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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)______Y___  (If you can record images/videos using your own camera/software, then mark No)  If yes, please list make and model of your microscope: __ __________________Leica stereo-microscope_________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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.)
1) Show procedure of total brain dissection from the adult zebrafish..
2) Show the first step of papain digestion (all other steps are similar).
3) Show how to make the transfer of neurospheres using a precut-1ml blue tip (spheres from culture dish to culture dish; dissociated cell suspension or spheres into matrigel).
4) Show the adherent cells or neurospheres in culture at the onset of differentiation.
5) Show the final shape of cells in culture at the end of the differentiation step.
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.) Section 3: Papain enzymatic digestion (see protocol 3.1-3.8)

E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations?  Nearby places
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. 
A. Experimental Goal (read by voice talent at JoVE):
(Note to Authors: Please memorize all statements in advance of filming.)
The overall goal of this procedure is to examine adult neurogenesis using a neurosphere assay derived from the adult zebrafish brain, and to manipulate gene expression in zebrafish neurospheres.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name: This method can help answer key questions in the neurogenesis field, such as what are the key molecular regulators of neural stem cell self-renewal, and how cell fate determination proceeds.
1.2. Author name: The main advantage of this technique is that it is a simple, reliable procedure to obtain and differentiate zebrafish neural stem cells, which can investigate these cells’ properties in vitro.
(Note to Authors: For this section and the following one, please replace “Author Name” with the actual name of the person speaking the statements.)
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Author Name: We first had the idea for this method when we were investigating epigenetic regulation in the developing brain. Using our previous experience, we adapted a mouse neurosphere protocol to zebrafish.
(Note to Authors: The “Optional Interview Statements” section is meant to introduce new authors—individuals that did not present the statements in Section B above. I have removed the majority of this section to adhere to our format. However, one of the co-authors of the paper (that has not presented in B) can present the statement left above. Note that this statement cannot exceed 30 words. In addition, please confirm that no demonstrators need to be introduced in this Introduction [e.g., that all individuals who will be demonstrating the protocol have spoken in either B or C above.])
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Yale University Institutional Animal Care and Use Committee.
Protocol (read by voice talent at JoVE):

2. Dissection of Adult Zebrafish Brain
2.1. To begin, prepare a dissection bed by filling a petri dish with gel packs [2.1.1-MED/CU-TXT]. Then, cover the dish with its corresponding lid [2.1.2-MED], and incubate it at -20 (C [2.1.3-WIDE].
2.1.1. *Film as written; TEXT: Use a 100 mm x 15 mm petri dish
2.1.2. *Film as written

2.1.3. Show talent walking over to freezer, placing dissection bed into it. 

2.2. Once the gel is frozen, remove the dish from the freezer [2.2.1-MED-over the shoulder], and place a clean square of filter paper on top of its lid [2.2.2-MED/CU]. Proceed to wrap both the paper and dish with plastic film [2.2.3-MED/CU].

2.2.1. *Film as written

2.2.2. *Film as written

2.2.3. *Film as written

2.3. Next, treat all microdissection instruments with 70% ethanol [2.3.1-MED-TXT]. Place these sterilized tools next to a dissecting microscope, and position the completed dissection bed under the microscope with optical fiber illumination [2.3.2-MED].
2.3.1. If possible, show “70% Ethanol” label in frame; TEXT: Note: Alternatively, instruments can be sterilized by heat.
2.3.2. If possible, show talent switching on optic illuminator.
2.4. Immediately place a previously-prepared head specimen on top of the dissection bed, and orient it so that its dorsal side is facing down [2.4.1-SCOPE-TXT]. 
2.4.1. *Film as written; TEXT: See text protocol for zebrafish euthanasia and head preparation. (LM Reference: Steps 2.4-9.psd, Panel 2.4)
2.5. Then, use scissors to make a longitudinal cut through the soft tissue from the back of the head to the mouth [2.5.1-SCOPE]. Afterwards, expose the base of the skull with forceps, and remove all of the adjacent tissue [2.5.2-SCOPE].

2.5.1. *Film as written (LM Reference: Steps 2.4-9.psd, Panel 2.5)
2.5.2. *Film as written

2.6. Next, cut one of the lateral walls of the skull, starting at the back of the head and moving towards the tectum region of the brain [2.6.1-SCOPE]. Repeat this process for the contralateral side [2.6.2-SCOPE].
2.6.1. *Film as written (LM Reference: Steps 2.4-9.psd, Panel 2.6)
2.6.2. *Film as written 
2.7. Proceed to cut the optic nerve, and then remove the two lateral-most sides of the skull at the level of the tectum [2.7.1-SCOPE].

2.7.1. *Film as written (LM Reference: Steps 2.4-9.psd, Panel 2.7 and Panel 2.8 [the lower, left-most panel])
2.8. Finally, turn the head ventral side up, and with forceps peel off the most apical part of the skull to expose the brain [2.8.1-SCOPE].
2.8.1. *Film as written (LM Reference: Steps 2.4-9.psd, Panel 2.8 [the lower, second-from-the-left panel] and Panel 2.9 [the lower, second-from-the-right panel])
(Note to Authors: Please confirm that “ventral” is correct here, rather than dorsal.) ventral is correct
2.9. Afterwards, transfer the brain and any remaining parts of the skull to a dish containing dissection medium, which is composed of DMEM/F12 (Pronounced: D-Mem-F-12) supplemented with penicillin-streptomycin [2.9.1-MED-over the shoulder/CU-TXT]. With the plastic handle of a micro knife, under the microscope clean the brain tissue, being careful not damage any neural structures [2.9.2-SCOPE].
2.9.1. *Film as written; TEXT: See manuscript for medium composition details.
2.9.2. *Film as written (LM Reference: Steps 2.4-9.psd, Panel 2.9 [the lower, right-most panel])
3. Single Cell Dissociation of Adult Brain 

3.1. Move this dish containing the tissue into a biosafety cabinet [3.1.1-WIDE]. Then, transfer the brain to a sterile 1.5 ml tube containing 800 (l of dissection medium [3.1.2-CU]. 
3.1.1. Show talent walking over to biosafety cabinet with the dish, placing dish in/sitting down in front of cabinet

3.1.2. *Film as written

3.2. Remove the media from the tube by pipetting, being careful not to touch the tissue [3.2.1-CU]. Proceed to digest the brain by adding 500 (l of previously prepared papain solution [3.2.2-CU-TXT], and incubating it at 37 (C for 10 min [3.2.3-MED]. 

3.2.1. *Film as written

3.2.2. If possible, show “Papain Solution” label in frame; TEXT: See text protocol for papain solution composition. 

3.2.3. Show talent placing tube at 37(C
3.3. Following incubation, transfer the papain solution and digested brain into a 15 ml conical tube using a cut, 1000 (l pipet tip [3.3.1-CU-TXT]. Using the same tip, gently pipet up and down 10 times to dissociate the tissue, avoiding the formation of air bubbles [3.3.2-CU].
3.3.1. *Film as written; TEXT: Note: Tip should be cut ~0.25 inches from the bottom.  show talent pointing to the cut tip
3.3.2. Show talent pipetting tissue up and down a few times.
3.4. Incubate the conical again at 37 (C for 10 min [3.4.1-WIDE], and afterwards dissociate the brain tissue further by pipetting up and down approximately 10 times using an uncut 1000 (l tip [3.4.2-CU].

3.4.1. Show talent walking over to incubator (or the water bath, depending on which will be used by the laboratory member), placing conical in it.
3.4.2. *Film as written

3.5. To stop the enzymatic reaction, add 2 ml of previously prepared washing solution to the tube [3.5.1-CU-TXT], and centrifuge it at 800 x g for 5 min at room temperature [3.5.2-MED]. 
3.5.1. If possible, show “Washing Solution” label in frame; TEXT: See text protocol for washing solution composition.

3.5.2. Show talent placing tube into centrifuge, closing lid
3.6. Carefully decant the cell suspension, poor off the supernatant [3.6.1-CU], and then vigorously tap the conical [3.6.2-MED]. To finish cell resuspension, pipet up and down—very carefully—the cells in the remaining solution with a regular 1000 (l tip [3.6.3-CU].
3.6.1. *Film as written

3.6.2. *Film as written

3.6.3. *Film as written show talent showing uncut tip
3.7. Then, add 2 ml of washing solution [3.7.1-MED/CU], and check the cells under a microscope [3.7.2-MED]. If a single cell suspension has been attained [3.7.3-LM], proceed to centrifuge the tube using the conditions previously described [3.7.4-WIDE].
3.7.1. If possible, show “Washing Solution” label in frame

3.7.2. *Film as written
3.7.3. Step 3.7.tif: Show entire panel, and add “Single Cell Suspension” text label in the lower right of the panel
3.7.4. Show talent walking over to, placing tube in centrifuge

3.8. Remove the supernatant after centrifugation, and resuspend the pellet in 1 ml of fresh Z-condition medium [3.8.1-CU-TXT]. Proceed to stain the cells with Trypan blue [3.8.2-CU], and then count them using a hemocytometer [3.8.3-MED-over the shoulder].

3.8.1. If possible, show “Z-condition Medium” in frame; TEXT: See text protocol for Z-condition medium composition. 
3.8.2. If possible, show blue dye/Trypan blue in shot, but NOT company name on bottle/aliquot
3.8.3. Show talent looking at hemocytometer [placed on microscope stage] through microscope eyepieces

3.9. To prepare for neurosphere generation, fill each well of a 24-well plate with 300 (l of fresh Z-condition medium [3.9.1-MED]. Then, add 200 (l of the cell suspension to each well, seeding them at a density of approximately 500 cells/(l [3.9.2-CU-TXT]. Afterwards, incubate the plate at 30(C in 5% CO2 [3.9.3-WIDE/MED/MED-over the shoulder-TXT].
3.9.1. Show talent adding medium to a well in a 24-well plate. If possible, show “Z-condition Medium” label in frame.

3.9.2. *Film as written; TEXT: Cell density: 500 cells/(l

3.9.3. WIDE/MED/MED-over the shoulder-multiple shots of talent placing plate/cells into incubator, closing door-shot will be repeated; TEXT: 30(C, 5% CO2 
4. Generation and Passaging of Primary Neurospheres
4.1. After 1 day of culture, view the cells in the 24-well plate under a microscope [4.1.1-MED]. Expect to observe single cell suspensions at this stage [4.1.2-LM].

4.1.1. *Film as written
4.1.2. Step 4.1-5.1.psd: Show upper left panel and associated “Day 1” text/scale bar.
4.2. If any debris is seen to have collected in the center of a well, remove it by pipetting out approximately 100 (l of medium [4.2.1-SCOPE MED], and replace this liquid by adding 100 (l of fresh Z-condition medium [4.2.2-SCOPE MED].
4.2.1. *Film as written

4.2.2. *Film as written
4.3. Once all debris has been removed, incubate the plate under the conditions previously described [4.3.1-WIDE/MED/MED-over the shoulder]. After an additional two days of culture, transfer 250 (l of cell suspension from a single well into a new, empty well. Repeat this step for all 24 wells [4.3.2-MED/CU-TXT].
4.3.1. Repeat shot 3.9.3
4.3.2. MED/CU-Multiple shots of talent performing transfer for single well-shot will be reused; TEXT: For transfer, use a cut 1000 (l pipet tip.
4.4. Then, add 250 (l of fresh Z-condition medium to each well, and homogenize the suspensions by gently pipetting up and down [4.4.1-CU].
4.4.1. If possible, show “Z-condition Medium” label in frame.

4.5. Incubate the plates again under the same conditions [4.5.1-WIDE/MED/MED-over the shoulder], and repeat this expansion procedure for the following 4 days in vitro [4.5.2-MED/CU]. Expect to observe a progressive increase in the size of neurospheres on the third...and fourth days of this period [4.5.3-LM]. 

4.5.1. Repeat shot 3.9.3
4.5.2. Repeat shot 4.3.2.

4.5.3. Step 4.1-5.1.psd: When “third” occurs in the voiceover, on the left of the screen show the upper right panel and associated “Day 3” text/scale bar. Have this image remain onscreen. Then, when “fourth” occurs in the narrative, on the right of the screen show the lower left panel and associated “Day 4” text/scale bar.
4.6. To begin passaging, after four days remove 250 (l of medium—but no neurospheres—from each well [4.6.1-SCOPE MED]. Then, use a 1 ml pipet to mechanically dissociate the neurospheres in the remaining medium volume [4.6.2-SCOPE]. Proceed to pool the cell suspension from each dissociated well [4.6.3-MED].

4.6.1. *Film as written

4.6.2. *Film as written

4.6.3. *Film as written
4.7. Then, count the cells with a hemocytometer [4.7.1-MED], and distribute 250 (l of primary culture supernatant containing 800 cells/(l into each well of a new 24-well plate [4.7.2-CU]. Continue by adding 250 (l of Z-condition medium to each well [4.7.3-MED/CU], and then incubating the plate as previously described [4.7.4-WIDE/MED/MED-over the shoulder].
4.7.1. Show talent looking at hemocytometer (on microscope stage) through eyepieces
4.7.2. *Film as written

4.7.3. If possible, show “Z-condition Medium” label in frame.

4.7.4. Repeat shot 3.9.3
5. Results: Analysis of Neurospheres from Adult Zebrafish Brain
5.1. Zebrafish primary neurospheres are capable of self-renewal(as demonstrated by the formation of secondary neurospheres at Passage 1 and tertiary structures at Passage 2(which suggests a pool of stem or progenitor cells [5.1.1-LM].

5.1.1. Step 4.1-5.1.psd: Show lower right panel (graph). When “secondary neurospheres at Passage 1” occurs in the voiceover, highlight the “1” text on the X-axis. Then, when “Passage 2” occurs in the narrative, highlight the “2” text on the X-axis. 

5.2. These stem or progenitor cells can also be differentiated, as supported by the observation that neurospheres cultured for four days under differentiation conditions give rise to glia and cells with axonal-like projections, indicated by arrows here [5.2.1-LM-TXT].
5.2.1. Step 5.2.1.psd: Show complete figure and associated text. When “arrows” occurs in the narrative, highlight the arrows onscreen. TEXT: See text protocol for differentiation conditions.

5.3. Differentiation experiments can also be performed on transfected neurospheres. Here, neurospheres were treated with either a scrambled control or an antagonist of miR-107—a small non-coding RNA—and differentiated as before [5.3.1-LM].
5.3.1. Step 5.3.1.psd: Show both panels/associated text. When “scrambled control” occurs in the narrative, highlight the “anti-miR-scr” text onscreen on the left. Then, when “antagonist” occurs in the voiceover, highlight the “anti-miR-107” text on the right.
5.4. Antagonist-transfected neurospheres demonstrate cells with abnormal axonal processes, which were significantly thicker than processes in controls [5.4.1-LM]. RT-PCR analysis reveals that inhibition of miR-107 leads to a significant increase in the expression of certain neuroblast or axon-specific molecules compared to controls [5.4.2-LM], but does not significantly affect glial markers [5.4.3-LM].
5.4.1. Step 5.4.1.psd: Show the lower graph (the one where the Y-axis is labeled as “Axon thickness [(m]”). Under the X-axis, include “Neurosphere Size ((m)” label. When “abnormal axonal processes” occurs in the narrative, highlight the three light gray bars in the graph. Then, when “significantly thicker...in controls” occurs in the narrative, highlight the three dark gray bars in the graph.
5.4.2. Step 5.4.2-3.psd: Show entire graph. When “certain neuroblast” occurs in the narrative, highlight the light gray bar above the “ngn1” text on the X-axis. Then, when “axon-specific molecules” occurs in the narrative, highlight the light gray bar above the “(-tubulin” text on the X-axis. Finally, when “compared to controls” occurs in the narrative, simultaneously highlight the dark gray bars above the “ngn1” and “(-tubulin” text on the X-axis.

5.4.3. Step 5.4.2-3.psd: Show entire graph. Simultaneously highlight the six left-most bars in the graph (above S-100, gfap, and Oligo-2 on the X-axis). 
5.5. In contrast, neurospheres that were treated with the miR-107-mimic—resulting in the gain of miR-107 expression—and subsequently differentiated, demonstrate significantly decreased levels of neuroblast or axon markers compared to controls. These results suggest that miR-107 acts as a regulator of neuronal differentiation in zebrafish [5.5.1-LM].

5.5.1. Step 5.5.1.psd: Show complete graph. When “significantly decreased levels of neuroblast” occurs in the narrative, highlight the light gray bar above the “ngn1” text on the X-axis. Then, when “axon markers” occurs in the narrative, highlight the light gray bar above “(-tubulin” on the X-axis. Finally, when “compared to controls” occurs in the narrative, simultaneously highlight the two dark gray bars above “ngn1” and “(-tubulin” on the X-axis.
6. Conclusion (said by authors on camera)
6.1. Author Name: Once mastered, this technique can be done in 2 hours if it is performed properly.

6.2. Author Name: Following this procedure, other methods like neuroregeneration can be performed in order to answer additional questions, such as those pertaining to the mechanisms of neural stem or progenitor cell activation.

6.3. Author Name: After its development, this technique paved the way for researchers in the field of development and neuroscience to explore neurogenesis in zebrafish.

6.4. Author Name: After watching this video, you should have a good understanding of how to perform a neurosphere assay using the zebrafish adult brain, and apply it to investigate biological questions in neurogenesis, such as how neural stem or progenitor cells differentiate.
(Note to Authors: For this section, please replace “Author Name” with the actual name of the person speaking the statements.)

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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