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Sea bream OXPHOS
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www.nutrigroup-iats.org/seabreamdb Mitochondria main cellular function is ATP

production
Sparus aurata %
transcriptomic database
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Number & activity of mitochondria reflect
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SnGGUn R e ae e e ; . cell energy requirements
Select database and search: Options: y
base: seabream_ni_ced_v1 [] Expect [10 uatric BLOSUMZ0[+]

Search program: blastn ] Limit to n best alignments: [50

Mitochondria is highly regulated at

i <. transcriptional and transductional levels

By terms.
GO ID (eg.:GO:0006863): GOs containing words:
Search @ Il words
Scarc mode (or mutile worcs) ringat o

© Containing any of thess words

GO term “mitochondrion” (~1100 genes)

the Gene Ontology
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926 mitochondrial-related genes are represented in
the Nutrigroup transcriptome database
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Sea bream OXPHOS
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”%M Fsandciiey RO SIC “Fish and Chips” tool gathers almost all public fish
T e BT transcriptome data (> 350 microarrays) in a vast
array of challenged conditions

This meta-analysis highlights the key role of
mitochondriato cope with adaptive cellular stresses

http://fishandchips.genouest.org
in fish and sea bream in particular

M Boshiol 2019 16323433 Cglduch-Giner et al., 2014, Marine Biotechnol.
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ORIGINAL ARTICLE

Transcriptional Assessment by Microarray Analysis

and Large-Scale Meta-analysis of the Metabolic Capacity of Cardiac
and Skeletal Muscle Tissues to Cope With Reduced Nutrient
Availability in Gilthead Sea Bream (Sparus aurata 1.)

Jusep A Calduch-Giner « Yann Eelasserian «

DMego Crespo - Daniel Baron - Josep Vo Planas «
Parick Pronet « Jaume Péree-Sdnches
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AQUAEXCEL Partners Present an Online Tool for
Meta-Analysis of Fish Genomic Data

Cellular
stresses
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cortisolism energy
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Sea bream OXPHOS
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Outer & Inner membrane
translocases (15
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Pathway-focused
array of 60 selected
markers of
mitochondrial
activity & biogenesis

Bermejo-Nogales et al., 2014,
General and Comparative

Endocrinology oo ¥ A is (6
% ) poptosis (6) |
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Sea bream OXPHOS

“Chronic environmental stress”

AND YOU THOUGHT
THERE WAS STRESS
IN YOUR LIFE

Changes in water temperature

INSTITUTE OF MARINE RESEARCH

HAVFORSKNINGSINSTITUTTET

Changes in water level & chasing

Multiple sensory perception random stressors
(Sound & tank shaking, window wiper in water, water flow reversal,
light flashes)

1l < /' 2] 3 | 4 | 5 | 6 | 7 | 8 | o | 10 | 11 | 12 |

Hsp10 CAT ACAA2  IDH3B Tom22 Tim13 MIFFB PERP PPC1  PPC1
BE  Dnasasa GPX4  CPTIA  IDH3G Tom7 Tim8A  MIROIA  GABPA PPC2  PPC2
DnaJC20 GR CPTIB  COX4a Tom5 Tim22 MIRO2 m{TFA PPC3  PPC3
BN Hspeo GST3 ECH uCP1 Tim44 Tim10 AIFM1 NRF1 PPC4  PPC4
Grp-75 PRDX3  HADH ucp2 Tim23 Tim9 AIFM3 PGC1a NPC  NPC
DER-1 PRDX5 cs UCP3 Tim17A FIS1 BAX PGC1B ACTB  ACTB
ERdj3 sob1 IDH1 Tom70 Tim16 MFN1 BCL2
Grp170 SoD2 IDH3A ~ Tom34 Tim14 MFN2 BCLX
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Sea bream OXPHOS

Chronic stress phenotyping s e NS RN
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Nuclear [ . :
transcription factors [|— —ca = » The hepatic transcriptome reflects the type and
= NRF1 2.32* 0.88 0.71* . . .
T NRF2 | 18 0.86 072 intensity of stressor disturbance:
Oxidative [ [ CPTIA [N oo [OSZ - T-ST: adaptive response to cope with the temperature
taboli k o .
etabofism markers ACAA2 | 097 0.8 0.66 decreased and low basal metabolism
CS 1.81* 0.9 . 064"
Outer membrane " Tom70 1.61* 0.95 0.97 . . . ”
translocation |4 Tom3a| 144 103 084 * C-ST: No response/ fish habituation to stressful condition
| b I L Tom22 2.11* 1.29 143
fer mem (r;;‘sl‘;;‘“ "“:“; Timdd | 145 113 0.89 * M-ST: Phenotype of “low power mitochondria”/low ROS
I complex - . . .
< Tim23| 138 1.27 1 production/ adaptive response to cope with an enhanced
Inner membrane translocases |- Ti.mSA 1.04 0.86 0.73* risk of oxidative stress
(TIM22 co mplex) | Tim10 1.72* 0.93 0.96 General and Comparative Endocrinalogy 205 (2014) 305-315
Tim9 1.61* 0.6 0.83 Contents lists available at ScienceDirect
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Molecular chaperones mtHsp60 | 1.97* 0.86 0.79 General and Comparative Endocrinology
mlHSp70 141* 0.98 0.87 journal homepage: www.elsevier.com/locate/ygcen
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Antioxidant enzyme | ——— GR 1.22* 0.97 1.01
Metabolic and transcriptional responses of gilthead sea bream (Sparus @Cmgsmfk
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Sea bream OXPHOS
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OBJECTIVES

1. To define the molecular identity of an almost
complete set of enzyme subunits of OXPHOS
pathway (catalytic, regulatory, assembly
factors)

2. To develop a powerful pathway-focused array
for simultaneous gene expression profiling of
OXPHOS (96-well PCR-array/automated liquid
handling robot)

3. To identify the most responsive enzyme
subunits of OXPHOS pathway in a tissue-
specific manner, “fasting model”
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Sea bream OXPHOS

mm VMOLECULAR IDENTITY — 7]

 Extensive BLAST searches
www.nutrigroup-iats.org/seabreamdb

* Nucleotide sequence analysis & manual curation

« Unequivocal annotation of an almost complete set
of mitochondrial- and nuclear-encoded genes of
OXPHQOS pathway

. 97 new sea bream sequences uploaded to
GenBank (KC217558-KC217654)
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Sea bream OXPHOS

Complex | is the largest enzyme complex varying from 14

subunits in prokaryotes to 45 in mammals
NADH functions as electron donor of Complex |

Complex |
A A A A AR AAAR AR
U R
 Sea bream Complex | Bold: catalytic subunits (mtDNA)
* 40 enzyme subunits (4 mtDNA+ 37 nDNA) Regular: catalytic & regulatory subunits (nDNA)
« 1 assembly protein Italics: assembly proteins (nDNA)

| Npt | ND2 | ND5 | ND6 |

NDUFAL | NDUFA2| NDUFA3| NDUFA4| NDUFA4-L2| NDUFAs | NDuras| nNDUFA7 | NDuras| NDuFas| NDuFaio | NDUFA11 | NDUFA12 | NDUFA13
NDUFB1 | NDUFB2| NDUFB3| NDUFB4| NDUFBS5| NDUFB6| NDUFB7| NDUFBS| NDUFB9| NDUFB10 | NDUFBLL| NDUFCL | NDUFC2

| NDUFS2 | NDUFS3 -|_ NDUFS4|_ NDUFS5 |_ NDUFS6 |_ NDUFS7 I_ NDUFV1 l_ NDUFV2 I_ NDUFV3 —|
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Sea bream OXPHOS

Complex Il is entirely encoded by nDNA

FADH, functions as electron donor of Complex |l

Complex Il
/]

A A AR A A A A AR AR AR RAAARANA
(T TR

« Seabream Complex Il Bold: catalytic subunits (mtDNA)
* 4 enzyme subunits Regular: catalytic & regulatory subunits (nDNA)
« 2 assembly proteins Italics: assembly proteins (nDNA)

SDHB

SDHAF1 | SDHAF2
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Sea bream OXPHOS

Complex Il is encoded by nDNA with the exception of CYB
Transports electrons to Complex IV

LSS RSaARATY
P A

NA

« Seabream Complex Il Bold: catalytic subunits (MtDNA)
* 12 enzyme subunits (ImtDNA +11nDNA) Regular: catalytic & regulatory subunits (nDNA)
« 1 assembly proteins Italics: assembly proteins (nDNA)

cyc1 | UQcrrs1 U UQCRC2 RH| wuacrs | uacra M
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Sea bream OXPHOS

Complex IV is encoded by mtDNA and nDNA
Oxygen serves as the final electron acceptor

AR ARRARY
T
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H*

+ Seabream Complex IV Bold: catalytic subunits (MtDNA)
* 20 enzyme subunits (3 mtDNA +17 nDNA) Regular: catalytic & regulatory subunits (nDNA)
« 3 assembly proteins Italics: assembly proteins (nDNA)

|_coxi [ coxii | coxin |

SRRSO coxsai| coxSaz| coxsbi| coxsba| coxea1| coxea2| coxebia| coxebib| coxec| cox7al | cOx7a2
T o | oo |

| cox15 | surF1 | sco1i |
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Sea bream OXPHOS
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Complex V

ADP + Pi ATP
"

NA

H*

« Seabream Complex V
« 15 enzyme subunits (2 mtDNA +13 nDNA)

« 1 assembly protein

Bold: catalytic subunits (mtDNA)
Regular: catalytic & regulatory subunits (nDNA)

Italics: assembly proteins (nDNA)

ATP6 | ATP8

ATP5C1| ATPSD | AWPSE | ATPSF1| ATPSG1| ATPSH [  ATPSI | ATPS)2 |

ATP5L| ATP50 | o0scp1
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Complex | Complex Il Complex I Complex IV Complex V

ADP + Pi ATP
e

Complex I (40 enzyme subunits; 1 assembly protein)

| ND1 | ND2 | ND5 | ND6 |
NDUFA1 | NDUFA2| NDUFA3| NDUFA4| NDUFA4-12| NDUFA5| NDUFA6| NDUFA7| NDUFA8| NDUFA9| NDUFA10| NDUFA11| NDUFA12| NDUFA13
NDUFB1 | NDUFB2] NDUFB3| NDUFB4| NDUFB5| NDUFB6| NDUFB7| NDUFBS| NDUFBS| NDUFB10| NDUFB11| NDUFCL | NDUFC2 |

| NDUFS2[ NDUFs3 [ NDUFs4| NDUFSS NDUFS6| NDUFS7| NDUFVi| NDUFv2| NDUFV3 |

. .
Complex 111 (12 enzyme subunits; 1 assembly protein)

Complex 11 (4 enzyme subunits; 2 assembly proteins) E

luslliel 5018 | SOHC |5DHD | |_cve1 [ uacrrs1] UQEREH uacrc2 [TUQCRH| uacke| uacka [ UQCR10] uQcRii-A[ uackiiB |

| SDHAF1 | SDHAF2 | e

Complex 1V (20 enzyme subunits; 3 assembly proteins)
COXI COoxll

COX582]| COxsbi| COXSb2| coxeal| coxea2| coxebia| coxebib| coxéc| cox7al [ cox7a2
coxsa | coxsb
sco1 |

[NCOXETINEONER] coxsa1 ]
Lo coxc ST

coxi5 | SURF1 |

Complex V (15 enzyme subunits; 1 assembly protein)
ATP6 | ATP8

| ATPSAL
ATPAF2

~ ATP5D| _l ATP5F1 | ATP5G1| ATP5H ATP5I ATP5J2 ATP5L ATP50 OSCP1
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Sea bream OXPHOS

Two pathway-focused arrays for
mitochondrial gene expression profiling
WWW.nutrigroup-iats.org

MITO-chip

[7] 60 genes

[ ] 52 new sequences

Oxidative metabolism &
respiration uncoupling, 13

D Antioxidant defence, 7

D Protein transport/
folding/assembly, 23

D Mitochondria dynamics, 6

D Apoptosis, 5

C_s_lc WWww.nutrigroup-iats.org

OXPHOS-chip

D 88 genes . s6-wel

384-wel
PCR Arrays PCR Arrays

D 86 new sequences T 138833383

Hi

D Complex I, 6

|| complexm, 13

Hi

pEE

ii

[] complexiv,22

D Complex V. 13
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Sea bream OXPHOS

Experimental design
“Fasting model”

Weight gain
18-20%

W5 et 82 L N www.nutrigroup-iats.org AE 2014, San Sebastian SNWEXCEL
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Sea bream OXPHOS

72 out of 88 are differentially regulated genes

Liver, fasting down-regulated response '

Complex! Complex It Complex Il ComplexIV ComplexV

Red: catalytic subunits, mtDNA/NnDNA encoded
Black: regulatory subunits, nDNA encoded
Blue: assembly proteins, nDNA encoded

i w@”ﬁ‘}‘v” b

Complex | Complex Il Complex 1l Complex IV Complex V

ND2 NDUFB2 SDHA CYB COXI ATP5A1

ND5 NDUFB3 0.70 SDHC UQCRFS1 0.57 Coxll ATP5B

NDUFA1 NDUFB4 - SDHD UQCRC1 0.64 coxii ATP5C1

NDUFA2 NDUFBS 0.57 SDHAF2 UQcRC2 | 051  COX4a ATPSD 0.55
NDUFA3 NDUFB6 0.54 UQCRH 0.67 COX4b ATP5E

NDUFA4 0.61 NDUFB9 0.57 UQCRB 0.56 COX5a2 ATP5F1

NDUFA4-L2 NDUFC1 0.64 uQcCRQ - COX5b2 ATP5G1

NDUFAS5 NDUFS2 - UQCR10 COX6a2 ATPSI 0.54
NDUFAG6 0.72 NDUFS4 UQCR11-A 0.69 COX6bla 0.56 ATP5J2 _
NDUFA7 0.69 NDUFS5 0.58 UQCR11-B 0.63 COX6b1b 0.58 ATP5L 0.63
NDUFA8 0.63 NDUFS7 COX6cl _ ATP50 _
NDUFA9 NDUFV1 COX7al

NDUFB10 NDUFV2 COX7a2

NDUFB11 NDUFV3 COX7b

NDUFA12 NDUFAF2 COX7c

COX8b
; A AQUA
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Sea bream OXPHOS

WSK (glycolytic muscle), fasting up-requlated response
29 out of 88 are differentially regulated genes

Red: catalytic subunits, mtDNA/nDNA encoded
Black: regulatory subunits, nDNA encoded
Blue: assembly proteins, nDNA encoded

Complex | Complex lI Complex Il Complex IV Complex V
NDUFA1 1.35 SDHB 1.56 UQCRFS1 1.39 COX5A1 1.87 ATP50 1.56
NDUFA4 1.28 SDHC 1.52 UQCRC1 1.98 COX5A2 1.90 ATP5A1 1.55
NDUFA6 1.45 SDHD 1.43 UQCRC2 1.95 COX8B 1.44

NDUFA7 1.72 UQCRH 1.53 sco1 278

NDUFA8 1.29 uQcrQ 1.46 SURF1 1.93

NDUFB5 1.68 UQCR10 1.70

NDUFB9 1.46 vacc 2.03

NDUFB10 1.45
NDUFC2 1.54
NDUFS4 1.43
NDUFS7 1.60

NDUFAF2 | 2.30 4 2 A Q U A
E E

AE 2014, San Sebastian
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Sea bream OXPHOS

Cardiac muscle (highly aerobic tissue), fasting up-requlated response ¢ -

10 out of 88 are differentially regulated genes A A

mmmmmmmmm

Red: catalytic subunits, mtDNA/nDNA encoded
Black: regulatory subunits, nDNA encoded
Blue: assembly proteins, nDNA encoded

Complex | Complex Il Complex Il Complex IV

NDUFA4 1.77 SDHAF1 1.32 CYB 1.61 CoxI 1.78

NDUFAF2  1.42 SDHAF2 1.31 coxill 1.71
Coxlil 1.80
COXébla  1.40
SURF1 1.40
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Sea bream OXPHOS
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WIDE-GENE EXPRESSION ANALYSIS OF LIPID-RELEVANT GENES IN
NUTRITIONALLY CHALLENGED GILTHEAD SEA BREAM (Sparus aurata)
Lau

OXPHOS regulation by fasting
“malnutrition/caloric restriction”

LIVER

*Down-
regulation

Concurrent down-
+mtDNA/NDNA regulation of energy
generating & energy
*Catalytic demanding

requlatory and (lipogenesis)

?:(:S'[%st processes

L

Enhanced oxidative
capacity with the
reduction of
metabolic fuel supply
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Sea bream OXPHOS

MAIN CONCLUDING REMARKS

. The molecular identify of almost all the components of the OXPHOS pathway has
been established for the first time in a farmed fish species

. This was the basis for the completion of mitochondria pathway-focused analysis
tool to assess the health and metabolic condition of fish exposed to environmental
and/or nutritional stressors

. The OXPHOS regulation by fasting reflects the different metabolic capabilities of
liver, glycolytic SKM and the highly oxidative cardiac muscle

. These metabolic features are regulated in atissue-specific manner by
mitochondrial- and nuclear-encoded genes involving catalytic, regulatory and
assembly factors

. These new insights and genomic resources contribute to identify for a given

tissue highly informative biomarkers of clinical use in farmed fish
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Would you like to find out more?

AQUAEXCEL INDUSTRY WORKSHOP:

Research Infrastructures: adding value to
European aquaculture industry

Friday, 17th October
Kicking off at 10.30am
Room 11 (Exhibition Area)

See vou there!
Y %2
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jaime.perez.sanchez@csic.es
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