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Hallmarks of Aging

?
What does dysfunction mean?

We need to understand what 
mitochondria are doing!



Mitochondrial Function: Energy Production



Mitochondrial Function: Energy Production



OUTDATED

Mitochondrial Function: Energy Production
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Mitochondrial Functions

Cellular Control Center



Li et al. 2024 Current Medicine

Mitochondrial Homeostasis



Mitochondrial Metabolism

Maintenance of Adequate Metabolic Flux



Mitochondrial Metabolism

Prevention of Oxidative Stress/Damage



Mitochondrial Quality
Control

Guarantee Availability of the Right Set 
of Proteins at the Right Time 



Mitochondrial Quality
Control

Control of Amount, Volume and Architecture



Mitochondria-Organelle Interaction Network

Maintaining Connectivity is Key for Functionality



Mitochondria-Nucleus Communication



Mitochondria Retrograde Signaling

Specialized Routes of Communication
to Tune Mitochondrial Adaptation



Mitochondrial Functions are Safeguarded by
Homeostatic Networks 

Mitochondrial Dysfunction is Complex, Interdependent and Context-Specific



How is Mitochondrial Homeostasis Challenged
During Aging?

What are the Physiological Consequences?  



Postulated in 1972
by Denham Harman
The Biologic Clock: The Mitochondria?

Mitochondrial Free Radical Theory of Aging



ROS

Oxidative Stress

Consequences of Increasing Oxidative Stress



ROS

Oxidative Stress

Consequences of Increasing Oxidative Stress

Mitochondrial, Cellular, Tissue, Organismal Dysfunction



Age-Associated Diseases with Underlying 
Mitochondrial Dysfunction
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• Cristae formation

• Supercomplex formation

• Protection against ROS

• Apoptosis

• Mitochondrial biogenesis

• Fusion/fission dynamics

• Buffering proton gradient

adapted from Paradies et al. 2014

Cardiolipin:
A Phospholipid at the Heart of Mitochondrial
Structure and Function
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Cardiolipin:
A Phospholipid at the Heart of Mitochondrial
Structure and Function



Unpublished data removed..







Mitochondrial Diversity
as Key to Understand
Sensitivity towards
Dysfunction


