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Mitochondrial Responses to Metals and Nutritional Stress in
Rainbow Trout: Linking Bioenergetic Disruption to Redox
Imbalance

Aquatic ecosystems face mounting threats from pollution and
environmental change, yet our understanding of how multiple stressors
interact within biological systems remains limited. This thesis
investigates how metals exposure and nutritional stress converge on
mitochondrion, the central hub of cellular energy conversion and redox
regulation, in rainbow trout (Oncorhynchus mykiss). Using isolated
mitochondria, permeabilized cardiac fibers, and in vivo nutritional
manipulations, this work links bioenergetic disruption to redox
imbalance. I show that mitochondrial responses to copper, cadmium,
and zinc, both individually and in binary mixtures, are highly context
dependent, varying with respiratory substrate, metabolic state, redox
site, tissue type, and nutritional status. Effects of metal mixtures
frequently deviated from additivity, with antagonistic and synergistic
interactions predominating, challenging the assumption that metals act
independently. Notably, zinc emerged as the most potent inhibitor of
cardiac mitochondrial oxidative phosphorylation, revealing an
unexpected sensitivity of the trout heart to this essential trace metal.
Metals exposure disrupted reactive oxygen species (ROS, measured as
hydrogen peroxide) homeodynamics by altering both production and
scavenging pathways. Critically, metals exposure weakened the
canonical relationship between mitochondrial NAD(P)H redox state and
ROS production, undermining a foundational paradigm in mitochondrial
physiology. Nutritional stress (starvation) further modulated these
responses, impairing mitochondrial function in both heart and liver, with
refeeding fully restoring liver mitochondrial performance but only
partially rescuing cardiac function, highlighting tissue-specific
vulnerability. Together, these findings demonstrate that metal mixtures
and energy limitation interact in complex, non-additive ways to disrupt
mitochondrial bioenergetics and redox balance with direct consequences
for cardiac performance and organismal fitness, underscoring the need
for integrative approaches when assessing impacts of environmental
stressors in aquatic organisms.
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