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THESIS SUBJECTS ZEBRAFISHLAB
Our thesis subjects are grouped within 3 broad themes, which are described first and are then
followed by specific topics. Promoters of these thesis projects are prof. dr. Dries Knapen and/or dr.
Lucia Vergauwen. Most of the subjects described below are suited for both MP and IP.

THEME 1.
Unravelling the mechanisms underlying narcosis: does this toxicity
mechanism affect mitochondrial function?
At least 60% of the most commonly used chemicals in industrial applications are thought to act by
narcosis. In a toxicological context, the term narcosis refers to lipophilic chemicals partitioning into
cellular membranes as a function of their degree of lipophilicity, thereby causing toxicity. It is
assumed that with increasing lipophilicity, chemicals have an increasing tendency to accumulate in
membranes and disrupt their integrity and function. These chemicals can adversely impact a wide
range of species, including humans, when they enter into the environment. Generally, loss of
reaction to external stimuli, loss of equilibrium, decline in respiratory rate and death are expected in
fish. However, the mechanistic details of how these chemicals cause toxic effects at the molecular
and cellular level are largely unknown. Environmental risk assessment for this large array of
chemicals is therefore currently mainly based on standard toxicity tests and lethality estimates using
quantitative structure activity relationships (QSARs), which predominantly rely on lipophilicity
estimates.
At this point, it is unclear which membrane types and which proteins are functionally impaired by
narcotics. We hypothesize that the cell membrane is the first target of lipophilic compounds, which
may then further partition into different organelle membranes. Many membrane-bound processes
such as the mitochondrial electron transport chain are vital to cell survival and may be affected. We
have found that narcotic compounds inhibit electron transport chain activity in 3 day old zebrafish
embryos. Therefore, we further hypothesize that narcotic compounds affect the function of the
mitochondrial electron transport chain. The thesis subjects related to this theme will focus on
testing this hypothesis and further unravelling the mechanism of narcosis by investigating
mitochondrial effects in the zebrafish embryo model at different levels of biological organisation
(molecular, biochemical, physiological) and using a variety of techniques.
Thesis subject 1: Characterization of physiological effects of narcotics with direct ecological
relevance in zebrafish embryos
In this thesis the effects of narcotics will be investigated at the physiological level which is of direct
ecological relevance for risk assessment. Zebrafish embryos will be exposed to dilution series of
narcotic compounds. Heart rate, swimming behaviour, oxygen consumption, growth and survival will
be observed, and related to what we already know about the narcosis mechanism. We will observe
loss of equilibrium, perform automated swimming behaviour analysis using a Zebrabox (Viewpoint),
measure growth as larval length, monitor survival and determine heart rate in 1 day old embryos.
Oxygen consumption measurements will be performed using small respiration chambers with
optical oxygen probes suitable for zebrafish embryos. This knowledge is vital to understanding the
mechanism and the impact of narcotics on the normal function of organisms.
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Thesis subject 2: Identifying direct protein inhibitory potential of narcotics using in vitro
techniques
It is unclear whether and how narcotics interact with the mitochondrial membrane and/or the
(membrane) proteins involved in the electron transport chain. Using specific in vitro tests
interactions between narcotics and mitochondria and mitochondrial proteins can be investigated.
For example, the fraction of a homogenate of control zebrafish embryos containing all mitochondrial
components can be used as a test system to measure electron transport chain activity after
addition of narcotic compounds. A second example is an in vitro test in which specific complexes of
the electron transport chain are captured from a mitochondrial homogenate in a test vessel using
antibodies. Subsequently the activity of each specific complex can be measured after addition of
narcotic compounds. This offers the opportunity to specifically investigate whether narcotics can
directly inhibit these proteins. This has never been investigated before and would significantly
advance international understanding of the narcosis mechanism.
Thesis subject 3: Investigating molecular and biochemical effects of narcotics on mitochondria of
zebrafish embryos
In this thesis, zebrafish embryos will be exposed to narcotic chemicals. At the biochemical level, the
effects of narcotics on electron transport chain activity in exposed zebrafish embryos will be further
explored. Inhibition of proteins in toxicity processes is often related to changes in transcript levels of
those proteins. At the molecular level transcriptional expression of components of all respiratory
complexes will be analysed using QPCR to identify such relations. In cases where aerobic cellular
respiration is disrupted, there may be a shift in the balance between aerobic and anaerobic ATP
synthesis. By measuring lactate levels and lactate dehydrogenase (LDH) activity in exposed zebrafish
embryos, the relative contribution of anaerobic and aerobic ATP synthesis can be evaluated.
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THEME 2.
The role of steroid hormones in vertebrate embryonic and larval
development
The role of endogenous steroid hormones in adult fish in general, and zebrafish in particular, is
fairly well characterized and is similar to their role in other vertebrates with a few exceptions. For
example, comparable to mammals, estradiol regulates ovarian function and additionally, in fish,
estradiol regulates vitellogenin (yolk protein) synthesis and yolk formation. Similarly, there has been
a large focus on the potential of exogenous factors (e.g. endocrine disrupting compounds) to disrupt
adult reproductive function. In contrast, surprisingly little is known about the role of steroid
hormones in early vertebrate development. For some hormones and their receptors maternal
transfer has been shown, i.e. the presence of hormones and mRNA coding for receptors in
unfertilized oocytes. This indicates that these hormones are essential for early development, but
overall the current understanding of the role of steroid hormones in embryonic development
remains fragmented. The importance of the zebrafish as a vertebrate model in developmental
biology calls for further research of the time-dependent profiles of the steroid hormone pathway
and the functions of steroid hormones during embryonic development.
We have obtained transcriptional expression profiles of 20 genes coding for enzymes involved in
steroid hormone synthesis and hormone receptors at 25 time points during the first 32 days of
zebrafish development. This time frame covers embryonic to juvenile development. In these natural
profiles we observe maternal transfer and increases or decreases of mRNA levels of specific genes
during specific developmental stages. The thesis subject related to this theme will use this dataset as
a starting point and will attempt to answer questions on the biological function of these profiles.
Thesis subject 4: Disruption of natural hormone profiles in developing zebrafish to clarify their
function in early vertebrate development
For this thesis, transcriptional expression changes of interest - of which the function in early
development is currently unknown - will be selected based on the profiles obtained during normal
development. A suitable technique to disrupt these profiles will be selected. Examples include
exposure of zebrafish embryos to endocrine disrupting chemicals which are known to inhibit
enzymes involved in hormone synthesis, bind to hormone receptors, etc. Another example is the use
of knockdown technology to silence a specific gene and. By observing changes in early development
after disrupting the normal profile, the function of these profiles can be investigated. Observations
can include molecular analyses (verification of the disruption of a transcriptional expression peak
using QPCR, analysis of altered expression of related genes), biochemical characteristics (altered
hormone levels, altered enzyme activity), morphological characteristics (morphology of eyes, ears,
body shape, etc.), and physiological characteristics (heart rate, swimming behaviour, metabolic
rate).
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THEME 3.
Development of a zebrafish model for DFNA9, autosomal dominant
progressive hearing loss
Non syndromic hearing loss has been characterized to have monogenic inheritance in many traits.
The so called DFNA9 type of autosomal dominant progressive sensorineural hearing loss is
phenotyped in almost exclusively Dutch and Flemish patients from large families. The disease is
linked to a mutation in the coch gene coding for Cochlin. Although the phenotype-genotype
correlation is well studied in these families, the protein function of Cochlin remains unclear in the
human inner ear.
Zebrafish hair cells provide an interesting model for studying loss of function of hair cells in humans.
One of the advantages is that zebrafish hair cells present in the lateral line are easily accessible and
their function can be investigated in behavior assays. One of the complexities of developing models
for this disease is its late onset. While models have been developed in mice, it is hoped that
zebrafish, due to their short lifecycle and presence of hair cells in the lateral line, can provide a
complementary model with perhaps an earlier onset.
On the long term we plan to develop a zebrafish line with a mutation in the coch gene which leads to
symptoms comparable to what we observe in DFNA9 patients. State-of-the-art techniques such as
CRISPR/Cas9 will be applied. This model can then be used to better understand the disease and to
test possible treatments.

Thesis subject 5: Expression of coch in zebrafish and the impact of ototoxicants on hair cell
function
Before one can attempt to induce a mutation in the coch gene in zebrafish, it is important to
investigate coch expression in wildtype zebrafish with several genetic backgrounds. This will be the
first step in this research project. Techniques will include QPCR and sequencing for detecting
transcript levels and Western Blot and staining procedures for detecting the protein. After
characterizing expression under normal circumstances, the potential effect of ototoxicants on coch
expression will be investigated. Furthermore, the effects of these ototoxicants on hair cell integrity
and function will be investigated using histological techniques and effects on balance and hearing
will be investigated using behavioural assays. These methods are also important to phenotype the
zebrafish DFNA9 model that will be developed in a later stage of the project.
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