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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  
Can you record movies/images using your own microscope camera? (Y/N)___Y______  
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: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.)  _________Steps 2.3.2 ; 2.4.1 ; 4.2.1 ;4.3.1__________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _______4.3.1____________________
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

[bookmark: OLE_LINK1]A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Laurent Schaeffer: This method can help to answer key questions in neurobiology, such as motoneuron polarity, axonal trafficking, axon guidance and neurodegenerative mechanisms. 
1.2. Arnaud Jacquier: The main advantage of this technique is to obtain a highly enriched motoneuron culture well suited to express or knockdown proteins by magnetofection. 


D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC), the ethics committee CECCAPP and the French ministry of research.



Protocol: (read by voice talent at JoVE)
2. Dissection
2.1. To begin this procedure, place one embryo in a dish of dissection media coated with silicone [1-MED-over the shoulder-TXT]. Under the microscope, hold the embryo with the abdomen against the silicone with forceps. With a second pair of forceps, insert one of the tips into the central canal of the rostral spinal cord [2-SCOPE]. 
2.1.1. Talent places an embryo in a dish of dissection media. Text: See the accompanying manuscript for composition
2.1.2. Show that the embryo is held with its abdomen against the silicone with one pair of forceps and the central canal of the rostral spinal cord is inserted by another pair of forceps
2.2. Then, close the forceps to tear the dorsal tissue slightly [1-SCOPE]. Repeat this operation towards the caudal side until the entire spinal cord is opened [2-SCOPE]. [3-SCOPE]. 
2.2.1. Show that the dorsal tissue is torn slightly
2.2.2. Show that the entire spinal cord is almost opened
2.2.3. Show that the rostral part of the spinal cord is detached from the body
2.3. Next, position the embryo so that the open spinal cord is against the silicone. Subsequently, detach the rostral part of the spinal cord from the body [1-SCOPE]. Pinch the rostral part of the spinal cord and pull the embryo by the head to extract the spinal cord [2-SCOPE]. Carefully pull away any remaining meninges and DRGs still attached to the spinal cord [3-SCOPE-TXT]. 
2.3.1. Show that the embryo is positioned so that the open spinal cord is against the silicone AND Show that the rostral part of the spinal cord is detached from the body (Editor: This originally was 2.2.3. I’m not sure if this was filmed as a separately slated shot here, or if this action was combined with 2.3.1. The author notes seem to suggest it was combined, so I’ve added it as such)
2.3.2. Show that the embryo is pulled by the head to extract the spinal cord
2.3.3. Show the embryo with meninges. Text: DRGs: dorsal root ganglia
2.4. Flatten the spinal cord on the silicone, and using a scalpel, remove the dorsal half of the cord by cutting along the middle of each side [1-SCOPE]. Cut the middle part into 10 pieces [2-SCOPE], and transfer them to a new tube [3-MED-over the shoulder].
2.4.1. Show that the dorsal half of the cord is removed by cutting along the middle of each side
2.4.2. Show that the middle part of the spinal cord is cut into 10 pieces 
2.4.3. Talent transfers the cut pieces to a new tube

3. Spinal Cord Cell Suspension 
3.1. To prepare spinal cord cell suspension, collect the spinal cord pieces at the bottom of the tube [1-CU]. Replace HBSS with 1 mL of Ham-F10 medium and add 10 µL of trypsin [2-MED]. Incubate the tube for 10 minutes at 37 °C [3-MED-TXT].
3.1.1. CU the tube to show that the spinal cord pieces are at the bottom
3.1.2. *Film as written
3.1.3.  Talent places the tube in the incubator. Text: 10 min, 37 °C 
3.2. To stop the enzymatic digestion, transfer the fragments to a new 15 mL tube containing 800 µL of complete L-15 medium, 100 µL of 4% BSA, and 100 µL of DNase and triturate twice [1-MED-over the shoulder]. Let the fragments settle for 2 minutes before collecting the supernatant in a fresh 15 mL tube [2-CU].
3.2.1. Talent transfers the fragments to a new 15 mL tube and triturates 6 times twice
3.2.2. CU the fragments as they are settling
3.3. Gently add 2 mL of 4% BSA at the bottom of supernatant tube [1-MED-over the shoulder]. Centrifuge it at 470 x g for 5 minutes [2-CU-TXT]. After 5 minutes, remove the supernatant and resuspend the cell pellet with 2 mL of complete L-15 medium [3-MED].
3.3.1. *Film as written
3.3.2. Talent places the supernatant in the centrifuge. Text: 470 x g, 5 min
3.3.3. Talent removes the supernatant and resuspends the cell pellet with 2 mL of complete L-15 medium

4. Motoneuron Enrichment by Gradient Density
4.1. For motoneuron enrichment, split the cell suspension into two 15 mL tubes [1-MED-over the shoulder]. Then, add 2 mL of L-15 pH medium to each tube [2- MED-over the shoulder]. If starting with 6 embryos, use the equivalent of 3 embryos per tube in 3 mL of medium [3-CU].
4.1.1. *Film as written
4.1.2. Talent adds 2 mL of L-15 pH medium to each tube. 
4.1.3. CU the tubes to show 3 mL of medium in each
4.2. Slowly add 2 mL of density gradient solution to the bottom of each tube to obtain a sharp interface [1-CU]. Next, centrifuge it at 830 x g for 15 minutes at room temperature [2-CU]. After this step, small cells should be at the bottom of the tube, whereas large cells such as the motoneurons should be at the density gradient solution/medium interface [3-MED].
4.2.1. CU a tube to show 2 mL of density gradient solution added to the bottom 
4.2.2. CU the tubes as they are placed in the centrifuge. Text: 830 x g, 15 min, RT
4.2.3. Talent taking the tubes out of the centrifuge
4.3. [bookmark: _GoBack]Aspirate 1-2 mL of the cells at the interface and transfer them to a fresh 15 mL tube [1-MED-over the shoulder]. Adjust the volume to 10 mL with L-15 pH medium [2-CU]. Subsequently, add 2 mL of the 4% BSA cushion to the bottom of the 2 tubes [3-CU] and centrifuge at 470 x g for 5 minutes at room temperature [4-MED-over the shoulder-TXT].
4.3.1. *Film as written
4.3.2. CU the tube as L-15 pH medium is added
4.3.3. CU the tube as BSA is added to the bottom of the tube
4.3.4. Talent places the tubes in the centrifuge. Text: 470 x g, 5 min, RT
4.4. After 5 minutes, remove the supernatant and resuspend the pellet in 3 mL of complete L-15 medium [1-MED]. Then, remove the supernatant and resuspend the cell pellet in 2 mL of complete culture medium [2-MED].
4.4.1. *Film as written
4.4.2. *Film as written

5. Motoneuron Culture and Magnetofection
5.1. To culture motoneurons, dilute them to 5,000 to 10,000 cells in 500 µL of culture medium per well in a 24-well plate [1-MED-over the shoulder]. Then, remove the laminin solution with a P1000 pipette tip [2-CU]. Immediately transfer the motoneurons diluted in culture medium to the coating plates to avoid drying [3-MED-over the shoulder].
5.1.1. Talent dilutes the cells in 500 µL of culture medium
5.1.2. CU the plate as laminin solution is removed
5.1.3. Talent transfers the motoneurons diluted in culture medium to the coated 24-well plate. 
5.2. To prepare DNA, resuspend 1 µg of DNA in 50 µL of neuronal culture medium [1-MED] and vortex for 5 seconds [2-CU]. To prepare the bead tube, resuspend 1.5 µL of beads in 50 µL of neuronal culture medium [2-MED].
5.2.1. Talent resuspends 1 µg of DNA in 50 µL of neuronal culture medium
5.2.2. CU the sample as it is being vortexed
5.2.3. *Film as written
5.3. Add 50 µL of bead solution to 50 µL of DNA solution and incubate for 20 minutes at room temperature [1-MED-over the shoulder-TXT]. During this incubation, withdraw 100 µL of culture medium from the well that will be transfected [2-MED]. 
5.3.1. Talent adds 50 µL of bead solution to the 50 µL DNA solution. Text: 20 min, RT
5.3.2. Talent withdrawing 100 µL of culture medium from the well
5.4. Subsequently, transfer 100 µL of the DNA/bead mix to each well [1-MED-over the shoulder], and incubate the 24-well plate 20-30 minutes on the magnetic plate at 37 °C [2-CU].
5.4.1. *Film as written
5.4.2. CU the plate as it is placed in the incubator. Text: 20-30 min, 37 °C

6. Results: Confocal Images of Magnetofected Motoneurons   
Authors, please upload subfigures of Figure 2 (i.e. Fig 2A, 2B) to this link (https://www.jove.com/account/file-uploader?src=17686388). Thank you.
6.1. Shown here is the motoneuron morphology revealed by staining of endogenous non-phosphorylated neurofilament heavy chain after 4 days of culture [1-LM].
6.1.1. 57988_Jacquier_57988fig2large.jpg: Video editor, please show Figure 2A
6.2. And these images show the motoneuron morphology after 4 days in vitro and transfected for eGFP transgene by magnetofection at day 2 [1-LM]. Motoneurons were counterstained with the marker SMI32 or the pan-neuronal marker Tuj1, and the arrows indicate the soma of the neurons [2-LM].
6.2.1. 57988_Jacquier_57988fig2large.jpg: Video editor, please show Figure 2B
6.2.2. 57988_Jacquier_57988fig2large.jpg: Video editor, please emphasize the arrows in the images
6.3. These are the confocal images of magnetofected motoneurons expressing wild-type or mutant eGFP-NEFH constructs [1-LM] and stained for the autophagic marker LC3b [2-LM]. Arrows show the mutant eGFP-NEFH protein aggregates that are also LC3b positive [3-LM].
6.3.1. 57988_Jacquier_57988fig3.jpg:  Video editor, please show the 2 images on the upper panel
6.3.2. 57988_Jacquier_57988fig3.jpg:  Video editor, please add the 2 images on the lower panel
6.3.3. 57988_Jacquier_57988fig3.jpg:  Video editor, please add arrows on the right images


7. Conclusion (said by authors on camera)
7.1. Valérie Risson: Following this procedure, motoneuron cultures can be analyzed by videomicroscopy to visualize axonal trafficking or axon guidance.
7.2. Laurent Schaeffer: After its initial development to address fundamental questions in neurobiology, this technique also proved to be a powerful tool  to explore physiopathological mechanisms implicated in the spectrum of motoneuron disorders, such as Charcot-Marie-Tooth disease, amyotrophic lateral sclerosis or spinal muscular atrophy.

   


Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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