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Summary
Living cells are composed of several classes of biomolecules that are involved in the
formation, function and maintenance of the cells. Two very important biomolecules are
DNA (deoxyribonucleic acid) and proteins, which are equally important as one assures
the existence of the other. DNA carries the information (in genes), required to synthesize
a large variety of proteins that is needed to perform all cellular functions. Proteins are
composed of amino acids that form a chain termed polypeptide. There are several levels
of organization in proteins. Each sequence of amino acids (the primary sequence) forms a
unique secondary structure that folds into a more complex three-dimensional way, the
tertiary structure of a protein. Also, a protein can bind special molecules, co-factors that
are important for its function. Often several polypeptide chains are assembled together
into a larger, quaternary structure, termed oligomer. Oligomers can be composed of either
identical polypeptides (homo-oligomers) or different ones (hetero-oligomers).
Several cellular proteins are synthesized in the cytosol, but fulfill their function inside a
cell organelle. To assure that each protein reaches the correct organelle protein sorting
pathways exist. The information (“the address”) for the correct sorting of a protein from
the cytosol to its target organelle is generally present within the primary amino acid
sequence of the protein. This information (for instance a short sequence of a few amino
acids) is recognized by a receptor that brings the protein to the correct target organelle.
Sorting of proteins to organelles termed peroxisomes can be mediated by two different
receptors, Pex5p or Pex7p, that recognize one of the two known Peroxisomal Targeting
Signals, termed PTS1 and PTS2 respectively. The PTS1 sequence consists of only three
amino acids that are located at the end of the polypeptide that is synthesized last (the so
called C-terminus). The PTS2 is composed of a larger number of amino acids that are
located in the region of the polypeptide that is synthesized first (the N-terminus).
Peroxisomal alcohol oxidase (AO) from the yeast Hansenula polymorpha is a homooligomeric protein that consists of eight polypeptides (subunits), each of which has bound
one flavin adenine nucleotide (FAD) molecule as a co-factor. AO plays a key role in
growth of this yeast on methanol, because it converts methanol into formaldehyde and
hydrogen peroxide. AO follows a very special pathway to reach the peroxisome and to
assemble into FAD-containing oligomers. Its import into peroxisomes in H. polymorpha
is dependent on the PTS1 receptor Pex5p. Surprisingly, the PTS1 of AO is not required
for correct sorting. Instead, AO sorting relies on another, yet unknown, PTS that is most
likely formed upon binding of the co-factor FAD to a monomeric (i.e. consisting of a
single polypeptide) AO molecule. Only after binding of FAD, the monomeric protein is
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transported to peroxisomes. Inside the organelle AO monomers are assembled into the
oligomeric, enzymatically active protein.
The research presented in this thesis aimed to understand the molecular mechanisms of
biosynthesis, sorting and assembly of AO.
In chapter 1 an overview is presented of the current knowledge on the biosynthetic
pathway of AO in yeast species that are capable to grow on methanol.
In chapter 2 we describe the identification of H. polymorpha pyruvate carboxylase
(HpPyc1p) as a protein that plays a role in sorting and assembly of AO. This result was
unexpected because pyruvate carboxylase is known to be an enzyme producing
oxaloacetate, an intermediate of the tricarboxylic acid cycle. This enzyme function is very
distinct from a role in AO sorting/assembly. Pyruvate carboxylases (Pycp’s) are not
unique for yeast. Pycp’s generally consists of 3 functional domains that each is required
for the enzyme function, namely an N-terminal biotin carboxylation domain (BC), that
performs ATP-dependent carboxylation of biotin, a middle transcarboxylation domain
(TC) that transfers a carboxyl group from biotin to pyruvate and a C-terminal biotin
carrier domain (BCC) that covalently binds biotin.
Our data suggest that the role of Pycp’s in assembly of AO is unique for yeast species that
can grow on methanol (H. polymorpha, Pichia pastoris). When these yeasts are unable to
synthesize Pyc1p (i.e. upon deletion of the PYC1 gene) cytosolic inactive AO monomers
that lack FAD accumulate, whereas the assembly of other proteins is not affected
(Chapter 2).
We studied the role of HpPyc1p in the AO biosynthetic pathway in detail. The data
presented in chapter 2 suggest that HpPyc1p can physically interact with AO protein, but
does not function as classical chaperone proteins do. Chaperones bind to nascent
polypeptides and release in an ATP-dependent manner, thereby preventing misfolding.
Although HpPyc1p contains a domain that is capable to bind ATP, we demonstrated
(using mutated and truncated versions of HpPyc1p) that this domain is not required for
the function of the protein in AO sorting and assembly (chapter 3). The analysis of 18
mutants generated by transposon-mediated mutagenesis of HpPYC1 revealed that a region
of 80 amino acids that links the BC and TC domains is essential for AO-activation.
HpPyc1p mutated in this region is still enzymatically active and capable to bind AO
protein, but unable to mediate AO activation. Our data indicate that the central TC
domain, extended with the linker region between the BC and TC domains, forms the
region in HpPyc1p involved in AO activation. We speculate that this part of the protein
associates to AO and forms or stabilizes a conformation that is capable of FAD binding.
When the gene encoding H. polymorpha AO (AOX) is introduced in bakers yeast
(Saccharomyces cerevisiae), AO protein is normally synthesized. However, in S.
cerevisiae AO is not efficiently sorted to peroxisomes and also is not assembled into
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functional FAD-containing, enzymatically active oligomers (chapter 4). We aimed to
reconstitute the AO sorting and assembly pathway in S. cerevisiae by co-expression of
AOX and genes encoding HpPyc1p (HpPYC1) and the PTS1 receptor HpPex5p (HpPEX5).
These studies revealed that introduction of HpPyc1p was sufficient to mediate AO
activation in S. cerevisiae. However, the efficiency of import of AO into peroxisomes was
not improved. Further studies on sorting of AO in S. cerevisiae revealed that HpPex5p is
only capable to sort AO to S. cerevisiae peroxisomes when HpPyc1p was present as well.
This indicates that HpPex5p recognizes the yet unknown PTS of AO, which is only
formed when HpPyc1p is present in the cell. In contrast, S. cerevisiae Pex5p (ScPex5p)
was only capable to import AO via its classical C-terminal PTS1, which was independent
of HpPyc1p. Apparently, HpPex5p and ScPex5p use different, independent peroxisomal
sorting signals to target AO to peroxisomes.
Proper functioning of living cells involves several regulatory mechanisms controlling
protein biosynthesis. The so-called housekeeping proteins are continuously present,
whereas other proteins are only made on demand. Synthesis of AO is strictly regulated
and dependent on the environmental conditions. AO is absent in cells growing in the
presence of glucose, but is massively induced during growth of cells on methanol. In
glucose-containing cultures AOX promoter (a region in the DNA involved in regulating
AOX expression) is organized in nucleosomes that are altered by a chromatin-remodeling
complex upon activation to allow the synthesis of AO. We have cloned two H.
polymorpha genes (homologous to S. cerevisiae SWI1 and SNF2) that encode subunits of
a large chromatin remodeling complex SWI/SNF (chapter 5). H. polymorpha strains
deleted for either HpSWI1 or HpSNF2 showed essentially the same phenotype indicating
that - similar as in S. cerevisiae - these two proteins are part of one functional complex.
The ability of both strains to produce AO protein and hence to grow on methanol was
severely reduced. In addition to the decreased levels of AO, also the levels of
dihydroxyacetone synthase, another peroxisomal enzyme involved in methanol
metabolism, and Pex5p were strongly reduced. This indicates that the regulation of the
expression of these genes involves a common step.
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