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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)YES, Zeiss OMPI-1. Ours is a fairly old model (~1980s. Here is a picture: http://www.airgraver.com/images/opmi-1.jpg)

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) NO

C.  From the steps you’ve indicated that you would like filmed, which steps of your protocol will viewers benefit most from having filmed? 
2.2, 2.3, and all of Section 4 (surgery)

D.  Will the filming need to take place in multiple locations? (Y/N) NO 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of this procedure is to study aspects of demyelination and subsequent remyelination in the mouse spinal cord. (Intro)  This is accomplished by first injecting the detergent lysolecithin from a pulled glass capillary into the ventral spinal cord white matter. (P1) Then, the spinal cords are processed at different time points to study aspects of repair, including oligodendrocyte precursor cell recruitment, differentiation and remyelination. (P2) 
The authors decided on a deviation from our template format, which I think will work just fine.  They've even spelled out the animations. 

P1- steps 1-4, even with narrative.  The black background is appropriate as what is seen in the circle is a view through a microscope.

P2 – steps 5-8, animate the growth of these green dots up from nothing.
[image: image1.emf]


Animation order:!
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Animation order:
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Animation order:!
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Michael Keough: This method is useful not only for studying the normal events involved in remyelination, but also as a pre-clinical tool for screening candidate remyelinating-promoting therapeutics.
Protocol (read by voice talent at JoVE):
2. Preparing the Injection Syringe
2.1. Start by removing a 75 µL aliquot of 1% detergent solution (TEXT: 1% lysolecithin in PBS, pH 7.4) from -20 °C storage and thaw it to room temperature on the bench. 

2.1.1. WID: removing tube from freezer

2.1.2. MED: setting tube on bench to thaw

2.2. If the detergent is undissolved, sonicate the tube at 40 kHz for about 30 minutes to get a uniform solution.

2.2.1. CU: tube thawed, solids undissolved, is set into a sonicator bath, which is then turned on

2.3. ECU: removing tube from sonicator, show how content is now fully dissolved

2.4. Next, unscrew the nut of a 10 μL injecting syringe and thread it onto the flat end of a pre-pulled glass capillary. Add two ferrules and make sure their ends align snug around the capillary.

2.4.1. CU: unscrewing nut

2.4.2. CU: screwing onto glass tube and adding ferrules

2.4.3. LAB MEDIA: Figure 1
2.5. Now, rinse the syringe with isopropynol and remove the plunger. Once dry, hand tighten the needle assembly onto the injecting syringe.

2.5.1. MED: rinsing assembly with isopropynol

2.5.2. CU: hand tightening assembly

2.6. Then, attach a metal hub needle to the priming syringe, pierce a rubber disc with the needle and slide it down to the base.

2.6.1. CU: attaching assembly to priming syringe

2.6.2. ECU: piercing rubber disc 

2.7. Now, fill the priming syringe with the room temperature lysolecithin detergent. Gently depress the plunger to remove unwanted air until the solution is visible at the needle's tip.  For control surgeries, load PBS.

2.7.1. CU: loading 1st syringe with lysolecithin, show label

2.7.2. MED: pushing out bubbles

2.7.3. CU: loading 2nd syringe with PBS, show label

2.8. Now, insert the metal hub needle of the priming syringe into the injecting syringe, making sure that there is a tight seal with the rubber disc.  

2.8.1. CU: inserting hub needle into injection syringe [1st take of 2.7.1 included 2.8.1 in one sequence. 2.7.2 can be spliced in the middle of 2.7.1]
2.8.2. ECU: checking the seal, then show the seal

2.9. Then, slowly depress the priming syringe until the capillary fills to the tip with solution. 

2.9.1. CU: No comment (NC) – just film the described step

2.10. With the capillary filled, carefully pull out the priming syringe while continuing to fill the barrel of the injecting syringe.  Try to avoid introducing air bubbles.

2.10.1. MED CU: NC

2.10.2. ECU: bubbles, or their absence, in the syringe

2.11. Now, insert the plunger into the injecting syringe ...

2.11.1. CU: NC

2.12. ... and make sure that solution will flow from the tip.  

2.12.1. ECU: show flow from tip [not slated]
2.13. If any air bubbles are visible in the capillary or injecting syringe, repeat the syringe preparation from the beginning.  Continuous fluid in the injecting apparatus is critical to ensure accurate injection volumes.

2.13.1. MED: talent inspecting syringe

2.13.2. Reuse 2.2.2, 2.4.1, 2.6.1, 2.8.1, 2.10.1

2.14. To finish, attach the injecting syringe to the arm of a stereotactic micromanipulator. 

2.14.1. CU: NC

2.15. This setup can inject 15 to 20 animals before a new capillary is needed.

2.15.1. MED: establish the complete injection setup, talent checking out something
3. Preparing the Animal
3.1. First, anesthetize the animal, in this case a young adult female C57-black6 mouse.  Use ketamine and xylazine (TEXT:  200 mg Ket + 10 mg Xly / kg, i.p.) and plan for an hour of anaesthesia.

3.1.1. WID: loading syringe with cocktail

3.1.2. MED: injecting mouse with cocktail

3.2. Ensure adequate sedation based on a lack of response to a firm foot pinch. 

3.2.1. CU: toe pinch test

3.3. Then, shave a two to three centimeter square area on the dorsal side, close to the ears.  

3.3.1. ECU: NC

3.4. Wipe the skin down with 70% ethanol on a gauze pad, removing all the hair.  

3.4.1. CU: NC

3.5. Then, disinfect the area with iodine.

3.5.1. ECU: NC

3.6. Be sure to apply an ophthalmic ointment ...

3.6.1. MED: vague shot of lubing the eyes

3.7. ... and keep the animal in a heated recovery chamber, ready to begin the procedure.

3.7.1. MED>CU: setting animal under heated lamp, zoom into the animal once under lamp
4. Exposing the Spinal Cord
4.1. Move the animal to a stereotactic frame, dorsal side up, elevated at the mid section with folded paper towels to exaggerate the curvature of the spine. 

4.1.1. WID: re-establish the settings

4.1.2. CU: positioning animal in frame and using towels to curve spine

4.2. Then, secure the head with a tooth clamp and fasten the arms and tail with surgical tape. Stabilizing ear bars are not necessary.

4.2.1. CU: securing animal in frame with clamps

4.2.2. CU: applying tape to tail and arms

4.3. Now, use a scalpel to make a three centimeter midline incision, starting just below the ears and cutting in the caudal direction.

4.3.1. ECU: NC

4.4. Then, locate the divide between the two large adipose structures and use fine forceps in each hand to pull these apart.  Spread the retractors to open the surgical field.

4.4.1. ECU: NC

4.4.2. CU: changing tools in hand to use retractors and using retractors

4.5. Under a surgical microscope, locate the prominent bony outgrowth of the T2 vertebra, characteristic of the C57-black6 mouse strain. 

4.5.1. MED: positioning scope over setup

4.5.2. SCOPE: NC

4.6. To view the vertebra, make a blunt dissection of the overlaying musculature with closed spring scissors. 

4.6.1. SCOPE: NC

4.7. Then, feel for the hard surfaces of T3 and T4 to confirm proper anatomical location.

4.7.1. SCOPE: NC

4.8. Now, make shallow lateral cuts in the connective tissue between T3 and T4. Be mindful that too deep a cut will pierce and damage the cord. 

4.8.1. SCOPE: NC

4.9. Some bleeding is common and can be cleared with a sponge spear.

4.9.1. SCOPE: this shot might not be possible, if not just tie the narrative to previous shot

4.10. Michael Keough: Due to natural spacing between vertebrae in the upper thoracic portion of the mouse vertebral column, a laminectomy is not necessary to reveal the spinal cord. 

4.10.1. MED: talent looks up from dissection scope and delivers narrative [shot in 2 places]
4.11. The spinal cord is covered with a thick layer of dura and will be visible if this meningeal layer was not yet cut.

4.11.1. SCOPE: have talent probe dura to demonstrate thickness

4.12. If the dura remains intact, carefully remove it using gentle lateral scrapes with a 32 gauge metal needle.  Avoid piercing the remaining underlying meninges, which are not as thick and are harder to see. 

4.12.1. SCOPE: hopefully the dura is intact, if not perhaps a 2nd dissection will be needed to show this.  If neither option is possible, truncate the narrative to just the first sentence and attach it the previous shot

4.13. If any cerebrospinal fluid leaks from the arachnoid, remove it with a sponge spear.

4.13.1. [combined with 4.12.1] SCOPE: hopefully fluid can be made to leak, or we can mock this shot up
5. Injecting the Spinal Cord
5.1. Begin the injection by moving the capillary into position over the spinal cord. 

5.1.1. WID: establish talent working with mouse over scope, preparing to move injection needle

5.1.2. MED: moving needle into position, grossly

5.2. The prominent caudal-rostral blood vessel should not be used as a midline landmark. Instead, use the grey-white matter boundaries flanking the dorsal column to estimate the midline.

5.2.1. SCOPE: moving needle into position, ask talent to probe the caudal-rostral blood vessel and then probe the grey-white matter boundaries  

5.3. Now, slowly lower the capillary until the tip just barely touches the spinal cord immediately lateral of either side of the midline.  Lock the arm in place at this position.

5.3.1. SCOPE: NC

5.3.2. CU: locking arm

5.4. Then, make note of the baseline position on the graded measurements of the Z-direction on the stereotactic arm.  From this reading, subtract 1.3 mm ...

5.4.1. ECU: show position of needle on graded measure of arm

5.4.2. CU: writing down the position in notes and subtracting 1.3 

5.5. ... and use a quick and shallow downward motion to pierce the tissue, carefully lowering the capillary to the desired depth. (TEXT: Refer to the text protocol discussion for other options.)  

5.5.1. SCOPE: piercing step 

5.5.2. ECU: show new position of needle on graded measure of arm

5.6. Now, using the micromanipulator, make one full rotation every five seconds for two minutes to inject a total volume of 0.5 μL.


5.6.1. MED: starting timer and setting next to micromanipulator

5.6.2. CU: making rotations on 5 second intervals

5.7. Then, leave the capillary in place for 2 minutes.

5.7.1. CU: starting timer to countdown 2 minutes

5.8. After two minutes, carefully retract the capillary from the tissue.  This allows the solution to seep in.  It could otherwise backflow.  Move the injecting apparatus away from the animal, and remove the retractors.
5.8.1. SCOPE: NC

5.8.2. [added] MED move the injecting apparatus away from the animal, and remove the retractors.
5.9. Close up the animal by tying a single suture in the muscle/adipose tissue overlaying the spinal column.  

5.9.1. SCOPE + CU: NC

5.10. Then, use a non-interrupted suture to close the skin and apply more iodine to the incision site.

5.10.1. ECU: NC

5.11. Finish by placing the animal in a heated recovery chamber until it recovers.

5.11.1. MED: moving animal to heated chamber

5.12. Then, return it to its cage. Post-operative care and analysis are described in the text protocol.

5.12.1. MED: moving recovered animal back to home cage
6. Lysolecithin-Induced Demyelination 
6.1. Focal injection of lysolecithin into the ventral white matter produced a discrete demyelinating lesion that spanned approximately three millimeters.

6.1.1. LAB MEDIA: Figure 2

6.2. Immunohistochemical staining of the lesion core was performed, labelling myelin with MBP and labelling axons with SMI312.   The axons were stripped of myelin at 7 days and by 14 days, MBP-positive rings surrounded many axons, suggesting remyelination was occurring.

6.2.1. LAB MEDIA: Figure 3

6.3. Staining cells of the oligodendrocyte lineage using PDGFRα, Olig2 and CC1, showed a significant increase in both the total number of cells at 14 days compared to 7 days, as well as a greater distribution of mature oligodendrocytes compared to OPCs.

6.3.1. LAB MEDIA: Figure 4

6.4. Consistent with this finding, semi-thin sections stained with toluidine blue revealed the presence of thin myelin sheaths at 14 days that were rarely detected at 7 days, indicating the presence of remyelinated internodes. 

6.4.1. LAB MEDIA: Figure 5
7. Conclusion (said by authors on camera)
7.1. Michael Keough: With proficiency, the operation can be completed in 10-15 min per animal, particularly with the help of a second person tying sutures. 
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.  

The 5 figures (Figure 1-5) have already been added.

The animation for the schematic can be generated from Schematic.ai and Schematic2.ai 

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.
 2014, Journal of Visualized Experiments


