Prof. Dr. Thomas Langer
Max Planck Institute for Biology of Ageing
[image: Prof. Dr. Thomas Langer CECAD Cologne]

Mitochondrial Plasticity in Aging and Disease
Aging and numerous age-related diseases are associated with defects in mitochondria, which serve as metabolic and cellular signaling hubs. Our group analyses molecular mechanisms determining the functional plasticity and dynamic behavior of mitochondria.

„Mitochondria are fascinating organelles, highly dynamic with diverse functions. Understanding the molecular mechanisms driving their functional plasticity holds the promise to find new paths to tackle aging and age-related diseases.“
Research Focus 
Mitochondrial deficiencies have long been recognized as hallmarks of ageing but how they contribute to the multifactorial ageing process remains still enigmatic. Many studies in the past were based on the restricted view of mitochondria as sources for cellular energy or damaging reactive oxygen species. However, mitochondria are multifaceted metabolic organelles with cell- and tissue-specific functions, and dynamically adapt to altered physiological demands, which is essential to ensure cell survival under stress, to maintain stem cell pluripotency and to allow immune cell activation.
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Superresolution microscopy of the mitochondrial network stained with mitoOrange in MEFs.
To understand the consequences of mitochondrial defects in ageing and age-associated diseases, it is necessary to take the functional plasticity of mitochondria into account. The group studies mechanisms shaping the mitochondrial proteome in response to stress, during ageing or in age-related diseases, focusing on mitochondrial proteases as key determinants of mitochondrial plasticity. Metabolic reprogramming of mitochondria by these proteases drives adaptation to stress, limits inflammation and suppresses ferroptosis. While proteolytic rewiring can support progression of diverse cancers, loss-of-function mutations in protease-encoding genes are associated with neurodegenerative disorders and cardiomyopathy.
Goals
· The group uses multiple proteomic, lipidomic and metabolomic approaches combined with genome-wide genetic screens and mouse models to define the mechanisms determining mitochondrial plasticity.
· They succeeded to demonstrate that phospholipid signaling drives proteolytic rewiring and metabolic repurposing of mitochondria by the mitoprotease YME1L to support pyrimidine synthesis. Metabolic reshaping of mitochondria supports growth of pancreatic ductal adenocarcinoma cells, while tissue-specific loss of YME1L in mice causes heart failure, axonal degeneration and depletion of adult neural stem and progenitor cells.
· The group revealed an intimate link between nucleotide metabolism and inflammation, demonstrating that nucleotide imbalance induces the release of mitochondrial DNA to the cytosol and innate immune signaling.
Other research lines analyze regulatory roles of mitoproteases for mitochondrial dynamics, stress signaling and protection against neurodegeneration and ferroptosis, a cell death modality associated with lipid peroxidation and membrane rupture. Understanding how cells regulate mitochondrial function and its adaptation during stress, aging and in disease holds the promise to open up new therapeutic interventions.
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