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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include software usage? Y 
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? 2.1., 2.4., 2.8., 3.4., 3.6.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.1. Identification of transgenic hearts by fluorescence microscopy. Carefully focus through the atria/ventricle and look for EGFP-anillin signals.
2.4. Mixing is important to ensure complete dissociation.
2.6., 2.8. Centrifugation of 96-well plates. If this is not done cells will clump at the edges of the well
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 visualize cell cycle activity in postnatal cardiomyocytes and to determine their nuclearity. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Michael Hesse: This method can help answer key questions in the cardiac regeneration field, such as does a cardiomyocyte really divide or does it just increase its ploidy or become multinucleated? 
1.2. Michael Hesse: The main advantages of this technique are that the M-phase of the cell cycle can be visualized in high spatiotemporal resolution and that cardiomyocyte nuclei can be identified by fluorescence.   

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. Michael Hesse: Demonstrating the procedure will be Patricia, a technician from my laboratory. 
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)
1.4. Procedures involving animal subjects have been approved by the Landesamt für Natur, Umwelt und Verbraucherschutz Nordrhein-Westfalen (LANUV), Germany.

Protocol (read by voice talent at JoVE): 

2. Cardiomyocte Isolation

2.1. If using non-homozygous breeding pairs, first identify the transgenic hearts via fluorescent microscopy [1-WIDE] to check for their eGFP-anillin and H2B(Pronounce: H-two-B)-mCherry expression [2-LM/SCREEN-TXT].

2.1.1. Talent at microscope, checking heart(s) (TEXT: See text for full heart harvest details)
2.1.2. *To be provided by Authors: Shot of eGFP-anillin- and H2B-mCherry-expressing heart(s) (Video Editor: please indicate eGFP-anillin- and H2B-mCherry expression when mentioned as necessary/appropriate)

2.2. EGFP-anillin nuclear signals can be most easily detected at the edges of the atria [1-LM] or by focusing through the tissue layers of the ventricles [2-SCREEN].

2.2.1. *To be provided by Authors: Shot of eGFP-anillin-expressing heart (Video Editor: please indicate EGFP-anillin at edge of at least one atrium when mentioned if possible/appropriate)
2.2.2. *To be provided by Authors: Few seconds tissue layers being focused through

2.3. To isolate the cardiomyocytes, place the appropriate number of hearts in 1 mL reaction tubes [1-MED-TXT] containing 1 mL of enzyme mix from a neonatal heart dissociation kit and cut the hearts into small pieces with scissors [2-CU-TXT]. Then, transfer the solution into 15 ml reaction tubes. [3-MED]

2.3.1. Few seconds Talent adding heart(s) to tube (TEXT: i.e. ≤4 P1-P3 hearts; ≤2 P4-P6 hearts)
2.3.2. Show hearts being cut. (TEXT: See text for all medium/reagent preparation details)
2.3.3. Show transfer of solution.

2.4. Place the tube in an almost horizontal position at 37 °C for 15 minutes [1-MED], mixing the tissues 5-10 times with a 5 mL pipette at the end of the incubation [2-CU-TXT].

2.4.1. Talent placing tube in horizontal position
2.4.2. Few seconds tube being mixed (TEXT: Repeat incubation/mixing x2)

2.5. At the end of the third digestion, stop the reaction with 7.5 mL of medium 2 [1-CU] and filter the cell suspension through a 70 micron cell strainer [2-CU]. 

2.5.1. Few seconds medium being added to tissues, with medium container label visible in frame
2.5.2. Few seconds tissues being filtered

2.6. Rinse the cell strainer with 3 mL of medium 2, pooling the wash with the collected cells [1-CU] [2-CU], and collect the cells by centrifugation [3-MED-TXT].

2.6.1. Few seconds strainer being rinsed, with medium container label visible in frame, few seconds wash being added to cells
2.6.2.  combined with 2.6.2
2.6.3. Few seconds wash being added to cells
2.6.4. Talent placing tube(s) into centrifuge (TEXT: 15 min, 300 x g, RT)

2.7. Resuspend the pellet in 500 microliters of medium 1 for counting [1-CU].

2.7.1. Shot of pellet if visible, then few seconds pellet being resuspended in medium, with medium container label visible in frame

2.8. Then seed 1x104 cells/well in 120 microliters of medium 1 in a 96 well flat bottom plate [1-MED-over the shoulder] and centrifuge the cells before their overnight culture in a cell culture incubator [3-MED-TXT].

2.8.1. Few seconds Talent adding cells to plate, with cell container visible in frame
2.8.2. Talent placing plate into centrifuge (TEXT: 30 s, 47 x g, RT)

2.9. The next day, most of the cardiomyocytes should be beating [1-LM-TXT]. 

2.9.1. *To be provided by Authors: Few seconds shot of beating cardiomyocytes (TEXT: Discard cells with excessive vacuoles in cytoplasm)

3. Cardiomyocyte siRNA Transfection and Confocal Video Microscopy Analysis

3.1. Before beginning the transfection, wipe the bench and all of the transfection materials with RNase decontamination solution to remove any RNase [1-WIDE-TXT].

3.1.1. Few seconds Talent wiping bench and/or materials, with RNase decontamination solution container visible in frame (TEXT: i.e. pipettes and ice box)

3.2. When all of the materials are ready, add 20 microliters of freshly prepared siRNA mix to each well [1-MED-TXT] and return the cells to the incubator for 48 hours [2-MED-TXT].

3.2.1. Few seconds Talent adding siRNA to at least one well, with siRNA container visible in frame (TEXT: See text for full si/miRNA working solution preparation details)
3.2.2. Talent placing plate into incubator (TEXT: Procedure identical for miRNA transfection)

3.3. After 2 days, replace the supernatant in each well with 120 microliters of medium 1 [1-CU] and return the cells to the incubator for at least another 24 hours [2-MED].

3.3.1. Few seconds medium being added to at least one well, with medium 1 container label visible in frame
3.3.2. Talent placing plate into incubator Use shot 3.2.2 Take 1

3.4. At the end of the incubation, wash the cells one time with PBS [1-CU], followed by fixation in 4% formaldehyde solution for 20 minutes [2-CU-TXT].

3.4.1. Few seconds cells being washed with PBS, with PBS container label visible in frame
3.4.2. Few seconds formaldehyde being added to at least one well, with formaldehyde container label visible in frame

3.5. To analyze the cells by confocal video microscopy, transfer the plate to the confocal microscope stage [1-WIDE] and start the imaging software [2-MED-over the shoulder].

3.5.1. Talent placing plate onto microscope stage
3.5.2. Few seconds Talent starting software, with monitor visible in frame

3.6. Open the “A1plus Settings” [1-SCREEN] and check the channel 1, 2, 3, and 4 boxes [2-SCREEN].

3.6.1. *To be provided by Authors: A1 plus settings being opened
3.6.2. *To be provided by Authors: Few seconds at least one channel being checked

3.7. In the pulldown menu, set channel 1 to DAPI, channel 2 to eGFP, channel 3 to RFP, and channel 4 to Cy5 [1-SCREEN]. 

3.7.1. *To be provided by Authors: Include all selections in the order stated in a single screen capture

3.8. Click the channel voltage [1-SCREEN] and using the slide bars to set the voltage to 80 for each channel [2-SCREEN]. 

3.8.1. *To be provided by Authors: Channel voltage being clicked
3.8.2. *To be provided by Authors: Few seconds channel voltage being set to 80 for at least one channel

3.9. Use the slide bars to set the Offset to 0 and click on the “Home” button to set the pinhole to the home position [1-SCREEN].

3.9.1. *To be provided by Authors: Offset being set to 0 and Home button being clicked

3.10. Set the scan size to 1024 x 1024 pixels in the pulldown menu [1-SCREEN].

3.10.1. *To be provided by Authors: Few seconds scan size being set 

3.11. Click optimize to open the “XYZ Size Setup” window and check the “Perfect Voxel” box under the “Suggested Step z” [1-SCREEN].

3.11.1. *To be provided by Authors: Optimize being clicked and Perfect Voxel box being checked

3.12.  Select the 20x objective [1-MED] and adjust the laser intensities until the picture is neither under- nor overexposed [1-SCREEN].

3.12.1. Talent selecting objective

3.12.2. *To be provided by Authors:  Few seconds laser intensities being adjusted  

3.13. When all of the parameters have been set, open the “Acquire” menu [1-SCREEN].

3.13.1. *To be provided by Authors: Acquire menu being opened

3.14. Select “Scan large image” and choose “current position is at top left corner” under Area [1-SCREEN].

3.14.1. *To be provided by Authors: Scan large image being selected and current position is at top left corner being chosen

3.15. Then set the “Number of fields in X and Y” to 3x3 and click “Scan” [1-SCREEN].

3.15.1. *To be provided by Authors: Number of fields being set to 3x3 and then Scan being clicked

3.16. To define the number of cardiomyocyte nuclei, click “Measure”, “Manual Measurement” and “Counts” [1-SCREEN].

3.16.1. *To be provided by Authors: Click everything in the order mentioned

3.17. Select the nuclei with H2B-mCherry signals, thereby marking and counting them [1-SCREEN]. Then select the alpha-actinin-positive cells to determine the number of cardiomyocytes [2-SCREEN-TXT].

3.17.1. *To be provided by Authors: Few seconds H2B-mCherry positive nuclei being selected
3.17.2. *To be provided by Authors: Few seconds alpha-actinin positive cells being selected (TEXT: See text for alpha-actinin staining details)

3.18. To count the G1-S-G2 (Pronounce: G-one-S-G-two) phase cardiomyocytes with nuclear eGFP-anillin signals, select “Measure”, “Manual Measurement” and “Counts” [1-SCREEN].

3.18.1. *To be provided by Authors: Click everything in the order mentioned

3.19. Mark the eGFP-anillin-… and H2B-mCherry-expressing nuclei with clicking [1-SCREEN] and manually count the cardiomyocytes with the mitosis-specific eGFP-anillin signals, such as contractile rings [2-LM] and midbodies [3-LM].

3.19.1. *To be provided by Authors: Few seconds eGFP-anillin positive nuclei being selected and then H2B-mCherry positive nuclei being selected
3.19.2. Authors: please upload the images from Figures 1F and 1G together in one .ai, .tif or .psd file without the F or G labels or the arrows through the submission link: please add white arrows to left image as in original Figure 1F
3.19.3. Figure 1FG: please add white arrow to right image as in original Figure 1G

3.20. Then click “Measure”, “Manual Measurement” and “Counts” and click the cardiomyocytes with mitosis-specific eGFP-anillin signals, cytoplasmatic signals, contractile rings, and midbodies [1-SCREEN].

3.20.1. *To be provided by Authors: Click everything in the order mentioned 

4. Results: Representative Cardiomyocyte Analyses

4.1. Compared to the negative controls [1-LM], the miRNA- [2-LM], and siRNA-transfected cardiomyocytes demonstrate an induction of cell cycle activity [3-LM].

4.1.1. Figure 1A-C.tif: please indicate NC image
4.1.2. Figure 1A-C.tif: please indicate miRNA 199 image
4.1.3. Figure 1A-C.tif: please indicate siRNA p27 image

4.2. Cardiomyocytes that perform endoreduplication exhibit an exclusively nuclear eGFP-anillin expression [1-LM], whereas cardiomyocytes undergoing cell division display eGFP-anillin expression in M-phase-typical localizations [2-LM].

4.2.1. Figure 1E-G.tif: please add white arrow to left image as in original Figure 1E
4.2.2. Figure 1E-G.tif: no animation
4.2.3. Figure 1E-G.tif: please add white arrows to middle and left images as in original Figures 1F and 1G

4.3. After enzymatic digestion of the heart tissue at the Langendorff apparatus, the atria [1-LM] and ventricles can be mechanically separated and analyzed independently [2-LM], allowing the visualization of H2B-mCherry transgenic ventricular cardiomyocytes with a high number of H2B-mCherry-positive binucleated cardiomyocytes [3-LM].

4.3.1. Figure 2A+B.tif: please indicate left image
4.3.2. Figure 2A+B.tif: please indicate right image
4.3.3. Figure 2A+B.tif: please indicate double red nuclei in left image

4.4.  By contrast, the majority of atrial cardiomyocytes are mononucleated [1-LM].

4.4.1. Figure 2A+B.tif: please indicate single red nuclei in right image

4.5. Enzymatic digestion does not result in a 100% single cell population, revealing a pattern of cross-striation by alpha-actinin staining [1-LM], further facilitating the discrimination between binucleated cardiomyocytes as a continuous pattern of cross-striation and cell doublets [2-LM].

4.5.1. Figure 2C.tif: please trace/indicate striated staining in at least one cell
4.5.2. Figure 2C.tif: please indicate double red nuclei in both cells

4.6. To analyze the binucleation index of cardiomyocytes in thick slices, it is necessary to manually scroll through the stack as the nuclei do not necessary lay within one z-plane [1-LM], with wheat germ agglutinin-staining permitting the detection of the cell borders [2-LM].

4.6.1. Thick section scroll video.avi: no animation
4.6.2. Thick section scroll video.avi: please indicate (some) cell border staining

4.7. 3D reconstructions of thick slices of adult transgenic mouse hearts allow the detection and automated counting of Hoechst-stained [1-LM] and H2B-mCherry-positive nuclei [2-LM] to determine the proportion of cardiomyocyte nuclei under physiological conditions within the tissue [3-LM]. 

4.7.1. Figure 2E.tif: please indicate middle image
4.7.2. Figure 2E.tif: please indicate right image
4.7.3. Figure 2E.tif: please indicate left image
5. Conclusion (said by authors on camera)
5.1. [bookmark: _GoBack]Michael Hesse: Once mastered, the heart dissociation can be completed in 2-3 hours if it is performed properly.
5.2. Michael Hesse: While attempting this procedure, it’s important to remember to work continuously to maintain the viability of the cells throughout the experiment.
5.3. Michael Hesse: Following this procedure, it is possible to screen microRNAs or other small substances for their proliferation-inducing effects in postnatal cardiomyocytes.


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.  

Figure 1A-C.tif
Figure 1E-G.tif
Figure 2A+B.tif
Figure 2C.tif
Thick section scroll video.avi
Figure 2E.tif

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 are included in the email accompanying the finalized script.
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