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Aim and outline 

During the last century the average human life expectation significantly increased. 

Consequently, the impact of ageing and age-related diseases on our society is superior then ever 

before. In cell biology ageing can be defined as a progressing increase in damage of cellular 

constitutes hampering their normal functions, ultimately leading to cell death. The molecular 

mechanisms underlying ageing are studied using various model organisms including unicellular 

yeast. This is highly feasible because many of the molecular mechanisms involved in ageing are 

conserved. The amenability for genetic manipulations and the unique opportunity to study 

ageing at the single cell level make yeast very attractive for ageing research. 

Mitochondria are well known for their function in ageing. However, recent data indicate that 

another cell organelle, the peroxisome, also contributes to this process. 

The research described in this thesis aims at understanding ageing using yeast as a model 

organism with emphasis on the role of peroxisomes. 

Chapter 1 highlights the significance of yeast as a model in ageing research. An overview is 

presented on the role of extracellular and genetic factors in yeast ageing. Moreover, this chapter 

summarizes the current knowledge on the role of peroxisome associated processes on cell 

viability. 

Accumulation of cellular damage is a hallmark of ageing. Various quality control mechanisms 

exist that recognize and subsequently repair or remove damaged components, including whole 

cell organelles. Chapter 2 presents an overview of our current knowledge of peroxisomal 

quality control processes.  

Calorie restriction is generally assumed to enhance lifespan in a variety of organisms including 

yeast. Chapter 3 describes the relationship between nutritional cues (i.e.carbon source 

concentrations) of the growth media and the chronological lifespan of the yeast Hansenula 

polymorpha. We observed that a reduction in the carbon source concentration indeed extended 

the chronological lifespan when glycerol was used as the sole carbon source. However, when 
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the concentration of glucose was reduced, this decreased the lifespan. We show that the 

observed differences in the effects of calorie restriction were due to extracellular factors, 

including acidification of the medium. When the medium was buffered at neutral pH the 

lifespan of H. polymorpha cells invariably extended with increasing carbon source 

concentrations, both when glucose or glycerol was used. 

Chapter 4 describes the impact of peroxisomal catalase deficiency on yeast chronological 

ageing. We show that the absence of peroxisomal catalase has a negative effect on the 

chronological lifespan when cells are grown on media containing methylamine as sole nitrogen 

source. We show that the oxidation of methylamine by peroxisomal amine oxidase, during the 

stationary phase, led to reduced amine oxidase activity, which caused shortening of the lifespan. 

When the media contained methanol, a carbon source that is metabolized by peroxisomal 

alcohol oxidase, the lifespan of catalase deficient cells increased relative to the wild-type 

control. This was due to the compensatory activation of other antioxidant enzymes, including 

cytochrome c peroxidase. Overall, these data suggest a dual role of peroxisomal hydrogen 

peroxide, as it can serve as toxic compound in inactivating peroxisomal enzymes, but also may 

function as signalling molecule to induce other anti-oxidant enzymes. 

Chapter 5 describes the effect of the deficiency of another peroxisomal antioxidant enzyme, 

the peroxiredoxin Pmp20, on yeast chronological lifespan. We demonstrated that, similar as 

observed for the catalase deficient mutant, deletion of PMP20 also increased the chronological 

lifespan of H. polymorpha when cells were grown in the presence of methanol. However, 

different to what we observed in catalase deficient cells, no compensatory increase in activities 

of other antioxidant enzymes was observed. The molecular mechanisms of lifespan extension 

by PMP20 deletion remained unknown. Our data suggest that the observed effect was not due 

to a H2O2 related stress response.  

So far our understanding of the role of peroxisomal membrane lipids in organelle function is 

still at its infancy. For other cell organelles the correct lipid composition was shown to be 

crucial for optimal organelle function. Chapter 6 describes studies of the role of the non-
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bilayer lipids phosphatidylethanolamine (PE) and cardiolipin (CL) in peroxisome biogenesis 

and proliferation. Fluorescence microscopy analysis revealed that in yeast mutants deficient in 

PE biosynthesis the abundance of peroxisomes was reduced. This effect was suppressed upon 

addition of choline to the growth medium, which restores phosphatidylcholine (PC) 

biosynthesis in PE depleted cells. This result indicates that the reduction in peroxisome numbers 

was caused by decreased PC biosynthesis, but not by PE depletion. Similarly, the deficiency in 

CL biosynthesis had no negative effect on the abundance of peroxisomes. These data indicate 

that non-bilayer phospholipids do not play a major role in peroxisome biogenesis. 

 


