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The Birth of a New Model Organism

As early as the 1930s, the development of the small teleost fish species
Danio rerio, commonly known as zebrafish, was studied. However, it was
not until five decades later that George Streisinger, a scientist at the
University of Oregon, pioneered the use of zebrafish as a vertebrate model
organism. His team studied the early development of zebrafish in detail and
laid the foundation for introducing random mutations into the genome of
this species. In 1996, the results of two large-scale chemical mutagenesis
screens were published: the Boston screen and the Tuebingen screen.
These forward genetic screens generated vast collections of mutant lines,
providing numerous insights into early embryonic development,
organogenesis, neural development and behaviour. More recently, in 2000,
the first small-molecule screen in zebrafish was published.! Stuart Schreiber
and his group treated embryos in a 96-well format with 1,100 samples
from a small-molecule library. They identified compounds specifically
affecting development of the central nervous system (CNS), the
cardiovascular system, the neural crest and the ear.

Why Fish?

Zebrafish are small in size (up to 3cm) and their embryonic development
is rapid. Their body plan is laid out within 24 hours after fertilisation (see
Figure 1). The optical clarity of the embryo enables in vivo observation of
organogenesis, in particular combined with expression of fluorescent
proteins in transgenic animals. External fertilisation and development
together with high fecundity allow for the collection of several hundred
embryos per week and breeding pair, while the cost of maintenance for
fish is relatively low (less than 1% of the cost of mice). In addition to the
low cost and ability to maintain large numbers of animals in a small
space, multiple genetic and molecular tools have been established over
the last decade. Chemical and retroviral insertion mutagenesis provide
the basis for forward genetic screens.2? Morpholino-modified
oligonucleotides (morpholinos) enable specific and efficient gene knock-
down during the first days of embryonic development.* Tilling technology
allows the isolation of stable fish lines with mutations in genes of
interest.> Microarrays have been well established, high-frequency
generation of transgenic animals is performed routinelys’ and the
zebrafish genome sequence is nearly complete.
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Examples of Highly Conserved Biological Systems

As a vertebrate, the zebrafish body plan shares many similarities with
mammals, e.g. the cardiovascular system consists of a two-chambered
heart and a vascular system containing arteries and veins. In humans,
interference with the human ether-a-go-go (hERG)-related ion channel
causes arrhythmias, and new molecular entities are routinely screened for
potential interaction with hERG.? Cloning of the zebrafish orthologue of
hERG has demonstrated its high conservation to the human protein (99%
identity in the pore domain).™ In a 2003 study, 23 drugs known to cause
arrhythmias in humans were tested for their effect on zebrafish heart
rhythm."" Eighteen of those drugs caused similar arrhythmias after
submerging the animals in drug-containing solution. Four of the
remaining five drugs were effective after injection into the fish,
demonstrating that 95% of the tested arrhythmia-causing drugs showed
efficacy in zebrafish.

Another striking example of conservation was the finding that ‘golden’,
a zebrafish strain with reduced black pigmentation, carries a mutation in
the putative cation exchanger solute carrier family 24, member 5
(slc24a5).2 Polymorphisms in the human orthologue of slc24a5 are also
strongly correlated with skin colour. Therefore, although the
composition of fish and mammalian skin is different, similar molecular
and cellular mechanisms are responsible for skin pigmentation in fish
and humans.

As a final example, a study in 2007 investigated the effects of known
neurotoxins for zebrafish.'3 They observed that all tested compounds
demonstrated similar effects in fish as shown in humans (e.g. 6-
hydroxydopamine (6-OHDA) caused dopaminergic neuron loss and
acrylamide induced de-myelination). Furthermore, 11 out of 14 known
mammalian neuroprotectants showed efficacy against oxidation-
induced neurotoxicity.

Fishing for Drugs?

The identification of new drugs can be divided into two approaches:
organism-based and target-based discovery. Historically, the former
process, in which a whole organism is treated with a compound, has
been the prevailing method of research. For example, in 1775 William
Withering observed the beneficial effects of foxglove on a patient
suffering from heart failure, and years later isolated digitalis, which is
still an important therapy for heart failure.* More recently, target-
based discovery has become the method of choice in drug discovery.
With this approach, the molecular causes of a disease are identified first
and compounds that specifically interfere with these causes are then
isolated using high-throughput screening (HTS). The zebrafish model
may prove useful for both approaches. Forward genetic screens have
generated numerous insights into the molecular and cellular

© TOUCH BRIEFINGS 2007



Figure 1: Zebrafish Embryos
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Top left: a zebrafish embryo three hours after fertilisation, top right: three-
day-old embryos in a single well of a 96-well plate, bottom: a 24-hour-old
embryo.

mechanisms of normal and pathological development,
thereby supplying potential new genes and pathways for
target-based discovery. On the other hand, recent small-
molecule screens in zebrafish embryos are prime examples
of organism-based drug discovery.

Forward Genetic Screens to Locate Potential
Drug Targets

Based on the seminal work from the Boston and Tuebingen
screens, a wide array of screens have been performed.
Forward genetic screens provide an unbiased approach to
identify genes critically involved in a biological process of
choice. In contrast to cell-culture-based screens (e.g. RNA
interference (RNAI) screens), whole-organism-based screens
allow the study of highly complex biological processes in
the context of a living animal. For example, to observe lipid
processing in the digestive tract, zebrafish larvae were fed
with fluorescently labelled lipids and the accumulation of
the tracer in the gall bladder was observed. In a forward
genetic screen, mutants were identified in which lipid
processing is absent even though morphologically the
digestive system looks normal.’> In the Boston and
Tuebingen screens, mutants with anatomical and/or
functional defects in the heart were characterised.’s-'® To
gain insight into host-pathogen interactions, assays have
been established to observe Mycobacterium marinum or
Salmonella typhimurium infections in zebrafish larvae.9.20
Currently, screens are under way to identify host factors
modulating this host—pathogen relationship. Another highly
complex field is the CNS and its functions. To find genes
modifying chemical processes in the brain, a screen for
resistance to chemically induced seizures was performed in
larvae, identifying six recessive mutants.2! Also, complex
behavioural patterns can be studied in zebrafish, as shown
by screens for circadian rhythm mutants22 and screens for
modulators of cocaine-induced addiction.?

DRUG DISCOVERY 2007

Developing the right

aquatics system

is more Picasso than
paint-by-numbers.

Great engineering is an art.

No one believes more in the application of aquatic animal models than
Marine Biotech. That's why we've dedicated ourselves completely
to the design of aquatic animal holding systems for over 20 years.
We use this experience every day to help our clients meet their research
goals, taking the science of water treatment systems and making
masterpieces of husbandry, utility and efficiency. Whether you're
working with zebrafish, aquatic frogs, axolotls or many others, we'll
offer unmatched engineering skills, knowledge of the organisms, and
strong customer service focus to provide you with systems worth

investing in, not just systems you can live with.

Trust Marine Biotech with the art and science
of your next aquatics project.

MARINE BIOTECH® )=—=

Marine Biotech, Inc. 54A West Dane Street, Beverly, MA 01915
978.927.8720 info@marinebiotech.com
www.marinebiotech.com



Transgenics

Figure 2: Developed Zebrafish
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From top to bottom: a three-day-old embryo, adult male; adult female.

Small-molecule Screens in Zebrafish

In addition to providing better understanding of diseases and target
discovery through forward genetic screens, zebrafish are also an
excellent model for organism-based discovery. They are particularly
well suited for compound screening due to their small body size and
aquatic habitat. Embryos can be conveniently raised for several days in
96-well or even 384-well plates, drastically reducing the amount of
compound necessary for screening (see Figure 1, top right). In
addition, unlike invertebrates, many chemicals are readily taken up
through the skin by larvae, which also tolerate dimethylsulfoxide
(DMSO) concentrations of up to 1% in the water. Peterson et al.!

performed the first small-molecule screen, looking for compounds that
cause developmental defects. Approximately 2% of the 1,100 tested
compounds were toxic for the embryos, but about 1% of the
on the CNS, the
cardiovascular system, the neural crest or the ear. In a similar screen,

compounds demonstrated specific effects
a compound (concentramide) was pin-pointed causing a defect in
heart formation similar to a genetic mutant, known as heart-and-soul,
identified in a forward genetic screen.?* Recent small-molecule screens
include screening for cell-cycle inhibitors during early development,2®
screening for compounds interfering with larval fin regeneration2¢ and
screening for compounds that influence haematopoietic stem cell
numbers.2’ In addition to screens looking for compounds interfering
with normal development, suppressor screens have been carried out to
rescue a phenotype caused by a defined genetic mutation. In gridlock
mutants, vascular development is abnormal, resembling aortic
coarctation in humans.28 Screening a library of 5,000 small molecules,
two structurally similar compounds were identified to suppress the
gridlock phenotype.2® The second example of a chemical-suppressor
screen was the search for compounds rescuing genomic instability and
mitotic arrest in crash-and-burn mutants carrying a mutation in
bmyb.30 Sixteen thousand compounds were screened identifying
persynthamide and two previously known DNA synthesis inhibitors as
potent suppressors of crash-and-burn.

The Next Step

Zebrafish has become a common vertebrate model offering numerous
new understandings of normal and pathological development. Despite
its popularity for studying embryonic development, less emphasis has
been placed on establishing disease models in general, and models in
adult fish
particular for common diseases, such as cardiovascular disease, type 2
diabetes and neurodegenerative diseases. The years to come will
determine whether current approaches and new strategies using the

in particular. Adult fish models will become essential in

zebrafish model will contribute valuable new insights to the
development of new therapies. M
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