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- Hepatic glycogen ↑
- Muscle proteins ↓
- Plasma free fatty acids ↑

Modified from
S.E. Bonga, 1997 - Cardiac function ↑

- Gill blood flow             ↑
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- Immunological functions ↑↓

- Immunological functions ↓ 
- Reproduction ↓
- Growth ↓



How does Cortisol Act?How does Cortisol Act?ow does Co so c ?ow does Co so c ?
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Glucocorticoid Receptor in European Sea BassGlucocorticoid Receptor in European Sea BassG ucoco co d ecep o u ope Se ssG ucoco co d ecep o u ope Se ss

Two isoforms that differ significantly in their transcriptional 
activation domain (GR54 & GR61)activation domain (GR54 & GR61)

GR54 - AY549305GR54 - AY549305

GR expression levels in liver tissue 
of adult sea bass in response to high GR61 (AY619996) expression levelsof adult sea bass in response to high
rearing densities (Terova et al., 2005) in tissues of larval stages of sea bass 

(Bella et al., 2008)



The cortisol stress response in European Sea BassThe cortisol stress response in European Sea Basse co so s ess espo se u ope Se sse co so s ess espo se u ope Se ss

Up to present the stress response has been studied mainly Up to present the stress response has been studied mainly 
i j il d d lt fi hi j il d d lt fi hin juvenile and adult fishin juvenile and adult fish
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Recently research has been focused on theRecently research has been focused on theece y ese c s bee ocused o eece y ese c s bee ocused o e

Ontogenesis and molecular regulation of Ontogenesis and molecular regulation of 

the corticosteroid stress axisthe corticosteroid stress axis during earlyduring earlyg yg y

developmentdevelopment

GilthGilth--head sea bream, head sea bream, Sparus aurataSparus aurata ((Szisch et al., 2005)
E bE b Di h l bDi h l b (( llll ll ))European sea bass, European sea bass, Dicentrarhus labraxDicentrarhus labrax ((Bella Bella et al.,et al., 20082008))
Zebrafish, Zebrafish, Danio rerioDanio rerio ((Alsop & Vijayan, 2008; 2009Alsop & Vijayan, 2008; 2009))
Red drumRed drum Sciaenops ocellatusSciaenops ocellatus ((ApplebaumApplebaum et alet al 20082008))Red drum, Red drum, Sciaenops ocellatusSciaenops ocellatus ((Applebaum Applebaum et al.,et al., 20082008))



Aims of the StudyAims of the Study

Onset of cortisol productionOnset of cortisol production

s o e S udys o e S udy

pp
Development of cortisol responseDevelopment of cortisol response
Molecular regulation of the stressorMolecular regulation of the stressor--induced cortisol responseinduced cortisol response

During early life stages inDuring early life stages in

European sea bass                      Gilt-head sea bream



Cortisol whole body concentration during early Cortisol whole body concentration during early 
t i ilth d bt i ilth d b SSontogeny in gilthead sea bream, ontogeny in gilthead sea bream, Sparus aurataSparus aurata
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Cortisol whole body concentration during early Cortisol whole body concentration during early 
t i E bt i E b D l bD l bontogeny in European sea bass, ontogeny in European sea bass, D. labraxD. labrax
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Ontogenesis of the stress responseOntogenesis of the stress response
i E bi E b D l bD l bin European sea bass, in European sea bass, D. labraxD. labrax
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Ontogenesis of the glucocorticoid receptor mRNAOntogenesis of the glucocorticoid receptor mRNA
i E bi E b D l bD l bin European sea bass, in European sea bass, D. labraxD. labrax
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Ontogenesis of the glucocorticoid receptor mRNAOntogenesis of the glucocorticoid receptor mRNA
i ilti ilt h d bh d b SSin giltin gilt--head sea bream, head sea bream, S. aurataS. aurata
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ConclusionsConclusionsConclusionsConclusions

1a.1a. The The ontogenetic patternontogenetic pattern of basal whole body cortisol of basal whole body cortisol 
t ti i b th i i dt ti i b th i i d t i lt i l f th tf th tconcentrations in both species examined was concentrations in both species examined was typicaltypical of that of that 

observed in other teleostsobserved in other teleosts
1b.1b. However, the magnitude of the response was However, the magnitude of the response was much highermuch higher in in , g p, g p gg

European sea bassEuropean sea bass than that reported in other warmthan that reported in other warm--water water 
teleoststeleosts

22 ThTh f i l i bf i l i b i f t l i ii f t l i i2a.2a. The The presence of cortisol in embryospresence of cortisol in embryos is of maternal origin as is of maternal origin as 
has been previously observed in other teleostshas been previously observed in other teleosts

2b.2b. TheThe onset of cortisol productiononset of cortisol production ((de novode novo synthesis) occurssynthesis) occurs2b.2b. The The onset of cortisol productiononset of cortisol production ((de novode novo synthesis) occurs synthesis) occurs 
near the transition from near the transition from endogenous to exogenous feedingendogenous to exogenous feeding, , 
indicating that cortisol biosynthesis is important for adapting indicating that cortisol biosynthesis is important for adapting 
to different nutritional sources for energetic growth andto different nutritional sources for energetic growth andto different nutritional sources for energetic, growth and to different nutritional sources for energetic, growth and 
osmoregulatory purposesosmoregulatory purposes



3a. 3a. Application of the same stressor during early ontogeny Application of the same stressor during early ontogeny 
elicits a significant increase in whole body cortisol content elicits a significant increase in whole body cortisol content 

tt th ith ieven at even at mouth openingmouth opening
3b3b.. The dynamics of the response showed changes during the The dynamics of the response showed changes during the 

subsequent larval stages to give a subsequent larval stages to give a maximum responsemaximum response at the at the q g gq g g pp
melanophores’ stagemelanophores’ stage

4a.4a. Expression of the GRs was detected in embryos and in all Expression of the GRs was detected in embryos and in all 
larvae stages examinedlarvae stages examined

4b4b Expression of GRs wasExpression of GRs was differentdifferent between the twobetween the two speciesspecies4b.4b. Expression of GRs was Expression of GRs was differentdifferent between the two between the two speciesspecies
examined and between the examined and between the two isoforms in European sea two isoforms in European sea 
bassbass



8.8. The The GR61 GR61 transcriptstranscripts show an show an increaseincrease throughout throughout embryonicembryonic
development to reach a development to reach a maximum at first feeding and at full maximum at first feeding and at full 

formation of scalesformation of scales

9.9. TheThe GR54GR54 transcriptstranscripts showshow9. 9. The The GR54 GR54 transcriptstranscripts show show 
an an increaseincrease throughout throughout 
embryonicembryonic development till           development till           

th i t hth i t hmouth opening to reach a mouth opening to reach a 
peak at peak at full formation of full formation of 
scalesscales

10. 10. The The GR GR transcriptstranscripts in giltin gilt--head sea bream showed a peak at head sea bream showed a peak at 
first feedingfirst feeding and thenand then a decrease to reach aa decrease to reach a minimumminimum atat fullfullfirst feeding first feeding and thenand then a decrease to reach a a decrease to reach a minimumminimum at at full full 
formation of scalesformation of scales



Future PerspectivesFuture PerspectivesFuture PerspectivesFuture Perspectives

Characterization of the GRs in giltCharacterization of the GRs in gilt--head sea breamhead sea bream

Individual functions of the two GRs isoforms in European seaIndividual functions of the two GRs isoforms in European seaIndividual functions of the two GRs isoforms in European sea Individual functions of the two GRs isoforms in European sea 
bass ?bass ?

What is the adaptive significance of the What is the adaptive significance of the differences in the 
magnitude of the stress response in developing larvae ??
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