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How is oxidative stress best defined in systems biology terms?

A shift in redox network equilibrium were signal fidelity collapses into damage propagation
due to loss of spatial and temporal control over reactive species.

What distinguishes physiological ROS signaling from pathological ROS accumulation?

Controlled redox pulses encode information; uncontrolled persistence erodes molecular
specificity and converts signaling pathways into stochastic damage processes.

What is redox homeostasis at the conceptual level?

A dynamic attractor state in which oxidant generation, buffering capacity, and repair kinetics
remain phase-locked within functional tolerance boundaries.

How should ROS be interpreted beyond their chemical identity?

As context-dependent informational entities whose biological meaning emerges from
localization, timing, and interacting network state.

What is the core principle of redox compartmentalization?

Spatial segregation of reactivity to prevent signal diffusion from collapsing into system-wide
oxidative noise.

What defines oxidative distress in abstract biological terms?

A regime transition in which adaptive redox signaling becomes dominated by entropy-driven
molecular disruption.

How does mitochondria-centered ROS production function at a systems level?
As a metabolic sensing interface translating energetic flux into redox-coded regulatory outputs.
What is the role of antioxidant systems beyond detoxification?

They function as temporal buffers that preserve informational structure in redox signaling
dynamics.

What is meant by “redox signaling specificity”?

Selective molecular modification governed not by reactivity alone, but by spatial constraint
and kinetic competition.
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How can lipid peroxidation be conceptualized beyond chemistry?

As a self-propagating phase transition in membrane integrity driven by loss of redox
containment.

What is the abstract role of NRF2 in cellular regulation?

A transcriptional contingency system that reconfigures cellular state space under oxidative
perturbation.

How is proteostasis linked to redox balance at a conceptual level?

Proteostasis represents structural coherence maintenance under conditions of chemically
induced informational noise.

What is the significance of cysteine oxidation in signaling theory?

A reversible binary switch enabling transient encoding of environmental stress into protein
function.

How should ferroptosis be interpreted in systems terms?

A failure mode of lipid redox control where iron catalysis drives irreversible membrane state
collapse.

What is the abstract meaning of mitohormesis?

Adaptive calibration of system resilience through controlled exposure to sub-threshold
instability.

How does chronic oxidative stress differ from acute stress conceptually?

Acute stress perturbs state; chronic stress redefines the stability landscape of the entire
regulatory network.

What is redox signaling in its most reduced conceptual form?

A chemically encoded information system operating at the boundary between order and
stochastic degradation.

What defines antioxidant capacity beyond molecule concentration?

The system’s ability to preserve temporal coherence in reactive species dynamics.
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