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Collaborators 2002 to present

Embryology/whole animal studies

Electrophysiology/gene expression

Gene expression



1990s: What NOAA learned from the Exxon Valdez
spill

pink salmon habitat



PAHs are “fat-seeking” and accumulate in fish

phenanthrene



2000s: NOAA learned more from Exxon
Valdez

Oil exposure causes
heart failure in fish
embryos
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What else NOAA learned from Exxon
Valdez

Externally normal salmon fry that survived
embryonic oil exposure have reduced survival to
adulthood after release to the ocean



Testing swimming ability and heart
function in young fish



Reduced swimming speed in 9 month
old juvenile pink salmon exposed as
embryos

Ucrit (BL/S)



Reduced swimming speed and oxygen
consumption in 7 month old juvenile Pacific
herring exposed as embryos
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Histological evidence of
hypertrophy
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Histological signs of hypertrophy



Oil exposure reduced the
compact myocardium

“Physiological” hypertrophy causes coordinated growth
iIn both spongy and compact myocardium



Oil exposure cause and effect chain

Cardiotoxic PAH compounds in oil

Abnormal heart rhythm

Alteration in the development of heart shape

Reduced cardiac output

Reduced aerobic capacity



Science Night
2011

Flashback




Anatomy is shaped during embryonic
development by “master regulator”
genes



Next Generation Sequencing — lllumina RNASeq



103-gene human heart failure
fingerprint



Table 3: Novel developmental genes altered in oil-exposed hearts

Gene Difference in 45 ppb (high) vs. Function
control dose
NEKX3 2/ZAX 3.1 tumes higher Developmental regulator

NKX2 3 3 4 times higher Developmental regulator




We got: 9 hypertrophy genes



And the surprise catch:
22 immune and inflammatory
genes



The heart is not just muscle



Immune cells in the heart



Sensing damaged tissue



Sensing damaged tissue



Which cells are giving the
signal?



Oil exposure cause and effect chain

Cardiotoxic PAH compounds in oil

Abnormal heart rhythm
Alteration in the development of heart shape
Reduced cardiac output

Reduced aerobic capacity

Altered bioenergetics (?)

Reduced survival (?)



What’s next?



