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Blind Zebrafish Shed Light on Human Retinal Diseases
Featured on the cover of Developmental Cell, a paper by OIST researchers revealed the mechanistic
link between photoreceptor cell degeneration and defects in protein transport.
Like the shipment of goods within a country or around the world, the system that transports proteins
within a cell must function properly in order to ensure the cell’s health. Protein transport is carried out
by vesicles – the semi-trucks, trains and container ships of the cellular world. These tiny bubbles
transport the proteins within them by budding off and subsequently fusing with different membranes
within the cell. When the protein transport system breaks down due to defects, the cell undergoes
apoptosis, or programed cell death.
Apoptosis in photoreceptor cells in the eye is associated with a disease called retinitis pigmentosa,
which eventually leads to blindness. While previous studies have elucidated a connection between
defects in protein transport and photoreceptor apoptosis, the mechanism behind this link remained
elusive.
In a paper featured on the cover of the May 28, 2013 issue of Developmental Cell, researchers in the
Developmental Neurobiology Unit at OIST, led by Professor Ichiro Masai, revealed the mechanism
underlying the link between the photoreceptor cell degeneration and defects in protein transport within
these cells.
The process by which a vesicle fuses to a membrane within a cell is moderated by a group of proteins
called the SNARE complex. When one SNARE protein on the surface of a vesicle meets the three other
SNARE proteins on the target membrane it triggers the vesicle fusion process. Two other proteins,
β-SNAP and NSF, then disassemble the SNARE complex to prepare for another round of fusion.
Using zebrafish with a nonfunctional β-SNAP protein as a model organism, the researchers found that
when the SNARE complex failed to disassemble, one of the SNARE proteins on the target membrane,
BNip1, activated the apoptosis of the photoreceptor cell. However, when β-SNAP is functioning
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properly it prevents BNip1 from initiating programed cell death. In this way, the dual function of
BNip1 as a member of the SNARE complex and a protein that can initiate photoreceptor apoptosis
provides the link between these two processes.
“BNip1 is like the big red abort button in the photoreceptor cell,” says Dr. Yuko Nishiwaki, a
researcher in the Unit and lead author on the paper. “By uncovering what can cause the death of
photoreceptor cells, we’re now better equipped to find cures for forms of blindness and vision
impairment like retinitis pigmentosa.”
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OIST information
The Okinawa Institute of Science and Technology Graduate University (OIST) is a new graduate school
established in November 2011, which aims to conduct internationally outstanding education and research in
science and technology, and thus contribute to the self-sustaining development of Okinawa and promote the
advancement of science and technology in Japan and throughout the world. The OIST graduate education and
research program is cross-disciplinary and aims to be at the leading edge of research in science and technology,
including the life sciences, physical sciences, and mathematics. To lay the foundation for the Graduate University,
45 research units (with over 250 researchers, of whom approximately 100 are international) have been launched
so far, with research in the five major areas of neuroscience; molecular, cell, and developmental biology;
mathematical and computational sciences, environmental and ecological sciences, as well as physics and
chemistry. The first graduate class commence in September 2013, with 34 students from 18 countries and
regions.
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Figure 2. Zebrafish (Danio rerio): A small tropical fish. Because zebrafish lay many eggs at once and
their life cycle is 4 months, zebrafish are suitable for genetic approaches and have been used as an
experimental animal model from the 1980s.

Figure 3. (Left) Three day-post-fertilization (dpf) zebrafish retina. (Right) Schematic drawing of retinal
neural circuit. In the retina, six major classes of neurons (two types of photoreceptors, rods and cones,
horizontal cells, bipolar cells, amacrine cells, retinal ganglion cells) differentiate and form retinal layers.
This retinal neural circuit is conserved in vertebarte animals from fish to human.

Figure 4. Three dpf zebrafish retina. (Left) Wild-type. Photoreceptors (magenta) differentiate normally
and form the outer-most layer. (Right) -SNAP mutant. Photoreceptors degenerate through

BNip1-dependent apoptosis (green).

Figure 5. BNip1 regulates vesicular fusion as a component of the syntaxin18 SNARE complex.
Functional blockade of -SNAP inhibits disassembly of the SNARE complex, which subsequently
activates BNip1 to induce photoreceptor apoptosis. Because the disassembly of the SNARE complex is
an essential step of vesicular fusion, BNip1 functions as “Emergency stop” by sensing vesicular fusion
defects and inducing apoptosis.

