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Methods ConclusionsResults & DiscussionContext & Objec6ves

Ecosystème (fitness, selection  habitat , migration, trophic web,…)

Individu (fonct. Physio.: e.g. croissance, reproduction, métabolisme)

Population
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Conformation & activity of embedded proteins

Development & func6ons of cells and 6ssues

Fluidity and permeability of membranes
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membrane

-EPA (ecosapentaenoic acid, 20:5n-3)
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Increasing T°C

HYPOTHESIS: 
Cardiac function, which is essential for supplying the required amount of 

O2 and nutrients to the tissues, is affected

Greater energy expenditure to achieve a good swimming speed
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Ryanodin Receptor

SR

TT

SR

L-type

Conformation of ionic pumps and embedded channels in cell membranes
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Capacity of cardiomyocytes contraction
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Greater energy expenditure to achieve a good swimming speed
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Integrated Cardiac response 

Objective
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Context & Objectives Methods ConclusionsResults & Discussion

4 Experimental conditions

• 2 isolipidic & isoproteic diets with ≠ n-3 HUFA content:
• LH: 0.2% EPA+DHA
• HH: 4.8% EPA+DHA

• 2 T°C :
• 12°C: winter-like
• 20°C: summer-like in the studied area, i.e. Pertuis

Charentais)

Low n-3 x 20°C 
(LH20)

Low n-3 x 12°C 
(LH12)

High n-3 x 20°C 
(HH20)

High n-3 x 12°C 
(HH12)

for 4 months
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Hypothesis of costly cardiac strategy of Ca2+ mobilization

Ω3 availability
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INTEGRATIVE RESPONSEPREDICTION UNDER 
CLIMATE CHANGE
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Measurement of contraction capacity in response to different stimulation frequencies

• Evaluation of the involvement of sarcolemmal channels: injection of AD dose 10 nmol
(mimicking rest) & 10 µmol (mimicking exercise)
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Measurement of contraction capacity in response to different stimulation frequencies

• Evaluation of the involvement of sarcolemmal channels: injection of AD dose 10 nmol
(mimicking rest) & 10 µmol (mimicking exercise)
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• Differential expression: a transcript
can be under or over expressed
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LH12
At rest è Higher pumping capacity than in other groups

LH20
At rest è lower pumping capacity
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Variation after adding high AD

0% variation

LH12
At rest è Higher pumping capacity than in other groups
Under exercise/stress è do not change (already at its maximum when at rest)?

LH20
At rest è lower pumping capacity
Under exercise/stress è increased => higher adrenergic sensitivity than LH12? 
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• Contraction at effort = contraction at rest
• Lower adrenergic sensitivity
• Higher SR contribution increasing under

stressful conditions

LH20 LH12
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+ adrenergic receptors?
+ Ca2+ entry through sarcolemmal

channels?

SR

Ca2+

Heart contraction
Ca2+
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Ca2+

Heart contraction

Ca2+

• Contraction at effort = contraction at rest
• Lower adrenergic sensitivity
• Higher SR contribution increasing under

stressful conditions

• Greater contraction under effort
• Higher adrenergic sensitivity
• Lower SR contribution
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• Differential expression of genes involved in membrane Ca2+ transport via Ca2+ 

channels (L-type) 

• Greater number of transcripts encoding L-type channels in LH20

• 11 GO terms 'biological processes' related to the regulation of ion transmembrane
transport over-represented in LH20 vs LH12 & HH12
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• Differential expression of genes involved in membrane Ca2+ transport via Ca2+ 

channels (L-type) 

• Greater number of transcripts encoding L-type channels

• 11 GO terms 'biological processes' related to the regulation of ion transmembrane
transport over-represented in LH20 vs LH12 & HH12
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Context & Objectives Methods ConclusionsResults & Discussion

HUFA n-3 
depletion

High T°C

Assumption of a costly Ca2+ mobilisation strategy

LH20Global change
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• Higher MMR, AS and 
relative NCOT

• Proliferation of SL & SR Ca2+ channels
• Under stressful/exercise conditions (10 

µmol l-1 AD), stronger contraction force 

probably due to strong increased
extracellular Ca2+ influx through

sarcolemmal channels and SR Ca2+ stores
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Context & Objectives Methods ConclusionsResults & Discussion

HUFA n-3 
depletion

High T°C

Assumption of a costly Ca2+ mobilisation strategy

LH20Global change
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• Higher MMR, AS and 
relative NCOT

• Proliferation of SL & SR Ca2+ channels
• Under stressful/exercise conditions (10 

µmol l-1 AD), stronger contraction force 

probably due to strong increased
extracellular Ca2+ influx through

sarcolemmal channels and SR Ca2+ stores

Quelles conséquences écologiques?
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Impacted cell structure:
EPA and DHA content

Individual
(physiological function)

cell

T°C increaseDecreasing HUFA 
n-3 availability

Ryanodin
Receptor
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TT
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Hypothesis

Impacted cell function:
Impacted functionality of the 

embedded channels and receptors
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Muscle EPA level

Ø EPA could be an efficient driver in the functioning of cardiomyocyte membrane
sub-types

Ø EPA deficiency in fish cardiomyocytes would result in a higher energetic cost in
order to maintain an efficient cardiomyocyte functionality

=

<

Muscle DHA level Muscle DHA level

Muscle EPA level

Hypothesis

ConclusionsResults & Discussion
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EPA+DHA

Consommation humaine

v Oméga-3 d’origine marine (EPA et DHA) nécessaires au développement et aux
différentes fonctions vitales des organismes vivants, dont l’être humain.

v Oméga-3 d’origine terrestre (huiles végétales, précurseurs de EPA et DHA) ne sont pas
en mesure de remplacer les oméga-3 d’origine marine pour la santé humaine, car
faible bioconversion en EPA et DHA

Methods ConclusionsResults & DiscussionContext & Objectives
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Changement 
climatique

EPA+DHA

Altération  de 
la production 
en EPA & DHA

++ demande oméga 3
(++ pop. mondiale)

Consommation humaine

Impact sur qualité du poisson et sur 
ses fonctions physio. déterminantes 

pour croissance et repro.

Variabilité de quantité du stock de 
poisson et qualité/qtté en oméga3

DIPEE 30 mai 2022
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Possible limitation des oméga 3 d'ici 2040?
(Hixson et al. 2016, Colombo et al. 2020)

DIPEE 30 mai 2022
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While necessary to maintain vital functions, HUFA n-3 weakly synthetized de novo by marine 
fishes
à Must be supplied by food
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3 availability
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