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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  YES
If Yes, can you record movies/images using your own microscope camera?
NO. 
If No, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Olympus SZ51.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  NO

3. Filming location: Will the filming need to take place in multiple locations?   NO. But as one of the researchers (Roy Maimon) is stationed in the US, we would like, if possible, that his introductory part will be self-filmed and sent to you separately.


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Eran Perlson: Axonal transport is vital for neuronal health and viability. Our protocol describes an elegant method for monitoring and analyzing axonal transport and can be adapted for various neuronal disease models.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.2. Eran Perlson: The use of microfluidic chambers enables precise spatiotemporal control, which is crucial for studying axonal biology.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL: 
1.3. [bookmark: _GoBack]Roy Maimon: Axonal transport abnormalities are implicated in several neurodegenerative diseases, such as ALS. The microfluidic platform enables study of basic mechanisms, as well as testing therapies to repair axonal transport defects. NOTE: Uploaded to project page as IMG_3076.mov. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: The authors will film and submit this statement themselves. 

1.4. Ariel Ionescu: The microfluidic chamber platform can be easily adapted to suit different aspects of axonal research, including axonal growth and degeneration of various neuronal subtypes.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: OPTIONAL statement. If you don’t have time, don’t film this.

1.5. Topaz Altman: This method is complex and usually taught hands-on. The visual demonstration will increase the accessibility of this procedure to any scientist interested in studying axonal transport.

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: OPTIONAL statement. If don’t have time, don’t film this.


Ethics Title Card
1.6. Procedures involving animal subjects have been approved by the Tel Aviv University Committee for Animal Ethics. 

Protocol
2. Microfluidic Chamber Preparation

2.1. Begin by casting PDMS in primary molds [1]. Use pressurized air to remove any dirt from the wafer platform, making sure that the wafers look smooth and clear before proceeding [2]. Next, fill a container with liquid nitrogen [3] and prepare a 10-milliliter syringe with a 23-gauge needle [4].  

2.1.1. WIDE: Establishing shot of talent walking to the workstation. 
2.1.2. Talent removing dirt from the wafer platform and demonstrating what it should look like before proceeding. 
2.1.3. Talent filling a container with liquid nitrogen. 
2.1.4. Talent preparing the syringe and needle. 

2.2. In a chemical hood, place the wafer-containing plate in a sealable container [1] and fill the syringe with 2 milliliters of liquid nitrogen and [2].  

2.2.1. Talent placing the wafer in the container. NOTE: 2.2.1. and 2.2.2 were changed during filming. 
2.2.2. Talent filling the syringe. 

2.3. Open a chlorotrimethylsilane bottle [1-TXT], pierce the rubber cap with the syringe, and inject the nitrogen into the bottle [2]. Without pulling out the needle, turn the bottle upside down and draw back 2 milliliters of chlorotrimethylsilane [3].

2.3.1. Talent opening the bottle. TEXT: CAUTION! Chlorotrimethylsilane is highly volatile and corrosive
2.3.2. Talent piercing the rubber cap with the syringe and injecting the nitrogen. 
2.3.3. Talent flipping the bottle upside down and drawing out 2 milliliters of chlorotrimethylsilane. 

2.4. Spread the chlorotrimethylsilane in the container, but not directly on the wafer-containing plate [1]. Close the container and incubate it for 5 minutes per wafer [2]. 

2.4.1. Talent spreading the chlorotrimethylsilane in the container. 
2.4.2. Talent closing the container. 

2.5. Next, weigh 47.05 grams of PDMS [1] base in a 50-milliliter tube [2] and add PDMS curing agent at a ratio of 17 to 1 [3] base to curing agent for a total of 50.00 grams [4]. Mix the PDMS for 10 minutes on a low speed rotator [5], then pour it into each wafer-containing plate to the desired height [6]. 

2.5.1. Talent weighing the PDMS base. 
2.5.2. Added shot: show the weight “47.05”.
2.5.3. Talent adding the curing agent. 
2.5.4. Added shot: show the weight “50.00”. Author NOTE: cut and leave only the shot where the weight equals 50.00 and not above
2.5.5. PDMS on the rotor. 
2.5.6. Talent pouring the PDMS into a wafer containing plate. 

2.6. Place the plates inside a vacuum desiccator for 2 hours [1], which will remove air trapped within the PDMS and form a clear, uniform mold [2]. Afterwards, incubate the plates in an oven for 3 hours or overnight at 70 degrees Celsius [3]. 

2.6.1. Talent putting the plates in the desiccator. 
2.6.2. Talent showing disappearance of bubbles from the PDMS.
2.6.3. Talent putting the plates in the oven. Author NOTE: Temperature should show 70 degrees exactly.

2.7. To create the microfluidic chamber, or MFC, cut and remove the PDMS mold from the plate with a scalpel, making sure to not force the molds because they are fragile [1]. Follow the instructions in the text manuscript to punch and cut the chambers depending on the experimental setup [2]. Videographer: This step is important!

2.7.1. Talent removing the PDMS mold from the plate.
2.7.2. LAB MEDIA: Figure 2 B – F.
2.7.3.  

2.8. For spinal cord explant culture, punch two 7-millimeter wells in the distal side of a large MFC, making sure that they will overlap with the channel edges [1]. On the proximal side, punch one 7-millimeter well in the middle of the channel, with minimal overlap so that sufficient space is left for the explants [2]. Videographer: This step is important!

2.8.1. Talent punching the two wells in the distal side and demonstrating that they overlap with the channel edges. Video Editor: Add Figure 2 C and E here as an inset. If possible, keep it as an inset through 2.9.2.
2.8.2. Talent punching one well in the proximal side. 

2.9. Punch two additional 1-millimeter holes in the two edges of the proximal channel [1] and cut the PDMS into single chambers [2]. Then, turn the MFC facing upwards, and use a 20-gauge needle to carve 3 small explant caves on the punched 7-millimeter well [2]. Videographer: This step is important!

2.9.1. Talent punching two additional holes.
2.9.2. Talent cutting the PDMS into single chambers.
2.9.3. SCOPE: Talent turning the MFC and carving the caves. 

2.10. For dissociated motor neuron culture, punch four 6-millimeter wells in the edges of the two channels of a small MFC [1] and cut the PDMS into single chambers [2]. 

2.10.1. Talent punching 4 wells over the channels in the small MFC. Video Editor: Add Figure 2 D and F as an inset here. 
2.10.2. Talent cutting the PDMS into single chambers.

2.11. To sterilize the MFC, spread 50-centimeter long sticky tape bands on the bench [1], then press both faces of the chamber on the tape and pull it back [2]. Place the clean chambers in a new 15-centimeter plate [3] and incubate them in analytical grade 70% ethanol for 10 minutes on an orbital shaker [4]. 

2.11.1. Talent putting the sticky tape on the bench. 
2.11.2. Talent pressing the chamber on the tape and pulling it off. 
2.11.3. Talent putting the clean chamber in the new plate and adding 70% ethanol. 
2.11.4. The plate on an orbital shaker. 

2.12. Dispose of the ethanol and dry the chambers in a tissue culture hood or in an oven at 70 degrees Celsius [1], then place the chamber in the center of a tissue culture grade glass-bottom dish and apply minor force on the edges to bind the PDMS to the dish bottom [2]. 

2.12.1. Talent putting the chambers in a culture hood or an oven. 
2.12.2. Talent placing the chamber in the dish and gently pushing down. Author NOTE: try to show the adherence of the PDMS to the glass plate. It is a crucial part of the protocol.

2.13. Incubate the dish for 10 minutes at 70 degrees Celsius [1], then press on the chambers to strengthen the adherence [2]. Incubate the dish under UV for 10 minutes, then proceed to coating the MFC [3]. 

2.13.1. Talent putting the dish in the oven. 
2.13.2. Talent pressing on the chambers. 
2.13.3. Dish incubating under UV. 

2.14. Add 1.5 nanograms per milliliter PLO to both compartments, making sure that the PLO is running through the channels by pipetting the coating media directly in the channel entrance [1-TXT]. 

2.14.1. Talent adding PLO to the MFC. TEXT: PLO = poly-L-ornithine
2.14.2. Talent pipetting the PLO directly in the channel entrance. 

2.15. Examine the MFC under a light microscope to check for bubbles [1]. If air bubbles are blocking the microgrooves, place the MFC in a vacuum desiccator for 2 minutes [2]. Remove excess air from the MFC channels [3], then incubate it overnight with PLO [4]. Replace the PLO with laminin and incubate the MFC for an additional night [5]. 

2.15.1. Talent using the light microscope. Video Editor: Authors will provide an image of microgrooves with bubbles, use it here as an inset. NOTE: The image was added as a filmed scene, arrow pointing at the bubbles in the MFC grooves.
2.15.2. Talent placing the MFC in the vacuum desiccator. 
2.15.3. Talent removing excess air from the MFC channels.
2.15.4. Talent placing the MFC in the incubator for overnight incubation.
2.15.5. Talent adding laminin to the chamber. 

3. Neuronal Culture Plating

3.1. Dissect a spinal cord out of an E12.5 ICR-HB9-GFP mouse embryo using straight scissors and fine forceps, working in a 1 X HBSS solution with 1% penicillin-streptomycin [1]. Dissect an ICR E12.5 pregnant mouse and separate the embryos from the amniotic sack. Put the embryo in HBSS silicon dish, remove the head and tail, and flip it onto the belly. [2] Gently peel off superficial skin from the embryo’s back, exposing the spinal cord. Separate the spinal cord from the body from head to tail using gentle tweezers. [3] Remove the meninges, then remove the dorsal horns and cut the spinal cord into 1-millimeter thick transverse sections [4].  Videographer: This step is difficult and important! NOTE to VO: This is too long, please split it into two. NOTE to Video Editor: Authors added a bunch of extra shot numbers into the VO text that don’t seem to exist. I deleted them and matched the VO to the shots listed below. 

3.1.1. Added: SCOPE: Talent dissecting pregnant mice and separating embryos from amniotic sack, moving them to a silicon dish with HBSS.
3.1.2. SCOPE: Talent separates the spinal cord from the embryo.
3.1.3. SCOPE: Talent removing the meninges. NOTE:  Take take 2! It appears after 3.1.4 take 1.
3.1.4. SCOPE: Talent removing the dorsal horns and cutting the spinal cord into sections. NOTE: Take 2! It appears after 3.1.3 take 2.

3.2. Dispose of all medium from the proximal compartment of the MFC [1]. Pick up a single spinal cord explant with a pipette in a total volume of 4 microliters [2] and inject it as close as possible to the cave. Draw out any excessive liquid from the proximal well via the lateral outlets [3]. Videographer: This step is difficult and important!

3.2.1. Talent getting rid of medium from the MFC. 
3.2.2. SCOPE: Talent aspirating the explant. 
3.2.3. SCOPE: Talent injecting the explant into the cave. 

3.3. Make sure that the explants are sucked into the proximal channel [1]. Slowly add 150 microliters of SCEX (spell out ‘S-C-E-X’) medium to the proximal well [2]. Videographer: This step is important!

3.3.1. SCOPE: Explants in the proximal channel. NOTE: There were originally 3 shots for this step and the first was omitted, so double check that the slating matches the shot description (this might be 3.3.2 and the next one 3.3.3)
Another NOTE: In this shot, talent is pointing towards the explants which appear as 3 fade white shapes beneath the silicon.

3.3.2. Talent adding medium to the proximal well. TEXT: SCEX = spinal cord explant medium

3.4. Add SCEX medium to the proximal compartment [1] and rich SCEX medium to the distal compartment, maintaining a volume gradient of at least 15 microliters per well between the distal and proximal wells [2]. 

3.4.1. Talent adding medium to proximal compartment. 
3.4.2. Talent adding medium to distal compartment. 

3.5. To label the mitochondria and acidic compartments, prepare fresh SCEX medium with 100 nanomolar Mitotracker Deep Red FM and 100 nanomolar LysoTracker Red [1] and add it to the microfluidic chambers [2]. 

3.5.1. Talent preparing medium. 
3.5.2. Talent adding the medium to the MFCs. 

3.6. Incubate them for 30 to 60 minutes at 37 degrees Celsius [1], then wash 3 times with warm CNB-SCEX medium [2]. Proceed with live imaging of axonal transport, acquiring a 100 time-lapse image series at 3 second intervals, with a total of 5 minutes per movie [3].    

3.6.1. Talent putting the plates in the incubator and closing the door. 
3.6.2. Talent washing the MFCs. 
3.6.3. Talent working at the microscope. 


Results

4. Results: Axonal Transport of Mitochondria and Acidic Compartments in Motor Neurons  

4.1. After 7 days in microfluidic chambers, mouse embryonic HB9-GFP spinal cord explants [1] were stained with Mitotracker Deep Red and Lysotracker Red dyes to label the mitochondria and acidic compartments [2].  

4.1.1. LAB MEDIA: Figure 4 C. Video Editor: Emphasize the top image, HB9::GFP.
4.1.2. LAB MEDIA: Figure 4 C. Video Editor: Emphasize the middle and bottom image. 

4.2. Axons in the distal grooves were imaged and kymograph analysis was used to determine the general movement distribution [1]. This revealed a bias in the retrograde direction only in acidic compartments [2] but not in mitochondrial transport [3].

4.2.1. LAB MEDIA: Figure 4 B and D. 
4.2.2. LAB MEDIA: Figure 4 E. Video Editor: Emphasize the red bar, Retro.
4.2.3. LAB MEDIA: Figure 4 F. 

4.3. The particle density was also quantified, revealing a higher number of mitochondrial particles compared to acidic compartments in the HB9-GFP spinal cord explant axons [1]. 
4.3.1. LAB MEDIA: Figure 4 G. 

4.4. Next, single particle transport analysis was conducted using semiautomated software followed by in-house code [1]. This analysis revealed that acidic compartments and mitochondria have similar particle velocities [2], but only acidic compartments display a bias towards retrograde movement [3].

4.4.1. LAB MEDIA: Figure 5 A and B. 
4.4.2. LAB MEDIA: Figure 5 C. 
4.4.3. LAB MEDIA: Figure 5 D. Video Editor: If possible, emphasize the blue bars in the retrograde section. 



Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Ariel Ionescu: Isolating the embryonic spinal cord can be difficult at first. Practice this procedure several times, making sure to use the correct embryonic age and appropriate dissection tools.

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.1.1. – 3.1.3.

5.2. Topaz Altman: The use of microfluidic chambers changed the way we study axonal biology. It allowed us to visualize localized axonal processes which were once hypothesized to occur only in the cell body. 

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: OPTIONAL statement. If don’t have time, don’t film this.
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