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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_YES____ 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 steps using the step numbers listed in this document. _3 (1 to 7)    4 (1 to 3; 9 to 10)     5 (1)  
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._The cell sorting is the most difficult aspect of this procedure. To preserve a good cellular viability and good antibody labeling to sort the SVZ populations, be sure that the Papain treatment does not exceed 10min (step 1.4) and use the suitable antibody dilution in the appropriate volume of PBS +0,15%BSA (step 4.2). Another critical aspect is the length of the cell sorting: to prevent any decrease in the cellular viability for videomicroscopy experiments, be sure not to exceed 3h of cell sorting (step 5).   
E.  Will the filming need to take place in multiple locations? (Y/N) Y_______ If yes, how far apart are the locations? Different rooms in the same building_____ 
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 follow the cell cycle progression of sorted neural stem cells and their progeny isolated from the subventricular zone of transgenic Fluorescence Ubiquitination Cell Cycle, known as FUCCI (pronounced: fouchi-red) mice. (Intro)
This is accomplished by first dissecting the subventricular zone of transgenic adult mouse brains. (P1)
The second step is to dissociate the neuronal tissue into a single-cell suspension using a papain treatment. (P2)
Next, the different neurogenic cell populations of the subventricular zone are labeled using antibodies in order to identify quiescent neural stem cells, activated neural stem cells, transit amplifying cells and immature, as well as migrating neuroblasts. (P3)
The final step is to use FACS to sort the cells directly into fresh culture medium before plating them on poly-D-lysine coated plates. (P4)
Ultimately, continuous time-lapse video microscopy is used to study the cell cycle progression of the plated cells as the various transgenic cells fluoresce at different points during their cell cycle. (P5)
*Video Editor: See overview of experimental procedure.ppt for individual graphics to use.
Instructions for Video Editor: 

(P1: Use Slide 2 of the .ppt file.  Start by showing the mouse brain on screen.  Then, add the SVZ label and arrow with the word “dissecting”.  Pull the SVZ pieces from the region indicated by the arrow with the word “zone”.)

(P2: Start where P1 left off and place the SVZ pieces into the tube.  Label the tube as “Papain Solution”.  Then, with the words “single-cell suspension” dissolve away the SVZ pieces and add a bunch of grey spheres like the ones seen on slide 3 although I’d make them a bit smaller so 20-30 can be shown in the tube.)

(P3: Have 3 different colored groups of antibodies appear above the tube so that one has a green circle like DAM ID 3155, one has a red circle, and one has a blue circle. Label the green group LeX-FITC, the red group CD24-PE, and the blue group EGFAl647.  With the word “antibodies” have all of the antibodies shrink and go into the tube.  Then have the cells turn the 3 different colors as seen on slide 3 of the .ppt. With the words “order to” fade away the screen and fade to showing slide 4.  When “quiescent neural stem cells” is said, add the blue boxes around the qNSC cell and the region in the bottom right image. With the words “activated neural stem cells”, add the green boxes, with the words “Transit amplifying cells” add the yellow boxes, with the word “immature” add the orange boxes, and with the word “migrating” add the red boxes. *whew.. long one.)
(Authors: Please modify the color choice to reflect the colors used in the above statement if not accurate.)
(P4: Use DAM ID 4275 and show cells flowing through the sorter and into the two collection tubes. IF possible, use the antibodies used in P3 instead of the one with DAM ID 4275)
(P5: Add the cell cycle images (circle showing different stages of cell fluorescence) from both slides 6 (place on left side) and 8 (place on right side) in the .ppt file and label them with “FUCCI-Red” and “FUCCI-Green” respectively.  Under the images, run the videos that the author uploaded. Run Fucci Red.avi under the red cell cycle images and Fucci Green.avi under the green cell cycle images at the same time.
[image: image1.emf]
B.  Interview: (Said by you on camera. Don’t forget to smile!)    
1.1. Lise Morizur: The main advantage of this cell sorting technique is the FUCCI technology which permits the visualization of cell cycle progression in living cells, enabling studies of their properties and dynamics in the adult brain.  (tk 7)
1.2. Lise Morizur: This method can help answer key questions in the context of aging or brain pathologies, such as the effects of aging and growth factors on neuronal stem cell proliferation. (called 1.1b , tk2)
1.3. François Boussin: Demonstrating the procedure will be Lise Morizur a PhD student and Mathieu Daynac, a former PhD student from my laboratory. 
1.3.1. Interview style: Author saying the above 

1.3.2. The named post docs look up from workbench and acknowledges the camera. 
Protocol (read by voice talent at JoVE): 
2. Basic Setup

2.1. The day before the experiment, add about 200 microliters of a 10 µg/ml poly-D-lysine solution to each well of a sterile black walled 96-well plate to coat the bottom of the wells. [2.1.1 - MED] Cover and incubate the plate overnight at 37 °C. [2.1.2 - MED]
2.1.1. Talent adds solution to the wells.
2.1.2. Talent places cover on the plate and moves it into the incubator.

2.2. The next day, remove the poly-D-lysine solution and rinse the wells three times with sterile distilled water [2.2.1 - MED Over the Shoulder] before allowing the plate to dry in the hood under laminar flow for at least 2 hours. [2.2.2 - MED] If not used immediately, store the dried, coated plate at 4 °C for up to seven days.[2.2.3 - MED]
2.2.1. *Film as written
2.2.2. Talent removes last of rinse, leaves plate in hood and turns off hood light while getting up to leave.

2.2.3. Talent places covered plate in the fridge (wrapped with paraffin if necessary).
2.3. Next, prepare the papain dissociation solution… [2.3.1 - CU - TXT] and sterilize it by passing the mixture through a 0.2 micron filter. [2.3.2 - CU] Pre-warm the solution to 37 °C before it is used. [2.3.3 - MED]
2.3.1. Talent adds liquid to tube with papain and mixes tube. (TEXT: Dissociation Solution: 1 mg/ml papain in EBSS, 0.2 mg/ml L-cysteine, 0.2 mg/ml EDTA, 0.01 mg/ml DNase I in PBS.) 

2.3.1b extra take the solution out of the incubator (37 °)
2.3.2. *Film as written

2.3.3. Talent places tube in water bath or heat block in the incubator at 37°C
2.4. Also, prepare a protease inhibitor solution by adding 0.7 mg/ml of trypsin inhibitor type 2 to DMEM:F12 (pronounced: dee-mem-F-twelve) medium.  [2.4.1 - CU] Sterile filter the solution using a 0.2 micron filter and pre-warm the solution to 37 °C before it is used. [2.4.2 - MED]
2.4.1. *Film as written
2.4.2. Talent adds last few drops to the tube from the filter process, closes the lid and places it in the water bath/heat block.
3. SVZ Tissue Dissociation

3.1. Place the freshly dissected subventricular zone from an adult FUCCI (pronounced: fouchi-red) mouse brain into a petri dish containing 0.6% glucose in PBS.  [3.1.1 - CU] Mince the tissue until no large pieces remain. [3.1.2 - CU]
3.1.1. Talent transfers brain from tube to a petri-dish containing PBS solution Talent brings the petri dish to the hood
3.1.2. *Film as written

3.2. Then, transfer everything into a 15 milliliter tube and centrifuge at 200 x g for 5 minutes.  [3.2.1 - MED] Once the tissue has been pelleted, discard the supernatant and resuspend the tissue in 1 milliliter of pre-warmed papain supplemented with 0.01 mg/ml of DNase 1. [3.2.2- CU]
3.2.1. *Film as written
3.2.2. *Film as written

3.3. Incubate the mixture for 10 minutes in a water bath at 37 °C. [3.1.1 - CU] Then, centrifuge again at 200 x g for 5 minutes and discard the supernatant. [3.3.2 - MED]
3.3.1. Talent places tube into water bath.
3.3.2. Talent removes tube from centrifuge and pours off supernatant.
3.4. Add 1 ml of the pre-warmed ovomucoid solution to stop the enzymatic digestion. [3.4.1 - CU]
3.4.1. *Film as written
3.5. Next, use a p1000 micropipette tip to gently pipette up and down 20 times to mechanically dissociate the minced tissue into a single-cell suspension.  [3.5.1 - MED] While pipetting, avoid introducing any air bubbles into the mixture, which would cause extra stress to the cells. [3.5.2 - CU]
3.5.1. *Film as written
3.5.2. [combined with 3.5.1] Talent slowly pipettes solution up and down *close up view of same thing. 
3.6. Pass the cell suspension through a sterile 20 micron filter in a new 15 milliliter tube.  [3.6.1 - CU]  Wash the cell filter with 2 milliliters of PBS containing 0.15% BSA to avoid losing cells. [3.6.2 - MED]
3.6.1. *Film as written (end of the shot)
3.6.2. *Film as written
3.7. Then, centrifuge the cell suspension at 200 x g for 10 minutes. [3.7.1 - MED] Discard the supernatant. [3.7.2 - CU]
3.7.1. *Film as written
3.7.2. *Film as written
4. Immunofluorescent Staining and Cell Sorting 

4.1. Perform the FACS staining by first suspending the cells from each mouse into 100 µL of PBS containing 0.15% BSA.  [4.1.1 - CU] Use 1/10th of the cells from one of the mice to prepare each of the 4 controls as described in the accompanying text protocol. [4.2.1 - CU]
4.1.1. *Film as written
4.1.2. Talent removes 4 aliquots of the cell mixture and places it them into separate tubes labeled as controls.
4.2. Add the primary antibodies listed here to each of the tubes used for cell sorting [4.2.1 - CU - TXT] and incubate the mixtures for 20 minutes in the dark at 4 °C. [4.2.2 - MED]
4.2.1. Talent adds Abs to the cell suspension.(TEXT: CD24/PC7 (1:50), CD15/LeX-FITC (1:50), EGF/Ax647 (1:200))
4.2.2. Talent covers the tube and places it at 4°C

4.3. Following incubation with the primary antibodies, wash the cells with 1 ml of PBS containing 0.15% BSA [4.3.2 - CU] and then centrifuge the cells at 200 x g for 10 minutes [4.3.1 - MED]. [4.3.2 - CU] Resuspend the cells in 200 µl of PBS containing 0.15% BSA per brain [4.3.3b - CU] and transfer them into appropriate FACS sorting tubes. 
4.3.1. *Film as written centrifuge
4.3.2. *Film as written 
4.3.3b Talent resuspends the pellet in PBS + 0.15% BSA
4.4. Place the cell sorting tubes on ice and [4.4.1 - MED] add a vital dye, such as Hoechst 33258 stain at 2 µg/ml, to the cells immediately prior to cell sorting to discriminate live from dead cells. [4.4.2 - CU]
4.4.1. *Film as written
4.4.2. *Film as written

4.5. Next, run the cells in the negative control tube through the FACS [4.5.1 - Med Over-the-Shoulder] and select the cells using side scatter and forward scatter parameters. Exclude the dead cells by gating only the Hoechst negative fraction, and doublets by selecting the Pulse Width negative fraction. [4.5.2 - SCREEN]
4.5.1. Talent loads cells into FACS
4.5.2. Screen capture showing actions in the order described.
4.6. Run single color controls and adjust the photomultiplier tube voltages if necessary. Perform color compensation in the compensation window of the software. [4.6.1 - SCREEN]
4.6.1. Screen capture showing actions in the order described.
4.7. Run the 3 fluorescence minus 1 controls and draw the sorting gates…  Once all the gates are set up, sort the labeled cells [4.7.1 - SCREEN] directly into 100 µL of culture medium.  [4.7.2 - CU]
4.7.1. Screen capture showing actions in the order described. At the end select run/sort.
4.7.2. Show location of the collection tubes.

4.8. Collect FUCCI-Red cells, by exciting at 561 and collecting using a 595 nm filter.  [4.8.2 - SCREEN] To collect FUCCI-Green cells, excite the cells at 488 nm and collect using a 530 nm filter. [4.8.2 - SCREEN]
4.8.1. Screen capture of talent setting up run to collect FUCCI-Red cells
4.8.2. Screen capture of talent setting up run to collect FUCCI-Green cells

4.9. Plate the freshly sorted cells at a density of 1000 to 3000 cells/well onto the Poly-D-Lysine-  coated 96-well plates with 300 µl of culture medium. [4.9.1 - MED]
4.9.1. *Film as written.
4.10. Incubate the culture plates at 37 °C and 5% CO2 for at least 1 hour to allow for cell adhesion.  [4.10.1 - MED]
4.10.1. Talent places covered plate into incubator.
5. Microscope Setup and Image Acquisition

5.1. Prepare a confocal laser scanning microscope for imaging by preheating the attached temperature controlled chamber to 37 °C under a 5% CO2 atmosphere. [5.1.1 - MED]  Position the 96-well plate inside the pre-warmed microscope chamber and bring the first well into focus. [5.1.1 - MED-Over-The-Shoulder/Side]
5.1.1. *Film as written
5.1.2. *Film as written

5.2. Then, open the imaging software and right click in the main window to select "Acquire - Acquisition controls - ND acquisition” in order to open the Ti (pronounced tee-eye) Pad and select the Plan Apo VC 20x DIC objective. [5.2.1 - SCREEN]
5.2.1. Screen capture showing actions in the order described.

5.3. Next, click on Acquire… Acquisition controls… and then open the time-lapse options.  Set the center of each well as a stage position and select the large image option to 7 x 7 mm². [5.3.1 - SCREEN]
5.3.1. Screen capture video as talent selects the time lapse options, sets the positions, and selects the large image option.
5.4. Observe a mosaic image around the center of each well. Set the overlap for the mosaic large image to 5% and set the frequency so that pictures are taken every 20 min for 24 hours.  [5.4.1 - SCREEN]
5.4.1. Screen capture showing actions in the order described.
5.5. Under A1plus Settings, select the photomultiplier tube voltage level for each fluorescence listed in the menu bar. [5.5.1 - SCREEN]
5.5.1. Screen capture showing actions in the order described.

5.6. Select to acquire images using a high speed resonant scanner at a 512 x 512 pixels format and use DIC to visualize the cells. Then, select a folder to save the data files. [5.6.1 - SCREEN]
5.6.1. Screen capture showing actions in the order described.

5.7. Select the "Run now" button on the ND acquisition window to begin acquisition. [5.7.1 - SCREEN]. Follow along with the computer work for the duration of at least 1 loop to be sure that everything is working properly. [5.7.2 - Med Over the Shoulder]
5.7.1. Screen capture showing actions in the order described.

5.7.2. Talent at computer following along with 1 loop of imaging.
6. Results: Live Imaging of the Cell Cycle Phases at the Level of a Single Cell 
6.1. FUCCI-Red mice were used to follow the G1 (pronounced: G-one) phase with red fluorescence using time-lapse video microscopy. The isolated cells are red-fluorescent during the first growth phase and are colorless during synthesis, the second growth phase, and mitosis. [6.1.1 - LM]
6.1.1. Figure 2a (Video Editor: Highlight the cell images that are representative of the various phases as they are mentioned.  During the “first growth phase” highlight the three red colored cells, “during synthesis” highlight the next 3 cells (clockwise), “the second growth phase” highlight the next 2 cell images, and “mitosis” highlight the final cell image showing cell splitting.)
6.2. LeX+EGFR+ (pronounced: lex-positive-E-G-F-R-positive) and EGFR+ cells from young adult and middle-aged mice were plated and tracked via microscopy. The S and G2/M (pronounced: G-two-M) phase length showed no difference between LeX+EGFR+ and EGFR+ cells, either in young or middle-aged mice. [6.2.1 - LM] However, the length of the next growth phase from the first division until the red fluorescence switches off was found to be longer in the older cells. [6.2.2 - LM]
6.2.1. Figure 2c-d (Video Editor: Show all 4 lines of cells.  Label the first line in Figure 2c as “LeX+EGFR+” and the second line as “EGFR+”.  Label these two lines as “Young Mice”. Below label the first line in Figure 2d as “LeX+EGFR+” and the second line as “EGFR+”.  Label these two lines as “Middle Aged Mice”.  Label each phase of the lines as presented under the first line of cells showing “First G1” “First S-G2/M”, etc. for all 4 lines.  Below all of this, add the time scale as presented below the second row of cells in Figure 2d.)  Highlight each line of cells as they are mentioned by the Voice Talent.  Highlight the first green line in each line of cells with mention of the S-G2/M phase. With the word “between” Highlight the Top and 3rd line, followed by the 2nd and 4th lines.

6.2.2. Figure 2c-d (Video Editor: Start as you left off in 6.2.1. Highlight the 2nd red arrow in the sequences with the words “length of the next growth phase”. With the words “longer in older cells” highlight the 3rd line down.
6.3. Due to the increase in G1 phase length, neurospheres obtained 5 days after plating are smaller in LeX+EGFR+ cells obtained from the older mice.
6.3.1. Figure 2e (Video Editor: Highlight the LeX+EGFR+ / 12 months cell mass starting with the word “smaller”.) 
7. Conclusion (said by authors on camera) 
Authors: Please choose any 2 of the 3 statements.  Typically only 1 statement is allowed per author, but since you only have 1 author speaking, 2 statements is allowed.
7.1. Lise Morizur: Once mastered, this technique should not exceed 3 hours for dissection and FACS preparation and 3 hours for cell sorting when working with 12 mice.  Keep in mind that working with too many mice on the same day will lead to an increased cell sorting duration possibly resulting in increased cell death or cell differentiation. (take 2, the beginning)
7.2. Lise Morizur: While attempting this procedure, it’s important to remember that Fucci-red mice and Fucci-green mice can be used to respectively follow the G1 phase or the S-G2/M phase of the cell cycle. Make sure to use the corresponding set of fluorescent antibodies to label your cells. 
7.3. Lise Morizur: After watching this video, you should have a good understanding of how to purifiy Neural Stem Cells and their progeny from the sub-ventricular zone of the adult brain and follow their cell cycle with the FUCCI-technology associated with videomicroscopy. 
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.

We suggest using for the schematic overview the following videos that represent the videomicroscopy of a FUCCI green cell (used to calculate the first S-G2/M phase) and FUCCI red cells (used to calculate the following G1 phase). For each video, the photos were taken every 20min if a time scale is needed.
Fucci Green.avi – How to calculate the length of the S G2/M phases with FUCCI Green mice

Fucci Red.avi – How to calculate the following G1 phase with FUCCI Red mice
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.
( 2013, Journal of Visualized Experiments


