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Mitochondria main cellular function is ATP 
production 

Number & activity of mitochondria reflect 
cell energy requirements 

Mitochondria is highly regulated at 
transcriptional and transductional levels 

GO term “mitochondrion” (~1100 genes)  
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926 mitochondrial-related genes are represented in 

the Nutrigroup transcriptome database 
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“Fish and Chips” tool gathers almost all public fish 

transcriptome data (> 350 microarrays) in a vast 

array of challenged conditions 

 

This meta-analysis highlights the key role of 

mitochondria to cope with adaptive cellular stresses 

in fish and sea bream in particular 

Sea bream OXPHOS 
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Cellular 
stresses 

Hypoxia 

Low  
energy 
status 

Hyper-
cortisolism 

Calduch-Giner et al., 2014, Marine Biotechnol. 

http://fishandchips.genouest.org 
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Sea bream OXPHOS 
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Outer & Inner membrane 
translocases (15) 

Molecular chaperones (8) 

Antioxidant defence & 
Respiration uncoupling (10) 

Mitochondrial dynamics (6) 

Apoptosis (6) 

Oxidative metabolism (10) 

Mitochondrial biogenesis (5) 

Pathway-focused 

array of 60 selected 

markers of 

mitochondrial 

activity & biogenesis 

 
Bermejo-Nogales et al., 2014, 

General and Comparative  

Endocrinology 

Sea bream Mito-Chip, 96-well PCR-array 
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Sea bream OXPHOS 
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“Chronic environmental stress”  

  1 2 3 4 5 6 7 8 9 10 11 12 

A Hsp10 CAT ACAA2 IDH3B Tom22 Tim13 MIFFB PERP     PPC1 PPC1 

B DnaJA3A GPX4 CPT1A IDH3G Tom7 Tim8A MIRO1A GABPA     PPC2 PPC2 

C DnaJC20 GR CPT1B COX4a Tom5 Tim22 MIRO2 mtTFA     PPC3 PPC3 

D Hsp60 GST3 ECH UCP1 Tim44 Tim10 AIFM1 NRF1     PPC4 PPC4 

E Grp-75 PRDX3 HADH UCP2 Tim23 Tim9 AIFM3 PGC1α     NPC NPC 

F DER-1 PRDX5 CS UCP3 Tim17A FIS1 BAX PGC1β     ACTB ACTB 

G ERdj3 SOD1 IDH1 Tom70 Tim16 MFN1 BCL2           

H Grp170 SOD2 IDH3A Tom34 Tim14 MFN2 BCLX           

Changes in water temperature 
 

 

 

Changes in water level & chasing 
 

 

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

light flashes) 
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Chronic stress phenotyping 

• The hepatic transcriptome reflects the type and 

intensity of stressor disturbance: 
 

• T-ST: adaptive response to cope with the temperature 

decreased and low basal metabolism 

 

• C-ST:  No response/ fish habituation to stressful condition  

 

• M-ST: Phenotype of “low power mitochondria”/low ROS 

production/ adaptive response to cope with an enhanced 

risk of oxidative stress  
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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” 

OBJECTIVES 

Sea bream OXPHOS 
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• 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 
OXPHOS pathway  

•  97 new sea bream sequences uploaded to 
 GenBank (KC217558-KC217654) 

MOLECULAR IDENTITY 

Sea bream OXPHOS 
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NDUFAF2 

ND1 ND2 ND5 ND6 

NDUFA1 NDUFA2 NDUFA3 NDUFA4 NDUFA4-L2 NDUFA5 NDUFA6 NDUFA7 NDUFA8 NDUFA9 NDUFA10 NDUFA11 NDUFA12 NDUFA13 

NDUFB1 NDUFB2 NDUFB3 NDUFB4 NDUFB5 NDUFB6 NDUFB7 NDUFB8 NDUFB9 NDUFB10 NDUFB11 NDUFC1 NDUFC2 

NDUFS2 NDUFS3 NDUFS4 NDUFS5 NDUFS6 NDUFS7 NDUFV1 NDUFV2 NDUFV3 

Sea bream OXPHOS 

• Sea bream Complex I  

• 40 enzyme subunits (4 mtDNA+ 37 nDNA) 

• 1 assembly protein 

www.nutrigroup-iats.org 

Complex I is the largest enzyme complex varying from 14 

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

Bold: catalytic subunits (mtDNA) 

Regular: catalytic & regulatory subunits (nDNA) 

Italics: assembly proteins (nDNA) 

NADH NAD⁺ 

H⁺ 

Complex I 

AE 2014, San Sebastián 

http://www.nutrigroup-iats.org/
http://www.nutrigroup-iats.org/
http://www.nutrigroup-iats.org/


Sea bream OXPHOS 

• Sea bream Complex II 

• 4 enzyme subunits  

• 2 assembly proteins 

www.nutrigroup-iats.org 

Complex II is entirely encoded by nDNA 
FADH2 functions as electron donor of Complex II 

FADH₂ 
FAD 

e⁻ 

Bold: catalytic subunits (mtDNA) 

Regular: catalytic & regulatory subunits (nDNA) 

Italics: assembly proteins (nDNA) 

NADH NAD⁺ 

H⁺ 

Complex  II 
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Sea bream OXPHOS 

• Sea bream Complex III 

• 12 enzyme subunits (1mtDNA +11nDNA) 

• 1 assembly proteins 

www.nutrigroup-iats.org 

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

Bold: catalytic subunits (mtDNA) 

Regular: catalytic & regulatory subunits (nDNA) 

Italics: assembly proteins (nDNA) 

H⁺ 

e⁻ 

Complex  III 

FADH₂ 
FAD 

e⁻ 

NADH NAD⁺ 

H⁺ 
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Sea bream OXPHOS 

• Sea bream Complex IV 

• 20 enzyme subunits (3 mtDNA +17 nDNA) 

• 3 assembly proteins 

www.nutrigroup-iats.org 

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

Bold: catalytic subunits (mtDNA) 

Regular: catalytic & regulatory subunits (nDNA) 

Italics: assembly proteins (nDNA) 

H⁺ 

e⁻ 

FADH₂ 
FAD 

e⁻ 

NADH NAD⁺ 

H⁺ 

H⁺ 

Complex IV 

½O₂ H₂O 

COX15 SURF1 SCO1 

AE 2014, San Sebastián 

http://www.nutrigroup-iats.org/
http://www.nutrigroup-iats.org/
http://www.nutrigroup-iats.org/


Sea bream OXPHOS 

• Sea bream Complex V 

• 15 enzyme subunits (2 mtDNA +13 nDNA) 

• 1 assembly protein 

www.nutrigroup-iats.org 

Complex V couples proton gradient to ATP synthesis 

Bold: catalytic subunits (mtDNA) 

Regular: catalytic & regulatory subunits (nDNA) 

Italics: assembly proteins (nDNA) 

H⁺ 

e⁻ 

FADH₂ 
FAD 

e⁻ 

NADH NAD⁺ 

H⁺ 

H⁺ 

½O₂ H₂O 

ADP + Pi ATP  

Complex V 

H⁺ 
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Complex II (4 enzyme subunits; 2 assembly proteins) 

 

Complex III (12 enzyme subunits; 1 assembly protein) 

Complex IV (20 enzyme subunits; 3 assembly proteins) 

 

Complex V (15 enzyme subunits; 1 assembly protein) 

Complex I (40 enzyme subunits; 1 assembly protein) 

H⁺ 

H⁺ H⁺ 

NADH NAD⁺ 

e⁻ 

H⁺ 
ADP + Pi ATP  

e⁻ 

Complex I Complex  II Complex  III Complex IV Complex V 

FADH₂ 
FAD 

e⁻ 

e⁻ 

½O₂ H₂O 

SDHA SDHB SDHC SDHD 

ND1 ND2 ND5 ND6 

SDHAF1 SDHAF2 

NDUFAF2 

NDUFA1 NDUFA2 NDUFA3 NDUFA4 NDUFA4-L2 NDUFA5 NDUFA6 NDUFA7 NDUFA8 NDUFA9 NDUFA10 NDUFA11 NDUFA12 NDUFA13 

NDUFB1 NDUFB2 NDUFB3 NDUFB4 NDUFB5 NDUFB6 NDUFB7 NDUFB8 NDUFB9 NDUFB10 NDUFB11 NDUFC1 NDUFC2 

CYB 

UQCC 

CYC 

COXI COXII COXIII 

COX4a COX4b COX5a1 COX5a2 COX5b1 COX5b2 COX6a1 COX6a2 COX6b1a COX6b1b COX6c COX7a1 COX7a2 

COX7b COX7c COX8a COX8b 

COX15 SURF1 SCO1 

ATPAF2 

ATP5A1 ATP5B ATP5C1 ATP5D ATP5E ATP5F1 ATP5G1 ATP5H ATP5I ATP5J2 ATP5L ATP5O OSCP1 

ATP6 ATP8 

NDUFS2 NDUFS3 NDUFS4 NDUFS5 NDUFS6 NDUFS7 NDUFV1 NDUFV2 NDUFV3 

CYC1 UQCRFS1 UQCRC1 UQCRC2 UQCRH UQCRB UQCRQ UQCR10 UQCR11-A UQCR11-B 



Two pathway-focused arrays for 

mitochondrial gene expression profiling 

www.nutrigroup-iats.org 

 

MITO-chip 

60 genes 

52 new sequences 

Oxidative metabolism & 
respiration uncoupling, 13 

Antioxidant defence, 7 

Protein transport/ 

folding/assembly, 23 

Mitochondria dynamics, 6 

Apoptosis, 5 

OXPHOS-chip 

88 genes 

86 new sequences 

Complex I, 34   

Complex II, 6 

Complex III, 13 

Complex IV,22 

Complex V. 13 

www.nutrigroup-iats.org 

Sea bream OXPHOS 
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Experimental design  

“Fasting model” 

OXPHOS-CHIP 
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Liver, fasting down-regulated response 

72 out of 88 are differentially regulated genes 

ND2 0.37 

ND5 0.31 

NDUFA1 0.51 

NDUFA2 0.57 

NDUFA3 0.44 

NDUFA4 0.61 

NDUFA4-L2 0.50 

NDUFA5 0.47 

NDUFA6 0.72 

NDUFA7 0.69 

NDUFA8 0.63 

NDUFA9 0.45 

NDUFB10 0.52 

NDUFB11 0.50 

NDUFA12 0.52 

NDUFB2 0.49 

NDUFB3 0.70 

NDUFB4 0.47 

NDUFB5 0.57 

NDUFB6 0.54 

NDUFB9 0.57 

NDUFC1 0.64 

NDUFS2 0.36 

NDUFS4 0.48 

NDUFS5 0.58 

NDUFS7 0.49 

NDUFV1 0.48 

NDUFV2 0.51 

NDUFV3 0.53 

NDUFAF2 0.47 

SDHA 0.47 

SDHC 0.45 

SDHD 0.42 

SDHAF2 0.42 

COXI 0.50 

COXII 0.38 

COXIII 0.40 

COX4a 0.69 

COX4b 0.47 

COX5a2 0.44 

COX5b2 0.44 

COX6a2 0.34 

COX6b1a 0.56 

COX6b1b 0.58 

COX6c1 0.39 

COX7a1 0.45 

COX7a2 0.43 

COX7b 0.19 

COX7c 0.39 

COX8b 0.35 

SURF1 0.66 

ATP5A1 0.48 

ATP5B 0.31 

ATP5C1 0.37 

ATP5D 0.55 

ATP5E 0.40 

ATP5F1 0.51 

ATP5G1 0.38 

ATP5I 0.54 

ATP5J2 0.38 

ATP5L 0.63 

ATP5O 0.35 

CYB 0.53 

UQCRFS1 0.57 

UQCRC1 0.64 

UQCRC2 0.51 

UQCRH 0.67 

UQCRB 0.56 

UQCRQ 0.50 

UQCR10 0.40 

UQCR11-A 0.69 

UQCR11-B 0.63 

Sea bream OXPHOS 

Red: catalytic subunits, mtDNA/nDNA encoded 

Black: regulatory subunits, nDNA encoded 

Blue: assembly proteins, nDNA encoded 

Complex I Complex II Complex III Complex IV Complex V 
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WSK (glycolytic muscle), fasting up-regulated response 

29 out of 88 are differentially regulated genes 

Sea bream OXPHOS 

Red: catalytic subunits, mtDNA/nDNA encoded 

Black: regulatory subunits, nDNA encoded 

Blue: assembly proteins, nDNA encoded 

Complex II Complex III Complex IV Complex V Complex I 

NDUFA1 1.35 

NDUFA4 1.28 

NDUFA6 1.45 

NDUFA7 1.72 

NDUFA8 1.29 

NDUFB5 1.68 

NDUFB9 1.46 

NDUFB10 1.45 

NDUFC2 1.54 

NDUFS4 1.43 

NDUFS7 1.60 

NDUFAF2 2.30 

SDHB 1.56 

SDHC 1.52 

SDHD 1.43 

UQCRFS1 1.39 

UQCRC1 1.98 

UQCRC2 1.95 

UQCRH 1.53 

UQCRQ 1.46 

UQCR10 1.70 

UQCC 2.03 

COX5A1 1.87 

COX5A2 1.90 

COX8B 1.44 

SCO1 2.78 

SURF1 1.93 

ATP5O 1.56 

ATP5A1 1.55 
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Cardiac muscle (highly aerobic tissue), fasting up-regulated response 

10 out of 88 are differentially regulated genes 

Sea bream OXPHOS 

Red: catalytic subunits, mtDNA/nDNA encoded 

Black: regulatory subunits, nDNA encoded 

Blue: assembly proteins, nDNA encoded 

Complex II Complex III Complex IV 

SDHAF1 1.32 

SDHAF2 1.31 

CYB 1.61 COXI 1.78 

COXII 1.71 

COXIII 1.80 

COX6b1a 1.40 

SURF1 1.40 
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Complex I 

NDUFA4 1.77 

NDUFAF2 1.42 
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Sea bream OXPHOS 

LIVER 

•Down-
regulation 

 

•mtDNA/nDNA 

 

•Catalytic 
regulatory and  
assemby 
factors  

OXPHOS regulation by fasting  

“malnutrition/caloric restriction” 

Concurrent down-

regulation of energy 

generating & energy 

demanding 

(lipogenesis) 

processes 

Enhanced  oxidative 

capacity with the 

reduction of 

metabolic fuel supply 

P105 
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1. The molecular identify of almost all the components of the OXPHOS pathway has 

been established for the first time in a farmed fish species 

2. 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  

3. The OXPHOS regulation by fasting reflects the different metabolic capabilities of 

liver, glycolytic SKM and the highly oxidative cardiac muscle   

4. These metabolic features are regulated in a tissue-specific manner  by  

mitochondrial- and nuclear-encoded genes involving catalytic, regulatory and 

assembly factors 

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

tissue highly informative biomarkers of clinical use in farmed fish  

www.nutrigroup-iats.org 

MAIN CONCLUDING REMARKS 

Sea bream OXPHOS 
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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 you there! 
 



Contact us 

Thank you for your 

attention 
 

Email: j.calduch@csic.es 

jaime.perez.sanchez@csic.es      

www.aquaexcel.eu  

www.nutrigroup-iats.org   

Tel:  34 964 319500 

 www.nutrigroup-iats.org  
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