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Authors, please fill out 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 yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_2.2, 2.6,  2.10, 3.6, 4.8__
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __2.10 Capturinglivecells during mitosis by scanning is the most difficult step. We repeat this step for several times and scan 6-10 cells per experiment. Live cells scanned for many hours move sometimes out of focus, thereby making their real-time filming difficult.__







1. Introduction (Schematic Overview and Interview)

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

Conceptual Narrative:

The overall goal of the following experiment is to observe the cytotoxic effect of the phenanthridine derivative PJ-34 during mitosis in multi-centrosomal human cancer cells. (Intro)

This is achieved by labeling centrosomes with GFP-gamma tubulin (Video editor: From graphics in Step 1 of ‘50568_Schematic Overview Graphics’, animate the circle with the green dot going into the cell and dark grey circles turning green) and chromosomes with H2b-RED (Video editor: From graphics in Step 1, animate the circle with the red dot going into the cell and the red parts appearing) by transfection. The goal of transfection is to enable tracing migration and clustering of centrosomes and arrangement of chromosomes during mitosis in live multi-centrosomal cancer cells. [Video editor: add a downward arrow from the cartoon of the cell with the green and red labels and then show the mitosis cartoon from Step 2 (bottom oval with the red chromosomes lined up)] (P1)

As a second step, some of the transfected cells are exposed to PJ-34, a molecule that acts as an extra-centrosome de-clustering agent. [Video editor: show the molecular structure of PJ-34 from ‘50568fig1.jpg’ going into the red/green cell from Step 2, and then show the  oval with misaligned red chromosomes (to the right of the PJ-34 arrow)] (P2)

Next, transfected live cancer cells are scanned by confocal microscopy in order to capture events during mitosis associated with centrosome and chromosome migration, rearrangement or clustering. (Video editor: show ‘cell 1 movie.avi’; Note that this is different from ‘cell 1.avi’) (P3)

Sequential images that are obtained show the de-clustering and cytotoxic effects of treatment with PJ-34 in cancer cells during mitosis based on confocal imaging of live cells. (Video editor: show ‘50568fig3.jpg’) (P4)


Note to videographer:  
This protocol will be filmed in 2 separate locations.
Steps 2.7 and 2.8 and the Conclusion statement by Professor Cohen-Armon (6.2.) will be filmed at the Imaging Unit, Sackler Faculty of Medicine, Tel-Aviv University. 
All other steps as well as the  Interview statements with Professor Cohen-Armon (1.1., 1.2.) and Conclusion statement by Dr. Castiel (6.1.) will be filmed at the Cancer Research Center, Sheba Medical Center, Tel-Hashomer.








B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Videographer: Filming at Cancer Research Center, Sheba Medical Center, Tel-Hashomer

1.1. Prof. Malka Cohen-Armon: The implications of this technique extend toward therapy of extra-centrosomal cancer cells exclusively eradicated during mitosis by agents preventing the bi-focal clustering of their extra-centrosomes.  
1.2. Prof. Malka Cohen-Armon: Demonstrating the procedure will be Dr. Asher Castiel, our collaborator in the Cancer Research Center in Sheba Medical Center, as well as Dr. Leonid Mittelman, our collaborator in the imaging unit of the faculty of Medicine at Tel-Aviv University. 
1.2.1. Interview style: Author saying the above 
1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



Protocol (read by voice talent at JoVE):

2. Preparation of cells for live confocal imaging

2.1. To prepareMDA-MB-231 breast cancer cells for live confocal imaging, seed 2x105 cells in 35-mm diameter poly-D-lysine-coated glass bottom culture dishes in 2 ml complete medium [TEXT: Complete Medium = DMEM + 10%FBS + 1% Antibiotics (100 units/ml penicillin G, 100 µg/ml streptomycin, Pen-Strep-Ampho solution) +2 mM L-glutamine]. Incubate in 5% CO2 at 37˚C.

Shots:
2.1.1. MED: Talent pipetting MDA-MB-231 breast cancer cell suspension (after trypsinization, etc.) into four 35-mm diameter poly-D-lysine-coated glass bottom culture dishes.
2.1.2. MED: Multiple takes from different angles of talent putting the 4 culture dishes into the incubator.  Shot will be repeated many times later.

2.2. The cell culture is ready for transfection when it reaches a confluence of 60-70%. (Video editor: show ‘50568_step 2.2_cell confluency.jpg’)  The cells will be transfected with two plasmids: one encoding γ-Tubulin-GFP for fluorescent detection of centrosomes, and the other encoding Histone-RED, for fluorescent detection of chromosomes. 

Shots:
2.2.1. MED: Talent checking cells under microscope.
2.2.2. LAB MEDIA: 50568_step 2.2_cell confluency.jpg
2.2.3. LAB MEDIA: Cartoon of γ-Tubulin-GFP plasmid [Video editor: please make this by modifying a generic plasmid from JoVE’s stock collection. Use the simple circular multi-color plasmid (not the wavy ones) and replace the orange and green segments with the orange TUBG1 and green GFP (with arrow head) from ‘GFP-tubulin-origene.pdf’ (in author’s folder).  Make the rest of the plasmid blue]
2.2.4. LAB MEDIA: Cartoon of H2b-Red plasmid [Video editor: make this from the same circular generic plasmid from JoVE’s stock collection: replace the green and red segments from the generic plasmid with the histoneH2B and FusionRed segments (with arrow heads) from ‘50568_H2b-Red (evrogen).docx’ (in author’s folder). Make the rest of the plasmid blue]

2.3. Transfection is accomplished using the liposomal transfection reagent Jet-PI, following the manufacturer’s protocol (TEXT: Refer to accompanying text for transfection protocol). Wash the cells once with PBS and then replace the cell medium with 2ml of warm DMEM with no supplements.

Shots:
2.3.1. MED: Multiple takes from different angles of talent at the hood, aspirating medium from the dishes of cells.  Shot will be repeated later.
2.3.2. CU: PBS being added to one of the culture dishes and then removed.
2.3.3. CU: Multiple takes from different angles of 2 ml of warm DMEM with no supplements being added to the dish. Shot will be repeated later.

2.4. Gently add the transfection mixture to the cells in DMEM and then return the cells to the incubator for 8 hours (TEXT: 37˚C; 5% CO2; 8 h).

Shots:
2.4.1. CU: transfection mixture being GENTLY added to the cells in one dish.
2.4.2. Use shot from 2.1.2.

2.5. After 8 hours, replace the DMEM with 2 ml complete medium and incubate the cells in the incubator for 24 hours.

Shots:
2.5.1. Use shot from 2.3.1.
2.5.2. Use shot from 2.3.3.
2.5.3. Use shot from 2.1.2.

2.6. Twenty-four hours after transfection, replace the medium with 2 ml complete medium containing 20 μM PJ-34 (TEXT: 24 h after transfection, replace media with complete medium + 20 μM PJ-34). Incubate the cells for an additional 18 hours prior to live confocal imaging.

Shots:
2.6.1. CU: Medium being removed from a dish.
2.6.2. CU: 2 ml complete medium containing 20 μM PJ-34 being added to dish.
2.6.3. Use shot from 2.1.2.

2.7. (Videographer: filming at the Imaging Unit, Sackler Faculty of Medicine, Tel-Aviv University) The following are the technical parameters of the live confocal imaging scanner settings: ScanMode    XYZT; Pinhole [airy]   1.00;  Zoom   3.5; Resolution   8 bits; Laser   DPSS 561 nm;  Argon, visible Laser 488 nm; He/Ne visible  Laser 633 nm; Objective   HCX PL APO CS, 63X 1.40 OIL UV; Numerical Aperture   1.4; Scan Speed    700 Hz; and Refraction Index  1.52.

Shots:
2.7.1. MED: Talent at the computer by the confocal microscope, setting the technical parameters.
2.7.2. SCREEN: Screen capture files showing the parameters being selected. (Video editor: the parameters being narrated should be visible in the screen shot, so please make highlight each parameter as it is narrated)

2.8. (Videographer: filming at the Imaging Unit, Sackler Faculty of Medicine, Tel-Aviv University) Subject the cells to live confocal imaging for at least 16 hours in an imaging chamber, keeping the cells at 5% CO2 and 37˚C.

Shots:
2.8.1. MED: Talent putting dish of cells into the imaging chamber.
2.8.2. MED: Talent starting the image acquisition.

3. Examination of transfection efficacy

3.1. Transfection efficacy will be examined by fluorescence microscopy. Begin this procedure by seeding 2 x 105  MDA-MB-231 cells in a 6-well plate containing 1 coverslip per well in 2 ml complete medium (TEXT: 2x105 cells/well).

Shots:
3.1.1. MED: Multiple takes from different angles of talent dispensing MDA-MB-231 cell suspension (after trypsinization, etc.) into a 6-well plate containing 1 coverslip per well.  Shot will be repeated later.
3.1.2. CU: Match action above: 2 ml cell suspension being dispensed into a well. (Videographer: if possible, get a shot of the well with the coverslip inside before the cell suspension is added).

3.2. Transfect the cells in the same way as before, using the liposomal transfection reagent Jet-PI, following the manufacturer’s protocol.

Shots:
3.2.1. CU: Transfection mixture being gently added to a well in the 6-well plate.
3.2.2. MED: Talent putting the 6-well plate into the incubator.

3.3. Thirty-six hours post transfection, remove the medium from each well (TEXT: 36 h post transfection).  After washing transfected cells mounted on a coverslip with PBS, fix the cells by incubation in a cold solution of Methanol and Acetone at a ratio of 1 to 1, for 7 minutes at -20˚C (TEXT: 7 min; 
-20˚C).

Shots:
3.3.1. MED: Multiple takes from different angles of talent removing media from wells of 6-well plate and then adding PBS to each well. Shot will be repeated later.
3.3.2. CU: Multiple takes from different angles of PBS being removed and cold methanol:acetone solution being added. Shot will be repeated later.
3.3.3. MED: Multiple takes from different angles of talent putting the 6-well plate into the -20˚C freezer. Shot will be repeated later.

3.4. After 7 minutes, aspirate the fixation solution and let the coverslip with the mounted cells dry in a chemical hood for 30 minutes.

Shots:
3.4.1. MED: Multiple takes from different angles of talent aspirating the fixation solution from each well. Shot will be repeated later.
3.4.2. CU: Multiple takes from different angles of the 6-well plate drying in the hood. Shot will be repeated later.

3.5. Next apply ProLong Gold anti-fade reagent with DAPI and let the coverslip dry in the dark for 6 hours.

Shots:
3.5.1. CU: Multiple takes from different angles of ProLong Gold antifade reagent with DAPI being added to cells on coverslip. Shot will be repeated later.
3.5.2. MED/CU: Multiple takes from different angles of coverslips being covered to dry in the dark.  Shot will be repeated later. 

3.6. Examine the slide under a fluorescent microscope and calculate the percentage of the transfected cells with red and green signals from the total population of cells. The desired transfection percentage is about 20- 40% when 100-200 cells are counted.

Shots:
3.6.1. MED: Talent at the fluorescent microscope checking the slide.
3.6.2. SCREEN/LAB MEDIA: Example image of cells showing about 20- 40% with red and green signals.

4. Preparation of fixed cells for confocal imaging

4.1. To begin this procedure, seed 2x105 MDA-MB-231 breast cancer cells on glass coverslips in a 6-well plate in 2 ml complete medium.

Shots:
4.1.1. Use shot from 3.1.1. 

4.2. Add PJ-34 to the medium (TEXT: Add 10-30 M PJ-34) and incubate the cells for the required period.

Shots:
4.2.1. CU: PJ-34 being added to the medium.
4.2.2. MED: Talent putting the 6-well plate into the incubator.

4.3. Upon completion of the incubation period, wash the coverslips once with PBS, and fix the cells by incubation in a solution of ice-cold Methanol and Acetone at a 1 to 1 ratio for 7 minutes at -20˚C.

Shots:
4.3.1. Use shot from 3.3.1.
4.3.2. Use shot from 3.3.2.
4.3.3. Use shot from 3.3.3.

4.4. Next aspirate the fixation solution and let the coverslips dry in a chemical hood for 30 minutes.

Shots:
4.4.1. Use shot from 3.4.1.
4.4.2. Use shot from 3.4.2.

4.5. Wash the coverslips once with PBST (TEXT: PSBT = PBS + 0.1% Tween-20) to permeabilize the cell membranes, and then block cells with 10% Normal Donkey Serum in PBST for 1 hour at room temperature.

Shots:
4.5.1. (Slated 4.7.1) MED: Multiple takes from different angles of talent adding PBST to each well and then removing PBST.  Shot will be repeated later.
4.5.2. CU: 10% NDS being added to each well.
4.5.3. MED: Multiple takes from different angles of talent leaving 6-well plate at room temperature and walks away.  Shot will be repeated later.

4.6. Create the first antibodies mixture by adding anti-α tubulin and anti-γ tubulin primary antibodies to blocking solution and vortexing. (TEXT overlay: Anti-α tubulin 1:250, anti-γ tubulin 1:200, in PBST blocking solution). Then apply 100μl of antibodies mixture for each coverslip on 6 well plate cover. Turn the coverslip upside down and gently place it on the antibodies drop. Incubate for 2 hours at room temperature; this will stain spindles and centrosomes. 

Shots:
4.6.1. CU: anti-α tubulin and  anti-γ tubulin antibodies being added to blocking solution to create first antibodies mixture. Mix by vortex
4.6.2. CU: the antibodies mixture is being applied on a 6 well plate cover. Then, the coverslips are being applied on the antibodies drop, facing down.  (Videographer: shoot from different angle from 4.6.1.)
4.6.3. Use shot from 4.5.3.

4.7. Return the coverslips to the wells and wash the cells 3 times with PBST (TEXT: Wash 3X with PBST).  Then add the secondary antibodies, Alexafluor 488 and Alexafluor 568 (TEXT overlay: 1:1000 in PBST blocking solution), one drop per coverslip, on a 6 well plate cover. Then, place the coverslips face down on the antibodies drops. Incubate for 1 hour at room temperature in dark. 

Shots:
4.7.1. Use shot from 4.5.1.
4.7.2. CU: Multiple takes from different angles of new PBST being added. Shot will be repeated later.
4.7.3. CU: Secondary antibodies being added to cells.
4.7.4. CU: Cells being incubated in the dark.

4.8. At the completion of the incubation with secondary antibodies, return the coverslips to the wells and wash the cells 3 times with PBST (TEXT: Wash 3X with PBST).

Shots:
4.8.1. [bookmark: _GoBack]Use 4.7.1 
4.8.2. Use 4.5.1 

4.9. Lastly, mount the coverslips using ProLong Gold antifade reagent with DAPI.  Incubate overnight at room temperature in the dark to dry before imaging the fixed cells by confocal microscopy.

Shots:
4.9.1. Use shot from 3.5.1.
4.9.2. Use shot from 3.5.2.


5. Results: PJ-34 exhibits cytotoxic activity on cells with multi centrosomes

5.1. PJ-34 is a stable water soluble phenanthridine (Figure 1) that was previously observed to exclusively eradicate cancer cells with multi-centrosomes without impairing normal cells undergoing mitosis with two centrosomes and bi-focal spindles.

Shots:
5.1.1. LAB MEDIA: 50568fig1.jpg

5.2. In this study, the cytotoxic activity of PJ-34 was examined using live human breast cancer MDA-MB-231 cells, which have a high occurrence of extra-centrosomes. The cells were transfected with γ-tubulin-GFP to label γ-tubulin foci (Video editor: show top three images from panel A of ‘50568fig2.jpg’) and histone H2b-RED to label chromosomes (Video editor: show bottom two images from panel A of ‘50568fig2.jpg’).

Shots:
5.2.1. LAB MEDIA: panel A only from ‘50568fig2.jpg’

5.3. Scanning of the MDA-MB-231 cells for at least 16 hours by confocal imaging revealed bifocal clustering of γ-tubulin foci, representing extra-centrosome bifocal clustering, in the majority of cells in mitosis, as illustrated in the following video clips (Video editor: show image from ‘cell 1.avi’ but don’t start movie yet). This first video shows a randomly selected live cell during mitosis with the foci labeled green by γ-tubulin-GFP (Video editor: start ‘cell 1.avi’). In this second video, chromosome rearrangement during mitosis is visualized in a randomly selected MDA-MB-231 cell transfected with histone H2b-RED (Video editor: show ‘Chromosomes.avi’) This third video is of a MDA-MB-231 cell undergoing mitosis, where bi-focal clustered γ-tubulin foci are labelled green and extra-centrosomes are labelled red. (Video editor: show ‘cell 1 movie.avi’)

Shots:
5.3.1. LAB MEDIA: cell 1.avi (Video editor: Note that this clip is different from ‘cell 1 movie.avi’)
5.3.2. LAB MEDIA: Chromosomes.avi
5.3.3. LAB MEDIA: cell 1 movie.avi (Video editor: Note that this clip is different from ‘cell 1.avi’)

5.4. In contrast, un-clustered centrosomes and aberrant arrangement of chromosomes were detected in live transfected MDA-MB-231 cells incubated with 20 M PJ-34 (Video editor: show the first image from ‘cell 5 movie.avi’ but don’t start movie yet), and mitosis in these cells ended in cell death, as depicted in this movie (Video editor: start ‘cell 5 movie.avi’). This real-time documentation of cell death during mitosis strongly supports a previously defined positive correlation between the number of human malignant cells with multi-polar spindles in mitosis and the percentage of cell death in cells incubated with PJ-34.

Shots:
5.4.1. LAB MEDIA: cell 5 movie.avi

5.5. Since PJ-34 acts as a potent PARP1 inhibitor, the possibility of PARP1 inhibition causing cell-death associated with mitotic failure was investigated. The cytotoxic activity of increasing concentrations of PJ-34 was tested in normal and PARP1-deficient mouse embryonic fibroblasts (MEFs), and the results are shown here (Figure 4A).

Shots:
5.5.1. LAB MEDIA: Part A only from ‘50568fig4.jpg’

5.6. (Figure 4A) The graph on the left shows the percentage of multi-focal spindles calculated in normal mouse embryonic fibroblasts, represented by the black line, and PARP1-deficient fibroblasts, represented by the grey line, incubated for 48 hours with PJ-34 at the indicated concentrations. These percentages were calculated out of 20 total spindles detected in 3 different experiments.

Shots:
5.6.1. LAB MEDIA: Part A only from ‘50568fig4.jpg’

5.7. (Figure 4A) The graph on the right shows survival of normal and PARP1-deficient mouse embryonic fibroblasts incubated for 72 hours with 20 M PJ-34. Cell survival was assayed by the cells' ATP production. The mean values of 4 measurements for each cell line in 3 different experiments are presented.

Shots:
5.7.1. LAB MEDIA: Part A only from ‘50568fig4.jpg’

5.8. (Figure 4A) These results show that PJ-34 dose-dependently caused distorted spindles and cell death in PARP1-deficient mouse embryonic fibroblasts, but not in normal fibroblasts. The fact that PJ-34 eradicated PARP1 deficient MEF despite their PARP1 deficiency, and the correlation between the formation of multi-focal spindles and cell eradication in PARP1-deficient mouse embryonic fibroblasts incubated with PJ-34 at concentrations higher than those required for PARP1 inhibition, is not consistent with a causal linkage between extra-centrosomes de-clustering in PARP1-deficient mouse embryonic fibroblasts and PARP1 inhibition.

Shots:
5.8.1. LAB MEDIA: Part A only from ‘50568fig4.jpg’

5.9. (Figure 4B) These confocal images show normal and PARP1-deficient mouse embryonic fibroblasts in mitosis, fixed, permeabilized, and immunolabeled for - and -tubulin that labeled their spindles green and centrosomes red, respectively. Chromosomes were labeled blue with DAPI reagent. The cells were either untreated or incubated with PJ-34 for 48 hours at the indicated concentrations.

Shots:
5.9.1. LAB MEDIA: Part B only from ‘50568fig4.jpg’ (Video editor: please replace the middle upper panel with ‘50568_fig4B update for upper middle panel_PARP(+)10 mM.tif’ and the lower middle panel with ‘50568_fig4B update for lower midde panel_PARP(-)10 mM.tif’.  Please also add to the new panels thin white lines to separate the 4 images so they look similar to the original panels)

5.10. (Figure 4B) Un-clustered -tubulin foci, distorted spindles and cell death were observed in PARP1-deficient mouse embryonic fibroblasts treated with PJ-34, but not in normal mouse embryonic fibroblasts treated with PJ-34.

Shots:
5.10.1. LAB MEDIA: Part B only from ‘50568fig4.jpg’ (Video editor: same instructions as in 5.9.1. about replacing the 2 panels)

5.11. (Figure 4C) Some of the examined cell cultures were treated with two potent non-phenanthrene PARP1 inhibitors, ABT-888 and AG01469, which inhibit the enzymatic activity of PARP1. Neither of the tested PARP1 inhibitors impaired normal mouse embryonic fibroblasts at concentrations inhibiting PARP1 activity. These PARP1 inhibitors also did not affect centrosome clustering in PARP1-deficient mouse embryonic fibroblasts. These results indicate that the cytotoxic activity of PJ-34 on cells with multi centrosomes was not shared by other potent PARP1 inhibitors.

Shots:
5.11.1. LAB MEDIA: Part C only from ‘50568fig4.jpg’

6. Conclusion (said by authors on camera)
6.1. (Videographer: filming at the Cancer Research Center, Sheba Medical Center, Tel-Hashomer) Dr. Asher Castiel: Once mastered, this technique can be used in other living cell types for a variety of purposes.
6.2. (Videographer: filming at the Imaging Unit, Sackler Faculty of Medicine, Tel-Aviv University) Professor Malka Cohen-Armon: After its development, this technique paved the way for researchers in the field of Cancer Research to explore cytotoxic effects of molecules in live cancer cells. 



Provided Media

1A. ‘50568_Schematic Overview Graphics’; ‘cell 1 movie.avi’; 50568fig3.jpg’
2.2. ‘50568_step 2.2_cell confluency.jpg’ - Image of MDA-MB-231 cells at 60-70% confluence
2.2. Cartoon of H2b-Red plasmid (to be made by JoVE video editor)
2.2. Cartoon of γ-Tubulin-GFP plasmid (to be made by JoVE video editor)
2.7. Screen capture files of live confocal imaging scanner settings being selected (to be provided by author)
3.6. Example image of cells showing over 40% with red and green signals (to be provided by author)
5.1. 50568fig1.jpg
5.2. panel A only from ‘50568fig2.jpg’
5.3. cell 1.avi
5.3. Chromosomes.avi
5.3.cell 1 movie.avi
5.4. cell 5 movie.avi
5.5. – 5.8. panel A only from ‘50568fig4.jpg’
5.9. – 5.10. panel B only from ‘50568fig4.jpg’ (refer to instructions about replacing panels); ‘50568_fig4B update for upper middle panel_PARP(+)10 mM.tif’; ‘50568_fig4B update for lower midde panel_PARP(-)10 mM.tif’.
5.11. panel C only from ‘50568fig4.jpg’


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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