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Abstract

Cells need to migrate along gradients of chemicals (chemotaxis) in the course of development, wound healing, or
immune responses. Neutrophils are prototypical migratory cells that are rapidly recruited to injured or infected tissues
from the bloodstream. Their chemotaxis to these inflammatory sites involves changes in cytoskeletal dynamics in
response to gradients of chemicals produced therein. Neutrophil chemotaxis has been largely studied in vitro; few
assays have been developed to monitor gradient responses in complex living tissues. Here, we describe a laser-wound
assay to generate focal injury in zebrafish larvae and monitor changes in behaviour and cytoskeletal dynamics. The
first step is to cross adult fish and collect and rear embryos expressing a relevant fluorescent reporter (for example,
Lifeact-mRuby, which labels dynamic actin) to an early larval stage. Subsequently, larvae are mounted and prepared
for live imaging and wounding under a two-photon microscope. Finally, the resulting data are processed and used
for cell segmentation and quantification of actin dynamics. Altogether, this assay allows the visualisation of cellular
dynamics in response to acute injury at high resolution and can be combined with other manipulations, such as
genetic or chemical perturbations.

Key features

e  This protocol is designed to trigger laser wound in zebrafish larvae using two-photon intravital microscopy.

e The ability to wound while imaging makes it possible to monitor the behaviour and actin changes of the cells
immediately after gradient exposure.

e The protocol requires a two-photon microscope for best results. Compared with one-photon laser wounding, the
injury is more precise and has better tissue penetration.

e  The focal nature of the wounds is suitable for studies of neutrophil swarming/aggregation and can be further adapted
to infectious settings.
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Background

Directed migration along gradients of chemicals (chemotaxis) is fundamental to many developmental and
physiological processes. Immune cells represent prototypical migratory cells that rely on active motion to search
tissues, find pathogens, and interact with other cells in order to launch immune responses. Among these cells,
neutrophils are the first to be recruited to injured or infected tissues from the bloodstream [1]. Their chemotaxis to
these inflammatory sites involves changes in cytoskeletal dynamics in response to gradients of chemicals produced
therein, including primary chemoattractants produced by microbes or damaged cells (e.g., formyl peptides) or
secondary attractants (i.e., attractants produced by inflamed tissue cells or by neutrophils themselves, such as
chemokines and leukotriene B4) [1,2]. Understanding neutrophil chemotaxis mechanisms is important for ultimately
controlling the accumulation of these cells in tissues in inflammatory disease settings, but also for providing
mechanistic paradigms for understanding how other types of cells undergo directional motion in general.
Neutrophil motility and gradient sensing have been studied in vitro in settings where gradients can be administered
in a controlled fashion. For example, assays where micropipettes are introduced to cells during imaging are very
useful for inferring causal effects of gradients on cell behaviour. In addition, a variety of microfluidic setups can be
used to generate long-lived gradients on 1D, 2D, or 3D migration devices, where the movement of the cells can be
monitored over time [3—6]. Relatively few assays have been developed to profile neutrophil chemotaxis and actin
dynamics in response to gradients in vivo. For example, injection of chemoattractants is difficult to perform in vivo
during imaging.

Here, we provide a protocol for implementing laser-assisted tissue injury to profile the behaviour and actin dynamics
of neutrophils in response to gradients. Wounds introduce a cocktail of damage-induced chemoattractants, and the
behaviour of cells can be followed in response to such endogenous tissue-derived gradients [7,8]. Whilst the profile
of gradients is relatively complex and difficult to determine, the advantage of this approach is that cells can be
profiled in an intact organism. To compare with unspecific motion dynamics before gradient exposure, wounds can
be performed in an anatomical site where neutrophils are already present and motile (such as the cephalic
mesenchyme region of the zebrafish larva), or cell motion can be pre-stimulated in the tissue of interest [9]. This
enables the determination of changes in the same moving cell before and after gradient exposure.

The approach has certain advantages over other intravital methods. Two-photon laser ablation is advantageous over
one-photon ablation, offering more precise wounding and less background photodamage, as only the focal plane is
exposed to a high number of photons [10,11]. Furthermore, the use of near-infrared light allows the performance of
wounding deeper into tissues [10]. The use of the transparent zebrafish larva, as opposed to a mouse, simplifies the
experimental approach and enables higher-resolution imaging of sub-cellular scale dynamics. In terms of further
applications, the focal nature of the laser wound makes the assay suitable for studies of neutrophil swarming, notably
when performing these wounds near or on the caudal hematopoietic tissue, where neutrophil density is highest [12].
In addition, the assay can be adapted to visualise host—pathogen interactions during wound healing, by the inclusion
of microbes in the medium [12]. Genetic or chemical inhibition experiments can be used in conjunction with this
assay to investigate signalling mechanisms [9,12].

Materials and reagents

Biological materials

1. Transgenic zebrafish: Tg(mpx:Lifeact-Ruby)
Promoter: Lysozyme neutrophil-specific promoter
Specificity: Lifeact (17 amino acids of yeast Abp140) fused to Ruby, which detects all F-actin, as described in
Riedl et al. [13].

Reagents

1. 4.53% NaOCl (Cleanline, catalog number: CL3013)
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Methylene blue (Sigma-Aldrich, catalog number: M9140-25G)
1-phenyl-2-thiourea (PTU) (Sigma-Aldrich, catalog number: P7629-25G)
3-amino benzoic acid ethyl ester (MS-222 or Tricaine) (Sigma-Aldrich, catalog number: E10521-50G)
Low-melting point (LMP) agarose (Invitrogen, catalog number: 16520)
Leukotriene B4 (LTB4) (Sigma-Aldrich, catalog number: L0517)
Sodium chloride (NaCl), certified AR for analysis (Fisher Chemical, catalog number: S/3160/60)
Potassium chloride (KCI) (Honeywell Riedel-de. Haén, catalog number: 31248)
Calcium chloride 2-hydrate (CaCl,-2H,0) (AnalaR, catalog number: 100703H)

. Magnesium sulphate heptahydrate (MgSO4-7H,0) (Sigma-Aldrich, catalog number: M2773)

. 2-[4-(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic acid (HEPES), bioPerformance certified (Sigma-Aldrich,
catalog number: H4034)

12. Trizma base (Sigma-Aldrich, catalog number: T6066)

13. Sodium hydroxide (NaOH) (Sigma-Aldrich, catalog number: 06203)
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Solutions

1. E3 embryo medium (see Recipes)
2. MS-222 solution (see Recipes)

3. PTU stock solution (see Recipes)

4. LMP agarose solution (see Recipes)

Recipes

1. E3 embryo medium solution

Reagent Final concentration (for 1x) Quantity (for 60%)
NaCl 5mM 172 ¢

KCl 0.17 mM 0.76 g

CaCl,.2H,0 0.33 mM 29¢g

MgS04.7H,0 0.33 mM 49¢

ddH,0O n/a Uptol L

Total n/a 1L

E3 can be made up as a 60x stock and stored at room temperature. To prepare 60%, weigh each salt as per the
table above and include 10 g of HEPES per 1 L as buffering agent. Add ~800 mL of ddH»O, adjust the pH to
7.8, and then top up with ddH,O to a final volume of 1 L. To make a 1x solution, dilute 16.7 mL of 60x
solution and 1 mL of 0.01% methylene blue into a final volume of 1 L of ddH,O.

2. MS-222 solution

Reagent Final concentration (for 1x) Quantity (for 25x%)
MS-222 0.16 mg/mL 400 mg

ddH,O n/a Up to 100 mL
Total n/a 100 mL

MS-222 can be made up as a 25% stock and stored at -20 °C for long-term storage or at 4 °C for short-term
storage. To make 25% stock, weigh the corresponding amount of MS-222 as per the table above, add ~80 mL
of ddH,0, adjust the pH to 7.5 using 1 M Tris pH 9, and then top up with ddH,O to a final volume of 100 mL.

3. PTU solution

Reagent Final concentration (for 1x) Quantity (for 50%)
PTU 0.003% (W/v) 1.5¢g

ddH,O n/a 1L

Total n/a 1L

PTU can be made up as a 50x stock and stored in the dark at room temperature. PTU is not very soluble at
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room temperature. Therefore, stirring and mild heating at 60 °C is recommended to dissolve.

4. LMP agarose solution

Reagent Final concentration Quantity
LMP agarose 1.2% (w/v) 024¢g
1x E3 n/a 20 mL
Total n/a 20 mL

Use fresh LMP agarose to ensure polymerisation.
Laboratory supplies
1.5 mL TubeOne microcentrifuge tubes (Starlab, catalog number: S1615-5500)

Aquafine shader sable watercolour brush size 4/0 (Daler-Rowney, catalog number: 282034040)
Nunc glass-bottom dishes (Thermo Scientific, catalog number: 150680)

50 mL skirted, sterile conical tubes (CellStar, catalog number: 210261)
15 mL sterile conical tubes (CellStar, catalog number: 188271)

Nk Wb =

Equipment

Incubator LMS series 2 (Wolflabs, catalog number: 220)
Techne FDB02AD DB-2A Analogue Dri-Block® heater (Techne, catalog number: 36620-12)
Analytical balance (Sartorius, catalog number: TE412)

nhk W=

Fine point, non-sterile disposable transfer (Pasteur) pipettes (Liquipette, catalog number: 127-P406-000)
3 mL non-sterile disposable transfer (Pasteur) pipettes (Liquipette, catalog number: 127-P503-000)

pH meter with InLab® Routine Pro-OSM pH electrode (Mettler Toledo, catalog number: 51344055)
Olympus MVX10 Macro zoom fluorescence upright microscope (Olympus Life Science, catalog number:

MVX10) equipped with pE-300 white LED microscope illuminator (CoolLED, catalog number: pE-300 white)

to screen embryos for transgenic expression

6. Zeiss Stemi 2000-C stereomicroscope to remove unfertilised eggs and unhealthy or dead embryos (Carl Zeiss,

catalog number: Stemi 2000-C)

7. TriM Scope II Multiphoton microscope (LaVision BioTec TriM Scope II) for laser wounding and live-cell

imaging

Software and datasets

1. ImSpector Pro software (5.0.284.0, LaVision Biotec, © 1998-2016) for image acquisition on TriM Scope II —

Multiphoton microscope

2. Fiji (ImageJ 1.52p, June 2019, publicly available [14]) for generation of maximum intensity z-projection of the

3D image datasets and generation of individual timelapse video for each neutrophil we track
3. MATLAB (R2018b, Sept 2018, requires a license) for image analysis and data plotting

Procedure

A. Crossing and rearing

Figure 1 illustrates the crossing and rearing process used in this experiment.
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Maintain zebrafish under standard conditions at 28.5 °C £ 0.5 on a 14:10 h light/dark cycle until the desired
stage.

Set up breeding pairs four days before laser wounding (Figure 1A).

Collect eggs as soon as possible post-fertilisation to prevent mould growth and avoid debris buildup
(Figure 1B).

Note: Eggs are fertilised ~30 min after light stimulation [15] and ideally collected within 3 h from laying.
Remove the non-fertilised eggs shortly after collection (Figure 1C). Clean the selected eggs by washing
them in 1x E3 embryo media three times. To further prevent mould or bacterial infection, embryos can be
treated with 0.003% bleach for 5 min, followed by 3 x washing in E3 media (Figure 1D).

Transfer the eggs to growth media (E3 medium supplemented with methylene blue and 1x PTU to prevent
pigmentation) (Figure 1E). Grow the embryos in a 10 cm Petri dish (100 embryos/50 mL E3 medium) at
28 °C (Figure 1F).

Note: PTU should be added before 24 h post-fertilisation (hpf) to prevent pigment formation.
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until 3 dpf to growth media Bleach fertilised eggs

for 5 minutes

Figure 1. Diagram of the general workflow for the crossing and rearing procedures described in this
paper. Adult zebrafish are set up for crossings in tanks and fit with a spawning mesh and a barrier
separating the male from the female (A). For the crossing event, the barrier is removed in the morning.
Eggs are collected at a maximum of 3 h later (B), followed by sorting of fertilised (arrowed) from non-
fertilised eggs (C). To prevent mould or bacterial infection, embryos may be treated with a bleach solution,
followed by three times washing with E3 medium (D). Finally, eggs are incubated at 28 °C in E3
supplemented with methylene blue to help prevent fungal and bacterial growth and PTU to prevent
pigmentation (E, F). dpf = days post-fertilisation; PTU = 1-phenyl-2-thiourea.

B. Mounting of zebrafish larvae

1.

At three days post-fertilisation (dpf), anaesthetise larvae with 1x MS-222 in E3 (Figure 2A).
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Figure 2. Schematic diagram and representative images of the mounting process for laser wounding.
Low-melting point (LMP) agarose is used to keep live embryos in place for an extended period of time.
Larvae at 3 dpf with the strongest signal are anaesthetised with 1x MS-222 (A), screened for red (Lifeact-
Ruby) fluorescent signal (B), and mounted onto (D-G) a glass-bottom plate in 1.2% LMP agarose. Once
the larvae have been pipetted into the agarose (E), the larvae must be quickly (F) positioned and aligned,
as the agarose will start to solidify within 1-2 min. After 10 min, agarose-embedded embryos are covered
with E3 medium supplemented with MS-222 and any optional molecules, such as LTB4, and (G) imaged
using a two-photon microscope. MS-222 = 3-amino benzoic acid ethyl ester; LTB4 = Leukotriene B4.

Screen larvae for those that are positive for a transgene under a fluorescent stereomicroscope (Figure 2B).
Note: If the clutch contains a mix of heterozygous and homozygous larvae for the transgene, the level of
expression may vary. If the brightness of the sample is important for the imaging, select the brightest larvae.
Place a 35 mm glass bottom dish with 14 mm micro-well #1.5 on the stereoscope stage and pipette 500 pL
fresh 1.2% LMP agarose to the centre of the dish (Figure 2C, D).

Note: The type of imaging dish can be customised to the confocal stage requirements. The agarose has to
be made fresh and kept at 37-39 °C before usage. If the agarose solidifies too quickly, the temperature at
which the agarose is kept can be incrementally increased (the actual temperature of the agarose cools
down quickly upon placing it on the Petri dish). Another option is to reduce the percentage of agarose to
1%.
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Use a transfer pipette to transfer a few (2—3) 3 dpf larvae to the agarose with minimum E3 medium to
prevent dehydration (Figure 2E). Using a fine brush, gently swirl the larvae to mix them into the agarose.
Note: It is helpful to mount as many larvae as possible to have extra fish in case of technical issues (see
troubleshooting section). However, it is important to minimise the amount of E3 added into the agarose
when adding the embryos, as this may dilute the agarose and create delays in the setting or stability of the
embryo during imaging. We find it easier to place embryos into the agarose rather than the embryos onto
the Petri dish first because it is harder to eliminate excess E3 medium in the latter scenario.
CRITICAL: The most time-sensitive step is aligning and orienting all the zebrafish larvae quickly so that
they are lying flat in the agarose before it begins to solidify. The agarose usually takes 1-2 min to start
solidifying after pipetting to the dish. Use a fine brush to orient each one of the larvae quickly (Figure 2F).
Take caution not to injure the larvae.

Once the larvae are correctly oriented, remove as much agarose as possible using a fine-tip pipette so that
the larvae are embedded in a thin agarose layer.

CRITICAL: When using an upright microscope, the goal is to have the larvae embedded in a thin agarose
layer to minimise the distance between the objective and the sample. If an inverted microscope is used, the
larvae need to be placed as close as possible to the bottom of the dish.

Wait for agarose around the larvae to solidify (~10 min).

Add 3 mL of E3 supplemented with 1x MS-222 to cover the agarose to prevent dehydration and keep the
larvae healthy during microscopy. Mounted larvae are ready for imaging (Figure 2G).

Optional: At 20—30 min before laser wounding, add 30 uL of LTB4 solution to the E3 to attract the exit of
neutrophils from the CHT (caudal hematopoietic tissue) to the ventral fin after wounding. This step is
useful if the experiment requires neutrophils to be already motile or present in the tissue at the time of
wounding.

Imaging and laser wounding

Laser wounding is performed on a multiphoton microscope (LaVision TriM Scope), equipped with a fast power
modulation unit (electro-optic modulator) for fast microsecond laser power switching that allows specified

regions of the scanned image plane to be treated with sufficient energy density to ablate through tissue. An
Insight DeepSee dual-line laser was tuned to 900 nm and the laser power adjusted to approximately 500 mW.

1.

Turn on all microscope hardware components, turn on the laser device, and start the ImSpector imaging
software.

Place the dish on the microscope stage and bring the 25x/NA 1.05 water dipping objective lens down until
it touches the media. Adjust the microscope stage so that the specimen is at the centre of the view.

Using the brightfield, focus on the area of the CHT ventral fin and determine the field of view that is going
to be acquired containing the intended wounding site through the eyepiece (Figure 3A).
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Figure 3. Schematic of a 3 dpf zebrafish larva showing the area of a two-photon laser wound and its
representative field of view. Shown are a schematic of the anatomical area imaged (A) and the image
projections before (B), during (C), and after (D) laser wounding. Neutrophils in a Tg(lyz:Lifeact Ruby)
larva are shown (red fluorescence channel). CHT = caudal hematopoietic tissue; LW = laser wound; VF =
ventral fin. Scale bar represents 50 pm. Note that upon laser wounding, the tissue becomes autofluorescent.
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10.

11.

12.

13.

Set the laser wavelength to 900 nm. Activate the main shutter for imaging and the 1,040 nm shutter for
ablation. For the used Spectra-Physics DeepSee, the laser output power is 1.2—1.3 W.

Note: The laser power here is given for guidance but has to be optimised in pilot experiments as the values
will be instrument specific. The precise choice of wavelength depends on the range available in the specific
instrument and the spectral properties of the proteins imaged. The excitation maximum for Ruby is 558 nm
[16].

Move the focal plane to 10 pm below the larval top surface.

Define the wounding site by selecting an ROI (wound ROI). For a field of view of 168 pm x 168 pm, a
circular region of interest of 40 pm in diameter was defined in one focal plane. The pixel size was 240 nm
x 240 nm with a dwell time of 15 ps.

Note: The wound size can be trialled experimentally to achieve a certain objective. In our case, we found
that adjusting the wound at a diameter of 40 um was optimal for two reasons: a) it does not cause excessive
damage to the fish, so it can stay healthy and alive, and b) neutrophils could respond to the wound without
any visible impairments. When locating the wound ROI, avoid pigment blasting.

After defining the wound site, determine the imaging field of view as an ROI of 300 pm x 300 pm around
the wound ROI, trying to position the wound ROI at the centre of the field of view and including as many
neutrophils in the image as possible. Figure 3 shows a representative field of view and laser wound ROL
Define the z-stack with a step size of 2 pm covering roughly a 35 um stack thickness. This yields 17—18
z-planes to acquire for every time point. To determine the top and bottom positions, the neutrophil
fluorescence signal can be used as a criterion, as we want to include as many neutrophils as possible.
Note: The more parallel the larva is to the plate surface/objective, the smaller the stack thickness. The
thinner the stack, the smaller the interval between elapsed stacks can be. This can be optimised during
mounting to maximise the temporal resolution of the time-lapse movie.

Set the interval of image acquisition at 20 s.

Acquire a test stack to confirm that the number of defined z-planes can be acquired within the desired 20
s interval, allowing for 1-2 s before the next acquisition starts. If the stack takes longer than 20 s, adjust
the z-stack size accordingly.

Define the duration of total imaging time and the time point to trigger the wounding. For example, you
can acquire 30 min pre-wounding and 30 min post-wounding to image the behaviour of neutrophils shortly
before and after.

Start the acquisition. This setting will automatically perform laser wounding during imaging. Alternatively,
wounding can also be triggered manually at the desired time point.

Check that the tissue stays in focus during the imaging. Adjust focus as needed.

Data analysis

The image analysis scripts described below are available on GitHub, using this link:

https://github.com/LeukocyteMotionAndDynamics/ActinDynamics.

A. To generate the maximum z-projection for analysis

bl

® NN

Open Fiji.

Click on Plugins/Bioformats/Bio-Formats Importer.

Choose the 3D file (if the microscope generates a sequence of images and not just a single file, choose the
first file of the sequence as this usually contains the metadata).

Choose the following options: Hyperstack in View stack with: and click on Use virtual stack.

When the file opens, click Image/Stacks/Z-Project.

Select top and bottom slice, Max Intensity in the Projection Type, and click on All time frames.

Save the file as .tiff.

Click Image/Properties and write down the pixel size in pm/pixel.
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B. For each neutrophil to analyse, generate a new .tiff file

Select the first and last frame that the first neutrophil can be analysed and duplicate the .tiff file by right-
clicking on the image, clicking Duplicate, defining the range of time-points (first to last image), and
unselecting Duplicate stack.

Save the new file with the same experiment name but add the number of the neutrophil index.

Write down the index of the frame where the laser wound occurs (this is needed to synchronise all
neutrophils later in the analysis).

Write down the centroid of the neutrophil by putting the mouse on the centre of the neutrophil at the first
timeframe and reading the x-y coordinates at the bottom space of Fiji.

C. Define the perimeter of the laser wound

Ealh
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For each imaged zebrafish larva, create a maximum z-projection of the already z-projected file generated
before (this file can be called time-projection; there you can see the maximum extent of the wound with
maximum auto-fluorescence).

Open MATLAB.

Create a folder with the time-lapse images of the individual neutrophils and the time-projection.

Create a script to read and display the time-projection file; then, add the function to let the user choose the
points on the image (script wound_select.m in GitHub).

Click sequentially at the perimeter of the wound until all the wound area has been enclosed.

Double-click to finish the selection.

Write down the x-y coordinates of the wound perimeter as they appear in the variable window of MATLAB.
Create another script in which you store, for each individual neutrophil (script cell_data.m in GitHub):
Neutrophil ID (arbitrary number starting from 1 for each neutrophil larva).

Pixel size of the image (from section Data analysis, step AS8).

Time interval in seconds (i.e., 20 s) (from section Imaging and laser wounding, step 9).

x-y coordinates of the neutrophil centroid (from section Data analysis, step B4).

x-y coordinates of the perimeter of the laser wound (from section Data analysis, steps C5—C7).

The timeframe where the laser wound occurs (from section Data analysis, step B3).

me a0 o

D. To segment and analyse the neutrophils

L.

Create a new script (script cell_analysis.m in GitHub) and define:
a. The number of cells to analyse.
Aloop over all cells.

b

c. Reading of frames sequentially for each cell image file.

d. Segmenting the cell based on active contours technique [17] using MATLAB function activecontour
(Figure 4A).
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Figure 4. Analysis of neutrophils and calculation of Lifeact polarity with time. A. Outline (red line) of
an example of a segmented neutrophil within a Tg(mpx:Lifeact-Ruby) transgenic larva. Scale bar = 10 pm.
B. Neutrophil velocity vector (arrow) determines the direction of movement. C. Automated separation of
the front (F) and rear (R) part of the cell; in the left image, Lifeact is concentrated at the front part (t0)
while in the right image, Lifeact is concentrated at the rear part (t1). Arrows indicate the direction of motion.
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Scale bar = 10 um. D. Neutrophil Lifeact polarity, in relation to time; time sequence was synchronised
based on the time of the laser wounding. Adapted from Figures 2 and 3 in Georgantzoglou et al. [9].

e. Finding the centroid of the cell.
Defining a line that separates the cell into the front and rear parts (script define_line.m in GitHub).
Separating a cell into front and rear parts based on the direction of motility of the cell (script
divide cell.m in GitHub) (Figure 4B, C).

h. Calculating the mean intensity at the front and rear part of the cell.

i.  Saving the values in a MATLAB data file format.

E. To plot the actin polarity value as ‘mean front Lifeact’/mean rear Lifeact’, we create a

script (script plot_actin_polarity_vs_time.m)

Create a loop over all cells.

For each cell, load the MATLAB file with the intensities (script get_cell_data.m in GitHub).

Obtain and smooth the front and rear Lifeact values for pre-wounding data.

Calculate the ratio Lifeact polarity = Lifeact front/Lifeact rear.

Synchronise data based on the timeframe of laser wound.

Repeat steps 1-5 for post-wounding data.

Calculate the mean and standard error of mean (SEM) of Lifeact polarity for each timeframe.

Plot Lifeact polarity vs. time and the SEM as a shaded area using the function boundedline.m [18] (Figure
4D).

9. Save the plot.

XN WD

Validation of protocol

This protocol or parts of it has been used and validated in the following research articles:

Georgantzoglou et al. [9]. A two-step search and run response to gradients shapes leukocyte navigation in vivo.
DOI: 10.1083/jcb.202103207.

Poplimont et al. [12]. Neutrophil Swarming in Damaged Tissue Is Orchestrated by Connexins and Cooperative
Calcium Alarm Signals. DOI: 10.1016/j.cub.2020.05.030.

General notes and troubleshooting

General notes

Although related, two-photon absorption spectra are different than doubled one-photon spectra. Absorption
cross-sections can also be quite different. It is therefore important to carefully choose the right fluorescent
proteins and appropriate combinations [11].

A key benefit of two-photon microscopy is its property to image a thin focal volume in thick samples. The
objective focal plane is the only space with a sufficient photon density to ensure the excitation of the fluorophore
by two simultaneous photons [10]. To create high-resolution 3D images, the sample needs to be scanned
through the focal plane of the objective. Collected over time, these volumes can be used to visualise the
migration of motile cells. Consequently, the temporal resolution is limited by the scanning speed and the pixel
dwell time to collect sufficient fluorescent signal. One approach to maximising the temporal resolution is to
ensure the larva is positioned as parallel as possible to the objective, to minimise the size of the stack required
to scan the region of interest.
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3. Although laser wound using multiphoton imaging has been described in other organisms, we found that the
application in zebrafish confers many practical advantages including (but not limited to):

a.
b.
c.
d

€.

Easier administration of agents and general manipulation.

Optically transparent embryos allowing high-resolution imaging of sub-cellular dynamics.

Other than the laser wound itself, the imaging procedure is non-invasive.

The possibility of continuous imaging as there is no placental barrier or influence of the maternal
compartment.

It is a more refined choice of model organism, particularly in early larval stages.

4. There are technical aspects that can contribute to variabilities in the recruitment of neutrophils to the wound.
The variabilities can be attributed to equipment settings (laser power can vary over time) and the mounting
process (see troubleshooting). To this, it is important to factor in the biological variations across samples.
Sufficient optimisation of protocol and biological replicates are needed to ensure reproducible results. In
addition, we recommend mounting more than one larva for imaging, to have the choice to select a well-mounted
larva for imaging. For more details on how to reduce variabilities, see the troubleshooting section.

Troubleshooting

Problem Probable cause Solution/comments

Sample moves Not enough agarose Removal of excess agarose is important to minimise the

during imaging working distance of the lens (if using an upright microscope).

However, excess removal may compromise the stability of the
specimen. Repeat mounting, ensuring a thin layer of agarose
covers the sample.

Agarose has not solidified Always use fresh agarose. We have noticed that agarose older
properly than two weeks does not solidify well.

No laser wound No evidence of laser wound Confirm whether laser wound has occurred. One thing to check

is whether autofluorescence increases locally after wounding,
which is a sign of tissue damage (Figure 3). In addition, one can
also confirm with brightfield illumination if there is a wound,
as evidenced by local opaque/discoloration of the tissue. If
wound has not occurred, it is likely due to hardware or software
issues. Check the hardware settings. If low laser power is
observed, ask for technical support and consider system
maintenance.

No or low Laser wound is not strong Mounting issues. Repeat mounting and ensure the sample is as
neutrophil enough to trigger migration parallel as possible to the bottom of the dish to ensure the entire

response wound is on the same focal plane.

Vary the wound size to find the setting that recruits cell
migrations without compromising the sample’s health. If the
wound is too large, it may not trigger recruitment due to
overheating of the overall tissue. If the wound is too small, it
may also not cause recruitment.

Wound location can also determine recruitment. For our case,
we found that wounding at the region of the ventral fin or the
boundary of the ventral fin and caudal hematopoietic tissue
triggers more recruitment than in the head region, possibly due
to the number of neutrophils present.

Sample is unwell Sometimes mounting process can accidentally hurt the fish and
cause a downward trend in heartbeat rate and blood flow
velocity. Before mounting, pick larvae with good heartbeat rate,
blood flow velocity, and normal morphology in addition to
being positive for a transgene. Assess the heartbeat rate and
blood flow velocity again before image acquisition.
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