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Summary
Over the past decades the zebrafish (Danio rerio) has developed as an important
organism in developmental genetics, neurophysiology and biomedicine1. Currently,
the zebrafish model is also used to study complex behaviour, such as addiction,
anxiety, or physiological pattern and age-related diseases2. As with mitochondrial
disorders, for most of these diseases, a change in movement (such as heartbeat or
eye movement) or swimming is a fundamental phenotype. To study these movement
phenotypes in zebrafish larvae up to 7 days post fertilization (dpf), equipment exists,
like the Zebrabox and Daniovision, which allow automatic monitoring and recording
of heartbeat, blood flow, motility and activity in 96-well plates3. The zebrafish larvae
activity can be modulated by light/dark period and by drugs. Although already wellestablished there is a need to extend the read-out parameters by including muscle
loading/physical challenges to study exercise intolerance, a fundamental phenotype
in ageing and various genetic disorders, including the mitochondrial disorders, and
different stress triggers to study behavioural phenotypes. Alongside the studies
presented in this thesis, we have aimed, together with Maastricht Instruments BV,
to develop these modules for this growing market, which can be incorporated into
existing Zebrabox hardware and commercialized together with the manufacturer of
these systems. However, the modules should be optimized and validated.

Introduction
Maastricht Instruments BV (MI) is a spin-off company of Maastricht University Medical
Centre, which is specialized in the development of innovative tools and instruments
for research purposes in the field of Life Sciences. As such, MI has developed
platform technology to measure accurately behaviour, including physiological aspects
of test subjects, patients and animal models under various conditions. This platform
technology can be modified or extended to accommodate the needs within specific
research projects. As there is a strong tendency in science and society to reduce
investigations in rodents and larger animal models, smaller and ethically more
acceptable models, like zebrafish, are becoming more and more popular. Zebrafish
are generally studies as larvae, for which no ethical approval is required, but also
as adult fish. MI recognized a potential market in these developments to extend its
portfolio of measuring behaviour to new animal models, like zebrafish.
The applicability of the zebrafish in the field of genetic diagnosis derives from
their perfect reverse genetic tools. Important to this development is the Zebrafish
Mutation Project (ZMP) from the Wellcome Trust Sanger Institute, which aims to
create a knockout allele in every protein coding gene of the zebrafish genome4 and
will be made available to the scientific community. This is a major advance for genetic
screenings. The studies presented in this thesis have indicated that mitochondrial
genetics and function are well conserved in the zebrafish, which underlines their
utility in studying mitochondrial disorders. In addition, the zebrafish model is also
used to study complex behaviour, such as addiction, anxiety, or physiological pattern
and age-related diseases2. Although zebrafish movement is central is almost all
these conditions, current zebrafish monitor systems are limited in tracking zebrafish
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movement in standing water and offer a limited number of stimulations modalities
(application of light is common, whereas options for electrical stimulation are limited)5.
A zebrafish monitor is required, which has the possibility to perform muscle-loading
tests and has a more extensive implementation of various stimulation modalities. It is
our goal to develop a module, compatible with the Zebrabox, that enables exercise
(in)tolerance test, to further complement the zebrafish as a disease model. In this part
of the valorisation we describe the development of a zebrafish flow arena monitor,
with a focus on the commercial and societal impact.

Methods
Because of the existing experience with the ZebraLab software in combination with
the ViewPoint Zebrabox system it has been decided not to start the development of
a complete zebrafish monitor system but to develop a new module, which can be
incorporated in existing systems. The existing system has sufficient space at the
sampling position to accommodate a customized microplate. Minor adjustments
might have to be made to the housing to accommodate supply and drain tubes.
The flow entering the compartments will be generated by means of an accurately
controllable pump. The microplate will be designed such that similar flow conditions
occur in all the compartments. Computational Fluid Dynamics (CFD) computations
and measurements in prototype microplates will be applied to validate the flow field.
The system will be designed such that zebrafish can easily be transferred to the
compartments and that the microplates can easily be switched. The flow system will
be designed to reduce possibilities for fluid soiling to a minimum. Zebrafish should
be kept in fluid with a constant temperature of approximately 28°C. Water quality is
guaranteed by the use of filters and a UV lamp. The flow system will be designed
to control both the temperature of the supply of water towards the microplate and
the microplate itself accurately. The Zebrabox hardware will be applied to record the
motion of the zebrafish and larvae, subsequently. The motion (speed/pattern) will be
recorded by means of the ZebraLab software. Control of the stimulation modalities
are integrated into the ZebraLab software.

Results
An evaluation of the potential market for these devices was performed and resulted
in the removal of adult zebrafish from our designs since a flow-tube for adult fish
already exists on the market. Hence, we focused on solutions for zebrafish larvae.

Proof-of-principle flow system
For the exercise (in)tolerance test, we have developed a flow tube proof-of-principle.
It consists of a device which can be inserted in the Zebrabox and allows accurate
control of temperature and water flow rate. The device consists of a series of parallel
flow tubes (Figure 1) and water treatment unit (Figure 2). Herein, the zebrafish
embryos can undergo a protocol for forced swimming against an increasing flow rate.
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In this way, critical swimming speed (standard measure of swimming performance)
can be determined in real-time. Multiple flow tubes are placed in the field of view of
the monitoring system. The flow entering the compartment is generated by means of
an accurately controllable pump (Figure 2). At the inlet of the tubes the water enters
at a specific flow rate. A plug-like flow is established by directing the water through
a set of static mixers to disperse the flow over the surface of the tube (Figure 1),
thereby generating a turbulent flow. This turbulent flow is led through a special filter
that creates a laminar plug-like velocity. Zebrafish are only capable of swimming in
this area in order to monitor their behaviour. The tube is part of a system that provides
flow and temperature control (Figure 1).

Figure 1 | Proof-of-principle exercise intolerance testing device. Water flow enters at the left site,
and static mixers (blocked for IP reasons) and a special filter create a laminar-plug flow in the transparent
area. In this area, zebrafish are capable of swimming as this is placed in the focus of the Zebrabox
monitoring system.

Optimization and validation
The performance of the first prototype flow chambers has been evaluated
and adapted accordingly. The ease of use and the applicability for use
with zebrafish embryos was tested. Furthermore, the system with the flow
chambers has to be made compatible with the use of the on-board camera.
For this the flow chambers will be housed in a compartment filled with water
to avoid issues with the differences in refractory index of water, glass and air.
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Figure 2 | Proof-of-principle design water treatment unit. Water reservoir and flow/temperature
controller are assembled in two units. The water reservoir unit contains a tank which feeds the flow
arena. The controller unit controls flow rate, temperature and water quality (UV sterilization).

We have validated the system by treating embryos with compounds that inhibit
cellular energy production (inhibitors of OXPHOS). Clear differences in swimming
behaviour performance in treated and control groups could be demonstrated (Figure
3). The proof-of-principle consists of a device that is capable of determining exercise
intolerance in zebrafish embryos.

Figure 3 | Validation of the exercise intolerance test. Embryos (5 dpf) were incubated in water
with or without an OXPHOS inhibitor (NaN3), after which they were placed in the tubes to perform the
exercise protocol. Ucrit values were lower in the embryo’s that received OXPHOS inhibition.
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Conclusions and commercial perspectives
The exercise (in)tolerance device can be used as read-out for any genetic variant
or compound affecting muscle power, mobility or exercise intolerance, like for
example mitochondrial disorders. Over 800 laboratories worldwide carry out research
on zebrafish. After the validation phase the adapted prototypes are ready to be
transformed into devices that can be mass produced and commercialized. To this
end, a feasibility study to evaluate the possibility for patent application is performed
by MI. MI expects with this new product to extend its portfolio of platform technology
to measure accurately behaviour including physiological aspects of test subjects,
patients and animal models under various conditions, to an exciting new model
organism with considerable market potential.
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Science as subject of societal discussions has gained a lot of popularity over the
last years. In many areas of science, interesting developments, e.g. in the field of
biotechnology, neuroscience and cancer treatments, have created an increasing
attention by the media. In the Netherlands, the television show “De wereld draait
door (DWDD)” invites scientists on a regular basis. In the spin-off “DWDD University”,
special attention to a scientific topic is given by means of a live college by a renowned
scientist. Scientists like Robert Dijkgraaf and Erik Scherder have given enthusiastic
and inspiring colleges on scientific subject with for a broad audience. While science
always has been discussed in small communities, such developments has made
science accessible for a broad public. As a result, science has become more popular.
Science is complicated and highly specialized, with many experts in their own
focusses field of research. In order to keep science accessible for both colleagues
in different field as the broad public, I believe that scientists should be trained in the
basics of journalism in order to be able to share their knowledge to both colleagues
and the broader public.
As scientist, I decided to follow a course on Science Journalism from SCW
in Amsterdam. During 12 course days, scattered over 4 months, I was trained in
writing for a broad public (including newspapers, magazines, online blogs etc.) about
science in order to contribute to responsible awareness of the public on scientific
matters. During this course, I have written many different scientific stories, which
were criticised by trained science journalists. I have learned to acquire a clearer
and direct writing style when writing about science. The course has contributed to
my development as scientist and made me aware of the societal role that scientists
have, as we are mostly paid by public money. When scientist act in public, such as a
television show, an enthusiastic, clear and direct communication about science will
contribute to the trust society places in science, as it enables a more transparent view
on the scientific process.
Besides this, the course was also useful for my scientific writing. The tendency
in most journals to write about science in their specific jargon, mostly in complicated
and long sentences. Direct writing, which benefits the public, also benefits our
colleagues. It will allow a better understanding of the science that has been carried
out, which allows a better check on the underlying scientific process. Also, in line
with the expectation to prepare a short description for the laymen alongside with the
project application, aspects from journalism in scientific writing are becoming more
and more indispensable. Lastly, as I have experienced that scientific journals are
increasingly expecting author summaries, graphical abstracts and even movies to
further illustrate the scientific paper, the journalistic tools I learned have been of great
value for my scientific career.
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