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We use the yeast Saccharomyces cerevisiae as a model for defining mechanisms linking cellular aging to spatially and temporally coordinated lipid dynamics in the endoplasmic reticulum (ER), lipid droplets (LD) and peroxisomes. Yeast aging can be slowed down by caloric restriction (CR), a diet that extends longevity across phyla and improves health by delaying the onset of age-related diseases. We 1) assessed how CR and numerous lifespan-extending mutations affect the age-related dynamics of changes in the proteomes and lipidomes of the ER, LD and peroxisomes; and 2) examined the chronology of various morphological and biochemical hallmark events of apoptotic, necrotic and autophagic forms of cell death in several long-lived yeast mutants, each impaired in a different aspect of lipid metabolism within or lipid transport between the ER, LD and peroxisomes. Our findings revealed a mechanism linking longevity to coordinated lipid dynamics within these organelles. In this mechanism, a calorie-rich diet suppresses peroxisomal oxidation of free fatty acids (FFA) that originate from neutral lipids synthesized in the ER and then deposited within LD. The resulting age-related accumulation of arrays of monounsaturated FFA, mainly palmitoleic acid, within LD triggers a previously unknown mode of programmed cell death. We coined the term “lipoptosis” for this age-related mode of cell death. We then used a custom-designed screen of extensive compound libraries to identify 24 natural compounds, each acting in synergy with CR to enable a significant further extension of yeast lifespan under caloric limitation. Using a combination of proteomic, lipidomic and systems biological approaches, we established the mechanism underlying a potent longevity-extending effect of one of these compounds, lithocholic acid. Our data imply that this bile acid extends yeast longevity by remodeling coordinated lipid dynamics in the ER, LD and peroxisomes, thereby delaying the onset of age-related lipoptotic cell death. 


