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The immediate goal of this study was to gain insight into the molecular basis of Usher
Syndrome. Usher Syndrome is the leading cause of hereditary deaf-blindness and its
underlying mechanisms are studied at the University of Oregon using zebrafish as the
model organism. The Westerfield lab investigates the disorder using cytological,
molecular and behavioral analyses to unearth the molecular events that give rise to
Usher Syndrome’s phenotypes. This study focused on understanding the visual
aspect of the disorder using the electroretinogram (ERG) as a mode of analysis.
Electroretinographic recordings of morphant zebrafish—fish displaying Usher
Syndrome phenotypes—were contrasted against wild-type zebrafish with hopes of
gaining insight into the disorder’s underlying mechanisms and possibly drawing
conclusions regarding the nature of the Usher Syndrome based on experimental
recordings. Analyzing the major components of the ERG waveform was a central
part of this study. The a-wave, b-wave and d-wave of the ERG correspond to specific
neuronal synapses within the retina—the width and amplitude of each component
reveals something about the cellular activity at a particular layer within the retina.
Our experimental protocol met some challenges in controlling a number of
parameters, making the acquisition of meaningful data very difficult. Once a protocol
with the proper combination of parameters is developed, making meaningful
contributions to the study of Usher Syndrome will be possible.
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Stimulation

A one channel LED (light-emitting diode) system was used to stimulate the
zebrafish retinas. A white LED light was placed above the zebrafish eye. powered by an
in house 5-V driver. An electroretinography setup consisting of an Axoclamp CV 201A
headstage, Tektronix oscilloscope and Clampex 8 program was used to record retinal
responses. Silver-silver chloride wire within micropipettes were used as electrodes (the
tips were roughly diameter of approximately 20 um). The electrical signal was amplified

and sent to the oscilloscope for graphical representation.

Procedure

We use five-day-post-fertilization (dpf) larval zebrafish for our experiments.
These fish are less than the size of a human eyelash. meaning gentle handling of the fish
is crucial in maintaining a viable experimental organism. The fish are dark adapted for at
least 30 minutes, placed on a damp sponge and anesthetized with a muscle relaxant
(MESAB). The sponge holding the fish is placed into a 35 millimeter Petri dish and
positioned beneath a microscope. A glass microelectrode is then carefully placed against
the fish’s cornea. An LED is used as the source of light stimulus, transmitting a bright,
localized flash onto the fish eye. A silver chloride wire is pushed through a glass pipette
to create an electrode. The electrode is placed on the corneal surface and pushed through
the vitreous chamber to be in the vicinity of the retina. lonic chambers within the retina
produce charged molecules that generate an electric field toward the electrode. When

light is flashed onto the eye. the retinal cell layers and their synapses generate an
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electrical response. Recall that the opening and closing of ion channels in the retina
regulate the amount of electrochemical energy within the cell. The amount of
electrochemical energy within retinal cells is contingent upon the intensity and duration
of light stimulus. As the retina’s membrane potential is subject to a wide range of light
stimulus, we have developed an experimental setup that virtually eliminates the
variability of light intensity. Light intensity is controlled by adding a series of glass
filters in front of the light source to obtain consistent transmittance atop the eye.
Variables such as light wavelength and frequency were disregarded to maintain a relative
degree of simplicity.

The retina’s response to the light flash is carried from detected the electrode and
displayed on to an oscilloscope and finally a computer, which converts the electrical
message into a series of graphical waves. Studying the trends of these waves enables us
to analyze electrical activity and cellular signaling within the retina.

Our procedures were built upon the work of several preceding investigations
(Connaughton, 2003; Makhankov et al., 2004; Saszik et al., 1999; Wong et al., 2004,

2005).

Response vs. Stimulus Intensity
The following figure, from Makhankov et. al (2004), provides evidence that the
duration and intensity of light stimulus, as well as the environment of stimulus are
important parameters that can be controlled in order to obtain meaningful results. A

brighter and longer stimulus will produce waves of larger amplitude and width. On the
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and others involving these fish are undergoing publication. The other reason behind this

is that the experiments run by my lab partner (Zac Jacobs) and myself have exhibited a
large degree of variability. We are working with Dr. Peter O'Day to improve the
experimental protocol in order to produce both consistent and meaningful results. A
number of parameters such as electrode diameter, orientation of the electrode within the
eye (both depth and angle of penetration), fish preparation and adaptation and positioning
of the light stimulus make the acquisition of meaningful results a difficult endeavor. As
such. we are working to establish a protocol with the proper combination of parameters

required to generate consistent ERG responses.

Results
The figures on the next page are responses recorded by Zac Jacobs. The left-hand graph
shows a typical response of a wild-type zebrafish, with the h-wave’s maximum amplitude
at roughly 300 microvolts. To reiterate the basic waveform, the initial negative response

is called the «¢-wave and the large positive component is known as the h-wave. Within







they encode. These genes serve numerous functions such as cell adhesion,
transmembrane linkage. synaptic shaping and motor operation. The proper function of
these proteins on the molecular level has tremendous implications on the macroscopic
level. Gene products are crucial to the maintenance of sensory cells in the inner ear that
transmit sound and motion signals to the brain. These loci prove to be important to the
proper anatomical and physiological processes of the retina, giving photoreceptors the
ability to sense light and transmit an electrochemical message to neighboring neuronal
cells. The precise role some of these genes play with respect to hearing and vision in
presently unknown. Research thus far has shown that mutations responsible for Usher
Syndrome cause a loss of sensory cells of the inner ear and degeneration of retinal
photoreceptors. Simply contrasting the harmonin expression of uninjected controls to
morphant zebrafish described in the cytological study allows one to recognize the

crippling effects Usher Syndrome can have on the retinal synapses.



Comparison of genes having apparent involvement in Usher Syndrome in humans with
analogous genes in zebrafish and corresponding zebrafish mutants.

Usher Human Zcebrafish Zebrafish Protein
type gene gene mutant
USHIB MYO7A myo7d mariner Myosin VIIA
USHIC USHIC ushlc Harmonin
USHID CDH23 cdh23 circler Cadherin precursor
USHIE unknown
USHIF PCDHIS pedi] Sa orbiter Protocadherin 15
pedhlsSh (pedhlSa)
USHIG USHIG ushig SANS
USH2A USH2A ush2a Usherin
USH2C (;PR9S epros G-protein receptor 98
USH2D CIP9s ¢ip98a CASK-interacting
cip98h protein 98
USH2 X" SLC4A7 sleda7 Solute carrier 4. Sodium
hicarbonate
cotransporter 7
USH3A USH3A ush3a Clarin
USH3B unknown




28
Usher Syndrome type I can result in mutations in the MY0O7A, USHIC, CDH23,

PCDH15 and USHI1G genes. Type Il Usher Syndrome is caused by mutations in the
USH2A, GPR98 and CIP98. The only known cause of type 1l is the CLRNI gene.

Our research centers about the USH 1C gene for a couple of reasons. Firstly,
USHIC is one of the genes linked to the most severe form (type 1) of Usher Syndrome.
With respect to the other Usher Syndrome genes, USHIC is small in size and thus
encodes for a small protein. Larger proteins could be more difficult to replace because
their size may disrupt the neuronal processes of other naturally existing proteins, having
potentially deleterious effects on the cell. Moreover, the large size of gene products such
as Usherin would make physically inserting the protein into a cell a challenge. USHIC's
small size thus makes it an ideal locus of study and a prospect for gene replacement
therapy.

How, why, when and where within the retina the USHIC gene interacts and
ultimately gives rise to proper vision is the focus of our research of Usher Syndrome. We
are contributing to a much larger effort, all the pieces of which will be needed to come to

a sophisticated and complete understanding of the disorder.
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