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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Yes
Can you record movies/images using your own microscope camera? N
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.
dissection scope, NIKON DIAPHOT (0020969) Cat # 765116

2. Does your protocol include software usage? N

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot.
3.1 – 3.4 and 4.1 – 4.2
4. 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. 
3.5 – Make sure resuspended pellet is free of clumps. In case clumps are visible, carefully remove the clumps using tip of Pasteur pipette, otherwise, these clumps can block the magnetic column.  
5. Will the filming need to take place in multiple locations? N 



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. Puneet Opal: This protocol describes an easy and cost-effective method to purify stem cells from the post-natal cerebellum. These stem cells account for the late born molecular layer GABAergic interneurons. They also account for postnatally derived cerebellar astrocytes. Thus, studying these cells is clearly important for understanding the development of the cerebellum [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Chandrakanth Edamakanti: Using this protocol, the yield of stem cells is comparable to that of FACS-based method which is typically 10 times more expensive [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.3. Chandrakanth Edamakanti: This protocol can be generalized to extract prominin-1 expression stem cells from other tissues such as intestine and bone marrow [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.







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

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or at Northwestern University.


Section - Protocol
2. Cerebellum Dissection and Cell Suspension Preparation
2.1. Begin by placing the dish with the brain under a dissection microscope [1]. Use fine number 5 forceps to remove the meninges and large blood vessels from the cerebellum [2], then separate the cerebellum from the brainstem using the spatula [3]. 
2.1.1. WIDE: Establishing shot of talent placing the brain under the microscope. 
2.1.2. SCOPE: Talent removing the meninges and large blood vessels. 
2.1.3. SCOPE: Talent separating the cerebellum and the brainstem. 
2.2. Transfer the cerebellum into a 15-milliliter centrifuge tube containing 5 milliliters of ice-cold HBSS solution [1], rinse it, then decant the HBSS [2]. Repeat the wash 2 more times [3]. 
2.2.1. Talent transferring the cerebellum into the centrifuge tube.
2.2.2. Talent rinsing the cerebellum, then decanting the HBSS. 
2.2.3. Talent adding more HBSS and rinsing the cerebellum. 
2.3. After the last rinse, add 5 milliliters of papain-based tissue dissociation solution that has been prewarmed to 37 degrees Celsius [1]. Incubate the tissue for 15 minutes in a 37-degree Celsius water bath [2] and slowly mix the contents of the tube by inverting it 3 to 5 times every 3 minutes [3]. 
2.3.1. Talent adding dissociation solution to the tube. 
2.3.2. Talent placing the tube in the water bath. 
2.3.3. Talent inverting the tube a few times. 

2.4. Prepare a wide diameter and narrow diameter glass Pasteur pipette by fire-polishing over a Bunsen burner [1]. After the incubation, wash the tissue 3 times with 5 milliliters of HBSS solution, making sure to avoid losing tissue while decanting [2].

2.4.1. Talent fire polishing pipettes. 
2.4.2. Talent rinsing the tissue with HBSS and decanting it.

2.5. After the last HBSS wash, add 5 milliliters of DPBS with 250 microliters of DNase to the tissue [1] and dissociate it by gently triturating 10 to 15 times with the wide diameter Pasteur pipette [2]. 

2.5.1. Talent adding the DPBS to the tissue. 
2.5.2. Talent triturating the tissue gently. 

2.6. Then, use the narrow Pasteur pipette to further triturate the tissue slurry 10 times [1]. If larger pieces of tissue remain, press them against the bottom of the tube with the pipette tip and continue pipetting until a fine suspension is achieved [2]. 

2.6.1. Talent triturating tissue with the fine pipette. 
2.6.2. Talent pressing a larger piece against the bottom of the tube and continuing to triturate until the fine cell suspension is achieved.  

3. Immunolabeling of Stem Cells
3.1. Place the centrifuge tubes on ice [1], then strain the dissociated cells through a 40-micrometer cell strainer into a 50-milliliter tube [2]. Top the filter with 10 milliliters of ice-cold HBSS solution to ensure that the cells pass through the mesh [3]. Videographer: This step is important!

3.1.1. Talent placing the centrifuge tube on ice. 
3.1.2. Talent straining the cells. 
3.1.3. Talent adding HBSS to the filter. 
3.2. Transfer the filtered cells to a fresh 15-milliliter centrifuge tube [1] and centrifuge the suspension at 300 x g for 10 minutes at 4 degrees Celsius [2]. Then, use a vacuum aspirator to remove the supernatant completely [3]. Videographer: This step is important!
3.2.1. Talent transferring the cells to a fresh tube. 
3.2.2. Talent putting the tube in the centrifuge and closing the lid. 
3.2.3. Talent aspirating the supernatant with a vacuum.  
3.3. Resuspend the cell pellet in 160 microliters of ice-cold magnetic column buffer [1] [2]. Videographer: This step is important!
3.3.1. Talent resuspending the cells. 
3.3.2. Talent pressing the cells through the nylon mesh. 

3.4. Add 40 microliters of anti-prominin-1 microbeads to the cell suspension [1], then incubate the tubes in a refrigerator for 15 minutes to allow the antibody to bind to the prominin-1-expressing cells [2]. Videographer: This step is important!

3.4.1. Talent adding the microbeads to the cells. 
3.4.2. Talent placing the tubes in the refrigerator and closing the door. 

3.5. Wash the cells with 1 to 2 milliliters of column buffer X [1] and centrifuge them at 300 x g for 10 minutes [2]. Aspirate the supernatant [3] and resuspend the pellet in 1 milliliter of column buffer X [4]. Videographer: This step is difficult!

3.5.1. Talent washing the cells with column buffer X. 
3.5.2. Talent placing the tube in the centrifuge and closing the lid. 
3.5.3. Talent aspirating the supernatant. 
3.5.4. Talent resuspending the cells.  

4. Magnetic Column Preparation and Cell Sorting
4.1. Place the magnetic columns on the magnetic stand [1] and rinse them once with 500 microliters of buffer X [2]. Apply the labeled cell suspension onto the column and collect the flow through in fresh 15-milliliter tubes [3]. Videographer: This step is important!
4.1.1. Talent placing magnetic columns of the magnetic stand. 
4.1.2. Talent rinsing the columns with buffer X. 
4.1.3. Talent applying the cell suspension to the column. 
4.2. Wash the column 3 times with 500 microliters of buffer X [1-TXT]. Then, remove the columns from the magnetic field and place them in 1.5-milliliter tubes [2]. Add 1 milliliter of culture medium [3] and push the plunger into the column to flush out the cells tagged with prominin-1 beads [4]. Videographer: This step is important!
4.2.1. Talent washing the column with buffer X. TEXT: 2 – 4 minutes per wash
4.2.2. Talent placing the columns in the 1.5 mL tubes. 
4.2.3. Talent adding culture medium to column. 
4.2.4. Talent plunging the column.    

5. Passaging of Neurospheres and Differentiation 
5.1. To passage the neurospheres, transfer them along with the culture medium into a sterile 15-milliliter centrifuge tube [1]. Pellet the neurospheres by centrifugation at 300 x g for 5 minutes [2] and discard the supernatant [3]. 

5.1.1. Talent transferring the neurospheres. 
5.1.2. Talent putting the tubes in the centrifuge and closing the lid. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 5.3.1.
5.1.3. Talent aspirating the supernatant. 

5.2. Resuspend the pellet in 5 milliliters of dissociation media with papain or 0.05% trypsin solution [1] and incubate the cells at 37 degrees Celsius for 10 minutes [2]. 

5.2.1. Talent resuspending the cell pellet. 
5.2.2. Talent placing the tube in the incubator and closing the door. 

5.3. Centrifuge the cell suspension again [1], then resuspend the cells in 5 milliliters of neurosphere medium and dissociate them by slowly pipetting them up and down 10 times with a Pasteur pipette [2]. 

5.3.1. Use 5.1.2. 
5.3.2. Talent resuspending the cells and pipetting up and down. 

5.4. Plate the cells in neurosphere media as described in the text protocol [1] and enrich the them with secondary neurospheres after 7 to 10 days in culture as previously described [2]. Count the cells on a hemocytometer and plate the optimal number of cells on poly-D-lysine coated plates for future experiments [3]. 

5.4.1. Talent plating the cells. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 5.4.3.
5.4.2. Talent adding secondary neurospheres to the plate. 
5.4.3. Use 5.4.1. 



Section – Results
6. Results: Prominin-1 Stem Cells Isolated from Postnatal Cerebellum 
6.1. Column purified prominin-1-positive postnatal cerebellar stem cells formed neurospheres in growth factor-rich neurosphere medium [1]. These neurospheres were positive for prominin-1, the marker used for isolation [2], and for other stem cell markers such as Nestin and GFAP [3].
6.1.1. LAB MEDIA: Figure 1 A. 
6.1.2. LAB MEDIA: Figure 1 A. Video Editor: Emphasize the prominin-1/DAPI image on the bottom panel.
6.1.3. LAB MEDIA: Figure 1 A. Video Editor: Emphasize the Nestin/DAPI and GFAP/DAPI images on the bottom panel.
6.2. Cells in the flow-through stained negative for stem cell markers prominin-1 and nestin and positive for neuronal marker beta three tubulin [1].
6.2.1. LAB MEDIA: Figure 1 B. 
6.3. Upon withdrawal of growth factors and in the presence of Leukemia inhibitory factor or PDGF-AA, the prominin-1-positive neurospheres [1] differentiated into neurons [2], astrocytes [3], and oligodendrocytes [4]. 
6.3.1. LAB MEDIA: Figure 2. 
6.3.2. LAB MEDIA: Figure 2. Video Editor: Emphasize the -III tubulin images. 
6.3.3. LAB MEDIA: Figure 2. Video Editor: Emphasize the GFAP images. 
6.3.4. LAB MEDIA: Figure 2. Video Editor: Emphasize the O4 images. 






Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Chandrakanth Edamakanti: When attempting this technique, it is very important to make sure that the neurospheres are positive for Prominin-1 antibody and that they can be passaged. Because normal cells also tend to form clumps, they may look like neurospheres.    

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 5.1.1. 
7.2. Chandrakanth Edamakanti: Using this stem cell isolation protocol, one can characterize the role of its derivative lineages like neurons and glial cells in health and disease conditions.  

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Chandrakanth Edamakanti: This method is valuable and provides novel insight into the role of stem cells in development of cerebellum as well as in disease conditions like spinocerebellar ataxia and cancer.  

7.3.1. [bookmark: _GoBack]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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