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A.  If your protocol involves working under a microscope, for example, a complex dissection or microinjection, does your microscope have an attached (or attachable) camera (Y/N: No) or should JoVE send a scope camera so that filming can be done through the microscope (Y/N) ? Yes
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps. This is the order of priority, from high to low: 1, 3, 5, 6, 2, 7 and 4.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Step 6 of the text protocol (Protein extraction of axonal samples).

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

The goal of this procedure is to obtain pure axonal preparations suitable for examination by conventional biochemical or immunocytochemical techniques. (Intro)

This is accomplished by first culturing embryonic dorsal root ganglion cells on culture inserts bearing a porous membrane filter. (P1: Have the pipette tip descend into the pink fluid, then have the black oval (the DRG explant) come out of the pipette tip. Then move the pipette tip up and away.)

As the DRG neurons extend axons, some of the axons grow through pores in the filter and extend on its bottom surface, while the cell bodies remain isolated on the top surface. (P2 left and P2 right: Have the black oval from P1 “grow” extensions as shown, some above the line (above the filter), some below the filter. )

After the desired experimental manipulations, the axonal preparation is obtained by physically removing the cells on the top side of the filters, while keeping the axons that grew on the bottom side. (P3: Have the cell scraper descend and rub back and forth above the filter; this rubbing dislodges the black oval and its extensions above the filter. Then have everything disappear except the filter and the extensions below the filter.)

Ultimately, the isolated axons can be lysed for biochemical analyses or fixed for immuncytochemical examination. (P4: For “Ultimately, …biochemical analyses,” show the upper row of P4 --  the extensions from below the filter (from P3) go into the microtube with the blue fluid and then the  right-hand gel appears. For the remainder of the sentence, show the “Fixation and staining” slide.)


Use 51795_Barker_schematic overview, provided in three file formats. 
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Nicolas Unsain, PhD: By producing pure axonal samples suitable for analysis by conventional biochemical techniques, this procedure has proven to be very useful to investigate the physiology and pathophysiology of axons. 
1.2. Kristen N. Heard, BSc: As you will see, the technique is relatively simple to implement and can be easily adapted for particular experimental settings. We are going to demonstrate its use in studying axonal degeneration mechanisms.  

Protocol (read by voice talent at JoVE): easy simple easily
Coating of filters
The day before plating, begin by coating the filters under a sterile tissue culture hood.  First place 24 mm filter inserts in a 6-well receiving plate. Then add 2 ml of 1 mg/ml poly-D-lysine in water to the bottom compartment and 1 ml to the top, and incubate the inserts for 1 hour at room temperature.
2.1.1. WID: Talent walks to hood carrying filters and/or 6-well plate and sits down at the hood.
2.1.2. MED: Talent places 24 mm filter insert into a 6-well plate.
2.1.3. CU: Talent adds 2 ml of poly-D-lysine in water to the bottom compartment, then adds 1 ml to the top compartment.
2.1.4. MED (Do multiple takes, this will be reused): Talent places the inserts in the 6-well plate aside to incubate and gets up to walk away. (TEXT: 1 hr, RT)
Next, aspirate the poly-D-lysine, being sure to remove the remnant of liquid that becomes trapped directly under the filter. Then rinse once with water. After aspirating the water, close the lid and leave the plates to dry in the hood overnight. 
2.1.5. MED over the shoulder: Talent aspirating poly-D-lysine from well.
2.1.6. ECU: Talent aspirating the liquid trapped under the filter.
2.1.7. MED CU: Talent adds water, then (comment: showing the addition of water to the first well is enough, but use the complete shot if necessary)
2.1.8. MED: Talent aspirates the water, then places the lid on the plate and walks away from hood. (comment: showing the aspiration of water from the last well is enough, but use the complete shot if necessary)
The next morning, mix and warm a laminin-in-water solution at 37°C. Incubate the inserts in the laminin solution for 1 hour in a cell incubator at 37°C, using standard volumes.
2.1.9. MED: Talent places the laminin/water solution to warm at 37°C. (TEXT 10 µg/ml, 37°C)
2.1.10. MED: Talent adds laminin solution to the inserts. (comment: showing the addition of water to the first well is enough, but use the complete shot if necessary)
2.1.11. MED: (Do multiple takes, this will be reused) Talent places the inserts into a cell incubator. (TEXT: 1 hr, 37 °C)
After aspirating the laminin, add 0.1 mg/ml collagen in water and incubate for 1 hour at RT.
2.1.12. MED: Talent adding collagen / water solution to the inserts. (TEXT: 2 ml bottom and top compartment)
2.1.13. Reuse 2.1.4. (TEXT: 1 hr, RT)
Then aspirate the collagen and wash once with sterile water. The filters are now ready to receive culture media and DRG explants.
2.1.14. MED: Talent washes the filters with sterile water.
Dissecting embryonic dorsal root ganglion (DRG) explants
After dissecting and decapitating an E13 mouse embryo as described in the text protocol, place the embryo on its side in a Petri dish filled with L15 media. While observing through a dissecting microscope, make an incision along the lateral sides to discard the chest, belly, limbs and tail. Place the back containing the spine ventral side up and remove all of the visceral organs.
2.1.15. WID: Talent carries a mouse in a Petri dish to the microscope and places the petri dish under the scope.
2.1.16. MED: Talent sits down at the scope, looks through the eyepieces and adjusts the focus and/or stage.
2.1.17. SCOPE: Talent makes an incision along the lateral sides of the embryo, and discards the chest, belly, limbs and tail. Then Talent reorients the back/spine so it is upside down, and then removes the visceral organs. (VERY IMPORTANT COMMENT: All takes made in the SCOPE are inverted in both up-down and left-right. This is because of how the camera is settled in the dissecting scope. SO, for final show, As a guide, when the embryo is positioned in the beginning of the take, the limbs should be pointing to the bottom of the screen, and the tail to the left side of the screen.)
Using small spring scissors, expose the entire spinal cord by cutting the spinal column from its ventral side along the midline. Hold the carcass down with one pair of #3 forceps and use a second pair to hold the spinal cord by its most rostral aspect. Now, slowly and gently pull the cord away from the vertebral cavity.
2.1.18. SCOPE: Talent uses spring scissors to expose the spinal cord. Then Talent holds the carcass with #3 forceps and uses another pair of forceps to hold the spinal cord at the rostral end, then pulls the spinal cord away from the vertebral bone.
As the DRGs are exposed, use ultra-thin #5 forceps to pinch them off the spinal cord. Place the detached DRGs on the bottom of the dish.
2.1.19. SCOPE: Talent uses #5 forceps to pinch off a DRG from the spinal cord, and places it on the bottom of the dish.
Using a 200 µl pipette tip that has been cut to enlarge its opening, aspirate the collected DRGs and place them in a tube on ice. 
2.1.20. MED: Talent picks up a 200 ul pipette tip., loads a tip, cuts it and looks through the microscope aiming the pipette tip to the Petri dish
2.1.21. CU: Show the cut pipette tip.
2.1.22. CU or SCOPE: Talent aspirates the DRGs into the pipette tip.
2.1.23. MED or CU: Talent expels the DRGs into a tube sitting on ice.
Seeding and maintenance of dorsal root ganglion explants on filters
Next, add complete DRG media at 37°C to the coated inserts, using standard volumes.  Supplement the bottom compartment media with 15 ng/ml of NGF, while keeping the top compartment NGF-free. 
2.1.24. MED: Talent adds complete DRG media to the coated inserts. (comment: use second half of this take, when DRG-media is added to the top compartment)
2.1.25. CU: Talent adds 15 ng/ml NGF-containing media to the bottom compartment.
(COMMENT: use the last two takes in reverse order: put first 4.1.2 and then 4.1.1. So then it matches the voiceover saying that NGF-containing media is added to the bottom compartment and then complete DRG media is added to the top compartment)
Then, using a 1000 µl pipette with a tip trimmed to enlarge its opening, set the pipette at 800 µl. Then transfer approximately 200 µl of media from the top side of the filter to the DRG-containing tube. Pipette a small volume up and down in order to resuspend the DRGs that have sunk to the bottom. Once resuspended, aspirate the whole volume.
2.1.26. MED over the shoulder: Talent setting a 1000 ul pipette to draw 800 ul.
2.1.27. CU: Talent aspirates ~ 200 ul media from the top side of the filter.
2.1.28. CUECU: Talent pipettes the 200 ul media up and down in the tube containing the DRGs. If possible, show that the DRGs start off settled on the bottom, then become distributed throughout the tube. Then Talent aspirates the whole volume into the pipette. (comment: second take is the best, by far)
Now transfer the DRGs to the filter by submerging the pipette tip in the middle of the insert and expelling the DRGs. 
2.1.29. MEDCU: Talent moves the pipette tip to an insert and expels the DRGs.
Maintain the cultures in a cell incubator at 37°C, changing the media every 2-3 days. To change the media, aspirate the top compartment first, followed by the bottom compartment. Add fresh media in standard volumes starting with the bottom compartment.
2.1.30. Reuse 2.3.3 4.4.1 MED: Talent places inserts into a cell incubator. (comment: this take was done because now is a different experimenter and also because now the inserts contain a pink solution, and not a clear one)
2.1.31. CU (Do multiple takes, this will be reused): Talent aspirates the top compartment, then the bottom compartment, 
2.1.32. CUMED: Talent adds fresh media to the bottom compartment, then to the top compartment.
Trophic factor withdrawal treatment
To study the effect of trophic factor withdrawal on axons, wait two days to allow for axonal extension.
2.1.33. WID: Talent carries the inserts to the hood. (TEXT: Trophic factor withdrawal: Wait 2 days)
Next, remove the media from the top and bottom compartments. Then, to sequester any remaining, or endogenously produced, NGF, add media that lacks NGF and contains anti-NGF antibodies.
2.1.34. Reuse 4.4.2. 
2.1.35. MED: Talent adds media with anti-NGF antibodies to the bottom and top compartments (TEXT: 1 µg/ml anti-NGF antibodies)
Return the plates to the cell incubator at 37°C to allow NGF-withdrawal-induced degeneration to proceed for the desired amount of time. 
2.1.36. Reuse 2.3.3 4.4.1.
Axonal transection to induce Wallerian degeneration 
To study Wallerian (pronounced “Wa – lair – ee – an”) degeneration, use filters containing DRG explants maintained in NGF for two days. Use a cell-scraper to scrape DRGs from the top side of the filter. Ensure the complete removal of the neuronal cell bodies by moving the scraper back and forth in the X and Y directions, and in circles. Confirm the success of the scraping by checking that no explants remain attached to the filter.
2.1.37. WID: Talent carries filter/explants to a hood and sets them down, then picks up a cell scraper.
2.1.38. [added] ECU: Show insert filter containing DRG explants (Comment: Editor can add arrows here to point to them. They are clear, but the arrows can help if the final take is too short)
2.1.39. CUMED: Show the scraping pattern as Talent scrapes back and forth (X and Y) and in circles. Show the floating explants after they are dislodged.
2.1.40. ECU: Show that the filter has no explants on it anymore.
(SUGGESTION BY AUTHOR: an alternative more effective sequence of these same takes can be: 6.1.1. –> 6.1.3 -> 6.1.2 with TEXT: “Before scraping” and ARROWS pointing to explants -> 6.1.4 with TEXT: “After scraping”. Takes 6.1.2 and 6.1.4 will have the last sentence of the voiceover “Confirm the success of the scraping by checking that no explants remain attached to the filter”. I think this sequence can be very nice)
Next, discard the media containing the floating explants from the top compartment, and add 1 ml of pre-warmed, complete DRG media containing 10 ng/ml NGF.
2.1.41. CU: Talent aspirates the media from the top compartment.
2.1.42. MED: Talent adds 1 ml of complete DRG media w/ NGF to the top compartment.
Then, return the plate to the cell incubator at 37°C to allow Wallerian degeneration to proceed for the desired amount of time.  
2.1.43. Reuse 2.3.3 4.4.1.
Protein extraction of axonal samples
To extract protein from the axonal samples, begin by filling 1.5 ml collection tubes with 75 µl of Laemmli (pronounced “Lay – emm – lee”) sample buffer and place the tubes on ice. 
2.1.44. MED: Talent fills 1.5 ml collection tubes with 75 ul Laemmli sample buffer, then places the tube on ice.
Wash the filter containing the DRG explants in PBS and scrape the top side of the filter as before. After removing the insert from the plate, use a cotton-tip applicator to clean the top side of the filter. Then aspirate any extra PBS from the top and bottom sides.
2.1.45. MED: Talent washes the filter / DRG explant with PBS.
2.1.46. CU: Talent scrapes the top side of the filter, removes the insert from the plate and uses a cotton-tip application to clean the top of the filter
2.1.47. CU: Talent removes the insert from the plate.
2.1.48. ECU: Talent uses a cotton-tip applicator to clean the top of the filter.
7.2.5	7.2.3 MED over the shoulder: Talent aspirates any remaining PBS from the top and bottom of the filter.
Next, place the insert upside down on a bench and use a sharp scalpel to cut the filter out of the insert. Then, holding the filter with forceps, bottom up, use scissors to make a cut from the circumference to the center of the filter. 
2.1.49. CU: Talent places the insert upside down on a bench and cuts the filter out of the insert with a scalpel. Talent holds the filter with a forceps, bottom up, and cuts from the circumference to the center of the filter.
2.1.50. CU: Talent holds the filter with a forceps, bottom up, and cuts from the circumference to the center of the filter.
Now place the filter on top of the collection tube, and, with forceps, press the center of the filter down the tube. While doing this, a funnel will form. Push the funnel-shaped filter to the bottom of the tube so that it is submerged in the Laemmli sample buffer. 
2.1.51. CU: Talent places the filter on the top of the collection tube, then uses forceps to press the center of the filter into the tube, which causes a funnel-shape to form. Talent pushes down and submerges the funnel-shaped filter at the bottom of the tube.
Now complete the protein extraction by covering the tubes and placing them in boiling water for 4 minutes. Remove the filter using forceps and place it upside-down into the top of the tube and centrifuge it briefly. When done, discard the dried filters. 
2.1.52. MED: Talent puts a locking cap on a tube and places it into a beaker of boiling water (TEXT: 4 min).
2.1.53. CU: Talent removes the filter from the tube with forceps and places the filter upside down into the top of the tube.
2.1.54. MED: Talent places the tube into a centrifuge. (TEXT: 2,000 x g, 15 sec)
2.1.55. MEDCU: Talent discards the dried filters.
Immunofluorescence examination of axons on filters.
For immunofluorescence, wash the inserts in PBS in 6-well plates, then fix the inserts in freshly prepared 4% paraformaldehyde in PBS for 10 minutes at RT on a shaker. 
2.1.56. MED: Talent adds fixative to the inserts in 6-well plates.
2.1.57. MED: Talent places the inserts/6-well plate onto a shaker. (TEXT: 4% paraformaldehyde, 10 min, RT)
After fixation, scrape and clean the top side of the inserts to ensure that only axons that grew exclusively on the bottom surface of the filter will be stained. Then, perform standard immunofluorescence incubations as described in the text protocol. 
2.1.58. MED and CU: Talent scrapes the top side of the inserts and cleans the top side with a cotton-tip applicator.
2.1.59. CU: Show the insert – first the cleaned top side, then the bottom side with the axons.
Once all immunofluorescence incubations are completed, pour off the PBS from the last wash, clean the top side of the filter with a cotton-tip applicator, and aspirate any remaining liquid from the top and bottom sides. 
2.1.60. MED: Talent takes the inserts out and pours off the PBS from the last wash.
2.1.61. CU: Talent cleans the top side of the filter with a cotton-tip applicator, then aspirates liquid from the top and bottom.
Place the insert upside-down on the bench, and use a sharp scalpel to cut the filter out of the insert. 
2.1.62. CU:  Talent places the insert upside down on the bench, and cuts the filter out of the insert with a scalpel.
Then, holding the filter with forceps, downside up, place it on a microscope slide. Use fluorescent-compatible mounting media to place a coverslip over the filter, and let the filter dry flat in the dark at 4°C. Finish by examining and capturing images using a fluorescent microscope. 
2.1.63. CU: Talent uses forceps to place the filter downside up on a microscope slide. Talent adds two drops of mounting media and mounts a coverslip on the slide.
2.1.64. MED: Talent mounts a coverslip on the slide.
8.5.3	8.5.2. MED: Talent looks through a fluorescent microscope at the slide. (Comment: fluorescent microscopy is done in the dark or in dim light. So we did two takes with different ambient lights balancing also the quality of the shot. We agreed that the second take was the best)
Results: Axonal Preparations and Axonal Degeneration Studies
The sequential coating of filters with poly-D-lysine, laminin and collagen results in explants that grow more and longer axons compared to those grown with poly-D-lysine alone or poly-D-lysine and collagen.
2.1.65. LAB MEDIA: Figure 1B (Video Editor: Highlight the larger left image through “… more and longer axons.” Highlight the upper and lower right images for “poly-D-lysine alone” and “poly-D-lysine and collagen”, respectively.) 
Under the same substrate coating conditions, DRG explants maintained on filters show considerably more exuberant axonal growth than explants grown on plastic. 
2.1.66. LAB MEDIA: Figure 1C (Video Editor: Highlight the right “Filters” image at “filters,” and the left “Plastic” image at “plastic.”) 
The axonal preparation obtained after scraping the top side of the filter is devoid of cell nuclei, demonstrating that cell bodies are excluded from the bottom side of the filter. 
2.1.67. LAB MEDIA: Figure 1D
Shown here are examples of axons that originated from approximately 17 explants which extended through the filter pores to grow on the bottom side of a 24 mm filter. 
2.1.68. LAB MEDIA: Figure 1E
Immunoblots of lysates collected from filter tops versus bottoms demonstrate that histone H3, a nuclear marker, is confined to the filter tops. The total protein content was normalized across the different samples.
2.1.69. LAB MEDIA: Figure 1F (Video Editor: Circle the upper left dark smear (in the “top side” column and “Histone H3” row) for “histone H3, a nuclear marker, is confined to the filter tops.) 
The NGF-deprivation experiments are demonstrated in these images at different magnifications of axonal preparations from explants maintained in NGF or deprived of NGF for 12 or 36 hours. 
2.1.70. LAB MEDIA: Figure 2 (Video Editor: Highlight the first column (“NGF”) for “explants maintained in NGF, then highlight the middle column for “deprived of NGF for 12” and highlight the right-most column for “or 36 hours.”
The Wallerian axonal degeneration studies are shown in these images of axonal preparations from intact explants or 3 to 7.5 hours after transection. As in other models of Wallerian degeneration, 5 mM NAD+ protects from transection-induced degeneration. 
2.1.71. LAB MEDIA: Figure 3B (Video Editor: Highlight the left-most “Intact” image for “from intact explants,” the remaining three images for the remainder of the sentence.) 

3. Conclusion (said by authors on camera)
3.1. Nicolas Unsain, PhD: Once mastered, this technique is robust and easy to reproduce. It allows for the generation of large quantities of reliable axonal preparations. 
3.2. [bookmark: _GoBack]Kristen N. Heard, BSc: Since first described by Twiss and colleagues in 2001, variations of this technique have been used to explore many aspects of axon and dendrite physiology. Refer to the citations in the text protocol to discover other applications of this technique.
       

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.
1.A. - 51795_Barker_schematic overview
9.1 - 51795_Barker_Figure1B
9.2 - 51795_Barker_Figure1C
9.3 - 51795_Barker_Figure1D
9.4 - 51795_Barker_Figure1E
9.5 - 51795_Barker_Figure1F
9.6 - 51795_Barker_Figure2A
9.6 - 51795_Barker_Figure2B
9.7 - 51795_Barker_Figure3A
9.7 - 51795_Barker_Figure3B


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, as well as an introduction to your videographer, closer to your filming date.
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