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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Maybe  
Can you record movies/images using your own microscope camera? Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? Y all set
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
We think that steps 2.2, 2.3, 3.1, 3.2, and 3.3 are the steps in this protocol that are most important to see.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
2.2 and 3.2 are the most difficult steps in the procedure.
The quality of step 3.2 can be assessed by viewing the cell suspension in a hemocytometer and verifying that no clumps remain.
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Jop van Berlo: This protocol provides a way to reliably get a high yield of rod-shaped cardiomyocytes from any fixed heart and allows for easy measurement of cardiomyocyte ploidy and nucleation without flow cytometry or manual analysis.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Jop van Berlo: Compared to other techniques, cell yield and morphology are better and more consistent. Ploidy and nucleation can be distinguished and visually verified.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.3. Dog̃acan Yücel: Visual demonstration of this method is important because the proper amount of heart tissue division and dissociation is easier to appreciate.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


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 Institutional Animal Care and Use Committee (IACUC) at the University of Minnesota.


Section - Protocol
2. Perfusion and Fixation of the Heart
2.1. Begin by placing the euthanized mouse in a supine position [1] and taping down the extended limbs [2]. Use blunt-ended scissors to cut through the chest to expose the heart [3], then cut the descending aorta and inferior caval vein [4]. 
2.1.1. WIDE: Establishing shot of talent positioning the mouse. 
2.1.2. Talent taping down the mouse’s limbs. 
2.1.3. Talent cutting through the chest. 
2.1.4. Talent cutting the aorta and caval vein. 
2.2. Use a peristaltic pump attached to an infusion set with a 23-gauge butterfly needle to perfuse the heart by injecting 3 milliliters of potassium chloride-PBS solution through the left ventricle, making sure to not pierce through the septum [1-TXT]. 
2.2.1. Talent perfusing the heart. TEXT: Flow Rate 3 mL / minute 
2.3. Then, inject 10 milliliters of 4% PFA solution for 10 minutes at a rate of 1 milliliter per minute [1]. Use scissors to remove the whole heart [2] and, if desired, isolate a specific region [3]. Place the tissue in a 1.5-milliliter centrifuge tube containing 1 milliliter of 4% PFA solution [4] and incubate it on a rocker for 1 hour [5-TXT]. 
2.3.1. Talent injecting the PFA. 
2.3.2. Talent removing the heart. 
2.3.3. Talent cutting a segment from the heart. NOTE: 2.3.3/2.3.4: 2.3.4 is in the same shot, it was audio slated about halfway through, but the slate only reads 2.3.3
2.3.4. Talent putting the tissue in the tube. 
2.3.5. Tube on a rocker.  TEXT: 20 – 30 rpm

3. Isolation of Fixed Cardiomyocytes
3.1. Place the heart in a Petri dish with PBS solution, squeeze it to get rid of any PFA remaining in the ventricles, and wash it in PBS [1]. Put the fixed heart into a new 1.5-milliliter tube containing collagenase solution [2], then incubate the tube on a rocker at 37 degrees Celsius overnight [3].
3.1.1. Talent putting the heart in the dish, then squeezing and washing it. 
3.1.2. Talent putting the washed heart in a fresh tube. 
3.1.3. Talent putting the tube in the incubator, starting the rocker, and closing the door.  
3.2. On the next day, put the heart in a 35-millimeter Petri dish containing collagenase solution [1] and dissociate it into 1-millimeter pieces with forceps or scissors [2]. Then, use a transfer pipette to further triturate the dissociated tissue for 2 minutes [3]. 
3.2.1. Talent putting the heart into the Petri dish. Vid NOTE: Talent began dissociating the tissue in this step, but we did slate another clip (3.2.2) for more dissociating.
3.2.2. Talent dissociating the tissue with forceps or scissors. Vid NOTE: The authors did not have a tube ready that they had prepared the day previously, so we were left to letting the heart tissue incubate for about an hour instead of the recommended 16 or so hours. As a result, the tissue did not dissociate as easily as it should have, but there was not much we could do because the authors were not prepared with that material.
3.2.3. Talent triturating the tissue
3.3. If tissue particles still remain, use a pipette with a narrower tip [1] and continue trituration until the majority of the tissue is broken down [2]. Place a 200 to 600-micrometer nylon mesh over a 15-milliliter centrifuge tube [3], add 5 milliliters of PBS to the dissociated cells [4], and filter them through the nylon mesh [5]. 
3.3.1. Talent switching to a pipette with a narrower tip. Vid NOTE: Talent triturated in this step after switching the pipette as well as in the next step.
3.3.2. Talent triturating the tissue. 
3.3.3. Talent placing the mesh over the tube. 
3.3.4. Talent adding PBS to cells. 
3.3.5. Talent filtering the cells.  
3.4. Wash the nylon mesh by passing an additional 4 milliliters of PBS [1], then centrifuge the filtered solution at 10 to 100 x g for 1 minute [2]. Discard the supernatant [3] and resuspend the pellet in 10 milliliters of PBS prior to staining [4]. 
3.4.1. Talent running PBS through mesh. 
3.4.2. Talent putting the tube in the centrifuge and closing the lid. 
3.4.3. Talent discarding the supernatant. 
3.4.4. Talent resuspending the cell pellet. 
Vid NOTE: In between sections 2 and 3 we shot some footage of one of the authors at the computer in case you wanted to cut in any of that during sections 3 and 5. It was slated as SCREEN

4. Image Quantification and Data Analysis  
4.1. After downloading the Fiji distribution of ImageJ, open Fiji and click on Help, Update, and Manage Update Sites [1]. Check the Biomed group and IFPB-plugins to download the dependencies plugins Ellipse Split and Morpholibj (pronounce ‘more-foe-lib-jay’), then click Close and Apply Changes [2].
4.1.1. SCREEN: 60938_screenshot_1.mp4. 0:20 – 0:32. Video Editor: You can speed up or skip 0:25 – 0:30.  
4.1.2. SCREEN: 60938_screenshot_1.mp4. 0:32 – 0:41.

4.2. Next, download R-studio and open it [1]. Copy the code from the text manuscript into R console’s command line [2] and press enter, then type Y in response to all prompts to install all R dependencies [3]. 

4.2.1. SCREEN: 60938_screenshot_2.mp4. 0:09 – 0:12 (download), then skip to 0:40 – 0:43 (open). 
4.2.2. SCREEN: 60938_screenshot_2.mp4. 0:43 – 0:50. Video Editor: Emphasize the code in blue install.packages(c("ggplot2", "autothresholdr", "dplyr", "purrr", "jsonlite", "shiny")) 
4.2.3. SCREEN: 60938_screenshot_2.mp4. 0:50 – 0:59. Video Editor: Feel free to speed up the video.
4.3. To perform image quantification, open Fiji and drag “Analyze Nucleation.py” into the status bar [1]. When the script editing window opens, click Run in the lower left corner [2]. 
4.3.1. SCREEN: 60938_screenshot_3.mp4. 0:02 – 0:14. Video Editor: Speed up video from 0:05 – 0:10.
4.3.2. SCREEN: 60938_screenshot_3.mp4. 0:14 – 0:17. Video Editor: Emphasize the Run button. 

4.4. A dialog box will pop up asking for the location of the output data directory. Select the folder where all analysis data, figures, and other data used by the software will be stored [1]. In the analysis parameters, select the location of the images to be analyzed and enter the image filename format using regular expressions [2]. 

4.4.1. SCREEN: 60938_screenshot_3.mp4. 0:18 – 0:33.
4.4.2. SCREEN: 60938_screenshot_3.mp4. 0:33 – 0:47.
4.5. After selecting the desired settings, click OK [1]. As images from different stages of the analysis pipeline appear on screen, inspect them to make sure that thresholding and segmentation are occurring properly [2]. 
4.5.1. SCREEN: 60938_screenshot_3.mp4. 1:29 – 1:30.
4.5.2. SCREEN: 60938_screenshot_3.mp4. 1:31 – 0:46. Video Editor: Maybe slow this down. No need to use the full 15 seconds, just use as much as you need to match VO. 

5. Data Analysis

5.1. Open “Analyze Multinucleated Server.R” in R-studio [1-TXT]. Next to the variable named “Folder Name”, type the file path to the output data folder selected in the last step without the final slash [2]. 

5.1.1. SCREEN: 60938_screenshot_4.mp4. 0:13 – 0:16. TEXT: See Supplementary Material
5.1.2. SCREEN: 60938_screenshot_4.mp4. 0:27 – 0:40.

5.2. Click Run App in the upper left corner of the script editing window [1]. Use the sliders to set thresholds for the minimum valid nuclear mean intensity threshold, the minimum valid nuclear area threshold, and the maximum valid minimum Feret’s diameter for cardiomyocytes [2]. 

5.2.1. SCREEN: 60938_screenshot_4.mp4. 0:41 – 0:44, then the app popping up at 0:49 – 0:52. Video Editor: Emphasize the Run App button at the beginning. 
5.2.2. SCREEN: 60938_screenshot_4.mp4. 0:52 – 1:13.

5.3. Scroll down and click Apply Selected Thresholds [1]. Then, click Plot Intensity Distribution, which will render a plot of the nuclear intensity distribution of the entire sample as well as separate subplots for each grouping variable [2].

5.3.1. SCREEN: 60938_screenshot_4.mp4. 1:13 – 1:16.
5.3.2. SCREEN: 60938_screenshot_4.mp4. 1:16 – 1:24.

5.4. To account for intrasample variation, scroll down and check Normalize Separately by group [1]. Then, click Calculate Ploidy and Plot Estimated Ploidy Distribution. Once the normalized whole-sample graph appears, the two-peak pattern should be visible [2].

5.4.1. SCREEN: 60938_screenshot_4.mp4. 1:24 – 1:27.
5.4.2. SCREEN: 60938_screenshot_4.mp4. 1:27 – 1:35.

5.5. Use the sliders to select thresholds to isolate the diploid and tetraploid peaks from each other and outliers [1]. Then, scroll down and click Calculate Ploidy and Nucleation [2]. Finally, click the button Plot and Save Into Results Folder [3].

5.5.1. SCREEN: 60938_screenshot_4.mp4. 1:35 – 1:50.
5.5.2. SCREEN: 60938_screenshot_4.mp4. 1:50 – 1:59.
5.5.3. SCREEN: 60938_screenshot_4.mp4. 2:00 – 2:11.
















Section – Results
6. Results: Segmentation and Classification of Isolated Cardiomyocytes
6.1. This method can be used to isolate uniformly singularized cardiomyocytes that are relatively pure without contaminating cells [1]. It is easy to implement and provides consistent cardiomyocyte yields and quality from different isolations [2].
6.1.1. LAB MEDIA: Figure 1 A. 
6.1.2. LAB MEDIA: Figure 1 B. 
6.2. Cardiomyocytes isolated with this protocol can be stained using antibodies and fluorochrome-conjugated azides [1]. To show the characteristic z-line staining pattern of sarcomeres, the cells were stained with antibodies recognizing alpha-actinin [2]. 
6.2.1. LAB MEDIA: Figure 2 A. 
6.3. In a separate experiment, EdU (pronounce ‘E-D-U’) was administered to mice before isolating fixed cardiomyocytes [1-TXT]. After isolation, the mononucleated [2], binucleated [3] and trinucleated cardiomyocytes [4] that had undergone S phase were detected [5]. 
6.3.1. LAB MEDIA: Figure 2 B. TEXT: EdU = thymidine analog 5-Ethynyl-2’-deoxyuridine
6.3.2. LAB MEDIA: Figure 2 B. Video Editor: Emphasize the first image (from left).
6.3.3. LAB MEDIA: Figure 2 B. Video Editor: Emphasize the second image (from left).
6.3.4. LAB MEDIA: Figure 2 B. Video Editor: Emphasize the third image (from left). 
6.3.5. LAB MEDIA: Figure 2 B. 
6.4. To identify individual nuclei, the original DNA-stained image [1] was thresholded based on intensity [2]. Ellipses were fit to the nuclear masks, segmenting individual nuclei [3]. 
6.4.1. LAB MEDIA: Figure 3 A. 
6.4.2. LAB MEDIA: Figure 3 B. 
6.4.3. LAB MEDIA: Figure 3 C.
6.5. Next, the pixels of the image were partitioned into territories based on which ellipse they are most proximal to [1] and the borders of these territories were used to draw lines through nuclear clusters [2]. A similar segmentation process was used to detect cardiomyocytes [3].
6.5.1. LAB MEDIA: Figure 3 D.
6.5.2. LAB MEDIA: Figure 3 E.
6.5.3. LAB MEDIA: Figure 4. 

6.6. This segmentation strategy showed that the majority of cardiomyocytes from newborn mice are mononucleated [1]. The frequency of mononucleated cardiomyocytes is much lower in 2-week old mice, where they make up about 25% of the total cardiomyocyte population [2].

6.6.1. LAB MEDIA: Figure 5. Video Editor: Emphasize the neonatal graph, and within the graph emphasize the first bar. 
6.6.2. LAB MEDIA: Figure 5. Video Editor: Emphasize the juvenile graph, and within the graph emphasize the first bar.

6.7. When the ploidy status of individual nuclei within cardiomyocytes was measured [1], a higher frequency of tetraploid nuclei was detected in juvenile mice [2]. 

6.7.1. LAB MEDIA: Figure 6. 
6.7.2. LAB MEDIA: Figure 6. Video Editor: Emphasize the second hill (around 4) on both Juvenile plots. 







Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Dog̃acan Yücel: When isolating cardiomyocytes, it is important to verify that all the cell clumps have broken up after trituration [1]. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.3.
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