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Summary

In eukaryotic cells, specific metabolic processes are compartmentalised in so-
called organelles. These organelles are essential for proper functioning of the
eukaryotic cell. For instance, energy is generated by the mitochondrion; the nucleus
is the storage room for the genetic information, whereas the vacuole/lysozome is the
recycle bin of waste products. Microbodies (peroxisomes, glyoxysomes, glycosomes)
are versatile organelles and may carry out a wide range of functions. These include
among others carbon metabolism in yeast, photorespiration in plants and cholesterol
metabolism in man.

Proteins that are destined to leave the cell have to travel through the secretion
pathway, including the endoplasmic reticulum (ER) and the Golgi apparatus (a
complex network of tubular and vesicular structures). In these compartments, proteins
to be secreted are modified (e.g. proteolytic processing, glycosylation and formation
of sulphur-bridges) and properly folded. The folding process is conscientiously
monitored by the ER quality control system, which prevents that malfolded and/or
non-functional proteins leave the cell.

The components of the secretory pathway are essential for eukaryotic cells in
that it provides the cell with a machinery to construct other cellular organelles.
Lipids, proteins and complex carbohydrates, destined for the Golgi apparatus, the
vacuole, the plasma membrane, the cell wall or the cell exterior, are sorted to their
respective location via this essential pathway. If eukaryotic cells are used as a cell
factory, the secretory pathway is not only essential for cell maintenance; it also serves
as an important pathway for the production of proteins for biotechnological and
pharmaceutical applications. Such proteins often have to undergo several
modifications for their proper activation/function.

  A large variety of host organisms have been applied to produce heterologous
proteins, ranging from bacteria to higher eukaryotes. The past few years however,
methylotrophic yeast, which are capable of growth on methanol as sole carbon
source, have become preferred hosts for heterologous gene expression. They combine
both fast cultivation at low cost and the ease of genetic manipulation. Production
systems based on methylotrophic yeast often rely on the strong, regulatable promoters
derived from the methanol metabolism pathway genes.

The organism studied in this Thesis is the methylotrophic yeast Hansenula
polymorpha. When used as a cell factory, H. polymorpha has some specific
advantages. H. polymorpha is more thermotolerant compared to other methylotrophs,
which allows better cooling management and reduces the risk of contamination.
Furthermore, H. polymorpha does not secrete large amounts of endogenous proteins
resulting in a relative pure fraction of the desired protein product. Although
successful applications of H. polymorpha as a cell factory exist, little is still known of
the factors which influence secretion efficiency.

The work presented in this Thesis, describes factors influencing the secretion
of flavo-enzymes. Flavo-enzymes, also termed oxidoreductases, are widespread in
nature and play a key role in many biological processes. These enzymes contain
flavin adenine dinucleotide (FAD) as the co-factor for proper activity. The two model
proteins used in this study belong to the oxidoreductase family, namely H.
polymorpha alcohol oxidase (AO) and Aspergillus niger glucose oxidase (GOX).
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In chapter one, the potential cell factory H. polymorpha is introduced together
with an overview of the Hansenula toolbox for production and manipulation of
heterologous proteins. Secondly, an overview of the most important aspects
concerning the secretory pathway in yeast is presented.

One of the model proteins used in this study is A. niger GOX. GOX is a
dimeric flavo-protein of approximately 150 kDa containing FAD as the co-factor on
each subunit. H. polymorpha strains, which were able to secrete GOX were
constructed and analysed in chapter two and three.

In chapter two, the cloning of H. polymorpha Binding protein (BiP) is
described. BiP is an essential constituent of the ER and plays important roles in both
the uptake of proteins into the ER as well as the folding of these proteins, when they
enter the secretory pathway. Various studies showed that the availability of BiP is
sometimes a bottleneck for efficient secretion of heterologous proteins. Therefore, the
effect of increased BiP protein levels was studied on the secretion efficiency of
heterologous produced GOX by H. polymorpha. The results presented in this chapter
clearly showed that strong overproduction of BiP negatively affected the secretion of
GOX.

In chapter three, different aspects of GOX secretion by H. polymorpha were
analysed in detail. First, the effect of the copy-number on the ultimate secretion level
was studied. By just simply increasing the number of copies of the GOX secretion
cassette integrated into the genome of H. polymorpha, an increase in the total amount
of GOX protein produced was observed. The amount of GOX protein and activity
that could be detected in the culture fluid however, reached a maximum level when
three copies of the expression cassette were present in the genome. At enhanced
copies, no further increase in secretion was observed.

Secondly, a comparison of GOX secretion levels using two different ER
targeting signals was performed. The results showed that, using the leader sequence
of the Saccharomyces cerevisiae invertase (ISS), higher GOX secretion levels could
be obtained relative to the use of the leader sequence of the S. cerevisiae mating
factor alpha (MFα).

Finally, the role of Pex1p and Pex6p in GOX secretion was studied. In the
yeast, Yarrowia lipolytica, processes for peroxisome biogenesis and secretion seemed
to be connected to some extend. This conclusion was based on the observation that
mutants defective in Pex1p or Pex6p were not only peroxisome deficient, but also
showed severe defects in protein secretion. This intertwining of both processes is not
observed in H. polymorpha as became clear from a comparison of secretion of GOX
in a wild type strain and two peroxisome deficient mutants, namely pex1 and pex6.
These results suggest that the processes of peroxisome biogenesis and protein
secretion may differ for different yeast species.

The second model protein used during this study was H. polymorpha AO. AO
is an octameric protein of approximately 600 kDa. Each subunit contains a non-
covalently bound FAD as the co-factor. AO is normally sorted to the peroxisomal
matrix via a peroxisomal targeting signal (PTS1) which is located at the extreme C-
terminus of the protein. One of the goals of this research was to direct AO into the
secretory pathway aimed for secretion of AO into the culture fluid. The results of
these studies are described in chapter four and five.

Chapter four describes the results obtained when AO was fused to the pre-pro
leader sequence of the MFα. The recombinant AO fusion protein was very efficiently
targeted into the secretory pathway where it is core-glycosylated. Under these
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conditions, no AO protein could be detected in the culture fluid. The ER localized
AO was monomeric, completely lacked FAD and probably was subject to gradual
degradation via the ER associated degradation machinery. From molecular weight
estimations we speculated that the recombinant AO was not able to bind FAD due to
steric hindrance of the FAD binding fold, which is located at the amino-terminus of
AO, by the pro-sequence of the MFα.

In chapter five this hypothesis was tested in more detail. To this end, we
studied the fate of AO directed into the secretory pathway by using an ER targeting
signal, which only consists of a pre-sequence namely the S. cerevisiae ISS. Upon
entering the secretion machinery, this signal is completely removed and the steric
hindrance should be minimised. The results showed that also in this case the
recombinant AO fusion protein was efficiently targeted to the ER and was
glycosylated. In this case however, a significant amount of AO protein was detected
in the culture fluid. The extracellular AO had a normal molecular weight and was
active.
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