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Life on earth can be divided into three kingdoms: The Archeae, the eubacteria, and 

the eukarya. The kingdom of eukarya accommodates all plants, animals, and fungi. 

The hallmark of eukarya is the presence of a nucleus and other compartments, 

named organelles, in the eukaryotic cell. Archeae and bacteria lack organelles. 

Compartmentalization of a cell conceivably enables an organism to perform a great 

variety of cellular activities with higher efficiency. Metabolic processes that would not 

proceed in each other’s presence can occur simultaneously in different organelles. 

Another beneficial effect of compartmentalization is surface expansion of internal 

membranes that perform important functions in many vital processes. Finally, 

metabolic pathways that yield toxic metabolites can be shielded away from the rest of 

the cell. 

Microbodies are the most recently discovered class of organelles known to date 

(1954). The initial description of microbodies was exclusively based on their simple 

morphology. Subsequent biochemical analysis showed that several distinct classes 

of microbodies existed. Nowadays, microbodies are subdivided into peroxisomes, 

glycosomes, hydrogenosomes, and glyoxysomes. This study focuses on the 

peroxisome. A great diversity of metabolic activities takes place inside this organelle. 

Size, shape, and number of peroxisomes are highly dependent on cell type and 

physiological conditions. Likewise, these factors greatly impact the metabolic 

processes that take place in peroxisomes. The presence of peroxisomes is closely 

fine-tuned with the ever-changing metabolic needs of the cell. This makes the 

peroxisome a very versatile organelle. The significance of this cell compartment is 

probably most vividly illustrated by the very grave, sometimes even lethal diseases in 

man that are associated with disfunctioning of peroxisomes, the PBDs (Peroxisome 

Biogenesis Disorders). 

Yeasts are very suitable organisms for studying peroxisome biogenesis. Mutants that 

show aberrant peroxisome biogenesis (pex mutants) are viable under certain 

conditions. This enables identification of the affected gene and its protein product. 25 

proteins that are directly involved in peroxisome biogenesis, the so-called peroxins, 

have been discovered thus far. Yeasts provide an excellent model for studying the 

causes of PBDs. Based on results obtained in yeasts, the molecular causes of 11 out 

of 12 PBDs have been determined. 

For many years the “growth and fission model” has been the central model to explain 

peroxisome proliferation. In this model, new peroxisomes are exclusively formed from 

existing ones by a process of growth and fission. When cells divide, each peroxisome 

in the daughter cell is derived from those present in the mother cell through fission. 

The growth and fission model excludes the possibility of de novo peroxisome 
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biogenesis (biogenesis “out of the blue”). However, recent research data raise the 

question whether alternative models might apply. The research described in this 

thesis was aimed at probing the possibility of peroxisome biogenesis by means other 

than “growth and fission”. In these studies the methylotrophic (“growing on 

methanol”) yeast Hansenula polymorpha was used. The presence of functional 

peroxisomes is essential for methylotrophic growth. Hence, H. polymorpha pex 

mutants are unable to grow on methanol media. 

 

Chapter 1 of this thesis reviews our current knowledge of peroxisome biogenesis and 

function. An overview is given of data indicating peroxisome biogenesis by means 

other than the growth and fission model. 

Chapter 2 describes the isolation of the H. polymorpha PUR7 gene. This gene was 

found in a search for the part of the full complement of DNA (genome) of H. 

polymorpha able to restore the defect of the ade11.1 mutant. This mutant cannot 

synthesize purine (a DNA-building block) and therefore is unable to grow on media 

lacking adenine (a purine). The piece of DNA that could restore growth of ade11.1 in 

the absence of adenine was found to contain the gene encoding the enzyme that 

performs the seventh step in purine biosynthesis (PUR7). By cloning the PUR7 gene 

into a plasmid (a circular DNA that is maintained in the cell independent of the 

genome) an important genetic tool for H. polymorpha was constructed. The resulting 

plasmid, pHIPA4, was shown to be suited efficiently overproducing proteins in the 

ade11.1 mutant. This was tested using two peroxisomal proteins, amine oxidase and 

catalase. The possibilities for genetic modification of H. polymorpha are expanded by 

using pHIPA4 in the ade11.1 genetic background. This enhances the applicability of 

this organism in both fundamental and applied studies. 

Some years ago, the Pex3 protein (Pex3p) was identified as a peroxin, localized at 

the peroxisomal membrane. The PEX3 gene complemented the pex3 mutant. The 

most striking characteristic of the pex3 mutant is the complete lack of peroxisomal 

remnants (“ghosts”). A majority of known pex mutants does contain ghosts, which 

indicates an ability to perform normal assembly of the peroxisomal membrane. The 

lack of ghosts in the pex3 mutant points towards an important role for Pex3p in 

peroxisome membrane assembly. Therefore, we chose to study the function of 

Pex3p in biogenesis of peroxisomes. Chapter 3 describes our research on the 

localization of Pex3p. We used four variants of Pex3p, harboring a specific, 

recognizable amino acid sequence built in at different locations in the protein. This 

sequence, the so-called myc-tag (EQKLISEEDL), was exploited to detect the tagged 

Pex3p variants. First, the effects of the introduced tags on the function of Pex3p were 



Chapter6 

 116 

tested by checking the ability of the proteins to restore methanol growth of the pex3 

mutant. All Pex3p-myc constructs proved to function as Pex3p and thus enable 

growth on methanol. The orientation of Pex3p in the peroxisomal membrane was 

determined by several independent methods. By addition of a protease (a protein 

capable of digesting other proteins) to intact peroxisomes it was shown that all myc-

tags were sensitive for the protease. In another experiment the ability of highly 

specific anti-myc antibodies (proteins that bind to myc-tags with high affinity) to bind 

the tags was established. In all four Pex3p-myc variants binding of the anti-myc 

antibodies occurred, proving that the tags are exposed on the outside of the 

peroxisomes. Finally, the nature of Pex3p binding to the peroxisome membrane was 

determined by an extraction experiment. This showed that the protein is firmly 

attached to the outside of the peroxisome, without actually spanning the membrane. 

This result is very different from all previously published data. Most likely, Pex3p 

binds to another protein that is present in the peroxisomal membrane. At this point 

the identity of this interacting partner is unknown. Further evidence for the 

localization of Pex3p was obtained by freeze-etch electron microscopy. This method 

showed that overproduction of Pex3p results in a picture that differs dramatically from 

the images that can be made when proteins with multiple membrane spanning 

regions were overproduced. Fluorescence microscopical analysis of cells producing 

a fusion of Pex3p and GFP (a fluorescent marker protein) yielded a surprising result. 

The fluorescence was found in very distinct patches on the peroxisome membrane. 

This concentration in “hot spots” seems to indicate that Pex3p can be found only in 

clearly defined areas in the organellar membrane. 

What events occur when part of Pex3p is produced in pex3 cells? To our surprise a 

mutant containing 50 amino acids of the beginning (N terminus) of Pex3p (Pex3p[1-

50]), harbored great numbers of vesicles. Chapter 4 describes the origin and nature of 

the vesicles in detail. The vesicles appeared within 30 minutes after the onset of 

Pex3p[1-50] production, and invariably were found close to the nuclear membrane. 

Biochemically as well as electron microscopically Pex14p, a peroxisomal membrane 

protein, was found in the vesicles. Also alcohol oxidase, a peroxisomal matrix 

protein, was present in the vesicles. This proves that the vesicles have peroxisomal 

properties. The information needed to transform the vesicles into functional 

peroxisomes is apparantly present in the part of Pex3p that is lacking in Pex3p[1-50] 

(i.e. amino acids 51-457). When the full-length Pex3p was produced in vesicle-

containing cells, new peroxisomes were formed amidst the vesicles. Further analysis 

showed that the peroxisomes actually arose from a number of vesicles. Establishing 

that GFP, used as a marker protein for the vesicles, could also be found inside the 
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novel peroxisomes proved this point. These results show that structures derived from 

the nuclear membrane can be used as templates for new peroxisomes under the 

given circumstances. This is an example of non-“growth and fission” peroxisome 

biogenesis. The vesicles can be considered as intermediates in the process of 

peroxisome biogenesis from the nuclear membrane. 

Chapter 5 is concerned with the situation arising after full-length Pex3p is 

reintroduced into mutant pex3 cells. Under these circumstances a single organelle is 

formed in close proximity of the nuclear membrane. Using a protein that accumulates 

inside the ER, (and hence in the nuclear membrane) BiP-GFP, it is shown that the 

peroxisome most likely generates from a part of the ER, because GFP can be found 

in the new organelles. The combined data from chapter 4 and 5 show that 

peroxisomes certainly can derive from the ER, instead of exclusively budding of from 

pre-existing peroxisomes. 

 

Recent data from several researchers indicates the possibility of peroxisome 

biogenesis in the absence of pre-existing peroxisomes. The results outlined in this 

thesis also show the presence of a biogenesis route outside the classic growth and 

fission model. The exact role of this route in healthy, “wild type”, H. polymorpha cells 

remains unclear. Possibly it never occurs in wild type cells. Instead, it might be a 

rescue pathway when peroxisomes are lost from the cell, e.g. during cell division. 

Further research is required to answer the many remaining questions, for instance 

with respect to the identity of the nuclear membrane receptor for Pex3p. 



 

 

 


