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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.1., 2.2., 2.5., 2.6., 3.1.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.5. and 2.6.
E. Will the filming need to take place in multiple locations? N
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)
The overall goal of this procedure is to use double thymidine synchronization and high resolution confocal microscopy to study the mitotic roles of multifunctional proteins that may possess critical interphase functions. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dileep Varma: This method can help answer key questions in the Cell Biology field about how to delineate the novel functions of proteins involved in cell cycle and mitosis. 
1.2. Dileep Varma: The main advantages of this technique are that the cells can maintain their normal physiological behavior and that this method is also very easy to perform.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Dileep Varma: Demonstrating the procedure will be Dr. Mohammed Amin, a post doc from our laboratory, who is an expert in the use of this method. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Mitotic Cell Progression Fixed Cell Imaging
2.1. For fixed cell imaging of mitotic cell progression, begin by seeding approximately 2 x 105 HeLa cells into each well of a 6-well plate [1-WIDE] containing a 70% ethanol- and UV-sterilized cover slip and 2 mL of DMEM medium [2-CU-TXT].
2.1.1. Few seconds Talent adding cells to well
2.1.2. Shot of plate with all cells seeded, with coverslips visible in wells (TEXT: See text for all medium/reagent preparation details) (Video Editor: please indicate at least one coverslip if possible/necessary when mentioned)
2.2. After 24 hours in a cell culture incubator, block the cells with 2 mL of freshly-diluted thymidine in fresh medium per well [1-MED-over the shoulder] and return the plate to the incubator for another 18 hours [2-MED].
2.2.1. Few seconds talent adding thymidine to at least one well, with thymidine container visible in frame
2.2.2. Talent placing plate into incubator
2.3. The next day, wash the cells two times with 2 mL of PBS [1-CU] and one time with fresh, 37 °C medium [2-MED].
2.3.1. Few seconds at least one well being washed, with PBS container label visible in frame
2.3.2. Few seconds Talent washing one well, with container visible in frame
2.4. Return the cells to the incubator for 9 hours to release the cells from the block [1-MED] followed by the addition of another 2 mL of thymidine-supplemented medium per well [2-CU].
2.4.1. Talent placing plate into incubator

2.4.2. Few seconds thymidine being added to at least one well, with thymidine container label visible in frame
2.5. After the second blocking incubation, wash the cells two times with 1.8 mL of PBS [1-MED] and one time with 2 mL of fresh, 37 °C medium [2-CU] and add 100 nM of freshly-prepared siRNA to the appropriate wells [3-CU-TXT].
2.5.1. Few seconds Talent washing at least one well, with PBS container visible in frame
2.5.2. Few seconds well being washed with medium
2.5.3. Few seconds siRNA being added to at least one well, with siRNA container label visible in frame (TEXT: i.e. control or CDt1 siRNA)
2.6. After 9-10 hours, aspirate the supernatant [1-MED-over the shoulder] and fix the cells onto the coverslips with 4% paraformaldehyde for 20 minutes at room temperature [2-CU].
2.6.1. Few seconds Talent aspirating supernatant from at least one well
2.6.2. Few seconds PFA being added to at least one well, with PFA container label visible in frame
2.7. After washing with PBS, permeabilize the fixed cells with 0.5% detergent for 10 minutes at room temperature [1-MED] followed by two 5-minute washes in PBS [2-CU].

2.7.1. Few seconds Talent washing with PBS and adding detergent to at least one well, with detergent container visible in frame

2.7.2. Few seconds at least one well being washed, with PBS container label visible in frame

2.8. Block the cells with 1% BSA in PBS for one hour at room temperature [1-MED]. Then label the cells with 50 microliters of the primary antibodies of interest for one hour at 37 °C [2-CU-TXT].
2.8.1. Talent adding BSA to at least one well, with BSA container visible in frame
2.8.2. Few seconds antibody mix (ies) being added to at least one well, with antibody containers visible in frame (TEXT: e.g. anti-alpha-tubulin, anti-Zwint1, anti-phospho-gamma H2AX)
2.9. At the end of the incubation, wash the cells three times in PBS [1-MED] and label them with 50 microliters of the appropriate secondary antibodies of interest [2-CU].
2.9.1. Few seconds Talent washing cells, with PBS container visible in frame
2.9.2. Few seconds antibody(ies) being added to at least one well, with antibody containers visible in frame
2.10. After one hour at room temperature, wash the cells two times in PBS for 5 minutes each wash [1-MED] and label the cells with DAPI for 5 minutes at room temperature [2-CU].
2.10.1.  Few seconds Talent washing at least one well, with PBS container visible in frame
2.10.2.  Few seconds DAPI being added to at least one well
2.11. Follow the DAPI-staining with two 5-minute washes in PBS [1-MED] and use the appropriate mounting medium to mount the coverslips on individual, clear microscope slides [2-CU].
2.11.1.  Few seconds Talent washing cells, with PBS container visible in frame
2.11.2.  Few seconds one coverslip being mounted onto slide
2.12. Then, using 60 or 100x 1.4 NA Plan-Apochromatic DIC oil immersion objectives mounted on an inverted, high resolution, confocal microscope equipped with an appropriate camera [1-MED], acquire images of the immunostained proteins in z-stacks of 0.2 micrometer thickness [2-SCREEN].
2.12.1.  Talent approaches microscope, places first sample onto sage
2.12.2.  Authors: please upload Figure 1C through the submission link as its own unflattened .ai, .tif or .psd file without the C label: no animation (Editor: The authors did not resubmit this file. Since there’s no animation and the scriptwriter only called for the label “C” to be hidden, hopefully the original Figure 1C from 56513_Varma_56513fig1large.jpg will work)
3. Mitotic Cell Progression Live Cell Imaging

3.1. For live cell imaging of mitotic cell progression, seed approximately 0.5-1 x 105 HeLa cells stably expressing mCherry-H2B and GFP-alpha-tubulin into 35-mm, glass-bottom dishes containing 1.5 mL of DMEM medium [1-WIDE].
3.1.1. 10-12 seconds Talent adding cells to dishes, with medium container visible in frame
3.2. Grow the cells in a cell culture incubator for 24 hours [1-MED].
3.2.1. Talent placing plate(s) into incubator 
3.3. Then thymidine block the cells two times as just demonstrated [1-CU], this time washing the cells two times with 2 mL of PBS [3-PBS] and one time with 1 mL of pre-warmed DMEM medium at the end of each thymidine block [4-MED-TXT] and treating the cells with siRNA after the first block (during the 1st thymidine washout) [2-CU-TXT].
3.3.1. Thymidine being added to one plate
3.3.2. siRNA being added to one dish plate, with siRNA container label visible in frame (TEXT: i.e. control or Hec1 siRNA) (Move below 3.3.4)
3.3.3. Few seconds cells from one plate washed, with PBS container label visible in frame
3.3.4. Few seconds Talent washing cells in one dish plate with medium (TEXT: See text for full thymidine block/wash volume details)
3.3.2. siRNA being added to one dish plate, with siRNA container label visible in frame (TEXT: i.e. control or Hec1 siRNA)
3.4. Grow the cells in fresh, pre-warmed Leibovitz’s medium [1-CU] supplemented with 10% FBS and 20 mM HEPES for 8 hours to release the cells from the second block [2-MED].
3.4.2. Few seconds medium being added to one plate, with medium container label visible in frame
3.4.3. Talent placing plate(s) into incubator
3.5. Then place the first plate in the temperature control chamber of a high resolution confocal microscope [1-CU-TXT] and use the 60x objective and bright field imaging to bring the cells into focus [2-MED-over the shoulder].
3.5.2. Plate being placed into chamber (TEXT: Stabilize microscope 30 min before imaging)

3.5.3. Few seconds Talent at microscope, bring cells into focus, with microscope monitor visible in frame

3.6. When the cells are visible, manually adjust the plate position to the region of choice [1-MED] and use the image acquisition software to set the laser power and exposure, image acquisition parameters, and experiment duration period [2-SCREEN].
3.6.2. Few seconds Talent adjusting plate position, with monitor visible in frame if possible
3.6.3. *To be provided by Authors: Few seconds parameters being set
3.7. Select the appropriate GFP and mCherry filters and acquire pulsed, transmitted light and fluorescence images every 10 minutes for up to 16 hours to obtain time-lapse images of the mitosis process [1-SCREEN].
3.7.2. *To be provided by Authors: Few seconds filters being selected, then few seconds image(s) being acquired
3.8. Nine hours after release from the double-thymidine block, acquire the images as twelve 1 micrometer-separated z-planes [1-SCREEN-TXT].
3.8.2. *To be provided by Authors: Few seconds images being captured in z-planes (TEXT: Repeat for each plate)
3.9. Then analyze the images by tracking individual mitotic cells [1-SCREEN] and use the appropriate source software to assemble a corresponding movie [2-LM-TXT].
3.9.2. *To be provided by Authors: Few seconds one cell being tracked
3.9.3. Varma siHec1 movie JoVE.avi: TEXT: e.g. Fiji/ImageJ (Video Editor: enough movie for narrative)
4. Results: Representative Mitotic Progression in Control- and siRNA-Depleted Cells
4.1. Although most of the control [1-LM] and Cdt1-siRNA cells are at the metaphase stage at 9 hours post-release from double thymidine block [2-LM], fixation at 10 hours reveals that most of the Cdt1 siRNA-treated cells are still arrested in late prometaphase [3-LM], while the control cells enter anaphase and segregate their chromosomes as expected [4-LM].

4.1.1. Figure 1C: add/indicate white arrowheads in top left image as in original Figure 1C
4.1.2. Figure 1C: add/indicate white arrowheads in bottom left image as in original Figure 1C
4.1.3. Figure 1C: please add/indicate yellow arrowheads in bottom right image as in original Figure 1C

4.1.4. Figure 1C: please indicate cells in top right image that are green on both ends with red line between them 
4.2. Cold treatment 9 hours after release from double thymidine block facilitates the retention of stable kinetochore-microtubules [1-LM], which are relatively less robust in Cdt1-depleted [2-LM] cells compared to those within control-depleted cells [3-LM].

4.2.1. Authors: please upload Figure 1D through the submission link as its own.ai, .tif or .psd file without the D label: please outline block of four Zwint1 alone and alpha-tubulin alone images
4.2.2. Figure 1D: please outline/indicate bottom right Zwint1/alpha-tubulin image
4.2.3. Figure 1D: please outline/indicate top right Zwint1/alpha-tubulin image

4.3. DNA replication origin licensing is not perturbed in Cdt1- [1-LM] or control-depleted cells during the G2/M phase [2-LM], as these cells were not found to induce the accumulation of phosphorylated gamma-H2AX (Pronounce: H-2-A-X), a marker for DNA damage, during the subsequent G2 phase [1-LM].

4.3.1. Authors: please upload the images from Figure 2 together in their own .ai, .tif or .psd file through the submission link: please outline/indicate bottom row of images
4.3.2. Figure 2: please outline/indicate top row of images

4.3.3. Figure 2: please outline/indicate top and bottom Merge images
4.4. Cdt1 siRNA transfection of asynchronous cultures, however [1-LM], induces the accumulation of phospho-gamma-H2AX-positive foci, possibly due to the DNA damage induced by improper DNA replication licensing [2-LM].
4.4.1. Figure 2: please outline/indicate middle row of images
4.4.2. Figure 2: please outline/indicate middle Merge image  

4.5. After nuclear envelope breakdown, normal cells enter mitosis [1-LM] and undergo anaphase onset to exit from mitosis within about 30-60 minutes [2-LM].

4.5.1. Authors: please upload Figure 3B through the submission link as its own.ai, .tif or .psd file without the B label: please indicate first (0 min) column of images
4.5.2. Figure 3B: please indicate second (48) column of images

4.6. RNAi (Pronounce: R-N-A-i)-mediated knockdown of Hec1 (Pronounce: heck-one), a key kinetochore protein required for robust kinetochore-microtubule attachment formation [1-LM], however, delays the normal mitotic progression to anaphase onset or exit from mitosis even after several hours of mitosis delay [2-LM].
4.6.1. Authors: please upload Figure 3C through the submission link as its own.ai, .tif or .psd file without the C label: please indicate first column (0 min) of images
4.6.2. Figure 3C: please sequentially indicate 90, 192, 510, 678 columns of images
5. Conclusion (said by authors on camera):
5.1. Dileep Varma: Once mastered, this technique can be completed in about 3 days if it is performed properly.

5.2. Mohammed Amin: While attempting this procedure, it’s important to remember to dissolve the thymidine completely after you thaw it out from the freezer.
5.3. Mohammed Amin: Following this procedure, other methods like, Western blotting, can be performed to answer additional questions like, what are the expression patterns of proteins of interest during mitosis compared to interphase?
5.4. Dileep Varma: After its development, this technique paved the way for researchers in the field of cell biology to explore cancer biogenesis in human cell culture models.
5.5. Dileep Varma: After watching this video, you should have a good understanding of how to generate synchronized cells and to use high-resolution confocal microscopy to identify the cell cycle-related functions of proteins of interest.

5.6. Mohammed Amin: Don't forget that working with reagents like paraformaldehyde and DAPI can be extremely hazardous, and that precautions, such as wearing gloves and a lab coat, should always be taken while performing this procedure.   
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:

0123_ Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

0123_ 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 the filenames of all the media to be included into the video here. (Author Comment: I don’t understand what this means.) (Editor: The authors don’t seem to have uploaded any of the requested files)
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 in the email accompanying the finalized script.
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