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Aim and Outline 

 Hallmark of eukaryotic cells is the presence of different membrane bound components 

termed organelles, each comprised of a unique structure and function. Of these, peroxisomes are 

important organelles that characteristically contain at least one hydrogen peroxide producing 

oxidase together with catalase to remove the hydrogen peroxide by-product. Peroxisomes are 

inducible in nature and dynamic which facilitates a rapid adaptation of their number and function 

in relation to the metabolic needs of the cell. Indeed, the number of peroxisomes per cell is 

carefully regulated. When required, they are induced but when redundant for growth, they may 

be rapidly removed via selective autophagy (also termed pexophagy). Peroxisomes are the 

primary sites of lipid metabolism of the cell. Presently, the major contentious issues in 

peroxisome field are the role of the ER in peroxisome formation and sorting of peroxisomal 

membrane proteins (PMPs). In yeast, peroxisomes are pre-dominantly formed by division of pre-

existing organelle. However, peroxisomes can also be formed from ER by de novo particularly in 

PEX mutants which lacks peroxisomes such as Δpex3 and Δpex19 upon complementation with 

their corresponding gene. Hitherto, the sorting and insertion pathway of PMPs is a conundrum. 

Various models have been proposed ranging from the view that all PMPs travel via the ER to the 

opposite that PMPs are directly post-translationally sorted. Also intermediate have been 

proposed in that only few PMPs travel via the ER whereas others insert directly. This Thesis 

project aims at further elucidating the molecular mechanisms behind peroxisome biosynthesis 

and maintenance. 

Chapter 1 contains a synopsis of the contemporary views on peroxisome formation, homeostasis 

(biogenesis and degradation), and their implications in cellular aging, apoptosis and cell death. 
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Chapter 2 describes the relation that exists between peroxisome fission and degradation. Using 

mutants of Saccharomyces cerevisiae and Hansenula polymorpha that are defective in 

peroxisome fission (∆dnm1 and ∆pex11) we show that peroxisome degradation is inhibited, like 

in the ∆atg1 control strain. Moreover, we demonstrated that, upon introduction of catalase 

protein aggregates into peroxisomal lumen, these aberrant structures are rapidly removed from 

the organelles by a concerted action of peroxisome fission and selective autophagy. Removal of 

these aggregates was important to sustain cell health as their presence was associated with 

distinct physiological disadvantages as it affected growth and caused enhanced levels of reactive 

oxygen species. Removal required the normal peroxisome fission machinery as it was inhibited 

in peroxisome fission mutants (∆dnm1 and ∆pex11). Taken together, these data demonstrate that 

peroxisomal housekeeping mechanisms exist to remove unwanted or harmful components from 

the organelles, thus keeping them vital and functional. 

 Chapter 3 deals with de novo peroxisome formation in a Hansenula polymorpha pex3 mutant 

which occurs when the PEX3 gene is reintroduced in this mutant. The current view was that pex3 

cell lack peroxisome membrane remnants and new peroxisomes were created using the ER as 

membrane template. Our current data indicate that this view in not generally valid and requires 

adaptation. This is based on our finding that pex3 cell do have peroxisomal membrane remnants 

which are very unstable and subject to rapid degradation. However, subsequent deletion of 

ATG1, a gene essential for autophagy, resulted in stabilization of these peroxisomal membrane 

vesicles. Biochemical and microscopy studies revealed that these vesicles contained Pex8 

together with the docking site proteins Pex13 and Pex14. Other PMPs (i.e. Pex10, Pex11, and 

Pmp47) were unstable and localized to the cytosol. Finally, we showed that the Pex14-containing 

structures were the target for peroxisome development after reintroduction of Pex3 in pex3 atg1 
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cells. Together, these findings suggest that i) peroxisomal membrane structures can be formed in 

the absence of Pex3, and ii) alternative sorting mechanisms exist for Pex13 and Pex14, which 

reach their target membrane independent of the Pex3/Pex19 docking machinery. 

Chapter 4 is a continuation of chapter 3, as it aims to study de novo formation of peroxisomes in 

a second mutant described to lack peroxisomal membranes, namely pex19. We show that also H. 

polymorpha pex19 cells do contains cluster of peroxisomal vesicles, which are unstable but could 

be stabilized by blocking autophagy (ATG1 deletion). Our data further showed that the 

peroxisomal membrane proteins such as Pex3, Pex13, Pex14 and Pex8 are targeted to the 

vesicular structures of pex19 atg1 cells, whereas the Pex10, Pex11, Pex26 and Pmp47 are not. 

Finally our data revealed that upon complementation with PEX19, the vesicles present in pex19 

cells acts as template for peroxisome formation and not the ER. Therefore, our findings suggest 

that Pex19 is not essential for peroxisomal vesicles formation from ER and also for sorting of 

Pex3. 

The work in Chapter 5 is aimed to investigate the function of putative H. polymorpha orthologs 

of the PMP22/MPV17 family of proteins (WSC, SYM1, and YOR292C). In silico analyses 

revealed the presence of homologs in H. polymorpha. Fluorescence microscopy (FM), using 

GFP fusions of these proteins revealed that under peroxisome inducing conditions, the woronin 

sorting complex (Wsc) protein is localized to peroxisomal membrane whereas the Sym1 and 

Yor292c levels were below the limit of detection by FM. WSC deletion cells (Δwsc) grew 

normally on methanol and showed no alteration in  peroxisome abundance. However on glucose, 

a partial peroxisome segregation defect was observed during vegetative cell reproduction in 

conjunction with aberrations in peroxisome morphology. Therefore, Wsc might be essential for 
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segregation of peroxisomes and shaping of the organelle membrane.


