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Discussion 

Mitochondrial metabolism plays a central role in cellular but also whole-organism 
physiology. This is particularly pronounced through genetic or pharmacological 
targeting of mitochondrial function1. For example, tetracycline antibiotics that are 
used extensively both in the clinic and in research, target not only bacterial, but also 
mitochondrial translation. This disturbance in mitochondrial translation activates the 
mitochondrial stress response pathway UPRmt,  which in turn triggers a 
transcriptional and translational cascade that ultimately impacts important 
physiological features such as growth and lifespan in a conserved fashion2. 
Specifically, doxycycline treatment caused developmental delay in plants, worms and 
fruit flies, while extending lifespan in the latter two3,4.    

Often, disturbed mitochondrial function can lead to disease development. There is a 
number of inherited disorders that are caused by mutations in genes encoded in either 
nuclear or mitochondrial DNA and that directly or indirectly affect mitochondrial 
processes such as translation and oxidative phosphorylation5. The severity of 
mitochondrial diseases and the tissues that are affected can vary greatly between 
different disorders but also between individual patients with the same disease. Organs 
that are often affected are those of high energy demand such as the brain, heart and 
liver.  

In the case of Barth syndrome (BTHS), patients present with ‘typical’ mitochondrial 
disorder symptoms that include the heart and skeletal muscles, but also more 
‘atypical’ symptoms such as neutropenia6,7. BTHS is caused by mutations in the 
tafazzin/TAZ gene, which is known since 19968, however little is known about the 
disease pathophysiology. In this thesis, we describe that patient cells display 
destabilized OXPHOS supercomplexes and disturbed metabolism, and an 
upregulation of mitochondrial complexes related to protein import and cristae 
organization, which may act as compensatory mechanisms and maybe valuable 
pharmacological targets. 

In Perrault syndrome, patients present with infertility and hearing loss9. Although 
hearing loss is also observed in other mitochondrial diseases, female infertility is not 
as common. Moreover, the disease is clinically heterogeneous, with some patients 
presenting also neurological symptoms10,11. The clinical variability is also reflected at a 
genetic level, as mutations in six different genes have been described to cause Perrault 
syndrome11-15. In the present thesis, a novel genetic cause for Perrault syndrome is 
identified in ERAL116, a nuclear gene that encodes a mitochondrial protein involved 
in mitochondrial protein synthesis17,18. Patient cells have decreased mitochondrial 
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respiration, and worms with decreased levels of the homologous protein have 
impaired fertility. Although mitochondrial dysfunction is evident in both BTHS and 
PS, the exact pathophysiology but also the variability in symptoms is still unresolved.       

Mitochondrial dysfunction that is not too severe can have beneficial effects via the 
activation of stress response pathways such as the UPRmt, leading to lifespan 
extension2,19. This mechanism is evolutionary conserved and has been observed in 
many organisms, including the genetic model C. elegans which is amply used in aging 
studies due to the ease of genetic manipulation and relatively short lifespan. Many 
molecular pathways that connect mitochondrial metabolism with aging and other 
processes are conserved in humans and C. elegans, which has positioned this model 
adequately for mitochondrial research20. In the present thesis, an advanced method 
for measuring metabolites in worms and its application to monitor metabolic 
consequences of genetic and nutritional interventions is described21, thus providing 
the technical background for further research in aging and metabolic studies. 

Since many mitochondrial pathways are conserved in C. elegans, it is also a useful 
model for studying the genetics of rare mitochondrial diseases, but also as a screening 
tool for dissecting pathophysiology and drug efficiency1,22. In the present thesis C. 
elegans is being used to determine the phenotypic effects of decreased expression of 
the orthologue gene that is mutated in Perrault patients, which is reduced fertility. 
Moreover, the effects of reduced expression of the worm orthologue for the gene 
responsible for BTHS are being tested, resulting in identical biochemical defects seen 
in the patients. These findings nicely demonstrate that C. elegans is a suitable and 
promising model for rare mitochondrial diseases.  

On the other hand, while the worm model for Perrault syndrome presents with a 
phenotype that resembles one of the main symptoms of the disease, the one for 
BTHS does not present, at least to the extend it was studied, with any muscle 
phenotype which is the main tissue affected in the patients. To overcome limitations 
of individual study models, a cross-species approach and the studying of multiple 
levels of biological organization is necessary. 
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Future perspectives 

The pathophysiology of many mitochondrial diseases, including BTHS and PS remain 
to be resolved. While C. elegans serves as an adequate model to study the genetic cause 
of the disease, the underlying molecular pathways, and the efficacy of a compound at 
a molecular level, for the full understanding of pathophysiology a mammalian model 
such as the mouse would be relevant. Specifically, in the case of Perrault syndrome 
the cause of infertility is unclear and a model with a reproductive system as similar to 
the human as possible would be beneficial to shed more light in this direction. Also, 
in the case of BTHS apart from a model with a close-to human cardiovascular 
system, also a similar immune system would be of great relevance, since neutropenia 
is one of the main reasons of early death in patients.        

On the other hand, the development of efficient methods for measuring metabolites 
in C. elegans has opened the way to targeted experiments exploring further 
mitochondrial metabolism, and how it affects aging and age–related diseases such as 
type two diabetes and cancer. For example, testing the effect of different diets on 
health- and life span of worms in relation to their metabolic profiles can reveal which 
energy resources help for healthy aging, and which ones are harmful. These studies in 
combination with the use of mutant worms that lack a gene of a specific metabolic 
pathway that is involved in a disease phenotype, can help uncover the underlying 
mechanisms of the observed changes.    

Finally, the development of rare mitochondrial diseases and the severity of the patient 
symptoms is often affected not only by the disease-causing mutation but also by 
modifier genes. The identification of such modifiers requires extensive genetic 
screens that can be laborious and time-consuming, especially in mice or human cells. 
Moreover, a number of mitochondrial diseases lack of an effective targeted treatment, 
and are instead dealt with symptomatic treatment. Therefore, the establishment of the 
easily maintained and multi-cellular C. elegans as a screening tool for unresolved 
mitochondrial diseases would be an asset in addressing these aspects. An example of 
such an approach would involve the screening of an entire RNAi library on wild type 
worms and mutants for the disease causing gene, using amongst others fluorescence 
microscopy, motility and respiration assays to measure mitochondrial morphology 
and function, as well as overall health. The gene hits identified through such a 
screening can then be tested for other phenotypes, such as lifespan, and followed by 
CRISPR-Cas deletion of each of these genes to study the mutants in more depth. In a 
similar fashion, compound libraries can be screened to identify potential boosters of 
mitochondrial function that ameliorate a disease phenotype.  
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Overall, considering the conserved role of mitochondria in various aspects of cellular 
and whole-organism physiology, discoveries on the causes of specific mitochondrial 
diseases can ultimately help elucidate more complex processes and multifactorial 
diseases such as aging and the metabolic syndrome. Similarly, knowledge gained from 
cell-based or multi-cellular organism models with simple organization can be applied 
in improving human health and treating disease.  
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