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Context & Objectives Methods Results & Discussion Conclusions

N-3 long chain polyunsaturated fatty
acids (HUFA n-3 ou omega 3):
Structural components of the cell
membrane

-EPA (ecosapentaenoic acid, 20:5n-3)
- DHA (docosahexaenoic acid, 22:6n-3)
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N-3 long chain polyunsaturated fatty
acids (HUFA n-3 ou omega 3):
Structural components of the cell
membrane

-EPA (ecosapentaenoic acid, 20:5n-3)
- DHA (docosahexaenoic acid, 22:6n-3)
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Fluidity and permeability of membranes

Conformation & activity of embedded proteins

Development & functions of cells and tissues
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N-3 long chain polyunsaturated fatty
acids (HUFA n-3 ou omega 3):
Structural components of the cell
membrane

-EPA (ecosapentaenoic acid, 20:5n-3)
- DHA (docosahexaenmc acid, 22:6n-3)

DL DL
["‘[‘1‘["‘
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Conformation & activity of embedded proteins

Development & functions of cells and tissues
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Context & Objectives Methods Results & Discussion Conclusions

While necessary to maintain vital functions, HUFA n-3 weakly synthetized de novo by marine
fishes
= Must be supplied by food

5eéme Congres de Physiologie et Biologie Integrative — Lyon —Juin 2022



Context & Objectives Methods Results & Discussion Conclusions

While necessary to maintain vital functions, HUFA n-3 weakly synthetized de novo by marine
fishes

= Must be supplied by food

Delta 6 désaturase l
Low enzymatic activities in marine 18:4 n-3
fIShES C18-C20 élongase l

Delta 5 désaturase l

—

C20-C22 élongase l

22:5n-3

C22-C24 élongase i
24:5 n-3

Delta 6 désaturase l
24:6 n-3

B-oxydation l
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While necessary to maintain vital functions, HUFA n-3 weakly synthetized de novo by marine
fishes

- Must be supplied by food

Global change

Secondary
consumers

Primary Shift assemblages and modif. physml
consumers ;
f | Altération de
fcroa gae la production
(d|atoms) < 4| (e en EPA & DHA

Decreased
EPA+DHA
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Methods Results & Discussion Conclusions

While necessary to maintain vital functions, HUFA n-3 weakly synthetized de novo by marine

fishes

- Must be supplied by food

Secondary
consumers

Primary
consumers

Microalgae
(diatoms)

Decreased
EPA+DHA

Global change

Decreasing HUFA n-
3 availability

Shift assemblages and modif. physml

Altération de
la production
en EPA & DHA
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While necessary to maintain vital functions, HUFA n-3 weakly synthetized de novo by marine
fishes

= Must be supplied by food

Global change

T°C increase

i

Cell structure
regulation
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While necessary to maintain vital functions, HUFA n-3 weakly synthetized de novo by marine
fishes

- Must be supplied by food

Global change

T°C increase

structure
- fonction

Secondary
consumers

Y

Individual
(physiological function)

Decreasing HUFA
Primary n-3 availability .
consumers (Reproduction, growth, survival)
Microalgae
(diatoms)
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Increasing T°C

HUFA n-3

deficiency Individual

(physiological functions)
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Greater energy expenditure to achieve a good swimming speed
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Increasing T°C

HUFA n-3
deficiency

HYPOTHESIS:
Cardiac function, which is essential for supplying the required amount of
O, and nutrients to the tissues, is affected

)

Greater energy expenditure to achieve a good swimming speed
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Context & Objectives

Methods

Cardiac function in fish

Ryanodine Rc

Results & Discussion

Sarcolem channels
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T°C increas HUFA n-3
deficiency

Conformation of ionic pumps and embedded channels in cell membranes

Ca™ 3Na* 2K*
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Capacity of cardiomyocytes contraction

202

Greater energy expenditure to achieve a good swimming speed
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Objective
T°C increase

HUFA n-3 Jr

deficiency Individual

(physiological function)

Integrated Cardiac response

INDIVIDUAL CELLULAR MOLECULAR
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SE_BLOBO_0CCO8T 8030 E0e
CTGTGATTCGAAGACTGCATAGTAC
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4 Experimental conditions

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

e 12°C: winter-like
e 20°C: summer-like in the studied area, i.e. Pertuis
Charentais)

High n-3 x 20°C High n-3 x 12°C
(HH20) (HH12)

for 4 months
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4 Experimental conditions

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

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

T wr—
[/ﬁ (/ﬁ

High n-3 x 20°C High n-3 x 12°C
(HH20) (HH12)

for 4 months .
INTEGRATIVE RESPONSE
INDIVIDUAL CELLULAR MOLECULAR
Swimming test In vivo heart performance RNA seq
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INDIVIDUAL

Swimming test

Step-protocol (Brett, 1964)
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INDIVIDUAL

Swimming test

Step-protocol (Brett, 1964)

a
Speed Maximum Metabolic Rate
B Exhaustion MMR .
'5 Aerobic Scope
aQ (MMR-SMR)
> c
Ucrit —%---—-é---
3
] SMR
o Standard Metabolic Rate
02 consumption (MO,)
> N _ (MMR-SMR)
Time Net cost of swimming = ST
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CELLULAR

In vivo heart performance

Measurement of contraction capacity in response to different stimulation frequencies

Ca™ 3Na* 2K*
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* Evaluation of the involvement of sarcolemmal channels: injection of AD dose 10 nmol
(mimicking rest) & 10 umol (mimicking exercise)
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CELLULAR

In vivo heart performance

Measurement of contraction capacity in response to different stimulation frequencies
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[ contraction [ relaxation

e Evaluation of the involvement of sarcolemmal channels: injection of AD dose 10 nmol
(mimicking rest) & 10 umol (mimicking exercise)

* Evaluation of SR involvement: injection of RYA to block ryanodine receptors, after injection
of basal & stress AD
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Methods

RNA seq
1. RNA extraction  ~ 2.cDNA libraries > 3. Sequencing
aacgtccaaaggagt
ttacctacggctaa
m— s
AAAAAA gtccaaaggagt
it ttcgagcatacgact
—— ecateaaatant
AAAAAAq:fTAﬁAT% attacgtacggg?aag o
TTITTT
Me——1 tacgtgcttacgagt
ETTTTTTTAAAAAA tacgtgcttacgagt
e atcgaaggctagctat
atcgaaggctagctat

> 4. Analyses
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MOLECULAR

RNA seq

1. RNA extraction 2. cDNA libraries 3. Sequencing 4. Analyses

5. Analyses

» Differential expression: a transcript
can be under or over expressed

f Over-expression

‘ Under-expression
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MOLECULAR

RNA seq

1. RNA extraction 2. cDNA libraries 3. Sequencing 4. Analyses

5. Analyses

 Differential expression: a transcript »' Functional enrichment => gene ontology
can be under or over expressed (GO) terms

f Over-expression Is there over-represention of a functional
> process (biol. process/cell. component/

‘ Under-expression mol. function) ?
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Results & Discussion

Swimming test

SMR (mg O,

Uerse
Gowp  (BLs™) kg~'h)
HH20 88404 2012222
(n=14)  (r=16)
LH20 91103 23.643.0°
(n=13)  (=12)
HH12 96403 37.4#4.1°
(n=14) (r=12)
LH12 91203 279439
(=12)  (r=12)
Statistics NS Temp™
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INDIVIDUAL

Swimming test

Uerie SMR (mg O, MMR AS NCOT

Growp  (BLs™) kg'h") (mgOkg'h™') (mgOzkg~'h™") (mgO;kg'm™)
HH2 88204 2012220  2116#10.0°  191.24104° 22431.4°
(n=14)  (n=16) (n=14) (n=14) (n=13)
91403 23643.0°  2349472° 2138163 | [239:10° |
(n=13) (r=12) (n=13) (n=12) (n=13)
HH12 96203 374341  578+13.1° 128.64138° 129415
(n=14)  (n=12) (n=10) (n=11) (n=11)
91403 270439  1355:107°  1005¢05° | [ 120:15° |
(n=12) (r=12) (n=11) (n=10) (n=10)
Statistics NS Temp™ FoodxTemp* FoodxTemp® Temp™

MMR and AS highest in LH20, and lowest in LH12
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Results & Discussion

In vivo heart performance

AD repos

Sh ¢ Temp x Freq x Food **
T —A— HH20
£ 0.8 --A-- HH12
£ | —e~ LH20
S =~ LH12
S 0.4 \
*
802-

0.0 -

1 ) 1 I
00 05 10 15 20 25
Stimulation frequency (Hz)

LH12
At rest =» Higher pumping capacity than in other groups

LH20
At rest =» lower pumping capacity
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Context & Objectives

CELLULAR

In vivo heart performance

AD repos
G Temp x Freq x Food **

~ 10 T\N
IS
£ 0.8
£
=~ 0.6
g 0.4 Qi—_QQ” \ %
o’
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I 1 I
00 05 1.0 1.5

Stimulation frequency (Hz)

2.5

Methods
£ 80 -
~A— HH20 o
-A-- HH12 260-
= LH20 B o
— LH12 &
S 20
(& ]
5 -
[
Qo
B -20 -
5
T >_40q

Results & Discussion

Conclusions

Freq x Food *

=

- = (% variation

Variation after adding high AD

LH12

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

LH20

At rest =» lower pumping capacity
Under exercise/stress =» increased => higher adrenergic sensitivity than LH12?

3

| Higher AD sensitivity in LH20 than in LH12 I
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CELLULAR

In vivo heart performance

AD repos + RYA

o ~— - - - - - - —+ HH20 TemPXFOOd:**

§ G Temp x Freq *** ™1 Usually lower SR 20 ~A- HH12 Temp x Freq
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CELLULAR

In vivo heart performance

AD repos + RYA

. N = - - - .-_ B HH20 TCmeFOOd:**

&\o, 0 —---_._._.'}e_mp erq; — - — - — UsuaIIy lower SR 20 ~A- HH12 Temp x Freq

c contribution o e

S .20 1 0 - 4 0% variation

C

° -20 -

§-40 1

Q -40

S.60 -

5 \ -60 -

5-80 _ [Q Usually higher SR

5 A i -80 -

> contribution T T T T T T

: I ' ] ] . 00 05 10 15 20 25
Stimulation frequency (Hz)

I —> LH12: Higher SR contribution reinforced under stressing conditions I
I = LH20: Lower SR involvement than in other groups? I
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LH20 | LH12

CELLULAR

In vivo heart performance

e @Greater contraction under effort * Contraction at effort = contraction at rest
* Higher adrenergic sensitivity * Lower adrenergic sensitivity
*  Lower SR contribution * Higher SR contribution increasing under

stressful conditions
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Context & Obijectives Methods Results & Discussion Conclusions
LH20 | LH12
CELLULAR

In vivo heart performance

e @Greater contraction under effort .
* Higher adrenergic sensitivity .
*  Lower SR contribution .

+ adrenergic receptors?
+ CaZ* entry through sarcolemmal

channels?

—_— Ca2 a2+
7_ Heart contractlon

Contraction at effort = contraction at rest
Lower adrenergic sensitivity

Higher SR contribution increasing under
stressful conditions

Ca - 2+
—
* /Ca

Heart contraction
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Context & Obijectives Methods Results & Discussion Conclusions

LH20 | LH12

MOLECULAR

RNA seq

» Differential expression of genes involved in membrane Ca?* transport via Ca?*
channels (L-type)

e 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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Context & Obijectives Methods Results & Discussion Conclusions

LH20 | LH12

MOLECULAR

RNA seq

» Differential expression of genes involved in membrane Ca?* transport via Ca?*
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

* Higher number of transcripts encoding
RYA receptors

* GO terms involving SR only over-
represented in LH20 (e.g. GO
"regulation of Ca%* release from the
cytosol by SR")
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Context & Obijectives Methods

Global change

Results & Discussion Conclusions

LH20

INTEGRATIVE RESPONSE

MOLECULAR

CELLULAR INDIVIDUAL

RNA seq

In vivo heart performance  Swimming test

High T°C

Proliferation of SL & SR Ca%* channels
Under stressful/exercise conditions (10 * Higher MMR, AS and

umol It AD), stronger

probably due to strong increased
extracellular Ca%* influx through
sarcolemmal channels and SR Ca,, stores

contraction force relative NCOT

HUFA n-3
depletion

2

Assumption of a costly Ca2* mobilisation strategy
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Context & Obijectives Methods

Global change

Results & Discussion Conclusions

LH20

INTEGRATIVE RESPONSE

MOLECULAR

CELLULAR INDIVIDUAL

RNA seq

In vivo heart performance  Swimming test

High T°C

Proliferation of SL & SR Ca%* channels
Under stressful/exercise conditions (10 * Higher MMR, AS and

umol It AD), stronger

probably due to strong increased
extracellular Ca%* influx through
sarcolemmal channels and SR Ca,, stores

contraction force relative NCOT

HUFA n-3
depletion

2

Assumption of a costly Ca2* mobilisation strategy

Quelles conséquences écologiques?
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Context & Objectives Methods Results & Discussion

Hypothesis Decreasing HUFA T°C increase
Impacted cell structure:

n-3 availability % /
EPA and DHA content

\ g =

Ryanodin - Y
. Receptor l
Impacted cell function: pa—| b
Impacted functionality of the
embedded channels and receptors 4 ca” U
ol
(Sppppp—tbitiiit > < %—-@
S G L
.'
Individual

(physiological function)
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Context & Objectives Methods Results & Discussion

Hypothesis
LH20 LH12 |
Muscle DHA level = Muscle DHA level
Muscle EPA level < Muscle EPA level

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

» EPA deficiency in fish cardiomyocytes would result in a higher energetic cost in
order to maintain an efficient cardiomyocyte functionality
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PREDICTION UNDER
CLIMATE CHANGE

INTEGRATIVE RESPONSE

INDIVIDUAL CELLULAR MOLECULAR

Swimming test In vivo heart performance RNA seq

Cardiomyocyte

A ‘j". Y7 Sarcoplasmic
— Reticulum

channel
Caz+ Ca2+

.
“‘
°

Heart contractlon

Temperature
g 4 2

vailability YV

Increased O, consumption to swim at a Low SR contribution Down-regulation of the.release
iven velocit of sequestrated CaZ*in SR
g y L-type C prioritized (G00010881 & GO0010880)

) ! 8 ' 4

Hypothesis of costly cardiac strategy of Ca2* mobilization




Context & Objectives Methods Results & Discussion Conclusions

/

* Oméga-3 d’origine marine (EPA et DHA) nécessaires au développement et aux

différentes fonctions vitales des organismes vivants, dont I'étre humain.

/

s* Omeéga-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

Consommation humaine

P §

S
do
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Changement Impact sur qualité du poisson et sur —
climatique ses fonctions physio. déterminantes Omegd
pour croissance et repro.

Altération de s W
. Variabilité de quantité du stock de
la production

en EPA & DHA poisson et qualité/qtté en oméga3

270 D
IZX
252

EPA+DHA

Consommation humaine

++ demande oméga 3 4
(++ pop. mondiale) ‘ ’n\

DIPEE 30 mai 2022
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Impact sur qualité du poi .

p : q : p10|550|'1 et sur —

ses fonctions physio. déterminantes ome g a
pour croissance et repro.

Altération de
Variabilité de quantité du stock de

la production . o . .
en EPA & DHA poisson et qualité/qtté en oméga3

(Hixson et al. 2016, Colombo et al. 2020)

Consommation humaine

p §
- In\

57
& 4 Possible limitation des oméga 3 d'ici 20407
4

++ demande oméga 3

(++ pop. mondiale)

DIPEE 30 mai 2022
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Context & Objectives Methods Results & Discussion Conclusions

While necessary to maintain vital functions, HUFA n-3 weakly synthetized de novo by marine
fishes

= Must be supplied by food

Delta 6 désaturase l
Low enzymatic activities in marine 18:4 n-3
fishes and Humans C18-C20 dlongase l
20:4 n-3
Delta 5 désaturase l
EPA
C20-C22 élongase l
22:5n-3
C22-C24 élongase l
24:5 n-3
Delta 6 désaturase l
24:6 n-3
3-oxydation l
[zz53] | DHA
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Context & Objectives

Methods
fishes

Results & Discussion
While necessary to maintain vital functions, HUFA n-3 weakly synthetized de novo by marine
- Must be supplied by food

Conclusions
Decreasing HUFA n-
3 availability
2% 0
Q & —>\>F\ —
& 502

structure
-> fonction
/ \ Individual
EPA+DHA (physiological function)
(Reproduction, growth, survival)
Human consumption
1
I"\
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Context & Objectives Methods Results & Discussion Conclusions

While necessary to maintain vital functions, HUFA n-3 weakly synthetized de novo by marine
fishes

- Must be supplied by food

Global change

| Cell structure
“modif.

Secondary
consumers
Decreasing HUFA n-
3 availability
Primary
consumers A\
Shift
I\:Ilfczoalgae assemblages
[elzirag) and modif.
Less HUFA n-3 physiol

production
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