The Physiological Effects of Resident Killifish
Impacted by the Deepwater Horizon Oil Spill



BP Deepwater Horizon- April 20, 2010




Approximately 2500 miles of boom were

deployed along the coast
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Gulf Killifish

Widely distributed, but
likely have limited home
range

Important in estuarine
food webs

Suitable for laboratory
experimentation

Excellent ecological,
physiological and genetic
information available

Rapid development

Large (2 mm)
transparent eggs



Experimental Design

Objectives: Track marsh fish health before oil, during oil exposure,
and during a recovery period to characterize oil spill impact on
exposed Gulf Coast marshes.

1. Measure tissue-specific responses to oil-exposed fish in situ.
e Physiology- Protein-level expression changes.
e Molecular- Genome-wide mRNA transcript changes.
e Hydrocarbon analyses in water, sediments, and fish carcass.

2. Test the effects of exposure of embryos to field-collected waters
and sediments
e Fertilization success, time-to-hatch, hatching success, gene
expression



Deepwater Horizon oil spill — field study
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Induction of CYP1A
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Presentation Notes
PAH comes into the cell.  AhR interacts in the cytoplasm with some chaperones Hsp90, and a 37-38 kDa protein called AIP (AhR interacting protein).  Hsp90 is thought to maintain AhR configuration, which facilitates ligand binding.  
Ligand is bound to the AhR, and there are tons of ligands. Once the ligand is bound, the chaperone is released.  Then the AhR-ligand complex is translocated to the nucleus.
Inside the nucleus thare is another protein called the Ah receptor nuclear translocator (Arnt).  The AhR-ligand complex binds with Arnt to form a heterodimer in the nucleus. DNA recognition requires the formation of the heterodimer.   
the AhR-ligand/Arnt heterodimer complex is a DNA binding transcription factor
So the dimerization orients the molecule with the DNA. 
Transcription control of CYP1A is found immediately upstream of the start site.  It has binding sites for several transcription factors, and the promoter has no binding sites for AhR, Arnt, or the Ahr-ligand/Arnt heterodimer.
that the promoter is under contr4ol of an upstream DNA segment which binds the heterodimer and that this segment must communicate with the promoter.
The promoter is silent in the absence of upstream segment which binds the Ahr-ligand/Arnt heterodimer.
DNA interactions occurs at multiple sites within the enhancer – these elements are known as XRE (xenobiotic-responsive elements).  The XRE recognizes the heterodimer and binds to the enhancer which send s the message to accept normal transcription factors which can NOW bind to the promoter.  These XRE serve as binding sites for the heterodimer which formed in the nucleus.  The enhancer has 8 binding sites that are irregularly spaced, which enhances the likelyhood that one of the recongingion sites in accessible. 
Binding of the heterodimer cause sstructual changes on the DNA that allow transcription factors to bind.  Gemomic DNA is associated in the intact cell with histones and other proteins to form chromatin (subunit is the nucleosome).  The normal nucleosomal config represses transcription, thus low levels of CYP1A are in uninduced animals. 
Upon induction of CYP1A, enhancer and promoter changes the chromatin structure and lose the repressive “normal” nucleosome configuration.  Now the promoter DNA becomes more accessible allowing occupancy by promoter-binding proteins which increases transcription and CYP1A1 mRNA.
Nucleosomal configuration remains between enhancer and promoter so enhancer promoter communication is not the result of propagation of structural DNA change.  Enhancer communicates induction signal to the promoter through the transactivation domain of AhR (BTW they found that arnt transactivation site has no such effect in mutational deletion studies).  
Transactivation domains of AhR facilitates CYP1A1 promoter occupancy by interacting with other components of transcriptional machinery.  An initiation complectsw forms at the promoter and transcription ensues.




CYP1a protein expression in killifish gills
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CYP1a protein expression in killifish intestine
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CYP1a in killifish kidney
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CYP1a in killifish kidney
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Presentation Notes
Endothelial cells of the head kidney express high concentrations of CYP1A, which is characteristic for fish exposed to hydrocarbons.  The tubules typically endogenously express CYP1A in both control and exposed fish.  


CYP1a in killifish liver
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Gill CYP1a in killifish gill at

different field sites

Trip 1 Trip 2 Trip 3

(5/110 5/9/2010) (6/2810 6/30/2010) (8/30 10 9/1/2010)



Gill CYP1a in killifish gill at

Grande Terre, LA over time

Trip 4
8/7/2011

Dark red stain = CYP1A protein in gills from fish collected in situ
Blue stain = hematoxylin (nuclei)



Gill CYP1a Protein Expression is Upregulated in

Fish Throughout Oiled Sites in Barataria Bay

Reference Oiled Sites — Barataria Bay, LA



Experimental Design

2. Test the effects of exposure of embryos to field-collected waters
and sediments
e Fertilization success, time-to-hatch, hatching success, gene
expression



Early life-stage exposures to field-collected
Barataria Bay sediments

Elongated
Heart




Early life-stage exposures to field-collected
Barataria Bay sediments

Pericardial
edema
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Embryo from Grande Terre sediment collected on 7-15-10.  0-24 hours post hatch.


Early life-stage exposures to field-collected
Barataria Bay sediments

Huge pericardial Pericardial
space edema
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Embryo from Grande Terre sediment collected on 7-15-10.  0-24 hours post hatch.


Early life-stage exposures to field-collected
Barataria Bay sediments

Hemorrhage
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Presentation Notes
Day 11 embryo from Grande Terre Sediment collected on 7-15-10.  tail hemorrhage.



DWH Oil Spill: Conclusions

Large signal of hydrocarbon exposure exists in Louisiana
marsh fish collected in situ.

CYP1a expression is highly elevated in the gills, intestine,
and kidney of fish collected from oil-contaminated sites.

Exposure to field-collected sediments increases time-to-
hatch and reduces the percent hatch of killifish embryos.

Exposure to field-collected waters has no discernible
effects on embryonic/larval survivorship, but does
increase CYP1la levels in tissues.
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