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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) __Y_____  or should JoVE send a scope camera so that filming can be done through the microscope (Y/N) __Y____?
B.   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 steps_______________4.3, 4.4, 6.1, 6.2.1___________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Ensuring complete spinal cord transection while minimizing additional trauma is the most difficult aspect of this procedure.  Using a reporter line such as Tg(elavl3:eGFP) to facilitate complete transection verification and practice will ensure success.______________________________

1. Introduction (Schematic Overview and Interview)

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


Procedural Narrative:
The overall goal of this procedure is to ensure complete spinal cord transection in the larval zebrafish via a relatively high-throughput and reproducible method while maximizing survival. (Intro)

This is accomplished by first mating adults of the appropriate genotype, and screening as necessary. (P1: BrionaDorsky_Schematic:  Bring in the top row (2 fish), then the middle row (2 arrows), then the bottom row (2 dishes))

The second step is to raise embryos until 5 days post fertilization. (P2: Zoom into the lower left dish, it becomes the upper dish in panel 2. Show the 5 dpf and clock, then the upper dish turns into the lower dish)

Next, perform the transection with a beveled microinjection pipette. (P3: Pipette descends and nicks the upper fish (in panel 3), then the pipette goes back up and disappears as the upper fish turns into the lower fish (with nick). )

Finally, the injured fish are permitted to recover in antibiotic-treated media until the end of the experiment. (P4: Add the clock from panel 4, and the “nicked” fish turns into the lower fish (nick healed but the purple line along the back is disrupted))

Ultimately, immunofluorescence microscopy is used to show neural progenitor response to injury. (P5: Fig2C & Fig2D))
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Author name Lisa K. Briona: The main advantages of this technique over existing methods, like those pioneered by the Becker and Fetcho labs, is a larger number of animals to study, a shorter recovery time, and the use of genetic tools not otherwise available in the adult zebrafish.   
1.2. Author name Richard I. Dorsky: This method can help answer key questions in the regeneration field, such as the neural progenitor response to injury.  

Protocol (read by voice talent at JoVE):

Preparation of Surgery Plates and Micropipettes

Begin the preparations by making surgery plates using 60mm Petri dishes and a Sylgard 184 Silicone Elastomer Kit, following the manufacturer’s instructions.  Fill the dishes no more than half–full and allow them to polymerize.  Then store the dishes covered at room temperature.
2.1.1. WID: Talent carries Petri dishes and/or Sylgard 184 Silicone Elastomer Kit to the lab bench.
2.1.2. MED: Talent adds sylgard to Petri dishes.
2.1.3. CU: Dish is no more than half full. Talent places a lid on the dish.
2.1.4. MED: Talent stores a stack of 60 mm dishes at room temperature.
NOTE: there is no “2.3”

Next, fabricate micropipettes by heating and pulling thin-wall borosilicate capillary tubing in a micropipette puller using the same settings used for making microinjection needles.  
2.1.5. MED: Talent places a micropipette capillary tube into a micropipette puller
2.4.1.B added CU of talent placing capillary tube into micropipette puller.
2.1.6. CU: Micropipette being pulled.
Under a dissection microscope, use forceps to snap off the tip of the micropipette to approximately 200µm in diameter.
2.1.7. MED: Talent places a micropipette under a dissection microscope, then picks up forceps.
2.5.1.B added a CU shot.
2.1.8. SCOPE: Talent uses forceps to snap the tip of the micropipette.
Then bevel the broken edge with a microgrinder initially to 35°, followed by a second beveling at 25°. When the grinding noise ceases, check under a dissecting scope to ensure that the tip is sharp and smooth. 
2.1.9. MED: Talent turns on the grinder and brings the broken edge of a micropipette up to the microgrinder.
2.1.10. ECU: Talent holds the micropipette at a 35° angle, then adjusts the angle to 25°. Grinding continues until the grinding noise can no longer be heard. (Videographer: If possible, please record the “grinding” noise and the cessation of the grinding noise.)
2.1.11. MED: Talent places the beveled edge of the micropipette under a dissecting scope and looks through the eyepieces.
2.1.12. LAB MEDIA: Figure 1A (Video Editor: Add label “Proper bevel”)
Using a tip that is too wide tends to result in higher fatalities due to the increased likelihood of nicking the dorsal aorta, while a tip that is too narrow tends to glance off the skin rather than cutting tissue.
2.1.13. LAB MEDIA: Figure 1B (Video Editor: Leave 2A on the screen and add label “Too wide” to 2B)
2.1.14. LAB MEDIA: Figure 1C (Video Editor: Leave 2A & 2B on the screen and add label “Too narrow” to 2C)
Store the correctly beveled micropipettes in a Petri dish on a small amount of clay.
2.1.15. MED: Talent places a newly beveled micropipette into clay in a Petri dish. If you store multiple pipettes in the same Petri dish, then have some other micropipettes already in the clay.
Preparation of Zebrafish Larvae
Seven days prior to surgery, set up mating tanks of male and female zebrafish.
2.1.16. WID: Talent walks to the mating tanks carrying some zebrafish.
2.1.17. CU: Talent adds male and female zebrafish to the mating tanks.
Collect the fertilized embryos the following morning, three hours after the lights come on to ensure maximum yield.  If using a transgenic reporter line with mixed genotypes, place 100 embryos per plate. Incubate the plates at 28.5°C.
2.1.18. MED: Talent approaches the mating tank with collection container.
2.1.19. CU: Talent collects fertilized embryos.
2.1.20. CU: Talent placing ~100 embryos in a 100 mm plate in 25 ml E3 (TEXT: Transgenic reporter line: 100 embryos/100mm plate in 25ml E3)
2.1.21. CU: Talent placing ~ 25 embryos in a 100 mm plate in 25 ml E3 (TEXT: Wildtype: 25 embryos/100mm plate in 25ml E3) 
2.1.22. [bookmark: _Ref370829341]MED: Talent places the plates in an incubator at 28.5°C. (Do multiple takes, this will be reused)
If using a reporter line, screen the embryos for fluorescent expression at 48 hours post fertilization.  Allow the fluorescing embryos to mature at 28.5°C. 
2.1.23. MED: Talent places a plate of embryos under a scope or handheld fluorescent light to check for fluorescence. 
2.1.24. SCOPE: A shot showing that some embryos are fluorescent and others are not
2.1.25. CU: Talent moves fluorescing embryos to a new plate. (TEXT: 25 embryos/100 mm plate in 25 ml E3) 
2.1.26. Reuse 3.2.5 (Talent places plate in incubator)
When the larvae are 5 days post fertilization, prepare the surgery plate by covering the Sylgard with E2 and 10mg/L Gentamycin Sulfate and Tricaine.
2.1.27. MED: Talent adds E2 and GS and Tricaine to the surgery plate. (TEXT: Surgery plate: E2 + 10mg/L Gentamycin Sulfate + Tricaine)
Additionally, prepare a recovery dish by adding 25ml of E2 and Gentamycin Sulfate to a 100mm Petri dish.  
2.1.28. MED over the shoulder: Talent adds E2 and GS to a 100 mm Petri dish (TEXT: Recover dish: E2 + Gentamycin Sulfate)
The next step is to prepare a scalpel handle by taping together three swabs.  This forms a triangular tool with three grooves.
2.1.29. MED: Talent tapes together three swabs.
2.1.30. CU: Talent displays the taped-together swabs so the three grooves are visible.
Next, mount the prepared micropipette on the swabs by taping it into one of the grooves to complete the scalpel. Place the micropipette aside until needed.
2.1.31. CU: Talent tapes the micropipette to the swabs.
2.1.32. MED: Talent gently places the micropipette/scalpel on the dissection microscope stage.
Surgery
Begin the surgery by anesthetizing one plate of 25 larvae at a time with Tricaine.  The fish are sufficiently anesthetized when they no longer exhibit a touch response. 
4.1.1B: added CU of fish moving prior to addition of anesthesia.
2.1.33. MED: Talent adds anesthetic to plate of 25 larvae.
2.1.34. CU: Show the fish not responding to touch.
Transfer the larvae to a surgery plate, and place the plate under a dissecting microscope.
2.1.35. CU: Talent transfers the larvae to a surgery plate.
2.1.36. MED: Talent places the surgery plate under the dissecting scope.  
Under maximum magnification, rotate one larva so that it lies on its side with its back closest to the hand holding the scalpel.  Position the forceps so that they rest on the Sylgard, angled over the width of the larva.
2.1.37. SCOPE: Talent rotates one larva so it is lying on its side with its back closest to the scalpel-holding hand. 
2.1.38. [combined with 4.3.2] SCOPE or ECU: Talent positions the forceps so that it rest in position over the width of the larva. 
Bracing the glass scalpel against one of the arms of the forceps, cut into the dorsal lateral face of the larva at the level of the anal pore, being sure not to cut beyond the ventral edge of the notochord.  Then, twist the scalpel to sever the spinal cord. The required twist is usually much less than 90°.
2.1.39. MED: Talent picks up the glass scalpel and positions it under the scope.
2.1.40. SCOPE or ECU: Show the glass scalpel being braced against one arm of the forceps.
2.1.41. SCOPE: Talent cuts into the dorsal lateral face of the larva at the level of the anal pore. Talent then twists the scalpel to sever the spinal cord. Continue to film the spinal cord as Talent removes the scalpel to show what the spinal cord looks like after the transection.
Repeat the spinal cord transection with the remaining larvae.
2.1.42. SCOPE: Talent positions another larva, cuts in with the scalpel, then twists to sever the spinal cord. 
If a larva bleeds, it will not recover, so immediately remove it from the surgery plate and euthanize it via a Tricaine overdose.
2.1.43. SCOPE: Talent collects a bleeding larva and removes it from the dish. 
Once the surgery on the batch of larvae is complete, use a Pasteur pipette and pipette-pump to transfer the injured animals to the recovery plate to clear the anesthesia.  Be sure to collect the larva head- or tail-first during the transfer; do not stress the injury site by bending the larvae.
2.1.44. MED: Talent removes the plate of larvae from under the dissecting scope and places them next to the recovery plate. 
2.1.45. ECU SCOPE: Talent collects the larva head first (or tail first), then transfers them to the recovery dish. 
Recovery
NOTE: Format numbering incorrect during shoot as well, so they line up.




After the anesthesia has worn off, transfer the injured larvae from the recovery plate to the 100mm plates filled with 25ml of E2 and Gentamycin Sulfate at a density of 25 larvae per plate.   Then place them in a 28.5°C incubator while the wound heals.
2.1.46. MED SCOPE: Talent transfers 25 injured larvae from a recovery plate to a 100 mm plate with E2 and GS. 
2.1.47. MED: Reuse 3.2.5 (placing plate in incubator)
Check the plates daily, removing any sick or dead animals.  Do not change the media until the freshwater protozoa Coleps (pronounced KOE-leps) are visible in the media.
2.1.48. MED: Talent looking through a dissecting scope and removing sick and dead animals.
2.1.49. [bookmark: _Ref372751690]SCOPE: Show a plate without Coleps (TEXT: No Coleps) 
2.1.50. This was filmed as the first “5.6.2.”SCOPE: Show a plate with Coleps. (TEXT: Coleps) (Video Editor: Show 5.6.2 and this shot together on the screen) 
When changing the media, do not transfer the fish to a new plate; instead, remove as much media as possible and flood the same plate with new media.  Repeat the media change as necessary to reduce the Coleps population.
2.1.51. MED: Talent removes media from the Coleps-filled plate.
2.1.52. CU: Talent adds fresh media to the plate, then removes media again, then adds fresh media.
Feed the larvae daily with a small amount of powdered fry food. 
2.1.53. CU: Talent adds powdered fry food to the plate.
2.1.54. WID: Talent walks away from plates and out of the room after finishing feeding.
Videographer: Note: Please film the two SCOPE shots in the following (Results) section.
3. [bookmark: _GoBack]Results: Verifying a Complete Transection 
A zebrafish with a completely transected spinal cord is shown here at 1-day-post injury. GFP is expressed in all neurons, and the yellow arrow identifies the injury site.
3.1.1. [bookmark: _Ref372752575]SCOPE: A fish with a complete transection at 1 day-post-injury.
3.1.2. LAB MEDIA: Figure 2A (Video Editor: 2nd sentence: Add this as an inset to 6.1.1, if possible. Otherwise, show it for the 2nd sentence.)
A zebrafish with a completely transected spinal cord is shown here at 3-days-post injury.
3.1.3. SCOPE: A fish with a complete transection at 3 day-post-injury.
3.1.4. LAB MEDIA: Figure 2B (Add this as an inset to the above shot, if possible. Otherwise, use either the LAB MEDIA or the SCOPE shot, whichever looks more informative.)
At 3-days-post injury, this fixed HuC/D-labeled (pronounced HUE-c-d labeled) zebrafish shows a completely transected spinal cord. The yellow arrow again identifies the injury site. In contrast, the contiguous region of neuron labeling along the ventral edge of the spinal cord in this 3-days-post injury fixed zebrafish indicates an incomplete transection.
3.1.5. LAB MEDIA: Figure 2C
3.1.6. LAB MEDIA: Figure 2D (Video Editor: Keep 2C on the screen and add 2D for the final sentence)


4. Conclusion (said by authors on camera)

4.1. Author name Lisa: Once mastered, 300 larvae/hour can be processed using 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.


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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