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25 SUMMARY:
26  Here, we present a protocol that simplifies the measurement of light evoked electroretinogram
27  responses from larval zebrafish. A novel cone-shaped sponge-tip electrode can help to make the
28  study of visual development in larval zebrafish using the electroretinogram ERG easier to achieve
29  with reliable outcomes and lower cost.
30
31 ABSTRACT:
32  The zebrafish (Danio rerio) is commonly used as a vertebrate model in developmental studies
33 and is particularly suitable for visual neuroscience. For functional measurements of visual
34  performance, electroretinography (ERG) is an ideal non-invasive method, which has been well
35 established in higher vertebrate species. This approach is increasingly being used for examining
36 thevisual function in zebrafish, including during the early developmental larval stages. However,
37 the most commonly used recording electrode for larval zebrafish ERG to date is the glass
38 micropipette electrode, which requires specialized equipment for its manufacture, presenting a
39 challenge for laboratories with limited resources. Here, we present a larval zebrafish ERG
40 protocol using a cone-shaped sponge-tip electrode. The novel electrode is easier to manufacture
41  and handle, more economical, and less likely to damage the larval eye than the glass
42  micropipette. Like previously published ERG methods, the current protocol can assess outer
43  retinal function through photoreceptor and bipolar cell responses, the a- and b-wave,
44  respectively. The protocol can clearly illustrate the refinement of visual function throughout the
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early development of zebrafish larvae, supporting the utility, sensitivity, and reliability of the
novel electrode. The simplified electrode is particularly useful when establishing a new ERG
system or modifying existing small-animal ERG apparatus for zebrafish measurement, aiding
researchers in the visual neurosciences to use the zebrafish model organism.

INTRODUCTION:

The zebrafish (Danio rerio) has become a widely used genetic vertebrate model, including studies
of the visual neurosciences. The increasing popularity of this species can be attributed to
advantages including ease of genetic manipulation, the highly conserved vertebrate visual system
(neuron types, anatomical morphology and organization, and underlying genetics), high
fecundity and lower cost of husbandry compared to mammalian models®. The non-invasive
electroretinogram (ERG) has long been used clinically to assess human visual function, and in the
laboratory setting to quantify vision in a range of large and small species including rodents and
larval zebrafish?>. The most commonly analyzed ERG components are the a-wave and b-wave,
originating from the light-sensing photoreceptors and bipolar interneurons, respectively. In larval
zebrafish, distinct layers in the retina are established by 3 days post-fertilization (dpf) and the
morphology of the photoreceptor cone terminal synapses mature before 4 dpf®’. Outer retinal
function of larval zebrafish is thus established before 4 dpf, meaning that the ERG is measurable
from this early age onwards. Because of the short experimental cycle and the high-throughput
properties of the model, the ERG has been applied to larval zebrafish for functional assessment
of disease models, analyzing color vision and retinal development, studying visual circadian
rhythms and testing drugs®*2.

However, current approaches for larval zebrafish ERG has some complexities that may make it
harder to adopt. Published larval zebrafish ERG protocols commonly use a glass micropipette
filled with conductive liquid as the recording electrode3>!3, which requires a high quality
micropipette tip3. Specialized equipment, such as a micropipette puller and in some cases a
microforge, are required for their manufacture. This can be a challenge for laboratories with
limited resources and leads to extra costs even when adapting available small animal ERG
systems for measurement of larval zebrafish visual function. Even when smoothed, the sharp
micropipette tip can damage the surface of the larval eye. Additionally, commercial micropipette
holders for electrophysiology are constructed with a fixed silver wire. These fixed wires become
passivated after repetitive use, requiring the purchase of new holders leading to increased
maintenance costs.

Here we describe an ERG method using a cone-shaped sponge-tip recording electrode, that is
particularly useful for adapting established small-animal ERG setups for larval zebrafish ERG
measurements. The electrode is easily made using common polyvinyl acetate (PVA) sponge and
fine silver wire without any other specialized equipment. Our data show that this novel electrode
is sensitive and reliable enough to demonstrate the functional development of retinal neural
circuits in larval zebrafish between 4 and 7 dpf. This economical and practical sponge-tip
electrode may be useful to researchers establishing new ERG systems or modifying existing small-
animal systems, for zebrafish studies.

Page 1 of 6



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

PROTOCOL:
All electroretinogram (ERG) procedures were performed according to the provisions of the
Australian National Health and Medical Research Council code of practice for the care and use of
animals and were approved by the institutional animal ethics committee at the University of
Melbourne.

1. Buffer preparation

1.1 Prepare the 10x goldfish Ringer’s buffer (1.25 M NaCl, 26 mM KCl, 25 mm CaCl;, 10 mM
MgCl,, 100 mM glucose, 100 mM HEPES) using reverse osmosis (RO) water. Adjust the buffer to
pH 7.8 and sterilize the buffer using 0.22 um filter. Store the 10x buffer at 4°C as the solution
stock3.

NOTE: The 10x Ringer’s buffer should be used within 3 months.

1.2 On the day of the experiment, make 1x goldfish Ringer’s buffer by diluting the 10x goldfish
Ringer’s buffer using reverse osmosis water.

NOTE: The 1x goldfish Ringer’s buffer is used to saturate the PVA sponge, including the sponge
used for the placement of larval zebrafish, and the sponge on the recording electrode tip.

2. Electrode preparation
2.1 Prepare the cone-shaped sponge recording electrode.

2.1.1 Cut the male end from the platinum electrode lead extension and remove from the end
10 mm of the outer polytetrafluoroethylene insulation coating using a scalpel blade. Take care
not to damage the inner wire of the electrode lead.

2.1.2 Cut a 40-mm length of silver wire (0.3 mm diameter) and securely attach this to the
electrode lead by entwining the silver wire with the exposed inner wire. Encase the joint using
insulating tape, leaving a ~15 mm length of silver wire exposed (Figure 1A).

2.1.3 Electroplate the exposed silver wire with chloride using a 9 V DC source for 60 s to
improve signal conduction. Immerse the exposed silver tip in normal saline and connect the
other end to the positive terminal of the battery. Connect another wire to the negative terminal
of the battery and immerse the other end of the wire into the saline?.

NOTE: Alternatively, chlorinate the silver wire by soaking it for 1 hour in a bleach solution
(active ingredient 42 g/L sodium hypochlorite).

2.1.4 Cut a ~20 x 20 mm square of PVA sponge using scissors to make a cone (Figure 1A).
Saturate the sponge using 1x Ringer’s buffer. Under a microscope with a scale bar on the
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eyepiece, use a scalpel blade to shape the apex of the cone to ~40 um diameter. Air dry the
cone-shaped sponge on absorbent paper tissue until it is solid.

NOTE: The PVA sponge expands significantly when saturated, thus it is important that the
sponge is first saturated with saline before shaping the apex of the cone.

2.1.5 After chloriding, air dry the silver wire on an absorbent tissue for 5 min. Insert the silver
wire into the dried, solid, cone-shaped PVA sponge through the base of the cone. Insulate any
excess exposed metal using mask tape to reduce photovoltaic artifacts (Figure 1B—C).

NOTE: After each experimental session, remove the sponge from the silver wire. Wash the
sponge using reverse osmosis water and air dry for reuse. To ensure optimal signal collection,
single use of silver wire is recommended. PVA sponges should not be reused more than 5 times.
2.2 Prepare reference electrodes as described above, but without attaching the sponge tip.

2.3 Obtain the ground electrode commercially.

3 Zebrafish preparation

3.1 Dark adapt zebrafish larvae overnight (>8 h) prior to recordings by placing zebrafish in a 15-
mL tube (<20 larvae per tube) wrapped in aluminum foil in a dark incubator. Remove the lid to

ensure adequate oxygen supply.

3.2 On the day of recording, tighten the lid to the foil-wrapped falcon tube containing larvae
and ensure that the tube is light-proof. Transport larvae to the ERG lab.

3.3 Pour the fish into Petri dishes in the dark with the assistance of dim red illumination from a
light-emitting diode (LED; 17.4 cd.m, Amax 600 nm). Cover Petri dishes using light-proof towels
to minimize light exposure.

4 Sponge platform preparation

4.1 Cut a rectangle of dry PVA sponge to fit snugly in a 35-mm petri dish. Ensure that the
thickness of the sponge should be roughly equal to the depth of the petri dish.

4.2 Make a small cut vertically through one end of the sponge to accommodate the silver wire
of the reference electrode.

4.3 Soak the PVA sponge in 1x goldfish Ringer’s buffer until saturated. Then, place the sponge in
a clean 35-mm petri dish. Use a paper towel to absorb extra liquid until no solution exudes from
the sponge in response to a light finger press.

5 Animal and electrode positioning
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5.1 Anesthetize the larvae using 0.02 % tricaine diluted in 1x goldfish Ringer’s buffer.

5.2 Use a 3-mL Pasteur pipette to transfer an anesthetized larva onto a square of paper towel
(~3 cm?).

5.3 Place the paper towel containing the larva on the moist sponge platform using forceps. Use
a fine brush soaked in Ringer’s buffer to adjust the position of the larva. Ensure that one eye
faces upwards, isolated from any nearby liquid on the square of paper towel underneath the
larva.

5.4 Glaze the larval body, excluding the head, with moisturizing eye gel to keep the larva moist
throughout the ERG recording.

5.5 Position the Petri dish with sponge platform on a small water-heated platform in front of
the Ganzfeld bowl light stimulus situated inside a Faraday cage (Figure 1D).

NOTE: Maintenance of the temperature of the sponge and the larval body ensures stable ERG
signals.

5.6 Insert the reference electrode into the cut made in the platform sponge (Figure 1D).

5.7 Connect the commercially obtained ground electrode to the Faraday cage.

5.8 Attach the recording electrode to an electrode holder and secure the holder to the
stereotaxic arm of a micromanipulator (Figure 1D). Use a 3-mL Pasteur pipette to drip one drop

of 1x Ringer’s solution on the sponge tip of the electrode for re-saturation.

5.9 Position the microscope in the Faraday cage over the ERG platform for placement of the
electrode.

NOTE: lllumination should be provided by a dim red LED (17.4 cd.m, Amax 600 nm) to allow
observation of the larva and placement of the active electrode, whilst maintaining dark-

adaptation.

5.10 Adjust the position of the sponge platform to allow observation of the larva under the
microscope. Then, use absorbent tissue to remove excess liquid from the electrode sponge tip.

5.11 Position the active electrode so that it gently touches the central corneal surface of the
larval zebrafish eye (Figure 1E).

5.12 Move the Ganzfeld bowl towards the sponge platform and ensure that the larva is covered
by the bowl.
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5.13 Close the Faraday cage to reduce extraneous electromagnetic noise.
6 Electroretinogram recording

6.1 Use the computer software of the particular ERG system (see Table of Materials for details)
to trigger the stimulus and acquire data based on the settings recommended below?.

6.1.1 Set the sampling rate of the system to 4 KHz over a 650-ms recording window (2,560
points) in the acquisition software.

6.1.2 Set the gain of the system to 1000x.

6.1.3 Set band-pass filtering of the system to 1-300 Hz.

6.1.4 Use a notch filter to reduce 60 Hz (or 50 Hz, depending on local utility frequency) noise.
NOTE: The ideal noise level should be no more than £10 pV.

6.2 Commence data collection using the procedure described below.

6.2.1 Use a single test-flash (0.06 log cd.s/m?) to measure a test response from the eye to
assess the positioning of electrodes.

NOTE: This intensity of test flash should result in a b-wave amplitude greater than 25 uV in 4-
dpf larvae. If a robust response cannot be measured, then reposition the electrodes and do

another test flash to confirm that electrodes are well positioned.

6.2.2 Following the test-flash, allow the animal to dark adapt for 3 min in complete darkness
before recordings.

6.2.3 Present flashes from dimmer to brighter light intensities.

6.2.4 Average signals across repeats according to the signal-to-noise level.

NOTE: Generally, average more signals at the dimmer light levels (no fewer than 3 repeats) and
fewer at the brighter light levels (usually 1 repeat). Gradually lengthen the inter-stimulus
interval from 10 to 60 s from the dimmest to brightest light level. A sample protocol is shown in
Table 1.

6.2.5 After the recordings, humanely kill larvae using 0.1% tricaine.

7 Analysis
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7.1 Measure the a-wave amplitude from baseline to the negative a-wave trough and the b-
wave amplitude from the negative a-wave trough to the positive b-wave peak.

7.2 Measure the a- and b-wave implicit times from stimulus onset to the trough of the a-wave
and the peak of the b-wave, respectively.

REPRESENTATIVE RESULTS:

This section provides representative results for ERG measurements taken daily from 4 to 7 dpf.
From 4 dpf, ERG responses show robust a- and b-wave components, which arise from
photoreceptors and bipolar cells, respectively. At each age tested, the amplitude of the b-wave
increased with light intensity (Figure 2; Figure 3). Notably, the sensitivity of the larval zebrafish
retina to dimmer flashes increased with age. The a- and b-wave were not recognizable at
intensities lower than -1.61 log cd.s/m? at 4 dpf, whereas clear signals were detectable at these
intensities for older larvae (Figure 2). The b-wave response grew substantially between 4 and 5
dpf (P < 0.0001; Figure 2A-B; Figure 3B). Although the b-wave at lower intensities showed little
change between 5 and 7 dpf, the signal at 2.48 log cd.s/m? was greater at 7 dpf compared with 5
and 6 dpf (P < 0.0001; Figure 2; Figure 3B). A- and b-wave implicit times became significantly
faster after 5 dpf (P < 0.0001; Figure 3C-D). Overall, these results demonstrate maturation of
zebrafish retinal function between 4 to 7 dpf. Interestingly, the a-wave amplitude appeared to
decrease from 5 to 7 dpf (Figure 3A). This may be because the maturation of synaptic connections
in the outer retina shortens the latency of bipolar cells responses, resulting in faster b-wave onset
that masks the a-wave. Those wishing to study the a-wave can employ pharmacological
treatment to block post-photoreceptoral responses (i.e. the b-wave component).

FIGURE AND TABLE LEGENDS:

Figure 1. Zebrafish Ganzfeld ERG set up with the cone-shaped sponge-tip electrode. (A) The
cone-shaped sponge tip and the chlorinated silver electrode are air dried before constructing the
sponge-tip electrode. (B—C) Subsequently, the chlorinated silver wire is inserted into the sponge
cone through the base to form the complete electrode. (D) In the typical larval zebrafish Ganzfeld
ERG setup, the reference electrode is inserted into the sponge platform and the zebrafish larva
is covered by the Ganzfeld bowl. (E) The sponge-tip electrode gently touches the central corneal
surface of the larval eye.

Figure 2. Representative average ERG traces of wild-type larval zebrafish. Average ERG traces
of wildtype zebrafish at (A) 4 dpf (n = 8), (B) 5 dpf (n = 8), (C) 6 dpf (n =7), and (D) 7 dpf (n =9).
Responses were elicited using flashes from white LEDs. At each age, the traces show responses
to flashes of (from bottom to top) -2.75,-2.11, -1.61, -0.81, 0.06, 0.72, 1.55, 1.89, 2.18, 2.48 log
cd.s/m2. The scale bar shows 50 pV.

Figure 3. ERG a- and b-wave amplitudes and implicit times for 4 to 7 dpf zebrafish. (A) Group
average (* standard error of the mean) a-wave amplitude increased with flash intensity but
decreased with age in 4 — 7 dpf larvae. (B) Average b-wave amplitude in 4 — 7 dpf larvae increased
with flash intensity; amplitude grew between 4 and 5 dpf. (C) Average a-wave implicit time and
(D) average b-wave implicit time became faster between 5, 6 and 7 dpf. Lines of best fit are
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derived from non-linear regression.

Table 1. Example protocol of ERG recordings. Stimulus presentations start from the dimmest
(top) and progress to brighter (bottom) light levels, with progressively longer inter-stimulus
intervals to ensure that dark adaption is maintained. The number of signals averaged at each
intensity depends on the signal-to-noise level.

DISCUSSION:

Functional readouts such as the ERG have become increasingly important in the suite of tools
used to study larval zebrafish®%1214 Due to the small size of the larval zebrafish eye, glass
micropipettes have been adapted as recording electrodes in most published protocols3>8212-14,
Here we describe a larval zebrafish ERG protocol using a simpler cone-shaped sponge-tip
electrode. The novel electrode can be used to modify standard small-animal ERG systems to
measure larval zebrafish retinal function without any additional equipment. The materials for
making the sponge-tip electrode are simply commercial PVA sponge and 0.3-mm silver wire,
which makes this more economical than previous approaches. Another advantage is that, in
contrast to the hard and sharp micropipette tip, the gentler electrode sponge tip is less likely to
damage the larval eye. Finally, the PVA sponge helps to maintain moisture to the larval eye
throughout the recording.

The key to successful application of the sponge-tip electrode is to ensure full saturation of the
sponge. This normally takes no less than 15 minutes of soaking in 1x goldfish Ringer’s buffer.
Incomplete saturation of the sponge can increase the noise level owing to faster drying of the
electrode. For better signal collection, making new electrodes for each experimental session
(generally < 8 h) is highly recommended. Repeat use can lead to reduced ERG signals, making
inter-session comparisons more difficult.

When positioning the larval zebrafish onto the sponge platform, care must be taken to ensure
that the eye to be measured is not in contact with any surrounding solution or the paper towel
underneath the fish. Such contact shorts the electrical circuit, as the reference electrode is
embedded in the sponge platform and reduces the ERG.

Even with well saturated electrode sponge tips, gradual drying occurs, which is evident as
increased noise in ERG signals. Should this occur, drip one drop of 1x goldfish Ringer’s onto the
base of the cone using 1-mL syringe and a 30G x 2" needle. If adding the solution to the sponge
tip does not reduce the noise level, check that the eye is not in contact with a surrounding fluid
and ensure that the electrode tip is centered on the corneal apex.

The recordings in the representative results reported here were made with a bandpass setting of
1 —300Hz, which does not allow sampling of oscillatory potentials (OP)—wavelets on the b-wave
derived from the third-order retinal neurons including amacrine and ganglion cells >/, A higher
lowpass setting (e.g., 500 or 1000 Hz) may be better suited for OP recording.

In summary, the cone-shaped sponge-tip electrode helps to simplify larval zebrafish ERG
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recording with existing small-animal ERG systems, providing reliable results. Representative
results demonstrate that ERG amplitude grows between 4 and 5 dpf, with further maturation
between 5 and 7 dpf manifesting as faster implicit times. Our simple ERG protocol with the
economical and practical cone-shaped sponge-tip electrode can benefit investigators studying
zebrafish retinal function. The technique can also be adapted to assess adult zebrafish or other
vertebrate models with small eyes.
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Table 1
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Stimulus light intensity ] )
5 Number of repeats Inter-stimulus interval (sec)
(log cd.s.m™)
-2.75 3to6 10
(30 sec before next)
-2.11 3to6 10
(30 sec before next)
-1.61 3to6 10
(30 sec before next)
-0.81 3to6 10
(60 sec before next)
1
0.06 3to6 0
(60 sec before next)
0.72 1to3 60
1.55 1to3 60
1.89 1to3 60
2.18 1to3 60
2.48 1to3 60
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Table of Materials

Name of Material/ Equipment
0.22 um filter
1-mL syringe
30G x 5" needle
Bioamplifier
Bleach solution
Circulation water bath
Electrode lead

Faraday Cage

Ganzfeld Bowl

Luxeon LEDs

Micromanipulator

Microsoft Office Excel
Moisturizing eye gel

Pasteur pipette

Powerlab data acquisition system
PVA sponge

Saline solution

Scope Software

Silver (fine round wire)
Stereo microscope
Tricaine

Water-heated platform

Company
Millex GP
Terumo
Terumo
ADInstruments
King White
Lauda-Kdénigshoffen
Grass Telefactor
Photometric Solution
International
Photometric Solution
International
Phillips Light Co.
Harvard Apparatus
Microsoft
GenTeal Gel
Copan
ADInstruments
MeiChele

Aaxis Pacific
ADInstruments
A&E metal
Leica
Sigma-aldrich
custom-made

Click here to access/download;Table of Materials;Xie_sponge-tip

electrode_ ERG_Materials (1).xls

Catalog Number
SLGP0O33RS
DVR-5175
NN*3013R
ML135
9333441000973

MGW Lauda
F-E2-30

BS4 50-2625
version 2010
9319099315560
200C

ML785

R-1675

13317002
version 3.7.6
0.3 mm

M80
E10521-50G

L]
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Comments/Description
Filters the 10x goldfish ringer's buffer for sterilizatio
With a 30G x 5" needle to add drops of saline to the electrode sponge tip to prevent drying and increased noisein the ERG signals.
For adding saline toteh sopnge tip electrode.
For amplifying ERG signals.
For an alternative method of sliver electrode chlorination. Active ingredient: 42 g/L sodium hypochlorite.
Used to make the water-heated platfrom.
Platinum cables for connecting silver wire electrodes to the amplifier.

For maintianing dark adaptation and enclosing the Ganzfeld setup to improve signal-to-noise ratio.

Custom designed light stimulator: 36 mm diameter, 13 cm aperture size.

For light stimulation twenty 5W and one 1W LEDs.

Holds the recording electrode during experiments.

Spreadsheet software for data analysis.

Used to cover zebrafish larvae during recordings to avoiding dehydration. Active ingredient: 0.3 % Hypromellose and 0.22 % carbomer 980.
Used to caredully transfer larval zebrafish.

Controls the LEDs to generate stimuli.

For the placement of larval zebrafish and making the cone-shaped electrode ti

For electroplating silver wire electrode.

Simultaneously triggers the stimulus through the Powerlab system and collects data

Used to make recording and reference ERG electrodes.

Used to shape and measure the cone-shaped sponge apex (with scale bar on eyepiece). Positioned in the Faraday cage for electrode placemetr
For anaethetizing larval zebrafish.

For maintianing the temperature of the sponge platform and the larval body during ERG recordings
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Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement Bang Bui.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Electroretinogram recording in larval zebrafish using a novel cone-shaped sponge-tip electrode

Author(s):

Jiaheng Xie, Patricia R. Jusuf, Patrick T. Goodbourn, Bang V. Bui

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name: -
Bang V. Bui
Department:
Optometry & Vision Sciences
Institution: University of Melbourne
Title: Associate Professor
Signature: T Date: 03/12/2018

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Thank you to the editor and the reviewers for their constructive suggestion. Below we the changes
we have made to address these concerns.

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the
submitted revision may be present in the published version.

We have carefully reread the manuscript and made a number of changes to deal with some
grammatical issues and to remove typographical errors.

2. Please define all abbreviations before use. Please reword lines 294-295 as it matches with the
previously published literature.

We have rephrased this sentence.

3. Please provide at least 6 keywords or phrases.

We have added another key word.

4. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications
in complete sentences between 10-50 words: “Here, we present a protocol to ...”

This has been rephrased as requested.

5. Please ensure that all text in the protocol section is written in the imperative tense as if telling
someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be
described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases
such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be
written in the imperative tense may be added as a “Note.”

We have rewritten the instructions in the imperative throughout, and moved any additional
information into “NOTES”.

6. The Protocol should contain only action items that direct the reader to do something.

This has been rephrased as requested.

7. Please add more details to your protocol steps. Please ensure you answer the “how” question,
i.e., how is the step performed?

Where possible we have added more detail.

8. Step 6 and 7: Please explain how this is done. For computational steps please provide all button
clicks, graphical user interface, or scripts. For example, Click “Open”. Run the script 1(supplemental
file 1), etc.

Where possible we have added more detail.

9. Please discuss all figures in the Representative Results. However, for figures showing the
experimental set-up, please reference them in the Protocol. Figures should be referenced in order.
10. Please obtain explicit copyright permission to reuse any figures from a previous publication.
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Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial
policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial
Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has
been modified from [citation].”

These are all original figures and does not require copyright permission.

11. Figure 3: Please provide the unit as cd.s/m2 . Please use this format throughout the manuscript
as well.

We have made this change in the text as well as in Figures 2 and 3.

12. As we are a methods journal, please revise the Discussion to explicitly cover the following in
detail in 3-6 paragraphs with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

c) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique

We believe that our discussion now covers all of these key subheadings.
Reviewers' comments:

Reviewer #1:

Manuscript Summary:

This is a really nice addition to help zebrafish visual scientist to record ERGs. The method is
interesting and we will try it in the lab as well.

Major Concerns:
no major concerns.

Minor Concerns:

1. The authors state somewhat too strongly for my taste how difficult it is to record ERG with the
current technique. | agree that a micropipette puller is needed. This is standard equipment for all
physiology labs and also for most zebrafish labs, since this equipment is needed to pull pipettes for
injections needles (e.g. for transgenesis, DNA/RNA injections). Hence this is a limitation for very few
labs. A microforge is not needed. Having said that the new method is still welcomed.

We have toned down our statements on limitation how difficult it is to measure ERGs with
current approaches both in the introduction and discussion.

2. | stumbled over the concern of liquid control. | first thought that the perceived problem is to keep
the glass pipette filled. Maybe the authors want to say that the larva or the extirpated eye needs to
be kept moist. The fist problem is really no problem, the second issue is an issue, but does not
pertain to the introduced method. This concerns is independent of the microelectrode used.

Yes this is correct and we have removed any confusing statements about fluid control.

3. In the analysis section the authors should explain why zebrafish people usually quantify the b-
wave (in contrast to mice). The a-wave is masked by the b-wave, but can be revealed by a simple



pharmacological treatment (containing TBOA, APB and pictrotoxin). This treatment blocks the b-
wave and thereby reveals the a-wave.

We have added a statement regarding the use of pharmacology to expose the a-wave.

4. There are some minor English language issues that the copy editor will surely identify.

We have attempted to correct a number of issues throughout the manuscript.

Reviewer #2:

Manuscript Summary:

This manuscript describes a protocol for recording ERGs from zebrafish larvae The focus/novelty is
the construction of a new electrode made of silver wire and a PVA sponge that is inexpensive and
less likely to damage the larval eye than glass electrodes.

Major Concerns:
| have no major concerns with this manuscript. It is well written and provides useful information for
researchers using zebrafish to study retinal function.

Minor Concerns:

| noticed a few typos on the comments/description page.
1, the word maintaining is misspelled.

2, the word carefully is misspelled

3, in the final sentence "toteh" should be "to the"

We have made these amendments as suggested.



