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CHAPTER I
Aim and outline of the thesis

1. Aim

Neurodegenerative diseases are complex human diseases that are still 
poorly understood in terms of their etiology and pathogenesis. The objective 
of this work is to zoom in on the molecular and cellular events that lead to 
a distinctive characteristic shared by several neurodegenerative diseases: 
protein aggregation. We take advantage of the nematode Caenorhabditis 
elegans (C. elegans) to discover genes that modify protein aggregation and 
toxicity (proteotoxicity) and to further examine how these genes contribute to 
the aggregation process. In addition, we aim to validate our observations in the 
mammalian system, by testing whether the mammalian orthologs of the new 
genes have similar effects on protein aggregation. Ultimately, we hope that the 
discovery of these modifiers will add to insights in the field, thereby providing 
a better understanding of how the aggregation process works, which cellular 
functions are involved and, importantly, how these are affected in the context 
of disease. 
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2. Outline of the thesis
In Chapter II we start this thesis by highlighting the importance of a balanced 
proteome and describing the cellular processes involved in its proper 
maintenance. We then explain how this balance is disrupted when protein 
misfolding and aggregation occurs, exemplified by neurodegenerative diseases. 
Next, we demonstrate the value of using small model organisms  including 
yeast, nematode and fly  when identifying genetic modifiers of proteotoxicity 
and highlight the validation of such modifiers in higher organisms. From 
a different perspective, we also present an emerging concept, namely the 
contribution of non-coding RNAs to neurodegeneration, and exemplify how 
impaired RNA metabolism can lead to neurological disorders.

In Chapter III, we focus on C. elegans models of neurodegenerative diseases 
and explain how these can be used to discover modifiers of proteotoxicity in 
high-throughput genetic screens. We describe the two most frequently applied 
methods of genetic screening – EMS mutagenesis and RNA interference – and 
compare these methods by explaining the advantages and disadvantages 
relative to each other. We conclude by providing examples of genetic screens 
that enabled the identification of modifiers of proteotoxicity in C. elegans 
models of Parkinson’s, Alzheimer’s and polyglutamine disease.

In Chapter IV, we describe the characterization of MOAG-2, a modifier 
of aggregation that was previously identified in a forward genetic screen 
performed in a C. elegans model of polyglutamine diseases. We discovered that 
MOAG-2 corresponded with LIR-3, a protein of unknown function previously 
identified in C. elegans. We observed that a mutation or a partial deletion in 
this gene suppressed aggregation in our model. MOAG-2/LIR-3 has two non-
canonical C2H2 domains, which are commonly found in transcription factors. 
This suggested that MOAG-2/LIR-3 might regulate protein aggregation by 
functioning as a transcription factor. We discovered that MOAG-2/LIR-3 is 
indeed an RNA Polymerase III-associated transcription factor that regulates 
the transcription of small non-coding RNAs, including small nucleolar RNAs 
and transfer RNAs. In this study, we discovered that polyglutamine expansion 
proteins suppress MOAG-2/LIR-3-mediated transcriptional regulation and 
convert the MOAG-2/LIR-3 protein into an aggregation-promoting factor.

In Chapter V, we focus on how cells respond to proteotoxic stress provoked by the 
expression of aggregation-prone proteins. To investigate the cellular pathways 
involved in this stress response, we performed whole transcriptome profiling in 
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wild type worms and worms expressing polyglutamine expansion proteins. By 
combining differential gene expression analysis with gene ontology enrichment 
analysis, we found that the genes that responded to the presence of aggregation-
prone proteins in the cell were genes involved in the unfolded protein response, 
the immune response and oxidative stress. Parallel to this, we also found that 
aggregation-prone proteins affect C. elegans development.

Another modifier of aggregation identified during previous genetic screens was 
MOAG-4. MOAG-4 has two human orthologs: SERF1A has 50% amino acid similarity 
to MOAG-4 and SERF2 has 54%. In Chapter VI we follow up on previous studies of 
SERF2 by Van Ham et al. We aimed to study the effect of SERF2 on amyloid-beta 
aggregation in the brain of mice and discovered that a full-body Serf2 knockout 
resulted in embryonic lethality with incomplete penetrance. Indeed, we observed 
that the Serf2 knockout allele was not segregated according to the expected 
Mendelian ratios, suggesting a crucial function for Serf2 in mouse development. 
This observation led us to generate a brain-specific Serf2 knockout mouse, which 
is viable and fertile.
 
In Chapter VII, we critically analyze this work and discuss how it has helped to 
address our initial aims. We further address any questions that remain open and 
discuss future perspectives that may follow from this work. 




