Journal of Visualized Experiments
Triggering cell stress and death using conventional UV laser confocal microscopy

Manuscript Number:
Full Title:

Article Type:
Keywords:

Manuscript Classifications:

Corresponding Author:

Corresponding Author Secondary
Information:

Corresponding Author E-Mail:
Corresponding Author's Institution:

Corresponding Author's Secondary
Institution:

First Author:
First Author Secondary Information:

Other Authors:

Order of Authors Secondary Information:

Abstract:

--Manuscript Draft--

JoOVES54983R2
Triggering cell stress and death using conventional UV laser confocal microscopy
Invited Methods Article - JoVE Produced Video

UV laser ablation; cell death; cell stress; zebrafish; microglia; 405nm; MND; ALS;
neuroscience; confocal

2.1.50.150.900.493.200.244.828: Zebrafish; 2.1.50.50.136: Animals, Genetically
Modified; 3.10.574.562: Motor Neuron Disease; 3.10.668.467: Motor Neuron Disease;
5.5.595.395: Microscopy, Confocal; 5.5.595.680: Microscopy, Ultraviolet

Marco Morsch
Macquarie University Faculty of Medicine and Health Sciences
Sydney, NSW AUSTRALIA

marco.morsch@mgq.edu.au

Macquarie University Faculty of Medicine and Health Sciences

Marco Morsch

Rowan Andrew Warren Radford
Emily Kate Don

Albert Lee

Elinor Hortle

Nicholas James Cole

Roger Chung

Using a standard confocal set-up a UV ablation method can be utilized to selectively
induce cellular injury, visualize single cell responses and cell-cell interactions in the
CNS in real-time. Previously, studying these cell-specific responses after injury often
required complicated set-ups or the transfer of cells or animals into different, non-
physiological environments, confounding immediate and short-term analysis. For
example, drug mediated ablation approaches often lack the specificity that is required
to study single-cell responses and immediate cell-cell interactions. Similarly, while
high-power pulsed laser ablation approaches provide very good control and tissue
penetration, they require specialized equipment that can complicate real-time
visualization of cellular responses. The refined UV laser ablation approach described
here allows researchers to stress or kill an individual cell in a dose and time dependent
manner, using a conventional confocal microscope equipped with a 405 nm laser. The
method was applied to selectively ablate a single neuron within a dense network of
surrounding cells in the zebrafish spinal cord. This approach revealed a dose
dependent response of the ablated neurons, causing the fragmentation of cellular
bodies and anterograde degeneration along the axon within minutes to hours. This
method allows researchers to study the fate of an individual dying cell and importantly
the instant response of cells - such as microglia and astrocytes - surrounding the
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SHORT ABSTRACT:

Targeted manipulations to cause directed stress or death in individual cells have been relatively
difficult to accomplish. Here, a single-cell-resolution ablation approach to selectively stress and
kill individual cells in cell culture and living animals is described based on a standard confocal
UV laser.

LONG ABSTRACT:

Using a standard confocal setup, a UV ablation method can be utilized to selectively induce
cellular injury and to visualize single-cell responses and cell-cell interactions in the CNS in real-
time. Previously, studying these cell-specific responses after injury often required complicated
setups or the transfer of cells or animals into different, non-physiological environments,
confounding immediate and short-term analysis. For example, drug-mediated ablation
approaches often lack the specificity that is required to study single-cell responses and
immediate cell-cell interactions. Similarly, while high-power pulsed laser ablation approaches
provide very good control and tissue penetration, they require specialized equipment that can
complicate real-time visualization of cellular responses. The refined UV laser ablation approach
described here allows researchers to stress or kill an individual cell in a dose- and time-
dependent manner using a conventional confocal microscope equipped with a 405-nm laser.
The method was applied to selectively ablate a single neuron within a dense network of
surrounding cells in the zebrafish spinal cord. This approach revealed a dose-dependent
response of the ablated neurons, causing the fragmentation of cellular bodies and anterograde
degeneration along the axon within minutes to hours. This method allows researchers to study
the fate of an individual dying cell and, importantly, the instant response of cells—such as
microglia and astrocytes—surrounding the ablation site.

INTRODUCTION:

Fluorescence microscopy has long been used to study the effects of transgenes in the zebrafish
CNS, particularly their effects on development!. High-resolution microscopy has allowed a
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detailed mapping of the cellular processes involved in brain development, muscle generation,
and many other developmental events?. Studying the death of an individual cell has been more
challenging, mainly due to the technical difficulties of inducing selective cell death during
standard imaging procedures. However, the combination of single-cell resolution imaging and
highly targeted ablation techniques allows the investigation of immediate cellular responses to
stress and injury, as well as of the consequent cell-cell interactions. Understanding these
processes is critical, particularly for neurodegenerative diseases such as motor neuron disease
(MND), where neuron-glia interactions have been shown to contribute to the progression of
the disease3.

MND, or amyotrophic lateral sclerosis (ALS), is a devastating neurodegenerative disease that
affects motor neurons in the brainstem, motor cortex, and spinal cord. Loss of these neurons
leads to muscle loss, and patients die within 3-5 years of diagnosis®*. Motor neurons in the
spinal cord link to the muscle fibers and play an essential role in facilitating muscle contraction.
Failure of this communication or death of these neurons gradually weakens the muscles and
affects the patient’s ability to swallow, walk, speak, and breathe. Visualizing the death of a
motor neuron and the short-term consequences in a living animal provides an excellent
opportunity to better understand the dynamic processes involved in normal cell homeostasis
and disease.

Zebrafish have emerged as an attractive model system to study neurodegenerative diseases®.
This is due to the advantages offered by this model organism, such as external fertilization,
short developmental time, optical access to the nervous system, and ease of transgenesis. In
addition, the ability to easily generate compound transgenic zebrafish allows for multiple
labelling strategies of different cell types. Genetic ablation approaches to kill specific cell types
allow rather broad disturbance, but lack the fine control of targeting individual cells®. Laser-
assisted techniques, on the other hand, provide fine temporal and spatial control and have
been used for different animal models. While most approaches use specialized equipment, such
as pulsed lasers®'? or two-photon set-ups!?, other research groups have recently taken
advantage of a UV laser in conventional confocal microscopes4.

The technique described here combines high-resolution confocal microscopy with a UV laser-
mediated approach to cause cellular stress or death in a dose-dependent way in selected motor
neurons. It relies on the use of the commonly-installed 405-nm laser, has been tested
successfully in cell culture and in living animals, and allows the detailed characterization of
cellular interactions, such as microglial clearance after neuronal death.

PROTOCOL:
NOTE: Design, conduct, and reporting of animal experiments must take account of current
guidelines®®. Such work must be approved in advance by the local animal welfare authority (in

our case, the Animal Ethics Committee of Macquarie University).

1. Prepare the zebrafish for mounting and UV cell ablation.

Page 3 of 14 rev. October 2013



1.1) Generate zebrafish (Danio rerio) expressing fluorescent proteins.

1.1.1) To express fluorescent proteins of interest in zebrafish, perform plasmid injections into
the one-cell stage of the zebrafish egg (as described elsewhere!®) or use fluorescent transgenic
lines. To label multiple cell types, create compound transgenic zebrafish lines by crossing
established transgenic lines pertinent to the question of interest. Place one male and one
female zebrafish on each side of a false-bottom pair mating tank in the evening and remove the
divider with the onset of light the next morning (as detailed elsewhere!’). Keep the zebrafish at
28 °C and handle them according to the established protocols!”*2,

1.1.2) Collect the embryos after successful spawning by straining the tank water containing the
embryos through a plastic tea strainer. Rinse the eggs with system water and transfer them into
egg water in a Petri dish.

1.1.3) Examine them under a light microscope to determine fertilization. Store fertilized eggs in
a Petri dish and place them in an incubator at 28 °C*8.

1.2) Optional: Perform a microinjection to label specific cell populations.

NOTE: This is an alternative method that allows for the expression and visualization of proteins,
without the need to raise stable transgenic lines. This method is also advantageous when the
protein of interest is toxic and prohibits the generation of a stable transgenic lines.

1.2.1) Inject the plasmid constructs into the one-cell stage of zebrafish embryos, as described
elsewhere®®2,

NOTE: This method results in the mosaic expression of the protein of interest. The protein of
interest is driven from a promoter of choice (e.g., islet1??, -3mnx123?%, met?>, or mpeg1?°)
flanked by Tol2 inverted repeats?°.

1.3) Age the fish to the desired size.

1.3.1) Raise the fish to 3-5 days post fertilization (dpf) and place them under a fluorescent
compound microscope. Screen the animals for appropriate fluorophore expression and select
the brightly-labeled fish. Separate the appropriate larvae into another dish with egg water for
embedding later on (store in a 28 °C incubator).

Optional: Embryos can be placed into a 0.2 mM 1-phenyl-2-thioures (PTU) Ringers solution at
24 h post fertilization (hpf) to inhibit the formation of pigmentation. Care must be taken with
PTU, as it is toxic and can have adverse physiological, genetic, or morphological effects.

1.3.2) For studies at an early developmental stage (< 2 dpf), dechorionate the embryos

manually using sharp forceps. Dechorionate large numbers of embryos enzymatically by adding
pronase (2 mg/mL) to the egg water and incubating them for 10 min at 28 °C.
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1.3.3) Pass the embryos periodically through a plastic Pasteur pipette to ease dechorionation.
Terminate the process when the majority of embryos have emerged from their chorions by
washing them several times with egg water.

1.4) Prepare solutions for zebrafish embedding in agarose.

1.4.1) Prepare an anesthesia solution by adding 4 g/L MS222 (tricaine stock solution, pH 7.0)
dropwise to a Petri dish containing egg water. A dose of 50 mg/L is a recommended starting
point (Figure 1A).

1.4.2) Prepare a stock of low-melting agarose (0.8-1.5%) in egg water and aliquot it into 1.5-mL
microcentrifuge tubes. Place an aliquot into a pre-heated heat block (38-40 °C) and let it
equilibrate to the set temperature (~30 min; Figure 1B).

1.4.3) Optional: For longer-term imaging (> 4 h), prepare a little agarose circle within the 35-
mm glass-bottom Petri dish and allow it to set (Supplementary Figure 1).

NOTE: This extra step was effective in avoiding any movement of the whole agarose drop with
the zebrafish over longer time frames.

1.4.3.1) To do so, place ~300 pL of agarose along the inner circle of the glass-bottom dish to
prepare a doughnut-shaped circle with a little opening in the middle in which to place the fish
(step 1.5.3; Supplementary Figure 1).

1.5) Mount the zebrafish in agarose for microscopy.

1.5.1) Select 1-3 of the pre-screened fish for ablation and anesthetize the larvae by transferring
them (using a transfer pipette) into a dish with the anesthesia solution (step 1.4.1; Figure 1C;
approximately 5 min).

NOTE: The fish are anesthetized when they show a shallow opercular movement and a
decreased heart rate and no longer display a touch-evoked escape response (TEER; failure to
swim away after gently touching their tail with a brush). Ensure appropriate anesthesia for the
ethical treatment of the fish and to prevent twitching upon transfer into agarose or exposure to
fluorescent light.

1.5.2) After the anesthesia is confirmed, suck up a larva using an adjustable pipette (with a cut-
off 200-uL tip set to ~30 uL) and let it sink to the bottom of the tip. Transfer the larva into
preheated agarose (step 1.4.2) by releasing a drop of the liquid with the larva into the agarose
(try to minimize the amount of egg water going into the agarose; Figure 1D).

1.5.3) Suck up the fish surrounded by agarose. Dispense it quickly into the previously-prepared
glass-bottom 35-mm dish.
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1.5.4) Use a dissection microscope and a standard paint brush (long liner, size 1) to position the
animal within the agarose on the side (head to the left) so that body and tail are flat (Figure 1E).
If working with multiple fish, align all the fish in the dish so that they are easily located using the
confocal microscope later on.

NOTE: Quickly perform this procedure of positioning and aligning (it may require some practice,
as the agarose starts to set immediately after exposure to colder temperatures).

1.5.5) Leave the agarose-embedded fish for 10-15 min until the agarose is set firmly. Carefully
top up the 35-mm Petri dish with ~2 mL of egg water containing tricaine (Figure 1F).

2. Set up the confocal microscope and imaging parameters.

2.1) Place the Petri dish with the embedded larva on the confocal microscope stage and focus
on the dorsal side of the animal spinal cord (using bright field). Examine the animal under the
appropriate magnification (40x) and fluorescent setting and visualize the structure of interest
(e.g., fluorescence intensity of the labelled neurons or microglial movement) to confirm that all
imaging parameters are as needed for subsequent ablation (Figure 2). We routinely use the 40x
objective to perform our time lapse studies.

2.2) Optional: To perform a time-lapse study for several hours, it is advisable to record a single
or a few time-points prior to ablation to establish the unperturbed physiological response of
the cell and its environment (e.g., microglial movement to establish baseline speed and
motility).

2.3) Determine the thickness of the structure of interest for the UV laser ablation.

2.3.1) Using the z-drive, verify the top and bottom of the structure of interest (e.g., the cell
soma) by manually focusing up and down. Note down the z-plane that will be ablated (e.g., the
center of the cell).

NOTE: From experience, this method was most effective by targeting spinal cord neurons that
were brightly-labeled (a high signal-to-noise ratio that allows easy time-lapse visualization after
ablation; e.g., Figure 4) and by ablating the middle of the cell soma. Cell nucleus fluorescence
can be of advantage to assure correct targeting and high ablation efficiency.

3. Perform targeted laser ablation of individual cells in the zebrafish spinal cord.

NOTE: For this ablation and visualization approach, a confocal microscope (Leica SP5) was used.
The ablation procedure using a 405-nm diode for cell-specific destruction is detailed according
to the software (Leica Application Suite, v2.7.3.9723). However, any conventional confocal
microscope that is equipped with a 405-nm laser and a FRAP (fluorescence recovery after
photobleaching) or bleach module will allow the performance of the same cell manipulations,
but potentially with slightly different settings, parameters, and names.
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3.1) Start the FRAP wizard by clicking on the dropdown menu at the top of the software menu
(Figure 3A, 1 and 2). Observe a new window with different steps that allows the set up of the
specific parameters for the laser ablation (Figure 3B, 3).

3.2) Determine the image parameters for the ablation approach by selecting the format, scan
speed (Figure 3B, 4), and averaging (Figure 3B, 5). An image format of 1024 x 1024 at a scan
speed of 400 Hz and a line average of 4 was most applicable.

NOTE: There is generally no need to change the spectral detection (such as the excitation or
emission parameters), as they have been determined in the previous acquisition.

3.2.1) If the z-plane for ablation hasn’t already been selected (as described in step 2.4.), press
the “Live” button and focus through the specimen until the fluorescent structure or the desired
z-plane that is going to be ablated is in focus.

3.3) Once the general image parameters are set, access the “Bleach” step (Figure 3C, 6) to
control the specific ablation components.

NOTE: A combination of the laser intensity (Figure 3C, 8), the scan speed, and the averaging
that has been set in step 3.2 (Figure 3B, 4 and 5), as well as the number of repetitions that will
be set in step 3.5 (Figure 3E, 12), will determine the overall dwell time of the UV laser at the
ROI, and therefore, the bleaching efficiency.

3.3.1) Engage the 405-nm laser by activating it for the bleaching procedure (Figure 3C, 8).

NOTE: Most success with the aforementioned settings was achieved with 405-nm laser
intensities between 60-80% in our experimental setup. Be aware that this laser power output is
instrument-specific and will differ for every confocal setup.

3.3.2) Use the “zoom in” option (Figure 3C, 7) to maximize the bleaching intensity at the
selected ROI by reducing the scan field, therefore maximizing dwell time. Alternatively, use the
“Bleach point” option of the software of choice for this process.

3.4) Select one or multiple ROIs (Figure 3D, 10) for the ablation by using any of the drawing
tools in the image acquisition window (Figure 3D, 9). Target the axon hillock, for example, with
the circular drawing tool of approximately 4-8 um.

NOTE: The ablation area is adjustable from a single pixel to a larger area, depending on the
application.

3.5) After establishing the ROI, select the “Time Course” button (Figure 3E, 11) and confirm the
number of cycles the ROIs will be scanned/ablated (Figure 3E, 12). Choose the “Pre-Bleach” and
“Post-Bleach” frames as desired to permit an overview of the whole image just before and
immediately after the bleaching process.

Page 7 of 14 rev. October 2013



3.6) After establishing all the necessary ablation parameters, press “Run Experiment” (Figure
3E, 13) and monitor the efficiency of the ablation.

NOTE: In our FRAP setup, a single image will be taken before and after the FRAP cycle with the
appropriate laser excitation (e.g., 488-nm excitation for EGFP-expressing cells). These pre- and
post-ablation pictures allow a quick judgment of how satisfactorily the ROl was bleached and
how effective the chosen ablation parameters were.

3.7) Repeat the process by adjusting the laser intensity (Figure 3C, 8), scan speed and averaging
(Figure 3B, 4 and 5), and repetitions (Figure 3E, 12) in case the selected ROI still shows high
fluorescence intensity after completion of the FRAP cycle.

4. Perform the follow-up procedure, including fish “rescue” or disposal.

4.1) If the experiment is terminal, euthanize the animal with an overdose of tricaine. Remove
the egg water and replace it with anesthesia stock solution for 10 min. To ensure euthanasia,
check under the microscope for the cessation of the heartbeat.

4.2) Optional: If the experiment is not terminal, remove the fish carefully from the agarose with
fine forceps and a brush. Place the fish in fresh egg water and allow it to recover under
observation for 15 min. If normal swimming behavior returns, return the fish to the incubator.

4.3) Dispose transgenic animals according to the institution’s approved GMO waste stream.

REPRESENTATIVE RESULTS:

The method described here allows the ablation of motor neurons in the zebrafish spinal cord
using the FRAP module of a commercial confocal microscope. Transgenic zebrafish lines that
express a green fluorescent protein in neurons under the control of specific promoters, such as
-3mnx1, islet1, or met, were used. The expression of GFP driven by the motor neuron promoter
(such as -3mnx1 or met) allows high-resolution visualization of the cell bodies, the main axons,
and the peripheral branches extending to the muscles (Figure 4 and Video 1).

Neurons in the spinal cord of 3- to 5-day-old fish have been successfully ablated, with an overall
dwell time of 60-80 s at a laser power of ~70% and the general settings described in step 3.
Successful ablation is achieved when the fluorescence fades immediately after ablation and
never resumes (Figure 5, C and D). Attempts at ablation with other laser lines (such as the 488-
nm laser line) did not result in permanent fading, and fluorescence was restored within short
time frames. Importantly, this technique demonstrated characteristic features of apoptotic cell
death in the UV-ablated neurons, such as the presence of AnnexinV, consistent morphological
changes of somal degeneration, and axonal blebbing of the ablated neuron?’.

The specificity of this approach is confirmed in the experiments using the photoconvertible

fluorophore Kaede (that switches its emission from green to red after exposure to UV light),
where a single targeted neuron was converted (Figure 5, A and B) without signs of cellular
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destruction over several hours. Usage of a higher laser power instead leads to extinction of the
targeted neuron (no photoconversion or reappearance of fluorescence) and photoconversion
(without death) of the cells in close proximity (~20 um) to the ablation site (Figure 5, C and D).

One important advantage of this laser-induced ablation technique is the dose dependency of
the approach. To target cells with different intensities, multiple layers of fine-tuning are
available by adjusting the laser power (Figure 3C, 8), the scan speed and line averaging (Figure
3B, 4 and 5), the size of the ROI to be ablated (Figure 3D, 10), and the repetitions (Figure 3E,
12). Notably, this approach can also be utilized to apply cellular stress to individual cells instead
of inducing cell death. For example, fine-tuning has been quite valuable to assess cellular
processes during the death of a neuron. Motor neurons with long axonal projections that were
ablated with lower UV laser intensities revealed characteristic “blebbing” (the formation and
fragmentation of cellular vesicles), which commenced at the targeted soma and continued
along the axon over time (40-90 min; Figure 4; 3D rendered movie of this ablation in Video 1).
Consequently, modulating the different laser ablation parameters and therefore the level of
induced cellular stress and the time course of death allows researchers a high level of
experimental flexibility.

FIGURE LEGENDS:

Figure 1: Embedding of zebrafish for live imaging

(A-F) Embedding procedure for live imaging: (A) Tricaine is added to egg water to anaesthetize
the zebrafish at a starting dose rate of 50 mg/L. (B) Low-melting agarose (0.8-1.5%) is prepared
and warmed up to 38-40 °C. (C) Using a transfer pipette, the screened and selected zebrafish
are transferred into a dish with tricaine solution. After successful sedation (shallow opercular
movement, decreased heart rate, lack of a touch-evoked response), a fish is transferred into
the preheated agarose (D). Minimize the amount of egg water that is transferred into the
agarose to prevent subsequent dilution. (E) Transfer a drop of agarose (~30-50 L) containing
the zebrafish onto a glass-bottom 35-mm dish. Perform this under a dissection microscope and
use a brush to gently align the zebrafish to its preferred orientation. Wait 10-15 min, until the
agarose is set, and add ~2 mL of tricaine solution to the dish (F).

Figure 2: Visualization of neurons and microglia in the spinal cord of a 3-dpf zebrafish
Visualization of microglia and neurons in the spinal cord of a 3-day-old transgenic zebrafish
expressing (A) GFP-positive neurons (isletl:GFP) and (B) mCherry-positive microglia
(mpeg1:GAL4,UAS:mCherry). (C) Composite image of the neuron and microglia channel
together with the bright-field image. The schematic insert in (C) depicts the orientation of the
fish and outlines the presented area. Scale bar = 30 um.

Figure 3: Steps in the process of UV laser ablation (as outlined in the protocol, step 3)

Steps to control the FRAP software module in the confocal software (Leica Application Suite).
(A) Starting the FRAP module as a tool to perform UV laser ablation. (B) Setting up the z-plane
for ablation and other FRAP settings like format, speed, and averaging, which will determine
the dwell time of the laser. (C) Control of the laser intensity and the “zoom in” option to
maximize bleaching efficiency. (D) Selection of one or multiple regions of interest (ROI) that will
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be ablated. (E) Setting the time course of bleaching determines the bleach cycles and the
overall laser dwell time at the ROls.

Figure 4: Anterograde degeneration of a UV-ablated neuron

Time-lapse imaging of the neurodegeneration of a UV-ablated spinal neuron. (A—-F) UV-
irradiation of a single spinal neuron (met:GAL4,UAS:EGFP; A; circle) resulted in the soma of the
neuron shrinking and rounding up over time (A-C), followed by axonal fragmentation (C-F;
arrowheads). The axonal degeneration started at the soma (site of ablation) and progressed
anterograde toward the distal end of the axon until finally, the fluorescence in the soma
disappeared and the entire axon showed “blebbing” (D-F). Scale bars = 20 um. The 3D-rendered
time-lapse movie of this ablation is shown in Video 1.

Figure 5: Confirmation of the effect of single-cell UV irradiation using a photoconvertible
fluorophore (Kaede) in a motor neuron

Validation of single-cell UV irradiation through the activation of the photoconvertible
fluorophore Kaede in a neuron. (A-D) UV irradiation of neurons labelled with Kaede. (A)
Photoconversion of a single neuron (circle) with a laser power of 30% for 10 s led to
photoconversion of Kaede (from green to red) in only the targeted individual neuron (B). Note
that the converted cell survived for several hours and showed no visual signs of deterioration,
such as blebbing or rounding up. Ablation of a single neuron (C; circle) with a higher laser
power (95% for 10 s) resulted in immediate disappearance of that neuron (D) and subsequent
photoconversion of Kaede in a small number of surrounding neurons within a radius of
approximately 20 um. Scale bars = 20 um.

DISCUSSION:

Laser ablation approaches

Laser-assisted ablation techniques allow the precise targeting of individual or small groups of
cells. Combining this technique with high-resolution microscopy and genetic manipulations in
animal models such as zebrafish allows researchers to systematically study the fate of an
individual cell and the interactions after injury.

The UV (405 nm) laser ablation protocol described here outlines how individual cells can be
stressed or killed selectively (in a dose-dependent manner), while neighboring neurons, glia,
and axons are left unharmed. We have successfully utilized this approach in cell culture
experiments and describe here the detailed approach for the zebrafish spinal cord. We show
the implementation of this approach in the zebrafish spinal cord by selectively stressing an
individual neuron within a network of other cells (Figure 5, A and B), or by killing a single
neuron immediately and without recovery (Figure 5, C and D).

Previously, specialized laser systems, such as pulsed-nitrogen laser or two-photon laser
systems, were required to induce tissue damage and motor nerve transections'®!3, These laser
systems have been successfully utilized to cause cell damage, such as thrombosis in arteries and
veins®, acute kidney injury’, cardiac injury®, and to study calcium waves and microglial response
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after brain injury®. Furthermore, Soustelle and colleagues used a conventional confocal setup
(351-nm and 364-nm UV lasers) to induce damage to epithelial and glial cells in Drosophila'®.

Relevance of zebrafish models for understanding ALS (and other human diseases)

Zebrafish are a widely-used model organism, especially for developmental studies?®3°, While
they have certain limitations, their potential to model human disease and give an
understanding of pathogenic molecular mechanisms is enormous. Zebrafish models have been
well-established for the study of MND and have led to important molecular insights3!34,
Transgenic zebrafish lines can be rapidly generated (4-5 months) and allow the selective
tracking of a specific cell type, features that make them a valuable addition to current animal
models of ALS. Zebrafish embryos/larvae are optically transparent and offer unique
experimental advantages that allow long-term live-imaging at the single-cell level in the brain or
the spinal cord, which cannot be readily achieved in rodent models (or in humans). When
combined with molecular techniques, such as single-cell ablation, this provides a unique
experimental platform for studying precise molecular mechanisms in vivo.

Motor neurons can be selectively targeted using UV laser ablation

Spinal neurons in zebrafish start to develop within 10 h after birth and are established after
approximately 48 h3>36, This rapid development allows the visualization of these neurons in
short time frames and with high throughput. Motor neurons provide the essential link between
brain and muscles and, in ALS, are affected in the motor cortex (upper motor neurons), the
brainstem, and the spinal cord (lower motor neurons). Loss of these neurons inevitably leads to
muscle atrophy and weakness. Motor neurons in the spinal cord of zebrafish can be identified
by their distinct projections and by the usage of motor-neuron specific promoters like -3MNX1.
Targeting the cell soma of such projecting neurons revealed the anterograde degeneration
along the axonal projection over time (Figure 4 and Video 1). Single-cell resolution imaging of
spinal motor neurons additionally confirmed phosphatidylserine translocation and consequent
AnnexinV-labelling after laser ablation (see Figure 4 and Supplementary Video 3 in Reference
27). Although we report the activation of AnnexinV in dying neurons after our UV laser ablation
approach, we cannot be certain that the cascade of death that is triggered during this
accelerated process exactly matches the neuronal death that occurs during neurodegeneration
or normal cell homeostasis.

While this ablation approach is highly reproducible and specific, different embedding strategies
might also affect the efficiency of the UV ablation. In our experience, it was most successful to
minimize the layer of agarose we embedded our fish in. Thicker layers of embedding medium
with an additional layer of egg water may reduce the UV power ultimately received by the cell
due to attenuation and scattering effects that occur along the beam path.

In the future, the crossing of different transgenic fish lines will allow for the visualization of the
immediate and short-term (up to 12 h) responses of other affected cells, such as glia, to the
laser-induced cell destruction. For example, astrocyte and non-cell autonomous toxicity in
neurodegenerative disorders such as ALS have been in the research spotlight and are heavily
implicated in the pathogenicity of sporadic and familial ALS37:38. However, the mechanisms
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underlying glial toxicity and selectivity toward motor neurons remain unclear. We and others
recently took advantage of this approach to study the engulfment of dying neurons by microglia
and visualized the clearance of neuronal remnants?”39:40,

Combining the ablation technique with high-resolution microscopy and markers for
neuroinflammation will allow researchers in the future to expand the understanding of single-
cell function and interconnected cell systems. Characterization of these processes in an in vivo
setting is critical not only in developmental settings but also in models of neurodegenerative
diseases, including MND, where cellular interactions may be impaired>42.
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Harvard standard wall Borosilicate
with filament Capillary Glass
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Heat block

Microinjection apparatus

Stereoscope

Company Catalog Number

Fisher-
Scientific

Argent
Labs
World
Precision
Instrumen
ts, Inc.

MS-222
GC100F-10 (short)

GC100F-15 (long)

Sigma P7629

Sigma 10165921001

Select
BioProduc
ts

Digital block
heater (SBD110 )

World
Precision
Instrumen
ts, Inc.

Leica

Click here to download Excel Spreadsheet- Table of Materials/Equipment Author

Materials Template_MM_070716.xls

Comments/Description

Dissolve in egg water with
tricaine (0.02%) at 0.8-1.5%

0.02%

Pull to a resistance of 2 -7
MQ

0.6 g Instant Ocean sea
salt, 4ml of 1mg/ml
methylene blue in 10 |
deionized water

Microinjection was
performed by hand under a
steromicroscope (Leica)
with a loaded

glass needle and a
Picospritzer 1l (General
Valve corporation)

Bright field illumination
microscopy was performed
on a Leica M165FC stereo
dissection

microscope (Leica)
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regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole 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
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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.

11. 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 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication 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.

13. 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 required per submission.
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1) Upload a scanned copy of the document as a pfd on the JoVE submission site;
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Rebuttal Comments

comments and responses_240516.docx

Editorial comments:

1. Please adjust the numbering of your protocol section to follow JoVE instructions for authors, 1.
should be followed by 1.1) and then 1.1.1) if necessary and all steps should be lined up at the left
margin with no indentations. Please do not use large paragraphs to describe a technique.

Paragraphs have been shortened and the numbering has been adjusted according to the
instructions.

2. Please simplify steps of your protocol section so that individual steps contain only 2-3 actions per
step.

Steps have been simplified to a maximum of three steps per protocol section.

3. Please re-write steps of your protocol section in imperative tense, as if you are telling someone
how to do the technique (i.e. "Do this", "Measure that" etc.). Please try to avoid usage of phrases
such as “should be”, “could be”, “would be” and write in the active/imperative style. For instance,
“Compound transgenic zebrafish lines can be created by crossing...”, should be “Create compound
transgenic zebrafish lines...”, etc. Please ensure that all the steps of the protocol section are written

in imperative tense.

The appropriate paragraphs have been edited according to the guidelines.

4. Please ensure that all the details are provided in the protocol section. For instance, how is a
compound transgenic zebrafish line created? Please ask yourself the how question to provide more
details and mention the details in step-wise manner.

Further details have been given, including a reference to a more comprehensive JOVE article.

5. Please add a one line space between each step and subsequent sub-steps of your protocol
section.

Line space has been added.

6. Please include spaces between all numbers and units.

Spaces were confirmed.

7. Please use “sec” as the abbreviation for second(s), “min” for minute(s) and hr for hrs or hour(s)
when it is next to a number.
Abbreviations have been added.

Click here to download Rebuttal Comments Editorial

I+
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8. Please use the Greek symbol Mu to indicate “micro” rather than a lowercase “u”, if applicable.

Usage of u throughout the document has been confirmed.

9. Due to the nature of being a video based journal, JoVE authors must be very specific when it
comes to the humane treatment of animals. Regarding animal treatment in your protocol, please
only add the following information to your text where applicable:

a) Please include an ethics statement before your numbered protocol steps indicating your protocol
follows the guidelines of your institutions animal research ethics committee.

b) Please specify the euthanasia method

c) Please mention how animals are anesthetized and how proper anesthetization is confirmed.

d) Use of vet ointment on eyes to prevent dryness while under anesthesia.

e) For survival strategies, discuss post-surgical treatment of animal, including recovery conditions
and treatment for post-surgical pain.

f) Do not leave an animal5 unattended until it has regained sufficient consciousness to maintain
sternal recumbency.

g) Do not return an animal that has undergone surgery to the company of other animals until fully
recovered.

h) Discuss maintenance of sterile conditions during survival surgery.

We have stated these points in the initial submission. We have checked again that all necessary
statements are addressed. If there are any remaining concerns please highlight them so that we can
address them appropriately.

10. After you have made all of the recommended changes to your protocol (listed above), please re-
evaluate the length of your protocol section. There is a 10 page limit for the protocol text, but there
is a 3 pages limit for filmable content. If your protocol is longer than 3 pages, please highlight (in
yellow) 2.75 pages (or less) of text to identify which portions of the protocol are most important to
include in the video; i.e. which steps should be visualized to tell the most cohesive story of your
protocol steps. Please see JoVEs instructions for authors for more clarification. Remember that the
non-highlighted protocol steps will remain in the manuscript and therefore will still be available to
the reader.

We have highlighted 2.75 pages as the most important filmable content.

11. JoVE is unable to publish manuscripts containing commercial sounding language, including
trademark or registered trademark symbols (TM/R) and the mention of company brand names
before an instrument or reagent. Please remove all commercial sounding language from your
manuscript and replace it with a more generic term as much as possible throughout the entire
manuscript. All commercial products should be sufficiently referenced in the table of
materials/reagents. Examples of commercial sounding language in your manuscript are Leica, etc.
(See figures)

We have removed the mention of company brand names (such as Leica) before the instrument and
software and have removed the picture of the Leica logo in Figure 3 (previously Figure 3 A).



12. There needs to be a legend for Video 1 and it is recommended to include this as a supplemental
file.

We have now removed the legend for Video 1 from the manuscript body and placed it in
supplementary file.

14. Please make sure that the “Discussion” is written under the following sections.
a) Critical steps within the protocol.

b) Modifications and troubleshooting.

c) Limitations of the technique.

d) Significance of the technique with respect to existing/alternative methods.

e) Future applications or directions after mastering this technique.

We can confirm that we have addressed these sections in our discussion.

15. Please revise the manuscript text to avoid the use of any pronouns (i.e. "we", "you", "your",
“our” etc.). If you feel it is very important to give a personal example, you may use the royal "we"
sparingly and only as a "NOTE:" after the relevant protocol step. Please use the Ctrl+F function to
find and replace the pronouns.

We have searched and revised the manuscript for these pronouns and minimized the usage of the
royal we as much as possible.

16. Please copyedit the entire manuscript for any grammatical errors you may find. The text should
be in American-English only. This editing should be performed by a native English speaker (or
professional copyediting services) and is essential for clarity of the protocol and the manuscript.
Please thoroughly review the language and grammar prior to resubmission. Your JoVE editor will not
copy-edit your manuscript and any errors in your submitted revision may be present in the
published version.

We have carefully inspected the manuscript and preformed grammar and spell checks.

17. NOTE: Please include a line-by-line response letter to the editorial and reviewer comments along
with the resubmission.

Please find our responses to the individual points raised marked in red.



Response to Reviewers Click here to download Rebuttal Comments response to
Reviewers comments_150716.docx

Dear Dr. Jaydev Upponi,

We thank the editorial board and the reviewer for their constructive feedback.
Please find below our detailed response to these comments.

We have highlighted our answers in this document and any changes that we made
in the original manuscript in green for your convenience.

Please do not hesitate to contact me if you have any further questions.
With best regards,

Marco Morsch (on behalf of the authors)
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Editorial comments:

*NOTE: Please download this version of the Microsoft word document (File name:
54983 R1 060116) for any subsequent changes. Please keep in mind that some
editorial changes have been made prior to peer review.

*Please keep the editorial comments from your previous revisions in mind as you revise
your manuscript to address peer review comments. For instance, if formatting or other
changes were made, commercial language was removed, etc., please maintain these
overall manuscript changes.

*Formatting:
-Middle initials should appear after the author first name.

-Zebrafish rearing conditions should be a separate note or step in the protocol rather
than a part of the ethics statement.

-Please include spaces between all paragraphs and bullet points.

-Please define the abbreviation “FRAP” at first occurrence.

-Please include a space between all numbers and units.

-References — Please abbreviate all journal titles.

*Grammar:
-1.1.3 — “placed in an incubator”
-1.3.3 — “majority of embryos has”



*Additional detail is required:
-2.1 — What magnification?

-2.3.1 — How does one know the center of the cell is reached?

*Branding should be removed:
-Section 3 note — Please remove the name and version of the software, and instead
include them in the materials table.

-Please remove trademark symbols from the materials table.

*Discussion: Please discuss the critical steps and limitations of the protocol. Please also
discuss any modifications/troubleshooting that can be performed.




*JOVE reference format requires that the DOIs are included, when available, for all
references listed in the article. This is helpful for readers to locate the included
references and obtain more information. Please note that often DOIs are not listed with
PubMed abstracts and as such, may not be properly included when citing directly from
PubMed. In these cases, please manually include DOlIs in reference

information.

—

IMPORTANT: Please copy-edit the entire manuscript for any grammatical errors you
may find. The text should be in American-English only. This editing should be performed
by a native English speaker (or professional copyediting services) and is essential for
clarity of the protocol and the manuscript. Please thoroughly review the language and
grammar prior to resubmission. Your JoVE editor will not copy-edit your manuscript and
any errors in your submitted revision may be present in the published

version.



Reviewers' comments:

Reviewer #1:

Manuscript Summary:

In the manuscript entitled Triggering cell stress and death using conventional UV laser
confocal microscopy, Morsch et al describe the use of the confocal auto bleaching tool
to specifically ablate fluorescent cells in live zebrafish. This technique could be of use to
those in the zebrafish community who are interested in understanding the in vivo
consequences of targeted cell ablation.

Major Concerns:
none

Minor Concerns:
1.1 Since the protocol only works for fluorescent cells, the section titled "generation of
transgenic lines" should mention that the targeted cells should fluoresce.

1.42. What is the agarose prepared in?

1.4.3 | have a hard time understanding how you create the agarose mold for longer term
imaging. Perhaps include an image of this too.

Additional Comments to Authors:
N/A



Reviewer #2:

Manuscript Summary:

103: "highly evolutionary conserved model organism" to this reviewer seems incorrect
and a bit to general statement. Conserved is always relative to something else, e.g.
conserved between species, in this case probably the conservation with mammals is
indicated. If so, what is conserved genetics? Cells? Organs? Behavior? Biology?

126: Unclear why it says compound transgenic fish, why would these be required? |
understand it would be beneficial to label multiple cell types, but might be a good to add
a phrase that says so.

134: please define embryo medium

152: Screen the animals and select for... What is meant by screening? Screening for
fluorescence? Please indicate

153: egg water is the same as embryo medium?

162: Pasture should be Pasteur

164: egg water embryo medium? Please use single term consistently

180 a few 100 ul? Not sure if this is an accepted notation



195: what type of tip is used, 200 ul?

203: brush? What type of brush?

235: "modern confocal" might be good to refer to this in more objective term

263: Intensities 60-80%; if this reviewer understands it correctly, these values may have
no meaning at all with regard to absolute intensities as these differ between individual
lasers and depend on the wear-and-tear/age of the laser. So 60% laser power in our
hands could be 20% in yours?

285: What fluorescence in the ROI would be high after FRAP; Kaede? most fluorescent
proteins aren't excited at 405 nm? Please explain.

310: Succesful... fluorescence fades: Fading is likely caused by leakage from the cell
because it's dead? Please comment




311: Ablation.... : this is then simply photobleaching which is measured typically using
FRAP, and not ablation.

313: characteristic features: such as?

320: is the any evidence the cells are stressed?

340: E3 solution = embryo medium?

431: -3MNX1: please indicate what is meant here, a selected region of the Mnx1
promoter?

433-434: "Single-cell ..... ablation." It is unclear why this sentence is included. Generally,
the word apoptosis is mentioned only once in the manuscript? Would it make sense to
include the use of an apoptotic marker, which would suggest the type of cell death?
Annexin is mentioned and seems to be used in previous work by the authors, but is
unclear why this is not used here; annexin labeling of spinal cord neurons can be
detected in annexin transgenic zebrafish starting before fragmentation (van Ham et al.,
2010) and acridine orange has been used in vivo to label cell death in the spinal cord of
Tau expressing Alzheimer's zebrafish (Paquet et al., 2010).




442-444: "We recently....remnants" Other groups have looked in detail at engulfment of
apoptotic neurons in vivo before; would be fair to include original references (e.g. van
Ham et al., 2012; Mazaheri et al., 2014).

For photoconversion it is shown that the intensity used for conversion does not convert
kaede in neighboring cells. However, for the ablation it is not clear if neighboring cells
are not injured, where a much higher laser power is used. Could the authors comment

The Kaede conversion experiments have been thoroughly explained elsewhere, and
seem somewhat unrelated to this story, as there is no "measure" that these converted
cells are actually stressed, although this could be expected.

Other points: GFP lines are used for ablation. Does the fact that it's GFP influence the
ablation? l.o.w. if another fluorescent protein is used RFP or CFP does ablation work -
equally- well?

FPs are known to release ROS upon excitation, is this mechanisms involved in the
ablation used here or is it DNA damage related? Please comment.




As well, I'd appreciate if the authors can comment on a limitation that laser-killling of
cells could be very un-physiological and therefore elicit a complete different response of
the surrounding tissue than in disease such as ALS where cells slowly (?) degenerate.

Major Concerns:
N/A

Minor Concerns:
N/A

Additional Comments to Authors:
N/A



Supplemental File (as requested by JoVE)

Click here to access/download
Supplemental File (as requested by JoVE)
Supplementary file.docx


http://www.editorialmanager.com/jove/download.aspx?id=525107&guid=0ceea0d5-6804-449f-8dbb-d630f1805b67&scheme=1

