 
 
 

	  
A study on the impact of waterborne fluoxetine 
on the stress and reproductive axes of 
zebrafish 
 
Vera Chang MN1, Moon TW.1, Trudeau VL1 
 

1University of Ottawa, Ottawa, Canada 
marilyn.verachang@gmail.com 
 
 
The growth of pharmaceutical use by humans and the endocrine disruptive 
properties of at least some of these drugs have a potentially detrimental 
effect on the aquatic ecosystem. The active ingredient of the antidepressant 
Prozac™, fluoxetine (FLX), is detected in aquatic environments at 
concentrations as high as 0.54 µg/L. Fluoxetine is a selective serotonin 
reuptake inhibitor that increases the extracellular brain levels of serotonin.  
Since serotoninergic systems are highly conserved, the presence of FLX in 
aquatic environments may result in unintended effects to aquatic vertebrates. 
We investigated the effects of environmental FLX concentrations on the 
stress and reproductive axes of zebrafish (ZF) Danio rerio. Embryos/larvae 
were exposed to either control or two concentrations of FLX: 0.54 µg/L and 
54 µg/L from 3 hpf (hours post fertilization) to 6 dpf (days). The stress axis 
was assessed by examining the physiological and behavioural responses 
following standardized net and novel tank stressors, respectively, at 
adulthood (6 months). Results indicate that FLX exposure of ZF 
embryo/larvae decreased basal and stress-induced whole-body cortisol 
levels at adulthood in a concentration-dependent manner (p<0.05). The 
FLX-treated fish displayed more anxiety-like behaviours compared to the 
control, with more severe effects observed at the lower concentration 
(p<0.05). A decrease in aromatase activity was also observed in ovaries 
exposed to the highest FLX concentration (p<0.05). The offspring of the 
FLX-treated parents exhibited a white-body phenotype, which was not 
observed in the controls (p<0.05). These results demonstrate that early life 
exposure of FLX disrupts the stress and reproductive systems. Fluoxetine 
also disrupts development in the offspring of exposed parents. Further 
studies will determine if the effects observed in the FLX-treated 
embryos/larvae persist across generations.  
Supported by NSERC. 
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Real life cases of induction of detoxification 
enzymes end endocrine disruption caused by 
trace levels of pollutants. 
Quesada-García Aa, Valdehita Aa, Torrent F b, Villarroel M 

c, Hernando MDa, Navas JMa. 
a Instituto Nacional de Investigación y Tecnología Agraria 

y Alimentaria (INIA), Dept.  Medio Ambiente, Crta. de la Coruña Km 7.5, E-
28040 Madrid, Spain  b ETS Ingenieros de Montes, Univ Politécnica de 
Madrid, E-28040 Madrid, Spain cETS Ingenieros Agrónomos, Univ. 
Politécnica de Madrid, E-28040 Madrid, Spain 
jmnavas@inia.es 
 
In fish, CYP1A plays a key role in the biotransformation of a wide variety of 
pollutants. This cytochrome is induced after ligand-activation of the aryl 
hydrocarbon receptor (AhR) and it has been widely used as a biomarker of 
environmental exposure, usually measured at the gene expression or at the 
enzymatic level through ethoxyresorufin-O-deethylase (EROD) activity. In addition 
to its role in CYP1A induction, AhR can interact with the estrogen receptor (ER) 
dependent pathway, provoking antiestrogenic effects.  In a three years study, the 
presence and effects of very low levels of pollutants over cultured fish was 
evidenced by combining the measurement of biomarkers with active 
biomonitoring, chemical analyses and in vitro assays. First, in a series of 
samplings performed monthly in two rainbow trout fish farms named A and B, it 
was evidenced that high levels of  cyp1a transcripts  and EROD activity in farm B, 
were paralleled by a decrease in ER-dependent genes (vtg and er) with respect to 
farm A In addition, only sediments taken from the entry channel of farm B 
provoked an EROD induction in RTG-2 cells, corroborating the previous results.In 
a second study, animals from one of the monitored fish farms exhibited a sudden 
increase of EROD activity not explained by seasonal variation. In order to confirm 
that the increase was due to a chemical factor or factors present in waters, an 
active biomonitoring approach was followed: 32 animals were transferred to a 
control farm and during one month, weekly samplings were performed and 
detoxification activities  (EROD and benzyloxy-4-[trifluoromethyl]-coumarin-O-
debenzyloxylase, BFCOD, dependent on CYP3A) determined. The time-
dependent decrease in the measured activities indicated indeed the presence of 
some factor in the fish farm inducing the cytochromes. The analyses of the 
sediments by two-dimensional gas chromatography–time-of-flight mass 
spectrometry	   (GCxGC-TOF-MS) system identified non-target compounds such as 
personal care, pharmaceutical products, and industrial chemicals (i.e. PAHs, 
phthalates, alkylphenolic compounds) that could be related to the observed 
induction. In summary, the use of cultured fish along with the combination of 
techniques here presented is a powerful tool in determining the presence and 
effects of low levels of pollutants that otherwise would pass unnoticed 
 

	  
Assessment of Levonorgestrel and 
Norethindrone in a glial cell context using three 
distinct estrogen receptors and the zebrafish 
aromatase gene 
 
Joel Cano-Nicolau1, François Brion2, Olivier Kah1 

 
1Team NEED, IRSET, IFR 140, Rennes, France 
2Unité d’Ecotoxicologie in vitro et in vivo, INERIS, Verneuil-en-Halatte, 
France 
joelc.nicolau@gmail.com 
 
Brain aromatase (Aro-B) is expressed in radial glial cells of adult zebrafish 
and is strongly stimulated by estrogens; thus, zebrafish are commonly used 
as a model to test the impact of endocrine disruptors (EDs) found in the 
environment. Interestingly, the estrogen-dependent Aro-B up-regulation 
requires the presence of functional estrogen receptors (ERs) and it only 
occurs in a glial cell context. Moreover, several EDs, including several 
synthetic progestins, also stimulated Aro-B expression in brain of adult 
zebrafish, which was blocked by the estrogen inhibitor ICI 182-780. In order 
to evaluate whether ERs play a key role for the progestins effect, we 
developed an in vitro glial cell-based assay using Aro-B as the target gene. 
To this end, the ER-negative glial cell line U251-MG was transfected with 
the three zebrafish ER subtypes (ER-α, ER-β1, and ER-β2) and Aro-B 
promoter linked to luciferase reporter gene. Using estradiol (E2) as a 
positive control, we analyzed the dose-response (10-9 to 10-6M) effects of 
two synthetic progestins: Levonorgestrel and Norethindrone. Levonorgestrel 
had no effects in the Aro-B reporter gene by ER-α and ER-β1, but we found 
a slightly fold induction in ER-β2 transfected cells at the highest 
concentration used. Conversely, Norethindrone at 10-6M stimulated notably 
luciferase activity in all cases, even at 10-7M for ER-β2. Moreover, using the 
ER blocker ICI 182-780, all these effects are blocked. 
In summary, these data provide certain evidences that progestins could 
modulates the Aro-B expression in a glial cell context through ERs. 
 
Supported by the ANR PROOFS project. 
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Effects of long-term feeding at maintenance 
ration on the onset of puberty of male sea bass 
(Dicentrarchus labrax L.): Special emphasis on 
seasonal plasma levels of IGF-I and leptin. 
 
Sebastian Escobar1, Alicia Felip1,Gabriel Lozano-

Ballester2, Marcus Johansson3, Jaume Pérez-Sánchez2, Björn Thrandur 
Björnsson3, Silvia Zanuy1, Manuel Carrillo1 
 
1FRP, Aquaculture Institute of Torre de la Sal (CSIC), 12595, Castellón, 
Spain 
2 NFGE, Aquaculture Institute of Torre de la Sal (CSIC), 12595, Castellón, 
Spain 
3 Department of Biological and Environmental Sciences, University of 
Gothenburg, Gothenburg, Sweden 
m.carrillo@csic.es 
 
The study investigates the effects of long-term (14 months) feeding 
restriction, during the second year of life of prepubertal male sea bass, on 
the first reproduction cycle and the relationships between nutritional status 
and plasma IGF-I and leptin levels. The experiment was done in triplicate 
and consisted of two groups: control fish (CT) fed until visual satiety and 
experimental fish (EX) which received food near to maintenance ration 
(0.35% body weight). EX fish had lower growth and muscle lipid content 
than CT, as well as lower gonadosomatic indeces, low rates of spermiation 
and a delay in its accomplishment. Nevertheless, all experimental fish 
achieved full maturation. EX exhibited a moderate delay of testicular 
maturation compared with CT, likely related to the smaller number of 
proliferating spermatogonial cells and larger proportion of apoptotic bodies 
found in this group. Plasma leptin levels of both groups appear correlated to 
the amount of fat stored. In EX fish, plasma IGF-I levels decreased during 
the experimental period. Although no correlation was observed between 
plasma IGF-I and leptin levels, current data suggest that in male sea bass 
IGF-I has a crucial role through pregametogenesis and post-gametogenesis 
notably during cell proliferation, while leptin could act as a permissive signal 
so that puberty occurs in due time. 
Supported by UE (FP7-222719; LIFECYCLE); GV (PROMETEO/2010/003; 
REPROBASS) and MICINN, (CSD2007-00002 AQUAGENOMICS) S.E was 
sponsored by CSIC and CONICYT. 
	  
 

 
Leptin requires NOS activity in the 
neuroendocrine response to fasting. 
 
Konstantina Chachlaki1,2 , Nicole Bellefontaine1,2, Vincent 
Prevot1,2            
1 Inserm, Jean-Pierre Aubert Research Centre, U837, 

Development and Plasticity of the Postnatal Brain, Lille, France 
2 UDSL, Univ Lille Nord de France, School of Medicine, Lille, France 
Konstantina.chachlaki@inserm.fr 
 
The hypothalamic region contains specialized neuronal populations able to 
sense moment-to-moment changes in circulating nutrients and hormones, 
regulating thus accordingly the neuroendocrine function (Elmquist et al., 
2005). One of these metabolic signals is leptin; leptin is evidenced to 
regulate neurons producing gonadotropin releasing hormone (GnRH) via 
cells afferent to these neurons, and/or cells that morphologically interact with 
them, and in this way stimulate the synthesis and secretion of the 
gonadotropins, follicle-stimulating hormone (FSH), and luteinizing hormone 
(LH). nNOS-expressing neurons have been evidenced as an integral part of 
the neuronal network controlling ovarian cyclicity and ovulation (Hanchate et 
al., 2012), provoking the preovulatory activation of GnRH neurons. Leptin 
concentration has been shown to fall during starvation and leptin-deficient 
ob/ob mice present neuroendocrine abnormalities similar to those seen 
during conditions of food deprivation. A study from Ahima and colleagues 
has described the effect of exogenous leptin administration in mice 
undergoing fasting and proposed that leptin’s main physiological role is the 
regulation of the neuroendocrine system during starvation (Ahima et al., 
1996); here we considered the possibility that NOS-expressing neurons are 
actively implicated in the consequences of fasting in the neuroendocrine 
axis. To this aim, wildtype mice were deprived of chow and received 
peripheral leptin, with or without the co-administration of an inhibitor of nitric 
oxide synthase (L-NAME), twice daily at the beginning of the light and dark 
cycles. Our results propose nitric oxide signaling pathway as a significant 
player in the control of ovarian cyclicity and the initiation of the preovulatory 
LH surge. 
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Role of the endocannabinoid system in the 
central regulation of reproduction and food 
intake: a morphofunctional study in the 
zebrafish 
 
Cottone E.1, Pomatto V.1, Maradonna F.2, Carnevali O.2, 

Mackie K.3, Bovolin P.1 
 
1Department of Life Sciences and Systems Biology, University of Turin, 
Turin, Italy 
2Department of Life and Environmental Sciences, Polytechnic University of 
Marche, Ancona, Italy 
3Gill Center for Biomolecular Science, Indiana University, Bloomington, 
Indiana, USA 
erika.cottone@unito.it 
 
The endocannabinoid system (ECS) comprises several components, among 
which specific seven transmembrane-domain receptors (namely CB1 and 
CB2 cannabinoid receptors), their exogenous (e.g. Δ9-THC) and 
endogenous ligands (e.g. AEA and 2-AG), and a number of biosynthetic and  
degradative enzymes. CB1/CB2 receptors are present not only in mammals, 
but in almost all classes of vertebrates. The fact that the ECS has a rather 
wide phylogenetic distribution points to a fundamental modulatory role of 
endocannabinoids in the control of central and peripheral activities, such as 
neurotransmission, hormone release, neural development, 
immunomodulation, cardiovascular and respiratory functions, bone 
formation, appetite regulation and reproduction. In the present study, CB1 
immunopositive neurons, fibres and nerve terminals were found throughout 
the zebrafish prosencephalon, expecially in the dorsal telencephalon, 
preoptic area  and periventricular hypothalamus. In order to establish a 
possible involvement of the ECS in the central control of the reproduction, 
we performed immunohistochemistry and in situ hybridization for CB1 and 
signalling systems such as GnRH, TH (the dopamine biosynthetic rate-
limiting enzyme) and aromatase. A codistribution of the different markers 
was found in brain areas which are pivotal for the neuroendocrine control of 
reproduction, such as the basal telencephalon, the preoptic area and the 
hypothalamus. Moreover, in the telencephalon and hypothalamus, a close 
contiguity of CB1 cannabinoid receptors and NPY, an important orexigenic 
neuropeptide, was observed, thus suggesting a role of the ECS in the 
control of food intake also in the zebrafish. 
Supported by MIUR, PRIN 2010/2011 
 

	  
Ghrelin, GOAT and ghrelin receptor subtypes 
expression is regulated by short- and long-term 
fasting in goldfish (Carassius auratus) 
Ayelén M. Blanco-Imperiali, Miguel Gómez-Boronat, Ana 
Isabel Valenciano, María Jesús Delgado.  
 

Department of Animal Physiology, Faculty of Biology, University 
Complutense of Madrid, Spain.  
ayelenmelisablanco@ucm.es 
 
Ghrelin is a peptide hormone mainly secreted by the gastrointestinal tract 
which binds to the growth hormone secretagogue receptor (GHS-R) to 
regulate a wide variety of biological processes, including food intake, energy 
balance, hormonal secretions, etc. A unique aspect of ghrelin is the 
presence of a posttranslational acyl modification catalized by a member of 
the membrane bound O-acyl transferase (MBOAT) named ghrelin O-acyl 
transferase (GOAT). The aim of this study was to analyze the possible 
effects of nutritional status on the expression of ghrelin, the four subtypes of 
ghrelin receptors, and GOAT in goldfish (Carassius auratus). In a first 
experiment, three experimental groups were established: i) control (daily fed 
1% body weight), ii) fasting, and iii) overweight (daily fed 3% body weight), 
and the effects of long-term (30 days) fasting or overweight were tested. In a 
second experiment, the effects of short-term (7 days) fasting were evaluated 
by establishing two experimental groups: i) control, and ii) fasting. After both 
experiments, samples of central and peripheral tissues were collected. 
Ghrelin, Ghrelin receptors (GHS-R1A1, GHS-R1A2, GHS-R2A1 and GHS-
R2A2) and GOAT genes expression was determined using real-time RT-
PCR. Results show that both 7-day and 30-day fasting significantly increase 
ghrelin and GOAT expression in gut, consistent with the orexigenic role of 
this hormone. Regarding the four receptor subtypes, we found that their 
expression appear to be modified by fasting. Therefore, in brain, fasting 
leads to an increase in GHS-R2A1 expression in vagal lobe after 30 days, 
while a short-term fasting is found to increase GHS-R2A2 expression. 
Ghrelin receptors are not modified by fasting and overweight in goldfish 
hypothalamus. In peripheral tissues, GHS-R1A2 expression is found to be 
increased after both short- and long-term fasting in intestinal bulb. These 
results corroborate the existence of variations in the ghrelin system due to 
nutritional status, and show for the first time in fish a differential expression 
pattern of the four receptor subtypes in different tissues, which could be 
related to the wide variety of physiological functions ghrelin is known to exert. 
Acknowledgements. This study was supported by the Spanish MINECO 
(AGL 2010-22247-C03-02) project. A. M. Blanco-Imperiali is a predoctoral 
fellowship from Spanish MEC (FPU).	   R
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Parallel evolution shaped by contrasting 
oceanographic conditions in the intertidal fish 
Girella laevifrons involves intraspecific 
variation in the expression of igf1 and genes 
related with muscle atrophy and hypertrophy 
 

1,2*Eduardo N. Fuentes, 1Rodrigo Zuloaga,  1Katterinne Mendez, 1,2Juan 
Antonio Valdes, 1,2Alfredo Molina, 3Jose Pulgar 
1Laboratorio de Biotecnología Molecular, Universidad Andres Bello, 
Santiago, Chile. 
2Interdisciplinary Center for Aquaculture Research (INCAR), Concepción, 
Chile 
3Departamento de Ecología & Biodiversidad, Universidad Andres Bello, 
Santiago, Chile 
edua.fuentes@gmail.com 
 
The marine environment in the Easter south Pacific is highly dynamic 
observing areas with contrasting physical-chemical conditions. Upwelling 
areas (UAs) (e.g. cold waters, high contents of nutrients), affect marine 
organisms inhabiting these areas, which have evolved adapting to this 
environment. Skeletal muscle is highly influenced by abiotic parameters in 
ectotherms and the main molecule controlling its growth is the insulin-like 
growth factor 1 (IGF1), regulating the balance between protein degradation 
(atrophy) and synthesis (hypertrophy). The aim of this work was to assess 
the intraspecific variations in gene expression of igf1 and genes related with 
muscle atrophy (murf1, atrogin1, bnip3) and hypertrophy (myhc) in Girella 
laevifrons from UAs and areas without upwelling (NUAs). In the trial, fish 
from UAs and NUAs were fasted for 12 day and refed for 14 days. igf1 in 
muscle decrease during fasting and increase during refeeding. atrogin1, 
murf1, and bnip3 increase during fasting observing a higher upregulation in 
the NUAs fish than NA, and decrease during refeeding. myhc decrease 
during fasting and increase during refeeding showing a higher upregulation 
at the end of this period in UAs fish. Girella laevifrons that evolved in 
different oceanographic condition underwent dramatic rearrangements in 
the expression of gene involved in muscle growth. This could reflect an 
evolutionary mechanism to adapt inhabiting in different environments, 
leading to muscle plasticity. 
Supported by FONDECYT (N°1130545), FONDAP (N°15110027) and DI 
17-10R, DI 16-12/R Grants  
 
 
 

	  
Skeletal muscle plasticity induced by seasonal 
acclimatization in carp involves Insulin-like 
Growth Factor signaling: implications on 
ribosomal biogenesis and protein synthesis 
 
1,2*Eduardo N. Fuentes, 1Rodrigo Zuloaga, 1,2Juan Antonio 

Valdes, 1,2Alfredo Molina, 3Marco Alvarez 
 
1Laboratorio de Biotecnología Molecular, Universidad Andrés Bello, 
Santiago, Chile. 
2Interdisciplinary Center for Aquaculture Research (INCAR), Concepción, 
Chile 
3Departamento de Ecología & Biodiversidad, Universidad Andrés Bello, 
Santiago, Chile 
edua.fuentes@gmail.com 
 
One of the most fundamental biological processes in living organisms that is 
affected by environmental fluctuations is growth. In fish, skeletal muscle 
accounts for the largest proportion of body mass, and the growth of this 
tissue is mainly controlled by the Insulin-like Growth Factor (IGF) system. By 
using the carp (Cyprinus carpio), fish that inhabits extreme conditions during 
winter and summer, we assessed the skeletal muscle plasticity induced by 
seasonal acclimatization and the relation of IGF signaling with protein 
synthesis and ribosomal biogenesis. The expression of igf1 in muscle 
decreased during winter in comparison with summer, whereas the 
expression for both paralogues of igf2 did not change significantly between 
seasons. The expression of igf1ra in muscle, but not of igf1rb, was 
downregulated during winter in contrast with summer. A decrease in protein 
contents and protein phosphorylation for IGF signaling molecules in muscle 
was observed in winter-acclimatized carp. This was related with a decreased 
expression in muscle for markers of myogenesis (myod, myf5, and myog); 
protein synthesis (mhc, mlc3, and mlc1b); and ribosomal biogenesis (pre-
rRNA and ribosomal proteins). IGF signaling, ribosomal biogenesis, protein 
synthesis, and myogenesis are affected by seasonal acclimatization finding 
differential regulation in gene expression and signaling pathway activation in 
muscle between both seasons. This suggests that these processes are 
responsible for the muscle plasticity induced by seasonal acclimatization in 
carp. 
Supported by FONDECYT (N°1130545) and FONDAP (N°15110027) Grants  
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 Metformin improves  insulin secretion and 
reduces insulin resistance in individuals with 
normal glucose tolerance, hyperinsulinaemia 
and metabolic syndrome 
 
Petya Kamenova, Iliyana Atanasova, Georgi Kirilov 

Department of Diabetology, Clinical Center of Endocrinology and 
Gerontology, Medical University, Sofia, Bulgaria 
kamenovap@abv.bg 
 
Metabolic syndrome and hyperinsulinaemia are well established risk factors 
for type 2 diabetes (T2D). Prevention of T2D  is	   a strategical aim of health 
systems all over the world. Metformin is a first line therapy for T2D and 
reduces the risk of T2D in individuals with impaired fasting blood glucose 
and impaired glucose tolerance. The aim of the present study was to 
establish the effect of metformin on insulin secretion and insulin resistance 
in individuals with normal glucose tolerance, hyperinsulinaemia and 
metabolic syndrome. 52 individuals were included in a prospective one year 
observational clinical study.  Plasma glucose measured by glucosooxidase 
method on biochemical analyzer Cobas Integra (Roche Diagnostics), serum 
insulin  estimated by immunoradiometric method (IRMA kit, Immunotech, 
Beckman Coulter), reference range 2-25 mIU/l during 3-h oral glucose 
tolerance test and homeostasis model assessment of insulin resistance 
(HOMA-IR)  at three month intervals were investigated.  At 1 year of 
metformin treatment, fasting serum insulin decreased from  24.1±15.3 mIU/l 
to 11.6±6.0 mIU/l, 1-h post-glucose insulin  (PGI) decreased from 
136.8.±67.6 mIU/l to 54.5±51.4 mIU/l, 2-h PGI decreased from 62.6±43.2 
mIU/l to 27.6±21.6 mIU/l,  3-h PGI decreased from 23.2.±11.7 mIU/l to 
9.7±5.8 mIU/l, HOMA-IR decreased from 5.74±3.77 to 2.58±1.40,	   all 
p<0.0001. The significant effect of metformin on fasting serum insulin, 3-h 
PGI and HOMA-IR was at 6 month and on 1-h PGI and 2-h PGI at 3 month. 
Fasting plasma glucose 5.4±0.5 mmol/l significantly decreased to 5.1±0.5 at 
3 month and 3-h plasma glucose 3.9±0.8 mmol/l significantly increased to 
4.3±0.7 mmol/l at 6 month, both p<0.05. In conclusion, our results indicate 
that metformin restores physiological insulin secretion, reduces insulin 
resistance and could be applied for prevention of type 2 diabetes in high risk 
individuals with normal glucose tolerance, hyperinsulinaemia and metabolic 
syndrome. 
 
 

	  
Association of 32 Type 1 Diabetes risk loci in a 
Pakistani population 
 
Kiani AK1, John P1, Bhati A1, Zia A1, Shahid G2, Akhtar 
P3, Wang X4, Demirci FY4, Kamboh MI4 
 

1.Department of Healthcare Biotechnology, Atta-ur-Rahman School of 
Applied Biosciences (ASAB), National University of Sciences and 
Technology (NUST), Islamabad, Pakistan. 2.Pakistan Institute of Medical 
Sciences (PIMS), Islamabad, Pakistan 
3.Fauji Foundation Hospital, Rawalpindi, Pakistan 4.Department of Human 
Genetics, University of Pittsburgh, Pittsburgh, PA, USA 
Ayshakiani@gmail.com 
 
Objective and Background: type 1 Diabetes (T1D) is an autoimmune 
disease which hyperglycaemia, which in turn cause many clinical 
complications like renal failure, retinopathy, heat diseases and neuropathy. 
Genetic predisposition as well as environmental factor contributes to its 
etiology. Till to-date more than 40 risk loci have been identified for type 1 
diabetes. As there is scant information available about the genetic 
background and risk alleles of T1D in Pakistani population, we hypothesized 
that there must be some sharing and overlap of genetic susceptible genes 
between different populations. For the confirmation or rejection of this 
hypothesis we genotyped 32 reported genome-wide significant single-
nucleotide polymorphisms (SNPs) in Caucasians in a unique Pakistani 
population. 
Methodology: A total of 191 family based and unrelated T1D cases and 
controls were recruited for this study. DNA was extracted and 32 genome 
wide significant SNPs, previously reported in European patients were 
genotyped. Genotyping was performed using TaqMan SNP genotyping 
assays and the data was analysed using FamCC software. 
Results: Our results showed significant association of 10 SNPs i.e. 
HLADQA1/rs9272346, ERBB3/rs2292239, SIRPG/rs2281808, IL2- 
KIAA1109/rs4505848, GLIS3/rs7020673, CD226/rs763361, 
PTPN2/rs478582, IKZF1/rs10272724, BACH2/rs11755527, 
C6orf173/rs9388489 with type 1 diabetes whereas 7 SNPs showed slight 
association. 
Conclusion: We have replicated many of the established type 1 diabetes 
loci among Europeans, in Pakistani patients.	  
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Identification and characterization of 
myomaker expression in rainbow trout 
(Oncorhynchus mykiss) 
 
Aurélie Landemaine, Pierre-Yves Rescan, Jean-Charles 
Gabillard. 

 
INRA, UR1037 Fish Physiology and Genomics, F-35000 Rennes, France 
Aurelie.landemaine@rennes.inra.fr 
 
Myocytes fusion is a fundamental process for skeletal muscle formation 
during development, post embryonic muscle growth and regeneration in 
most animals. Our knowledge regarding molecular mechanisms controlling 
this essential step in myogenesis is far from being complete. A critical step 
in fusion is the initial recognition and adhesion between two myogenic cells 
before they fuse. Among the factors involved in these processes, Myomaker 
(also called Tmem8c), a new membrane activator of myocytes fusion and 
muscle formation, was recently discovered in mice. We wondered whether 
an orthologous gene was present in teleosts. In rainbow trout genome, we 
found one copy of this gene coding for a protein of 221 amino acids. 
Sequences alignment shows that rainbow trout myomaker has a high 
sequence identity (70%) with mice. Using whole mount in situ hybridization 
on rainbow trout embryos at different stage of embryonic development, we 
observed that myomaker is transiently expressed during somitogenesis 
exclusively in somite muscle differentiating cells of the fast-twitch lineage. In 
agreement with these results, in vitro analysis on trout satellite cells showed 
that the expression of myomaker increases during differentiation. Further, 
qPCR analysis on juvenile trout showed that the expression of myomaker is 
muscle-specific. In vivo analysis, based in a starved/refeeding experiment 
on juvenile trout showed an increase of myomaker expression during 
muscle recovery suggesting muscle cells fusion. These findings reveal a 
high degree of evolutionary conservation in the expression of myomaker 
during myogenesis between teleosts and mammals. In vitro experiments are 
in progress to study the hormonal regulation of myomaker on trout satellite 
cells.  
 
 
 
 

 
Characterizing appetite controlling system in 
fast-growing Atlantic cod larvae 
 
Rønnestad, I.1*, Angotzi, RA.1, Le, HTMD.1,2, Edvardsen, 
RB.3, Ebbesson, L.4, Arukwe, A.5, Karlsen, Ø.6, van der 
Meeren, T.6, Jensen, KH.1, Jordal, A-E.O.1 

1Dept. Biology, University of Bergen, Bergen, Norway; 4UniResearch, 
Bergen, Norway; 2Nha Trang University, Nha Trang, Vietnam; 3Inst. of 
Marine Research, Bergen, Norway; 5NTNU, Trondheim, Norway; 6Inst. of 
Marine Research, Austevoll, Norway. 
(*ivar.ronnestad@bio.uib.no) 
 
The current production of Atlantic cod depends on enriched rotifers and 
Artemia during first feeding but development and growth are still inferior to 
fish fed natural zooplankton. The underlying mechanisms for this 
phenomenon are not well understood. In this study we aimed to describe the 
ontogeny and dietary effects on systems controlling appetite in Atlantic cod. 
We used two groups of larvae, one that was fed natural zooplankton (mostly 
copepods; reference group), and one that was fed enriched rotifers and later 
Artemia. 
In Situ Hybridization analysis on the reference material showed spatial and 
temporal changes in expression patterns of important hormone genes during 
ontogeny. All analysed genes involved in appetite control were detected in 
the brain from first feeding. Strong ISH signals of NPY in telencephalon may 
indicate that this area besides the hypothalamus may be involved in 
stimulation of appetite in cod. Beside, strong expression of CART in 
thalamus, hypothalamus and medulla oblongata suggests "satiety centres" 
may be located in these areas. POX was found in preoptic region and in the 
hypothalamus. Interestingly, we found co-location of orexigenic (POX) and 
anorexigenic (CART) signals in preoptic regions, hypothalamus and medulla 
oblongata suggesting that these areas may act as integration centres for 
modulation of appetite in developing cod larvae. 
 Next, we examined gene expression (RNA sequences, transcriptome) of 
two defined growth stages (2 and 3), corresponding to 22 and 32 days after 
hatching, when the differences in growth were largest with daily length 
growth of larvae fed copepods twice as high as larvae fed rotifers and 
Artemia. 34 of 64 genes described to be involved in mammalian 
anorexigenic pathways were down-regulated in larvae fed copepods. PYY, 
CART, but not MSHs were down-regulated in copepod fed fish while AgRP, 
NPY, and orexin were up regulated in the same group. 
Supported by Research Council of Norway (CODE #199482) 
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Sustained exercise effects on GH/IGFs axis 
and growth in gilthead sea bream (Sparus 
aurata) 
 
Emilio J. Vélez1, Sheida Azizi1, Josep Calduch-Giner2, 
Jaume Pérez-Sánchez2, Isabel Navarro1, Jaume 

Fernández-Borràs1, Josefina Blasco1, Encarnación Capilla1, Joaquim 
Gutiérrez1. evelezve@ub.edu 
1Department of Physiology and Immunology, Faculty of Biology, University 
of Barcelona, Barcelona, Spain 
2Institute of Aquaculture Torre de la Sal (IATS-CSIC), Castellón, Spain 
 
In vertebrates, the endocrine system regulates growth mainly through the growth 
hormone (GH)/insulin-like growth factors (IGFs) axis and, although exercise 
modulates growth, little is known about the response on these endocrine factors. 
The aim of this work was to characterize the effects of five weeks of moderate 
sustained swimming over the GH/IGFs axis and growth in gilthead sea bream 
juveniles. We analyzed the plasma GH and IGF-I levels and, the gene expression 
in liver and anterior and caudal muscles of: GH receptors (GHR1 and GHR2), 
three IGF-I splice variants (IGF-Ia/b/c), IGF-II, as well as for the first time in this 
species, that of the two IGF-I receptors (IGF-IRa and IGF-IRb). Fish under 
exercise (EX) grew significantly more than control fish (CT) without differences in 
feed intake. Moreover, plasma GH levels significantly decreased in EX fish in 
comparison with CT fish, together with reduced hepatic expression of both GHRs. 
GHR2 expression was also down-regulated in the anterior muscle, whereas 
GHR1 expression significantly increased in both muscle regions. These results 
indicated tissue-dependent differences of GHRs expression in response to 
exercise and suggest that GHR1 seems to be more important regulating muscle 
growth. On the other hand, plasma IGF-I levels in EX fish were significantly higher 
than those of CT fish, according to the increased IGF-I expression (mainly IGF-Ia) 
in the liver of the former. In both muscle regions, total IGF-I mRNA levels were 
similar; however, the expression of IGF-Ic increased significantly with exercise, 
suggesting a potential role for this splice variant mediating the swimming activity 
effects on muscle growth. Additionally, we found a significant up-regulation of IGF-
II expression in the caudal muscle region of EX fish, which may be related with the 
well-described local effects of this factor enhancing muscle growth. Furthermore, 
exercise decreased the hepatic IGF-IRa expression levels, while IGF-IRb was not 
detectable, showing a similar regulation as that observed for the GHRs. Contrary 
in muscle, both IGF-IRs were present, although their gene expression levels 
remained unchanged with exercise. Altogether, these data indicate that moderate 
sustained activity may be used to increase the IGF-I/GH ratio in plasma and, to 
modulate the muscle gene expression of different molecules of the GH/IGFs axis 
(i.e. GHR1 and IGF-II), to potentiate growth in gilthead sea bream.  
Supported by AGL2012-39768; XRAq; 2009SGR-00402 

 
Appetite-regulating peptides in pirapitinga 
(Piaractus brachypomus): cloning and tissue 
distribution. 
 
Hélène Volkoff 
 

Departments of Biology and Biochemistry, Memorial University of 
Newfoundland, St John’s, NL, A1B 3X9 Canada 
hvolkoff@mun.ca 
 
Pirapitinga (or red-bellied pacu, Piaractus brachypomus, Cuvier 1818) is a 
freshwater tropical fish from South America that belongs to the order 
Characiforme and the family Serrasalmidae. This family of fish includes 
species in high demand as aquarium ornamental fish, such as piranhas, as 
well as commercially important species for fisheries and aquaculture, such 
as pacu (Piaractus mesopotamicus) and tambaqui (Colossoma 
macropomum). Yet, little is known about the endocrine control of feeding in 
species of this family. In this study, cDNAs encoding the appetite regulating 
peptides orexin, cocaine and amphetamine regulated transcript (CART), 
cholecystokinin (CCK) and peptide YY (PYY) were isolated in pirapitinga 
and their mRNA tissue and brain distributions examined. When compared to 
other fish, the sequences obtained for all peptides were most similar to that 
of another Serrasalmidae fish, the red-bellied piranha Pygocentrus nattereri 
and of other Characiforme fish (i.e. Mexican cavefish Astyanax mexicanus) 
as well as to Cypriniformes and Siluriformes. All peptides are widely 
expressed within the brain, with usually high expression in hypothalamus 
and telencephalon, and pituitary. In the periphery, both orexin and CCK 
mRNAs show a widespread distribution and are present in several 
peripheral tissues, including intestine and gill, whereas PYY mRNA 
expression is somewhat limited to the gastrointestinal tract and CART 
mRNA shows no to little peripheral expression. Overall, the results suggest 
that orexin, CART, CCK and PYY are relatively conserved peptides within 
teleost fish. Their widespread distribution in the brain suggests that they 
might control several behaviors, including feeding. The peptide-specific 
distributions in the periphery suggest that each peptide might have distinct 
physiological actions on peripheral tissues, in particular on the 
gastrointestinal tract.  
Supported by NSERC 
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The sulfakinin signaling pathway aids in the 
regulation of feeding and digestion in insects 
 
Zels S., Dillen S., Spit J., Crabbé K., Verlinden H., 
Vanden Broeck J. 

Molecular Developmental Physiology and Signal Transduction, Department 
of Biology, KU Leuven, Naamsestraat 59, Leuven, Vlaams-Brabant, Belgium 
sven.zels@bio.kuleuven.be 
 
A diverse array of regulatory factors plays a role in integrating and 
coordinating the processes of food uptake and digestion in insects. Multiple 
neuropeptides contribute to this complex regulation and act as satiety 
factors, myoactive regulators, enzyme releasing agents etc. Sulfakinin is 
one of the neuropeptides involved in these processes in insects. Insect 
sulfakinins contain the conserved C-terminal hexapeptide 
Y(SO3H)GHMRFamide as an active core sequence. They are considered 
being the arthropod homologues of vertebrate neuropeptides 
cholecystokinin and gastrin and seem to fulfill similar roles. In contrast to the 
growing knowledge on the functions of sulfakinin in insects, little is known 
about their mode of action and signaling pathways. In our study, we have 
characterized two different sulfakinin receptors in the red flour beetle, 
Tribolium castaneum. We demonstrated which residues of the peptide active 
core sequence are essential for high affinity activation of these sulfakinin 
receptors, when expressed in a vertebrate cell line. Furthermore, we 
analyzed the downstream signaling properties of these sulfakinin receptors 
in multiple cell lines and could point out several similarities between 
sulfakinin and cholecystokinin signaling. In addition to this pharmacological 
analysis, we also identified in vivo effects of sulfakinin and analyzed the 
potency of different synthetic sulfakinin analogs mimicking the effect of the 
natural neuropeptide. Significant effects on food uptake and release of 
digestive enzymes were observed in the migratory locust, Locusta 
migratoria.  
 
 

 
The administration of a BPA-enriched diet 
alters hepatic lipid metabolism: implication for 
liver steatosis in Sparus aurata juveniles 
Oliana Carnevali1,3, Valentina Nozzi1, Ilaria Traversi2, 
Alberta Mandich2,3, Damiano Gustavo Mita3, Giorgia 
Gioacchini1,

 Francesca Maradonna1 

1Dipartimento di Scienze della Vita e dell’Ambiente, Università Politecnica 
delle Marche, Ancona, Italy 
2Dipartimento di Scienze della Terra, dell’Ambiente e della Vita, Università di 
Genova, 16132 Genova, Italy 
3INBB Consorzio Interuniversitario di Biosistemi e Biostrutture, Roma, Italy 
o.carnevali@univpm.it 
 
In this study Sparus aurata juveniles were used for monitoring the effects of 
a BPA-enriched diet administration on hepatic lipid metabolism. Hepatic 
histological analysis showed that BPA induced the accumulation of lipid 
droplets resulting in hepatic steatosis which usually develops as a 
consequence of multiple dysfunction such as alteration in β-oxidation, very 
low density lipoprotein secretion and pathways involved in the synthesis of 
fatty acids.  In fish feeding on the BPA diet, the analysis of the expression of 
genes involved in lipid metabolism actually uncovered increased levels of 
fatty acid synthase (fas) and proliferator-activated receptor gamma (pparγ), 
which are primarily involved in fatty acid synthesis and accumulation, 
respectively. However, neither hormone sensitive lipase (hsl) nor lipoprotein 
lipase (lpl) -the enzymes involved in the mobilization of triacylglycerols 
stored in cytoplasmic lipid droplets- are affected by the diet. Noteworthy, in 
the same group, the expression of phosphoenolpyruvate carboxykinase 
(pepck), implicated in fatty acid oxidation and degeneration, is 
downregulated. Phospholipases A2 (pla2), that is responsible for repairing 
oxidative damaged lipids leading to the downstream production of 
arachidonic acid (AA), is significantly upregulated. In turn, the levels of 
cyclooxygen-ase-2 (cox-2) and 5-lipoxygenase (5-lox) transcripts, both 
involved in AA metabolism in that they catalyze fatty acid oxygenation in 
order to produce eicosanoids such as prostaglandins and leukotriens, are 
upregulated as well.  
In conclusion, the analysis of the described genes proposes a positive 
action of BPA toward lipid anabolism, while lipid catabolism seems to be 
strongly impaired, leading to the hepatotoxic effect confirmed by histological 
analysis. 
Supported by Ministry of Health -RICERCA FINALIZZATA  2009 “Food and 
environmental safety: the problem of the endocrine disruptors” to OC and AM and 
PRIN 2010 to OC 
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Effects of growth hormone and dietary amino 
acids on lipid mobilization in rainbow trout 
(Oncorhynchus mykiss) adipocytes in vitro 

Esmail Lutfi, Andrea Urpi, Emilio J. Vélez, Joaquim Gutiérrez, 
Encarnación Capilla, Isabel Navarro. ecapilla@ub.edu 

Department of Physiology and Immunology, Faculty of Biology, University of 
Barcelona, Barcelona 08028, Spain. 

Lipid content in adipose tissue is determined by the balance between its 
mobilization (lipolysis) and deposition (lipogenesis) according to the animal 
requirements. As in mammals, several hormones have been implicated in the 
cellular responses that control adipogenesis and lipid metabolism in fish 
adipocytes. Some studies have demonstrated that growth hormone (GH) plays an 
important role in lipolysis; however, most of the specific effects of GH in fish 
adipose tissue are not clearly elucidated. Furthermore, some effects on adipocyte 
development and lipid metabolism regulation appear to be mediated by the dietary 
amino acid profile. In order to investigate how GH and amino acids are involved in 
the regulation of lipid metabolism in fish, we examined the effects of GH, L-
leucine, L-arginine and L-glutamine on lipid mobilization and cell 
proliferation/differentiation in rainbow trout primary cultured adipocytes. 
Interestingly, all treatments produced a significant increase in preadipocytes 
proliferation. These results indicate a mitogenic effect of GH as well as amino 
acids in rainbow trout, as previously observed in gilthead sea bream adipocytes 
and myocytes, and suggest that these amino acids might stimulate the recruitment 
of new adipocytes, making the tissue more sensitive to insulin. Moreover, our 
results showed that GH and L-leucine produce a clear lipolytic effect in 
preadipocytes and differentiated adipocytes; as well as L-leucine also presented 
an anti-differentiation action decreasing adipocyte lipid accumulation. Thus, the 
activation of cell proliferation and lipolysis, together with the decrease in lipid 
adipocyte content caused by L-leucine, suggest that this amino acid might have 
an anti-obesogenic action in this species. Additionally, quantitative real-time PCR 
and western blot analyses are being performed to further clarify the effects of GH 
and these amino acids on the expression of lipid metabolism and cell 
proliferation/differentiation markers and, the activation of their signaling pathways. 
Overall, the current findings indicate the importance of GH and some dietary 
amino acids such as L-leucine during fish adipogenesis and lipid mobilization, and 
contribute to improve our knowledge on their regulatory role in rainbow trout 
adipocyte metabolism in order to optimize feed efficiency and diets composition. 
Supported by EU (LIFECYCLE FP7-222719), MICINN (AGL2011-24961). 

 

 
SCT/SCTR axis is required for mediating 
ANGII induction of aldosterone synthesis in 
responding to dietary sodium restriction 
 
Bai Juan, Tam Chin Pang, Wong Alice Sze Tsai, 

Chow Billy Kwok Chong 
 
School of Biological Sciences, Faculty of Science, HKU, HKSAR, China 
jbai0833@hku.hk  (Correspondence should be addressed to bkcc@hku.hk) 
 
Rennin-angiotensin-aldosterone system (RAS) is one of the most important mechanisms 
to maintain water-salt homeostasis. Activated by disturbance in water-salt balance, such 
as low circulating sodium concentration, angiotensin II (ANGII) is produced and released 
into blood to stimulate secretion of aldosterone from the adrenal gland. This secreted 
aldosterone subsequently increases sodium and water retention via binding with 
mineralocorticoid receptor (MR) in the kidney. Previously, our lab has identified that 
secretin (SCT) expression in the magnocellular cells of the paraventricular nucleus and 
release from posterior pituitary are stimulated by central administration of ANGII in 
rodents. Using SCT-/- and SCTR-/- mice, we found that both SCT and SCTR are needed 
to mediate the central actions of ANGII in inducing water intake as well as vasopressin 
expression and release. In the past, however, the functional relationships between SCT 
and ANGII in aldosterone synthesis/release have not been explored. In this study, we 
used dietary sodium restriction to activate the RAS in wild type (C57) and SCTR-/- mice. 
It was found circulating ANGII could enhance SCT and aldosterone secretion in C57, but 
not in SCTR-/-, indicating that the SCT/SCTR axis functions to mediate ANGII-induced 
aldosterone secretion. Furthermore, SCT could also directly stimulate aldosterone 
synthesis by increasing intracellular accumulation of aldosterone precursors 
(cholesterol) in adrenocortical cells, as well as upregulating transcript and protein levels 
of aldosterone synthase (CYP11B2). Consistently with the above results, the cell density 
in zona glomerulosa of low Na+ diet (LS) fed C57 was found significantly higher than 
basal Na+ diet fed group, which was not observed in SCTR-/- counterparts. Interestingly, 
the transcript of scavenger receptor BI [Scarb1, receptor of high-density-lipoprotein 
(HDL) cholesterol] was significantly increased in C57 group fed LS, which was not 
observed in SCTR-/-. This suggests the possibility of SCT/SCTR in mediating HDL 
cholesterol delivery in steroidogenesis. Taken together, our data show that, under 
dietary sodium restriction, integrity of the SCT/SCTR axis is important for ANGII-induced 
aldosterone synthesis. 
Supported by HKU6/CRF/11G and HKU 764812M to BKCC. 
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Lamellar basement membrane thickening in 
the horse’s foot during hyperinsulinaemia: 
similarities to the diabetic foot? 

M. A. de Laat1, M. N. Sillence1 and C. C. Pollitt2 
 
1. School of Earth, Environmental and Biological Sciences, Queensland University 
of Technology, Brisbane, Qld, 4001, Australia. 
2. School of Veterinary Science, University of Queensland, Gatton, Qld, 4343, 
Australia. ; melody.delaat@qut.edu.au 
 
Peripheral vascular disease can lead to significant pathology in the distal limb of 
people with diabetes mellitus. The pathogenesis of these sequelae is thought to 
be associated with persistent hyperglycaemia, but a role for impaired insulin 
signalling has also been reported. Horses can develop insulin resistance with 
persistent hyperinsulinaemia, without progression to hyperglycaemia. Equine 
hyperinsulinaemia causes laminitis, a painful and potentially life-threatening foot 
condition. During laminitis, failure of the dermo-epidermal lamellar basement 
membrane (BM) results in loss of attachment between the pedal bone and hoof 
wall, and lameness.  The aim of this study was to examine ultrastructural lamellar 
BM lesions during hyperinsulinaemic laminitis in horses. Lamellar tissue from 
horses (n=3) with acute laminitis was examined by transmission electron 
microscopy and compared to normal control horses (n=3). Treated horses were 
hyperinsulinaemic (1179 ± 228 µIU/mL) while control horses (10.6 ± 1.2 µIU/mL) 
were not. The lamellar BM zone of the treated horses was extensively 
disorganised with loss of uniformity of the lamina lucida and lamina densa, 
fragmentation and disorientation of HDs and disengagement of the cytoskeleton 
from HDs. In treated horses the lamellar BM was 56% wider (p<0.05) with reduced 
HD density (by 52%; p<0.05), compared with controls. Fewer HDs in treated horse 
lamellar BM may contribute to weakening and lamellar failure. The loss of HDs 
may be associated with HD disassembly during cellular proliferation, secondary to 
hyperinsulinaemia. Widening of the lamellar BM may be associated with increased 
production of structural extracellular matrix components, and these findings 
require further investigation. 
 
 

PO	  
147	  
Tues



CECE 2014 27th Conference of European Comparative Endocrinologists 

186	  

 
List of authorsR

e
n

n
es

 (
Fr

a
n

ce
) 

A
u

g
u

st
 2

5
-2

9
, 

2
0

1
4

 



CECE 2014 27th Conference of European Comparative Endocrinologists 

187	  

Acharjee A PO76 
Adrio F PO102, PO75, PO68 
Adolfi MC PO67  
Aedo J P24 
Aït-Aïssa S PO118, OR65, OR37 
Akasome y  OR61 
Akgül G PO19 
Akhtar P PO138 
Aliaga-Guerrero M PO99 
Allais-Bonnet A SOTA28 
Allet C PO101 
Alonso-Gómez AL OR46 
Alvarado MV PO94 
Alvarez M PO136 
Alves RN PO26 
Amano H PO92 
Anasatsi D OR35 
Andersen DS SOTA29 
Angotzi RA PO140 
Antonova O SOTA14 
Aoki S PO36 
Arias Vigoya A PO91 
Arjona F PO73 
Arnold SS PO10 
Arukwe A PO140 
Ashok M  PO88 
Atanasova L PO137 
Atteyat MS PO31 
Auvray P OR59 
Avet C PO106 
Avner S SOTA17 
Azcotia I SOTA10 
Azizi S PO141 
Azouli S PO69 

Baghdadi-Serrano N PO19 
Bai J PO146 
Bakker J OR63, OR43 
Balaguer P OR65 
Balthazart J OR18 
Banerjee P OR52 
Bank J OR31 
Banni M PO109 
Baroiller JF PO19 
Baroni G  OR10 
Barrett P OR31 
Bartussek J  PO54 
Baum MJ OR43 
Baye E PO32 
Beauvillain JC PO101  
Becker E OR36 
Bednarova A PO15 
Bedu M OR37 
Beets I PO53, SOTA6, OR28, PO38 
Belaud-Rotureau MA SOTA17 
Bellaiche J PO84 
Bellefontaine N PO132 
Beller O OR5 
Ben Maamar M PO107, OR66 
Bergqvist CA PO55, SOTA26 
Berishvili  G PO19 
Bernier N SOTA4 
Bertolucci C SOTA16  
Bertozzi A SOTA16 
Bertaux J SOTA27 
Besseau L PO69, PO5, PO12; PO32 
Bhatti A PO138, PO40 
Bil M OR72, OR11 
Bilesimo P OR38  



CECE 2014 27th Conference of European Comparative Endocrinologists 

188	  

Bittencourt JC OR10 
Birnie MJ OR32 
Bizot M SOTA17 
Bjönrsson BT PO131, PO64, OR70 
Blanco Imperiali AM PO134, PO3 
Blasco J  PO141 
Blázquez M OR41 
Blugeon C OR3 
Bobe J PO89 
Boehm U OR63 
Bogerd J PO98, PO81, PO74, OR58 
Bondesson M OR65 
Boone E SOTA29 
Borella MI PO98, PO96, PO95, PO33 
Borghgraef C PO53 
Bosseboeuf A  OR59  
Boswell T SOTA35 
Bouchon D SOTA27 
Boulanger L SOTA28 
Boulhatouf A OR65 
Bourgeois NMA PO29 
Bourguet W OR65 
Bourguignon JP PO124, OR47, SOTA34 
Bovolin P PO133, PO125, PO123, PO110 
Böyük G PO39 

Bradley AJ PO105 
Bradshaw AM SOTA11 
Branco GS PO98, PO33 
Brillard JP PO83 
Brion F PO118, PO114, OR65, OR37 
Brkic  OR57 
Brock O  OR63, OR43 
Broecks V OR72 
Brown R PL5 

Buisine N OR38, OR3, SOTA2 
Butzge AJ PO91, PO81, PO74 
Cabas I PO113, PO112, PO77 
Cabreiro P SOTA11 
Cahoreau C PO79  
Caillet A PO101 
Calduch-Giner J  PO141 
Camargo MP PO98 
Campinho MA  , PO27, PO30 
Canales D PO23 
Cani PD OR69 
Cano-Nicolau J PO111, OR46 
Cansell C OR69 
Capilla E PO145, PO141 
Capitão A PO47 
Cardoso JCR PO26 
Carnevali O PO144, PO133, OR71 
Carrillo M  PO131, PO94,PO64  
Casadei A OR32 
Casoni F PO103 
Cassel M PO98, PO96, PO95, PO33 
Cassone V OR30  
Castel J OR69 
Castellano JM SOTA18 
Castro LFC PO121, PO120, PO70, PO70,  
 PO47, PO51 
Caulier M PO114, OR37 
Cavaillès V OR65 
Cavallari N SOTA16 
Cazaméa-Catalan D PO12 
Ceballos NR OR45 
Ceinos RM OR24, SOTA16 
Cerda J SOTA22 
Cerdá-Reverter JM  OR24, OR22 



CECE 2014 27th Conference of European Comparative Endocrinologists 

189	  

Cerveau N SOTA27 
Chachlaki K PO132 
Chadili E PO114 
Chadzinska M PO2, PO22 
Chalde T PO82 
Challet  E OR29, PO13 
Chalmel F PO108, OR36 
Chalmey C PO108 
Chan L SOTA12 
Chang CF PO100, OR54  
Chang MV OR33 
Charlier T OR18 
Charpantier A PO5 
Chaturvedi CM PO90, PO65 
Chatzi C SOTA34 
Chatzopoulou A OR7 
Chaube R PO75,OR52 
Chauvigné F SOTA22 
Chavez-Pozo E PO113, PO80, PO78 
  PO77 
Chehade C PO96, PO95, PO33 
Chen C PO71 
Chouchane L PO109 
Childs SJ OR16 
Chitramvong Y PO116 
Chow BKC PO56, OR51, OR12,  
 PO146, PO72, SOTA24, PO21 
Christensen NM OR8 
Chung BC PL2 
Chung SK PO21 
Cocci P PO123, PO110 
Cody V OR49 
Cohen-Tannoudji J  PO106, PO97, OR50, OR44 
Coiffec I PO107, OR66 

Coimbra AM OR56 
Colombani J SOTA29 
Combarnous Y PO79  
Conductier G OR10 
Cone RD SOTA11 
Conlon JM PO58, OR14 
Coon SL PO12 
Cooper R PL5 
Corfas G PO101 
Cornil C OR18 
Cortés R OR22 
Cortés-Ortíz L PO23 
Cossignani L OR71 
Costa GMJ PL4 
Cottone E PO133, PO125 
Coumailleau P PO104 
Couve A OR3 
Cowan M PO99 
Crabbé K  PO143, PO41 
Crespo B OR55  
Criscuolo F PO13 
Cromer B OR49 
Cruciani C PO111 
Csernus V PO10, PO11 
Cuesta A  PO80 
Cuesta I PO70, SOTA16 
Cunha S PO70, SOTA17 
D’Cotta H PO19 
Dairou J OR69 
Danko T PO44 
Darras VM PO29 
Dati C PO125 
Davies SA SOTA13 
de França LR PL4 



CECE 2014 27th Conference of European Comparative Endocrinologists 

190	  

 OR60de Haes W OR4 
De Laat MA PO147 
de Loof A  OR4, PO42 
de Nicola A OR20 
De Oliveira MA PO81, PO74 
De Vrieze E PO73 
Debrauwer L PO118 
Decatur WA SOTA25 
Dedic SOTA3 
Dejucq-Rainsford N PO107 
Delgado MJ PO134, PO70, OR46, 
 PO3, PO5 
Denlinger DL SOTA13 
DeLuca S OR49 
Demiralp DÖ PO39 
Demirci Y PO40 
Denis RGP OR69 
Denver RJ OR34, SOTA2 
Depuydt G PO38 
Derouiche A PO61 
Desdoits-Lethimonier C PO107, OR66 
Desroziers E  OR43 
Deussing J SOTA3 
Dillen S PO143 
Diotel N OR17 
Dirks R PO60 
Djenoune L PO63 
do Rego JC SOTA9 
do Rego JL SOTA9 
Doretto LB PO74 
Dores  RM OR23 
Douglas A  OR32 
Dow JAT SOTA13 
Du M SOTA14 

Duan C PO71, OR51 
Dubessy C PO63 
Dufour S PO100, PO60, OR50,  
 SOTA31, SOTA23 
Dumont S PO13 
Dupré D SOTA23 
Ebbesson LOE PO140, OR32 
Edvardsen RB PO140 
Eeckhoute J SOTA17 
Einarsdottir IE OR70 
Ekhart D PO14 
Elisio M PO82 
Elmar C PO4 
Elphick MR PO52, OR27, PO49 
Elzaiat M SOTA28 
Enfissi A OR60, 
Eppler E OR15, PO19 
Escande M PO69 
Escobar S PO131, PO64 
Esteban MA PO80 
Falcinelli S OR71 
Falcón J PO69, PO5, PO12, PO32 
Faure M PO83 
Feay N PO105 
Felip A PO131, PO94, PO64 
Felix RC PO62 
Fernández-Borràs J PO141 
Filby AL PL5 
Fischer C PO34 
Flamment M OR69 
Flik G PO73  
Florindo C PO27 
Fonseca VG 
Fonagy A  PO44 



CECE 2014 27th Conference of European Comparative Endocrinologists 

191	  

Fontainhas-Fernandes A OR56 
Foster J SOTA27 
Fostier A PO89 
Foufelle f OR69 
Foury A OR5 
Frau Sara PO1 
Franceschini I OR40 
Franssen D OR47, SOTA34 
Freamat M SOTA25 
Fredrich M PO61, PO4 
Friedman H OR10 
Fröhlich N SOTA16 
Froment P PO83 
Frooninckx L PO53, OR28, SOTA6 
Fodor J PO44 
Fonseca VG PO62 
Foulkes N SOTA16 
Fu G OR57 
Fuentes EN PO136, PO135, PO24 
Fuentès M PO5, PO12 
Furuse M PO6 
Gabillard JC  PO139 
Gäde G PO59, OR26 
Galant S PO63 
Gall L SOTA28 
Gallardo-Escarate C PO24 
Gallego-Recio V PO99 
Garcia Y  OR23 
Garcia-Alcazar A PO113, PO112, 
 PO80, PO77 
Gracia-Ayala A PO1113, PO112, PO78 
Garcia-Garcia M PO77, PO78 
Garcia-Hernandez MP PO113, PO77 
Gautier A OR59 

Gargan J SOTA25 
Garcia-Segura LM SOTA10 
Garoche C OR37 
Garrel G PO106 
Gasol JM SOTA22 
Gaspar do Amaral F PO96 
Ge W SOTA30 
Geniez S SOTA27 
Geiger A PO44 
Geiser F PO105 
Gely-Pernot A  OR36 
Gerard AL PO124, OR47 
Gesto M PO16 
Ghosh S PO17 
Giacobini P PO103 
Gioacchini G PO144, OR71 
Goda R PO6 
Gomes C PO98 
Gomes K SOTA3 
Gómez A PO99, OR55, OR41 
Gómez Boronat M PO134, PO3 
Gonçalves JF PO119 
Goncharova ND OR13 
Gong N OR70 
Grange-Messent V OR40 
Grard A SOTA34 
Green J PL5 
Grève P SOTA27 
Grimaldi AG OR38,  OR3 
Grimaldi M OR65 
Grosbellet E PO13 
Guardiola Lemaitre B PO13  
Gueguen MM  PO111, OR46 
Guennoun R  OR20 



CECE 2014 27th Conference of European Comparative Endocrinologists 

192	  

Guibert FM PO83 
Guiguen Y PO114, PO89, OR37 
Guillot R OR24, OR22 
Gustafsson JA  OR65 
Gutiérrez J PO145, PO141 
Habibi HR  OR16 
Haldar C PO17 
Hall JA SOTA25 
Hamilton P PL5 
Hamoudi Z OR48 
Hanchate NK PO103 
Hao CX OR36 
Haraguchi S SOTA19, SOTA9, PO49 
Hasebe M OR61  
Hartman J SOTA3 
Hasunuma I SOTA9 
Haug TM OR42 
Hazlerigg DG OR32 
Hejnikova M PO43 
Hellier V OR64 
Hennuy BR OR47 
Hernandez J PO16 
Hernando MD PO130 
Hernderson L SOTA13 
Henry C SOTA17 
Herpin A PO67, OR53 
Herwig A OR31 
Hida W PO36 
Hinfray N PO114, OR37 
Hinkle PM SOTA11 
Hodkova M PO43 
Holland LZ OR51 
Hollander L SOTA25 
Hollenberg AN OR34 

Homola M PO34 
Hoshi K PO36 
Hrabovski E OR63 
Huet S SOTA17 
Huhtaniemi H SOTA8 
Huybrechts R OR72, OR11 
Hwang DS OR67, PO45, PO46 
Hwang JI OR9 
Hyodo S PO12 
Ibanez AJ PO92 
Iguchi T PL5 
Irnazarow I PO22 
Ismail M PO40 
Isorna E OR46, PO33 
Ivy C SOTA4 
Iwamoto A PO6 
Janssen T PO53, OR28, OR4  
Jégou B PO108, PO107, OR66, OR36 
Jeng SR PO104, PO100 
Jensen KH  PO140 
Jesus LW PO33 
Johansson M PO131, OR70 
John P PO138, PO40 
Johnson SA OR68 
Joke Delbaere J  PO29 
Joly-Amado A OR69 
Jönsson E OR70 
Jordal AEO PO140 
Jordan WC OR32 
Joy KP PO76,OR52 
Jørgensen EH PO12 
Jurecka P PO22 
Kah O PO114, PO111PO104, PO94,  
 PO64, OR46, OR37, OR17 



CECE 2014 27th Conference of European Comparative Endocrinologists 

193	  

Kamboh MI PO40 
Kamech N SOTA31 
Kamenova P PO137 
Kanda S OR61 
Kaneda H PO35 
Karasawa H SOTA35 
Karigo T  OR61 
Karlsen Ø PO140 
Kasagi S OR21 
Kassis N OR69 
Kaushalendraa PO17 
Kawai M PO6 
Kawakami J PO36 
Keller M OR40 
Kelsh RN OR24 
Kenigfest NB PO63 
Kentaro K OR49 
Kepka M PO2, PO22 
Kerkeni A PO109 
Kermorgant M PO117, PO115 
Kervarec C OR36 
Khdorovksy GI PO37 
Kiani AK PO138, PO40 
Klett D PO79  
Kiilerich P OR8 
Kim DK OR9 
Kingtong S PO116 
Kirilov G PO137 
Klaren PHM  PO73 
Klein DC PO12 
Köblös G PO44 
Kodrík D PO54, OR39, PO15 
Konschuh SA OR16 
Kooning EV PO12 

Korf HW PO61, PO4, PO7, PO14, PO34 
Kosugi T 
Koven W PO69 
Krasnov OR22 
Krishnan N PO54, PO15 
Kristensen DM OR66 
Kruuk L PO28 
Kyono Y OR34, SOTA2 
Kudo T PL5 
Kumar S SOTA27 
Küjne C SOTA3  
Lacombe A OR69 
Lacerda SMSN 
Fafont AG SOTA31 
Lagamn D PO55 
Lan-Chow-Wing O OR55 
Lancien F PO117, PO115, PO66, PO58 
Landemaine A PO139 
Lange A PL5 
Lannes J PO97, PO57, OR48 
Lareyre  JJ PO84 
Larhammar D PO55, SOTA26 
Laudet V SOTA1 
Laverrière JN PO97 
Lavoué V PO107, OR66 
Law HKW PO56 
Le Fol V PO118 
Le Gac F PO84 
Le HTMD PO140 
Le Mével JC PO117, PO115, PO66, PO58 
Le Péron C SOTA17 
Lee BY PO45 
Lee DH PO57 
Lee JS OR67, PO45, PO46 



CECE 2014 27th Conference of European Comparative Endocrinologists 

194	  

Lee LTO PO72, PO56, OR51, OR12, PO21 
Lee MC PO46 
Lee O PL5 
Lee SC PO86, PO85 
Legagneux V SOTA17 
Léopold P SOTA29 
Leprince J PO66  
Leroy D PO101 
Lesné L PO107, OR66 
Levavi-Sivan B SOTA25 
Lhôte D PO97 
Libran –Perez M PO16 
Li Y PO71, SOTA16, PO30 
Liere P OR20 
Lihrmann I PO63 
Link K PO19, OR15  
Lismont E  OR11 
Lite C PO127 
Liu NA SOTA7 
Liu YZ PO71 
Lobo-da-Cunha A PO87 
Loentgen G PO5 
Lombès M OR8  
Lomniczi A SOTA18 
Lopes C PO121, PO119 
Lopes-Marques M PO70, PO47, PO51 
Lopez gonzalez MdL PO18 
Lopez-Olmeda JF SOTA16 
Lopez Patino MA PO16 
Lorgen M OR32 
Lou SW PO86, PO85 
Louro B OR2 
Loyens A PO101 
Lozano-Ballester G PO131 

Lu L PO71 
Lufti PO145 
Lukic ML  OR14 
Luo L OR57 
Luquet S OR69 
Luu-The V SOTA9 
Luzio A OR56 
Lye S OR57 
Mackie K PO133 
Madureira TV PO121, PO120, PO119 
Magnan C OR69 
Magnanou E PO5, PO12 
Maitra SK PO8, PO9 
Majumder S PO93 
Male R OR58 
Malhão F PO121, PO119, PO87 
Mallick B PO93 
Mañanos E PO99 
Mandich A PO144 
Maradonna F PO144, PO133, OR71 
Marciniak P PO48, PO50 
Marco HG  PO59 
Marenin VY OR13 
Marie-Luce C OR40 
Marivin E PO89 
Mariiot J PO79  
Marko HG OR26 
Marquis T SOTA25 
Marques JP OR2 
Martinez ERM PO74 
Mathilakath M OR23 
Mathieu G PO32 
Martin P PO5 
Martin SA OR32 



CECE 2014 27th Conference of European Comparative Endocrinologists 

195	  

Martin Robles AJ PO1 
Martinez ERM PO81, PO74 
Martini M OR40 
Martins RS PO62 
Martins G OR2 
Martynyuk N PO52 
Matsuo H PO6 
Matos m OR56 
Maugars G PO60, OR50 
Mazaud-Guittot S PO108, PO107, OR66 
Mazumder S PO128 
McAllan BM PO105 
Mechkarska M OR14 
Medina P OR41 
Meijer OC  OR6 
Meissl H PO34 
Melmed S SOTA7 
Melo GC PO98 
Mendez K PO135 
Mendoça M OR56 
Mensah-Nyagan G OR18 
Merrifield DL OR71 
MessaoudiI PO109 
Métivier R SOTA17 
Meseguer J PO113, PO112, PO80, PO77 
Mhaouty-Kodja S OR40 
Michel D OR33 
Miguez JM PO16 
Mimassi N PO117, PO115, PO66, PO58 
Mirabeau O OR28, OR27, SOTA6 
Miranda LA PO82 
Mita M PO49 
Mita DG PO144 
Miyagawa S  PL5 

Mizusawa K OR21 
Moisan MP OR5 
Molina A PO136, PO135, PO24 
Moniruzzaman M PO8, PO9 
Monteiro RAF PO87 
Monteiro SM OR56 
Monteiro Martinez ER PO91 
Moon MJ SOTA9 
Moon TW PO129, SOTA33 
Morais R OR58 
Moreman J PL5 
Mori K PO36 
Mosconi G PO125, PO123, PO110 
Moses IR PO122 
Moumen B SOTA27 
Moulik SR  PO93 
Mouttet F PO19 
Mrarek P SOTA16 
Mukherjee D PO93 
Mukherjee S PO8, PO9 
Mulero V PO113, PO112, PO78 
Müller M PO61, PO7 
Müller T PO61 
Muñoz I OR55 
Muñoz-Cueto JA PO99, PO1 
Nachman RJ SOTA13 
Nadeem L OR57 
Naderi F PO16 
Nagasawa M PO6 
Nagy AD PO6, PO10,PO11 
Nahon J OR10 
Nakajo M OR61 
Nakao N PO35 
Nakagawa Y PO36 



CECE 2014 27th Conference of European Comparative Endocrinologists 

196	  

Nässel DR PL3 
Naulé L OR40 
Navarro I PO145, PO141 
Navarro S OR22 
Navas JM PO130 
Naveau E PO124, SOTA34 
Negrini P SOTA16 
Nelson E PO125 
Ng HKH PO72 
Ng SYL PO72 
Nesslany F PO108 
Neumann T SOTA14 
Nicolas-Nicolaz C OR66 
Nilen T OR32  
Nisembaum LG PO5 
Nishita Masahiro PO35 
Nixon O PO69 
Nóbrega RH PO91, PO81, PO74, OR58 
Nozaki M SOTA25 
Nozzi V PO144 
Ocampo Daza D PO55 
Odekunle EA PO52 
Oganian TE OR13 
Ojeda SR PO101, SOTA18 
Oka Y OR61 
Oliveira MA PO91 
Oliveira de Jesus PO98 
Olivotto I OR71  
Oliveri P SOTA14 
On JSW OR51, PO21 
Orchard I  PO57, OR48 
Osborne O PL5  
Otero-Rodino PO16 
Otsuka T PO6 

Pacholska-Bogalska J PO48, PO50 
Pagano C SOTA16 
Pailhoux E SOTA28 
Pakdel F OR65 
Pal P PO93 
Palermo FA PO125, PO123, PO110 
Palierne G SOTA17 
Paluzzi JP SOTA20 
Pancholi MR  PO52, OR27 
Pang TC PO146 
Pannetier M SOTA28 
Parent AS PO124, OR47, SOTA34 
Páscoa MI PO51 
Pasquier J PO100, PO89, SOTA 31,SOTA23 
Patricio Gomez  JM  PO18 
Patte-Mensah C OR18 
Paulin CH PO5, PO12, PO32 
Paull GC PL5 
Paullada-Salmerón JA PO99 
Pavitt A PO28 
Peeters L SOTA6 
Pelletier G SOTA9 
Pemberton J PO28 
Peng C  OR57 
Percevault F SOTA17 
Pellegrini E  PO111, PO104, OR17 
Pen YT PO100 
Pendon C PO1 
Perdu E PO118 
Pérez-Sánchez J PO141, PO131 
Péron S OR8 
Peter VS PO20, PO25 
Peterson A OR10 
Pevet P PO13 



CECE 2014 27th Conference of European Comparative Endocrinologists 

197	  

Peymen K PO38 
Pfeffer M PO14 
Pflegerová J OR39 
Piccini B PO118, PO114 
Picot M OR40, OR37 
Piferrer F OR35 
Pijanowski L PO2, PO22 
Pinheiro EM 
Pinheiro I PO121, PO120 
Pinson A PO124, SOTA34 
Pinto C OR65 
Pires IRP PO62 
Polo A SOTA14 
Pollitt CC PO147 
Pomatto V PO133, PO125, PO123, PO110 
Porcher JM PO114, OR37 
Power DM PO62, OR2, PO26, PO27, PO30 
Prat F PO92 
Predel R OR25 
Presse F OR10 
Prévot V PO132, PO103, PO101,  
 OR63, SOTA21 
Primig M OR36 
Prola A OR69 
Pulgar J PO135 
Prunet P OR8 
Quan FB PO63 
Quérat B PO97, OR50 
Quesada Garcia A PO130 
Quintin J SOTA17 
Rafert S PO79 
Raible F SOTA14 
Ramachandra PS PO122 
Ramadoss P OR34 

Ramos Robles B PO18 
Rand J OR15  
Raskin K 
Reinecke M PO19 
Rejofo D SOTA3 
Rescan PY PO139 
Resende AD  PO87, OR22 
Ricci JMB PO91, PO81, PO74, PO74 
Richard D OR10 
Richardson SJ OR49 
Ritchie MG SOTA13 
Riu A OR65 
Rocha E PO121, PO120, PO119, 
  PO87, PO70 
Rocha MJ PO87 
Rodas-Martínez AZ PO18, PO23 
Rödel F PO7 
Rodenas MC PO113, PO112 
Rodiles A  OR71 
Rodriguez MA PO68 
Rodríguez-Illamola A PO54 
Rodriguez-Moldes I PO68 
Rohit  PO127 
Rolland AD OR66 
Romano MC PO18, P23 
Rong X PO71 
Rønnestad I PO140, SOTA33 
Rook J  OR23 
Rosenfeld CS OR68 
Rosinski G PO48, PO50  
Rotllant J OR24, OR22 
Rouch C OR69 
Rousseau K SOTA31 
Roy MC OR10 



CECE 2014 27th Conference of European Comparative Endocrinologists 

198	  

Ruan X OR38 
Ruan Y  OR38 
Ruivo R PO70, PO47 
Sachs LM OR38, OR34, OR3, SOTA2 
Saïd K PO109 
Sainath SB PO47 
Saint-Jean A SOTA27 
Sajwan S PO54 
Salbert G SOTA17 
Saleheen D PO40 
Sanaith DR PO70 
Sanchez E OR22 
Sánchez-Bretaño A  OR46 
Sanhchez-Hernandez M PO78 
Sanchez-Vasquez F PO1 
Sandhu N  OR23 
Santos MM PO70, PO47, PO51 
Santos S PO70, OR56 
Santosh W PO128, PO127, PO126 
Saraiva J PO27 
Saravanan N PO122 
Sato K PO36 
Scaia MF OR45 
Schaaf M OR7 
Schartl M  PO67, OR53 
Schenk S SOTA14 
Schieven M 
Schmidt C OR53 
Schmidt MV SOTA3 
Schoofs L OR28, PO38, PO42 
 PO53, SOTA6, OR4 
Schoonheim P  OR7 
Schulz RW PO81, PO74, OR58 
Schumacher M OR20 

Schuster-Klein C PO13 
Scrivens JH  PO52, OR27 
Sebag JA SOTA11 
Sekar R SOTA24 
Semmens DC PO52, OR27, PO49  
Seong JY OR9, SOTA9 
Sérandour A SOTA17 
Servili A PO94, PO64, OR8 
Sethuraman S PO128 
Shahid G PO138  
Shanker M PO37 
Sharif A PO101 
Shikano Y OR61 
Shpilman M SOTA25  
Shradha S PO127 
Shreya P PO88 
Shved N PO19 
Shweta J PO88 
Sidorov R  PO54 
Sierra-Santoyo A PO18 
Silence MN PO147  
Simek P OR26 
Siepmann J PO101 
Silva N  OR2 
Silveira H PO62 
Simon V PO106 
Simonneaux V OR62 
Simpson RJ PO116 
Singh VP PO90 
Singh AK PO17 
Sipos K PO44 
Skene DJ SOTA15 
Slatko BE  SOTA27 
Slade SE  PO52, OR27 



CECE 2014 27th Conference of European Comparative Endocrinologists 

199	  

Smagulova F OR36 
Soengas JL PO16 
Sourdaine P  OR59 
Sower SA SOTA25 
Spaink H 
Spit J  PO143 
Srisomsap C PO116 
Svasti J PO116 
Srivastava R PO65 
Stašková T  OR39 
Steinbauerová V OR39 
Stengel A SOTA35 
Stuparevic I OR36 
Subhash PMC PO20 
Sullivan CV PO92 
Sung WK OR38 
Szymczak M PO48, PO50 
Taboada X PO102, PO75 
Taché Y SOTA35 
Taddei AR OR71 
Takahashi A  OR61, OR21 
Takesono A PL5 
Tam JKV OR12 
Tanaka M PO35 
Tania V PO87 
Tetes NM SOTA13 
Temmerman L PO53, PO38  
Tena-Sempere M SOTA32 
Terhzaz S SOTA13 
Tessmar-Raible K SOTA14 
Thanveer Fathima MY PO126 
Tomkiewicz J PO60 
Toro C SOTA18 
TorrentF PO130 

Torres Y PO70 
Tostivint H PO63, SOTA23 
Traversi I PO144 
Trindade M PO62 
Triqueneaux G OR8 
Trudeau VL PO129, SOTA33 
Tsai WAS PO146 
Tsutsui K PO90, SOTA19, SOTA9, PO49 
Tyler CR PO115, PL5 
Urbatzka R PO120 
Urpi A PO145 
Valdehita A PO130 
Valdes JA PO136, PO135, PO24 
Valdez RA PO18, PO23 
Valenciano AI PO134 
Valero Y PO80 
Vaillant C PO111, PO104, OR17 
Valinciute A SOTA14 
Vallée M OR19 
Vallone D SOTA16 
Valotaire C OR8 
Van Assche R, PO38 
Van Calster K PO53, SOTA6 
Van de Wiel SMW PO73 
Van der Auwera P  OR28 
Van den Thillart G PO60 
Van der Meeren T PO140 
Van Herck SLJ PO29 
Van Sinay E SOTA6, OR28, PO38 
Vanacker C PO103 
Vanden Broeck J PO143, OR11, PO41 
Vanegas G PO66 
Vaudry D SOTA9 
Vaudry H PO66, OR9, SOTA19, SOTA9 



CECE 2014 27th Conference of European Comparative Endocrinologists 

200	  

Velasco C PO16 
Vélez EJ PO145, PO141 
Ventura-Clapier R  
Vera Chang MN PO129 
Verburg-van Kemenade L PO2, PO22 
Verlinden H PO143, OR11 
Vigoya AA PO81, PO74 
Villarroel M PO130 
Vijayan MM OR23 
Viñas A PO102, PO75 
Volkoff H PO142 
Von Heseler A SOTA14 
Walkowiak K PO50 
Wagner K SOTA3 
Walling C PO28 
Wang X PO138, PO40 
Wang LX SOTA35 
Watrin E SOTA17 
Watteyne J SOTA6, OR28, PO38 
Waxman JS PO67 
Weltzien FA OR42 
Weyda F OR39 
Wicht H PO14 
Williams T SOTA4 
Wilmot M SOTA25 
Wolf YI PO12 
Wolstenholme JT SOTA33 
WotkakC SOTA3 
Wright H SOTA18 
Wu GC OR54 
Wurst W SOTA3 
Wyart C PO63 
Yamauchi K OR49 
Yao K SOTA30 

Yasuo S PO6 
Yueh WS PO100 
Yıldızhan H PO39 
Yilmaz O PO92 

Yogita P PO88 
Yoshida K PO36 
Závodská R OR39 
Zafar J PO40 
Zalko D PO118 
Zandawala M  OR48 
Zantke J SOTA14 
Zanuy S  PO131, PO99, PO64,  
 OR55, OR41, PL1 
Zapater C SOTA22  
Zaw AM PO56 
Zethjof J  PO73 
Zels S PO143 
Zhang C SOTA11 
Zhao W PO40 
Zhou JF PO71 
Zhou P PO71 
Zhou Y PO71 
Zia A PO138, PO40 
Zuloaga R PO136, PO135 
Zimmermann H PO34 
Žurovec M  PO54 
Zwan B OR1 



CECE 2014 27th Conference of European Comparative Endocrinologists 

201	  



CECE 2014 27th Conference of European Comparative Endocrinologists 

202	  

Notes 

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
	  

R
e

n
n

es
 (

Fr
a

n
ce

) 
A

u
g

u
st

 2
5

-2
9

, 
2

0
1

4
	  



CECE 2014 27th Conference of European Comparative Endocrinologists 

203	  



CECE 2014 27th Conference of European Comparative Endocrinologists 

204	  



CECE 2014 27th Conference of European Comparative Endocrinologists 

205	  



CECE 2014 27th Conference of European Comparative Endocrinologists 

206	  



CECE 2014 27th Conference of European Comparative Endocrinologists 

207	  



CECE 2014 27th Conference of European Comparative Endocrinologists 

208	  



CECE 2014 27th Conference of European Comparative Endocrinologists 

209	  

 


