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Authors, please check the answers to the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your 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 steps using the step numbers listed in this document. _all of segment 2 (pulse labeling with BrdU); 4.7._ 
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._4.7.__________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? __5 floors within the same building






1. Introduction (Schematic Overview and Interview)

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

Conceptual Narrative:

Video editor: Graphics are in ‘52840_Schematic Overview graphics and animation_3-26-15.pptx’

The overall goal of the following experiment is to observe and analyze a synchronized population of cells that have not been unduly manipulated and are still functioning normally. (Intro) 

The position of cells within cell cycle stages is commonly determined by quantitating the DNA content by flow cytometry. (Video editor: Slide 1 with animation) (P1)

To measure the time taken to transit through the cell cycle, cells are usually synchronized using conditions that block cell cycle progression, resulting in accumulation in a particular cell cycle phase. (Video editor: Slide 2 – show animation until just before M cells start to disappear) Unfortunately this often has unintended consequences including cell death, making results unreliable. (Video editor: Slide 2 – show M cells disappearing to end of animation)

This problem can be overcome by incubating the cells with a pulse of BrdU, a thymidine analog, to label cells in S phase. (Video editor: Slide 3 – show till orange circle appears but before it starts to move) The labeled cells can be tracked through the cell cycle by harvesting at selected times after the removal of BrdU. (Video editor: Slide 3- show orange circle moving till end of animation)  (P3)

Results obtained show the DNA content, as a marker of cell cycle status, for the whole population (Video editor: Slide 4 - highlight the plots in black) and for the cells that were in S phase during the BrdU pulse. (Video editor: Slide 4 - highlight the plots in orange) This latter population functions as a synchronized population that can be tracked during the remainder of the cell cycle and into the next round of cell division. (Video editor: continue showing Slide 4) (P4)  



B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Robert Welschinger: The main advantage of this technique over existing methods, such as chemical blockade, is that it does not disrupt the natural cycling of the cells, and limits the amount of cell death in the synchronized population.










Protocol (read by voice talent at JoVE):

2. Pulse labelling of cells with BrdU

2.1. This protocol uses the acute lymphoblastic leukemia cell line NALM6 but can be applied to any non-adherent cell line. Maintain the NALM6 cells in T-75 culture flasks in complete RPMI at 37oC in 5% CO2 in air. [2.1.1. - WIDE/MED] 

2.1.1. Talent taking culture flasks out of incubator and taking them to the hood.
2.2. After collecting the cells and performing a cell count, resuspend the cells in complete RPMI at 2 x 106 cells/ml. [2.2.1 – MED – TXT] 

2.2.1. Talent adding appropriate amount of media to the cell pellet in a tube and then resuspending the cells. TEXT: 2 x 106 cells/ml

2.3. Dilute the cells 1 in 2 with BrdU Complete RPMI to produce a final cell concentration of 1 x 106 cells/ml. Handle BrdU with care as it is a potential mutagen and teratogen! [2.3.1. – CU – TXT]

2.3.1. BrdU Complete RPMI being added to the tube of cells to dilute it. TEXT: 1 x 106 cells/ml

2.4. Incubate at 37oC with 5% CO2 for 45 minutes. [2.4.1. – MED-TXT] 

2.4.1. Talent putting the tube of cells into the incubator. TEXT: 37oC; 5% CO2; 45 min 

2.5. Next, dilute the cells 1 in 10 with complete RPMI. [2.5.1. – MED] Centrifuge at 150 x g for 5 minutes [2.5.2 – MED-TXT] and carefully discard all of the supernatant. [2.5.3 – CU]

2.5.1. *film as written.
2.5.2. Talent putting tube into centrifuge and starting the spin. Text: 150 x g; 5 min
2.5.3. *film as written.

2.6. Resuspend the cells in a small volume of complete RPMI, [2.6.1 – CU] perform a cell count, [2.6.2 – MED] and adjust the cell concentration to 1 x 106 cells/ml. [2.6.3 – CU – TXT] 

2.6.1. *film as written.
2.6.2. General footage of talent at microscope counting cells.
2.6.3. Media being added to the tube of cells to adjust the concentration. TEXT: 1 x 106 cells/ml

2.7. Pipette 1 ml of cells into each well of a 48-well plate. [2.7.1 – MED] Pipette 1 ml of DPBS into any unoccupied wells to obtain more reproducible results. [2.7.2 – CU]

2.7.1. Talent pipetting cells into a 48-well plate. (multiple plates will be set up)
2.7.2. *film as written.

2.8. Incubate at 37oC in 5% CO2 in air for the desired time-points depending on what the experimental design aims to measure. [2.8.1 – MED]

2.8.1. Talent putting multiple 48-well plates into the incubator.

2.9. When the incubation is complete, transfer all the cells into FACS tubes. [2.9.1 – MED] Rinse each well sequentially with 1 ml volumes of PBS [2.9.2 – CU] to a final total volume of 5 ml. [2.9.3 – MED] 

2.9.1. Talent using a pipette to transfer cells from a well of a 48-well plate (where all center wells are filled) to a FACS tube and then placing the FACS tube in a rack that has other FACS tubes. 
2.9.2. Talent adding 1 ml PBS to each well.
2.9.3. Talent collecting 5th wash and transferring it to a FACS tube.

2.10. Centrifuge at 150 x g for 5 minutes [2.10.1 – MED – multiple takes - TXT] and carefully remove all the supernatant. [2.10.2 – CU] The cells are now ready for staining, which should be performed immediately. If surface staining is needed it should be performed now, prior to fixation. [2.10.3 – CU]

2.10.1. Multiple takes from different angles of talent putting FACS tubes into centrifuge. Shot will be repeated later. TEXT: 150 x g; 5 min
2.10.2. Supernatant being carefully removed from a tube.
2.10.3. A shot of all the FACS tubes in a rack after supernatant has been removed.

3. Cell fixation and permeabilization

3.1. To begin this procedure, resuspend the cells in 100 μl of fixation buffer [3.1.1 –MED] and incubate for 15 minutes at room temperature. [3.1.2 – CU – TXT]

3.1.1. Talent adding 100 μl of fixation buffer to a tube of cells (from 2.10) and resuspending it.
3.1.2. Shot of all the tubes at room temperature. TEXT: 15 min; room temperature.

3.2. Add 1 ml of wash buffer, [3.2.1 – CU-multiple takes] centrifuge for 5 minutes at 150 x g [3.2.2 – reuse shot – TXT] and discard the supernatant. [3.2.3 – CU-multiple takes]

3.2.1. Multiple takes from different angles of 1 ml of wash buffer being added to a tube. Shot will be repeated many times later.
3.2.2. Use shot from 2.10.1. TEXT: 150 x g; 5 min 
3.2.3. Multiple takes from different angles of supernatant from a tube being discarded.  Shot will be repeated later. Shot will be repeated many times later.

3.3. Resuspend the cells in 100 μl of permeabilization buffer [3.3.1 – CU] and incubate for 10 minutes on ice. [3.3.2 – CU –TXT]

3.3.1. 100 μl of permeabilization buffer being added to a tube and cells are resuspended.
3.3.2. Tube being placed on ice. TEXT: Ice; 10 min

3.4. After 10 minutes, add 1 ml of wash buffer, [3.4.1 –reuse shot] centrifuge as before and discard the supernatant. [3.4.2. – reuse shot]

3.4.1. Use shot from 3.2.1.
3.4.2. Use shot from 3.2.3.

3.5. Resuspend the cells in 100 μl of fixation buffer per tube [3.5.1 – CU] and incubate for 5 minutes at room temperature. [3.5.2 – MED – TXT]

3.5.1. 100 μl of fixation buffer being added to a tube and cells are resuspended.
3.5.2. Talent leaving all the tubes at room temperature. TEXT: 5 min; room temperature

3.6. Wash cells with 1 ml of wash buffer [3.6.1 – reuse shot] [3.6.2 – reuse shot] and discard the supernatant. [3.6.3 – reuse shot]

3.6.1. Use shot from 3.2.1.
3.6.2. Use shot from 2.10.1. 
3.6.3. Use shot from 3.2.3.

4. Antibody staining and DNA staining

4.1. Prior to antibody staining, treat the cells with DNase:  resuspend the cells in 100 μl of DNase solution [4.1.1 – MED-TXT] and incubate for 1 hour at 37oC. [4.1.2 – MED-TXT]

4.1.1. Talent adding DNase solution to a tube of cells (from 3.6) and resuspending the cells. TEXT: 30 μg DNase per 106 cells accidentally slated as 3.5.2 take 1 (it is the 2nd one of these)
4.1.2. Talent putting tubes into 37oC incubator. TEXT: 1 h; 37oC

4.2. Add 1 ml of wash buffer, [4.2.1 – reuse shot] centrifuge the cells [4.2.2 – reuse shot] and discard the supernatant. [4.2.3 – reuse shot]

4.2.1. Use shot from 3.2.1.
4.2.2. Use shot from 2.10.1. TEXT: 150 x g; 5 min
4.2.3. Use shot from 3.2.3.

4.3. Antibody staining for intracellular markers other than BrdU can be performed simultaneously with the BrdU staining. [4.3.1 – MED] [4.3.2 – interview shot]

4.3.1. Talent setting out BrdU antibody and other antibodies.  
4.3.2. Talent – interview style to camera: “It is important to prepare compensation controls consisting of unstained cells and cells labeled with each single fluorochrome. Ideally, use the same antibodies for compensation controls as those used in the experimental tubes.”

4.4. Resuspend the cells in 50 µl of wash buffer [4.4.1 – MED] with 1 µl per 106 cells of BrdU antibody. If using antibodies to other specific intracellular antigens, they should be added at this point. [4.4.2 – CU]

4.4.1. Talent adding 50 µl of wash buffer to a tube and resuspending the cells.
4.4.2. [bookmark: _GoBack]4.4.1 (b), There is no 4.4.2 BrdU antibody being added to the cells.

4.5. Incubate the cells for 20 minutes at room temperature.  [4.5.1 – MED-TXT]

4.5.1. Talent putting all tubes at room temperature.  TEXT: 20 min; room temperature

4.6. After 20 minutes, wash the cells with 1 ml of wash buffer as shown earlier. 

4.6.1. Use shot from 3.2.1.

4.7. Finally, stain the DNA for cell cycle analysis. Loosen the pellet by flicking the tube [4.7.1 – CU] and add 20 μl of the 7-AAD solution. It is critical to use a constant amount of 7-AAD per cell. [4.7.2 – MED]

4.7.1. Tube being flicked (after supernatant has been discarded)
4.7.2. Talent adding 7-AAD solution to a tube of cells.

4.8. Resuspend the cells in 1 ml of staining buffer.  [4.8.1 – MED] Subsequently, perform flow cytometry analysis. [4.8.2 – WIDE/MED] 

4.8.1. *film as written.
4.8.2. Talent loading tubes onto the flow cytometer

5. Flow cytometry analysis  
Videographer:  no filming needed for this segment because lab media will be used.

5.1. The flow cytometry gating strategy is illustrated here.  For each tube, gate on the population of interest using forward and side scatter [5.1.1 – LM], a doublet exclusion gate, and if needed, surface antibodies. [5.1.2 – LM]

5.1.1. Figure 1 left panel.psd
5.1.2. add Figure 1 center panel.psd

5.2. Perform cell cycle analysis on the whole population. Obtain the positions for the G0/1 and G2/M cells from the Dean-Jett-Fox model. [5.2.1 – LM]

5.2.1. Figure 2 panel 1.psd

5.3. Repeat the cell cycle analysis gating on the BrdU+ population, [5.3.1. – LM] applying the positions for the G0/1 and G2/M positions. [5.3.2 – LM] These cells were harvested immediately after the pulse and so the entire gated population is in S phase. [5.3.3 – LM]

5.3.1. Figure 1 right panel.psd.  Highlight the upper gate.
5.3.2. show Figure 2 panel 2.psd
5.3.3. continue showing Figure 2 panel 2.psd





6. Results: tracking cell cycle progression without cell synchronization

6.1. To determine the time required for cells to transit through the cell cycle, cells are harvested at various time points following the BrdU pulse. The cells in S phase at the time of the BrdU pulse progressed through G2/M, with a peak of cells in that phase being detected 10 hours after the BrdU pulse. [6.1.1 – LM] The proportion of BrdU labeled cells in S phase reached its nadir 14 hours after the pulse [6.1.2 – LM] and almost all cells had returned to G1 after 17 hours. [6.1.3- LM] The cells then entered S phase for another round of cell division. [6.1.4- LM]

6.1.1. Show Figure 2 panel 2.psd and then scroll through these panels in this order: Figure 2 panel 3.psd, Figure 2 panel 4.psd, Figure 2 panel 5.psd, Figure 2 panel 6.psd. Figure 2 panel 6.psd must be on screen by “…detected 10 hours after the BrdU pulse.”
6.1.2. show Figure 2 panel 7.psd
6.1.3. show Figure 2 panel 8.psd
6.1.4. Continue with Figure 2 panel 9.psd and Figure 2 panel 10.psd, and after that show the complete Figure 2.

6.2. The effect of drugs on cell cycle progression can be assessed by adding the drugs of interest following the BrdU pulse. [6.2.1 – LM] In this example, although it was expected that vincristine would arrest cells in mitosis, the cell cycle analysis suggested that the cells had not completely arrested but continued to transit through to G0/1 to S phase.[6.2.2 – LM]

6.2.1. Figure 3 panel 1.psd, Figure 3 panel 2.psd.  Show both panels side by side.
6.2.2. Figure 3 panel 1.psd, Figure 3 panel 2.psd.  Highlight right panel.

6.3. The addition of an antibody to histone H3 phosphorylated on Serine 10 showed that cells had not exited mitosis, despite having a reduced DNA content. [6.3.1 – LM]

6.3.1. Figure 3 panel 3.psd, Figure 3 panel 4.psd.  Show both panels side by side and highlight right panel.

6.4. Changes to cells in particular cell cycle phases can be detected using antibodies to specific antigens.  For example, in response to vincristine treatment, [6.4.1 – LM] activation of the cell cycle checkpoint controlling proteins Chk1 and Chk2 can be seen in cells that appear to have a 2N DNA content but are likely to be cells in mitosis that have commenced DNA degradation as a result of apoptosis. [6.4.2 –LM]

6.4.1. upper panels of Fig 5.psd
6.4.2. add lower panels of Fig 5.psd


7. Conclusion (said by authors on camera)
7.1. Robert Welschinger: While attempting this procedure, it’s important to maintain a constant ratio of 7AAD to cells as to make interpretations of cell cycle status easier.



Provided Media
1A. Schematic overview graphics - ‘52840_Schematic Overview graphics and animation_3-26-15.pptx’
5.1. Figure 1 left panel.psd
5.1. Figure 1 center panel.psd
5.2. Figure 2 panel 1.psd
5.3. Figure 1 right panel.psd
5.3. Figure 2 panel 2.psd
6.1. Fig 2.psd (also uploaded as individual panels)
6.2. Figure 3 panel 1.psd, Figure 3 panel 2.psd.  
6.3. Figure 3 panel 3.psd, Figure 3 panel 4.psd.  
6.4. Fig 5.psd (also uploaded as individual panels)


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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