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Research in stress responses  
using genomic technology  

through 2 approaches: 

The holistic approach using 
microarrays to search for 
molecular signatures and gene 
patterns following stress 
treatments. 

The gene descovery/ 
gene indication approach to 
identify specific genes as 
indicators of a stressed 
status. 



Estudio del bienestar animal en peces mediante tecnología genómica 

Bienestar 

Ausencia de dolor/estrés 

Ausencia de enfermedades 

Indicadores de estrés 

Comportamiento 
Coping strategy 

Procesos 
Respuesta global 



HYPOXIA 
Gracey, Somero et al., 2001 

Ton et al., 2003   

TEMPERATURE 
Gracey, Cossins et al.,2004  (cold) 

Kassahn et al., 2007 (heat) 

HANDLING 
Krasnov et al., 2005 
Cairns et al., 2007 

Momoda et al., 2007 
Wiseman et al., 2007 

CORTISOL TREATMENT 
Kawano et al., 2003 

Sarropoulou et al., 2005 
Mackenzie et al.,  2006 

STRESSORS 



- Stressor: acute handling 
- Species: trout 
- Tissue: brain and kidney 
- Timing: 1-24h 

Gene expression in trout after handling 
stress 
Krasnov et al., 2005.  
BMC Genomics, 6 

Cairns, Pottinger et al., 2007 
Assessment of gene expression in trout in 
response to handling and confinement 
Comp. Biochem. Physiol. D 

- Stressor: Handling and confinement  
- Species: trout 
- Tissue: liver 
- Timing: early and late: 2h-21 days 
  (Stressgenes) 

- Stressor: hypoxia and handling 
- Species: trout 
- Tissue: liver 
- Timing: 0,5-3-24h post stress 

Momoda, Schreck et al., 2007 
Liver gene expression in trout during the 
stress response to hypoxia and handling 
Comp. Biochem. Physiol, D 

- Stressor: acute, 3 min handling. 
-  Species: trout 
-  Tissue: liver 
-  Timing: 1-24h 

Wiseman, Vijayan et al., 2007. 
Gene expression during recovery from an 
acute stressor (handling) 
Comp. Biochem. Physiol. D 



- Stressor: Cortisol (1micromolar) 
- Species: carp 
- Tissue: head kidney macrophages 
- Timing: 8h 

Dpt. Cell Biology, Physiology and Immunology 
Unitat Fisiologia Animal Bergen, Sept 2007 

Kawano et al., 2003 
Analysis of gene expression in carp 
treated with cortisol 
Comp. Biochem. Physiol. B. 136 

- Stressor: cortisol (implant 10mg/kg) 
- Species: seabream 
-  Tissue: embryos, and kidney (juveniles) 
-  Timing: 72h 

Sarropoulou et al., 2005 
Gene expression profile in seabream 
during development and detection of 
stress (cortisol) related genes. 
Physiol. Genomics, 23. 

- Stressor: LPS (10ug/mL) 
                 cortisol (600ng/mL)  
- Species: trout 
- Cells: head kidney macrophages 
- Timing: 6-24 h 

Transcriptional analysis in response 
to LPS treatment and cortisol in trout 
Mackenzie et al., 2006 
Molecular Immunology, 43 



Heat map 
Cortisol acts mainly as 
antagonist in response to LPS 

GENE NAME LPS 

LPS 
+ 

cortisol EXPRESSION SCALE 

Galectin-1  -1,94 -1,22 
Ferritin heavy chain  -2,22 -1,23 
Histone H3.3 -1,76 -1,02 
Alpha-tubulin 2 -2,20 -1,61 
Profilin I. -2,56 -1,75 
Coronin 2 -1,96 -1,25 
Cytokeratin 8 -2,96 -1,32 
Actin-related protein 2/3 complex subunit 2 -2,41 -1,11 
Alpha-actin 1 -3,15 1,10 
Beta-actin -2,53 -1,15 
Gamma-actin -2,22 1,01 
Cytochrome c oxidase subunit II. -1,68 -1,02 
Cytochrome c oxidase subunit III -2,07 1,14 
Beta enolase  -2,08 -1,55 
 NADH dehydrogenase subunit 2 -2,27 -1,62 
Transaldolase -2,80 -1,81 
Glucose-6-phosphate isomerase -1,88 -1,44 
Glyceraldehyde 3-phosphate dehydrogenase -2,65 -1,69 
NADH dehydrogenase subunit 5 -2,51 -1,62 
Galectin-9 -1,97 -1,27 
NADH-ubiquinone oxidoreductase chain 4 -2,11 -1,25 
Cytochrome c oxidase polypeptide I -2,49 -1,31 
ATP synthase beta chain, mitochondrial precursor -2,63 -1,20 
ATPase 6 -2,01 -1,18 
Cyclophilin A -3,46 -1,24 
Cytochrome B-245 heavy chain -1,50 -1,21 
HLA class II histocompatibility antigen, gamma chain -2,67 -1,21 
Lysozyme C precursor -2,81 -1,07 
Metallothionein-IL -2,66 -1,45 
Peroxiredoxin 1 -2,06 -1,35 
Cathepsin S precursor -3,10 -2,25 
Cathepsin C -1,69 -1,28 
Cathepsin Z precursor -2,66 -1,35 
 Polyubiquitin UBC -2,24 -1,03 
Heat shock 70 kDa protein -1,71 -1,34 
Guanine nucleotide-binding protein beta subunit-like protein 12.3 -2,21 -1,06 
PTD013 similar to CGI-24 protein -2,11 1,10 
Midkine precursor -2,02 1,12 
nitric oxide synthase 2 -2,14 1,18 
Nuclease sensitive element binding protein 1 -1,73 1,04 
Myelin transcription factor 1 -1,68 -1,20 
40S ribosomal protein S9 -2,35 -1,08 
40S ribosomal protein S2 (S4) -2,18 1,21 
40S ribosomal protein S3 -1,83 1,24 
60S ribosomal protein L6 -1,70 1,05 
60S acidic ribosomal protein P0 -1,83 1,11 
60S ribosomal protein L15 -1,86 1,17 
Elongation factor 1-alpha 1 -2,08 1,06 
OK/SW-CL.16 -1,86 -1,08 
EST -3,76 -1,32 
Microtubule-associated protein RP/EB family member 3 -1,81 1,36 

A 

GENE NAME LPS 

LPS 
+ 

cortisol 

Astrocytic phosphoprotein PEA-15 1,58 -1,19 
Alpha-2,8-sialyltransferase 8E 1,39 1,14 
FK506-binding protein 3 2,95 -1,21 
Secretory granule proteoglycan core protein precursor 2,34 1,04 
Tyrosine-protein kinase HCK 1,89 -1,64 
Membrane copper amine oxidase 1,64 -1,40 
High affinity immunoglobulin gamma Fc receptor I precursor 1,47 1,03 
Class I histocompatibility antigen-like protein. 1,63 -1,05 
PIntegrin beta-1 precursor 1,76 -1,04 
CD39 antigen 1,85 1,40 
Macrophage receptor MARCO 2,15 1,50 
NF-kappaB inhibitor alpha 2,60 1,60 
PEST-containing nuclear protein 1,82 1,40 
Heat shock protein HSP 90-alpha 1,62 1,22 
KIAA1550 protein 2,28 1,33 
MAP kinase p38 delta 4,04 1,85 
CCAAT/enhancer binding protein alpha 5,03 1,42 
GADD45 alpha 2,08 1,23 
Transcription regulator protein BACH1 1,69 1,31 
Zinc finger protein 148 1,68 1,01 
Similar to RIKEN cDNA 4921505C17 gene. 2,70 -1,02 
TFAR15 1,67 1,05 

B 

GENE NAME LPS 

LPS 
+ 

cortisol 

Heat shock protein  HSP 27 1,49 1,65 
Matrix metalloproteinase-13 8,09 5,77 
Matrix metalloproteinase-9 2,57 1,93 
Adenosine deaminase 1,60 1,38 
Transcription factor jun-B 1,63 1,33 
Leukocyte cell-derived chemotaxin 2 precursor 1,29 2,03 
Endoplasmin precursor -1,28 -2,11 
Heat shock protein HSP 90-beta -1,19 -1,60 

C 



HANDLING 

BRAIN: Increase in metalloproteins and energy driving processes (catabolism) 
              Decrease of immune defense genes 

LIVER: Decrease of HsP 
            Upregulation of immune related genes 
            Genes involved in energetics and reprogramming liver machinery 
            Responsive genes to corticosteroids 

CORTISOL 

Upregulation of energetic metabolism (enolase, fructose phosphatases) 
Upregulation of protein biosynthesis 
Upregulation of ion transport (Na-K-ATPases) 
Down regulation of cell reorganization and growth (Iron metabolism) 

Opposite action on genes regulated by pathogens 
    -Inhibition of 53% of the genes activated by LPS 
    -Activation of 78% of the genes suppressed by LPS 



78% Homology human enolase  

Stress and immunosuppression. New stress indicators: Gene discovery 

Phylogenetic 
analysis 

Heat shock protein,  
Iida H.  et al., 1985 (Nature)  
Lens t Protein,  
Wistow, G.J. et al., 1988 (J. Cell. Biol.) 
Cancer, Autoimmune disorders, 
Bacterial diseases 

Surface receptor /plasminogen 
Miles et al., 1991 (Biochem.J) 

Transcriptional Regulator 
Homology with DNA union protein Ray et 
al.1995 (Cancer Res.) 

Glycolisis 

2-fosfoglicerate  

Fosfoenolpiruvate+H2O 

2-fosfo-D glicerate 
hidrolase/ENOLASE 



Enolase expressed differentially after chronic stress or LPS injection (Ribas et al. 2004. Aquaculture) 

Enolase 

S18 

C24 24 C72 72   

Red muscle                 Brain              Gut            Liver               Head Kidney                  Heart                 White muscle 

C24 24 C72 72   C24 24 C72 72   C24 24 C72 72   C24 24 C72 72   C24 24 C72 72   C24 24 C72 72   

Enolase expression in 34 
microarray experiments 
Up-regulated  84% 
Down-regulated   16% 
High correlation with GAPDH expression 
(Glycolitic multifunction) 



time 

magnitude 

seconds minutes hours days       months 
Adrenaline 
Nervous 
Gene  
expression 

Cortisol 
Immune 
Osmotic 

Metabolic 
Immune 

Performance: disease resistance 
     growth 
     reproduction 

Still, some relevant issues have to be correctly addressed: 

Different cells 
and tissues 
involved. 
Adequate timing 
should be 
chosen. 



Candidate  
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Activation Suppression 
Cytokines (TNF, IL’s) 

Lysozyme 
C3 proteins 

Acute phase proteins 
Adrenaline, cortisol 

Glucose 

Phagocytosis 
Cell numbers and populations 

Apoptosis, Lytic activity 
GH, MSH 

Feed intake, growth 
Energetic metabolism 

stressor type of stressor 

Phase of 
response 

brain muscle 

Fish species 
Tissue involved 



Time-course of changes in plasma cortisol level during chronic 
confinement in LR and HR trout (Pottinger et al., 2002) 
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Variability of parameters depending on the individual / group differences 

Individual variation in basal and post-stress levels 
(Martins et al., 2006) 





























Available genomic platforms related to 
stress and welfare in fish  
A number of initiatives, under public EU funds, have been undertaken to build 
genomic know-how and platforms for the last years,  most of them including 
somehow  stress assessment in fish. 

There is a real need to share the information obtained and perhaps to agree in 
building technological genomic platforms to reach efficiency in EU genomic 
research and development 

Bassmap 
Bridgemap 
Marine genomics 
Stressgenes 
Aquagenome 
Aquafunc 
Aquafirst 
Eurocarp 
Wealth 

Fastfish 
Reprofish 
Aquabreeding 
Eadgene 
Wellfish 
Pleurogene 
Aquagenomics 



          Genomics-Stress-Physiology-Aquaculture 

- The stress response is an evolutive phenomenon that involves all 
physiological compartments and all regulatory processes. 

- Severe/acute stressors may induce molecular signatures that may 
be identified, but chronic subacute (aquaculture-related) stressors 
may just modulate processes.  

- We probably need to better distinguish between regulatory 
processes and reactive processes when identifying new stress 
indicators. 

- In aquaculture it will be necessary to address the precise specific 
models to avoid a bulk of non-relevant genomic information. 

- There is a need for a stronger link between genetics and genomics 
in aquaculture industry to look for specific stress-susceptible / stress-
resistant / stress responsive strains. 



- La genómica tiene un potencial importante para identificar genes, 
procesos y regulación relacionada con el bienestar animal, o por 
oposición, la ausencia de estrés, enfermedad o malestar. 

- Los resultados indican el camino para obtener más posibilidades para 
obtener: 
   + líneas genéticas resistentes al estrés o con mejor índice de bienestar 
   + indicadores consistentes sobre bienestar animal en peces. 

-La comunidad científica y la administración española han desarrollado 
unos instrumentos de gran valor, casi únicos en Europa al servicio de la 
acuicultura. 

-Además de producir transferencia al sector, estos esfuerzos deberían 
resultar en una plataforma de genómica acuática con capacidad para dar 
servicio a nivel europeo. 

CONCLUSIONES 


