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Outline

OUTLINE

The filamentous fungus Aspergillus niger has a long track record as a highly efficient
producer of a wide variety of enzymes. Already soon after the development of fungal
transformation systems this species was acknowledged for its potential as a
production host for heterologous proteins. However, the production of homologous
and especially heterologous proteins is often limited by the high levels of proteases
produced by this fungus as well. Chapter 1 reviews the role that protease activity
plays in strain and process development of A. niger and other aspergilli. It discusses
several approaches and techniques that have been applied to generate strains with
reduced protease activity. Furthermore, it provides an outlook on how new research
approaches, such as the -omics techniques, may play a role in understanding the
proteolytic system of aspergilli.

The objective of the project described in this thesis is to study the complex induction
of extracellular proteases in A. niger using information gathered with functional
genomics technologies. A special emphasis is given to the requirements for
performing a successful systems biology study and addressing the challenges met in
analyzing the large, information-rich data sets generated with functional genomics
technologies.

Chapter 2 of this thesis describes a systematic study of the influence of several
environmental factors on the production of extracellular proteases of A. niger in
controlled batch cultivations. Using a change-one-factor-at-a-time approach, the effect
of pH and various medium components on protease production was investigated.
Subsequently, a full two-level factorial design was applied with four environmental
factors selected from the screening experiments that affected the protease production
the most. Six protease-related quantitative phenotypes were calculated from these
samples to study the individual and interaction effects of the tested environmental
factors on each of these phenotypes. Samples generated in this full factorial
experimental design were used for analysis with different functional genomics
technologies (Chapter 3 to 5).

Chapter 3 presents an improved list of potential signal peptide directed proteins
encoded by the A. niger genome. For the compilation of this list, the signal peptide
predictions from A. niger were compared to those of the best homologs of three
neighbouring Aspergillus species. In addition, a shotgun proteomics approach was
used to determine the A. niger secretome under different experimental conditions.
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Based on this analysis the complexity of the repertoire of secreted proteases was
confirmed.

The effect of different quantitative phenotypes related to product formation on the
information content of a metabolomics data set is investigated in Chapter 4. For this
purpose, besides the production of secreted proteases the production of another
industrially relevant product by A. niger was evaluated, i.e. the enzyme glucoamylase.
For both products, different quantitative phenotypes associated with activity and
productivity were defined and for each phenotype the relation with metabolome data
was investigated. Results showed that, depending on the product studied, different
quantitative phenotypes had the highest information content in relation to the
metabolomics data set.

Chapter 5 describes the clustering of co-expressed genes using two DNA microarray
data sets; one of these data sets was derived from the experiments described in
Chapter 2. A set of conserved genes was used to construct gene co-expression
networks for both the individual and combined data sets. By comparative analysis the
existence of modules was revealed, some of which are present in all three networks.
Subsequently, all protein-coding A. niger genes, including hypothetical and poorly
conserved genes, were integrated into the co-expression analysis. We have used this
two-step approach to relate the genes encoding hypothetical proteins to the identified
functional modules.

In top-down systems biology the information gathered with functional genomics
technologies is analyzed with multivariate data analysis tools, and can be used as a
method to achieve unbiased selection and ranking of targets for both strain
improvement and bioprocess optimization. Chapter 6 discusses the key factors for a
successful top-down systems biology approach.



