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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 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ____2.5, 2.6, 2.7, 3.1, 3.4, 5.2, _______________________________________

D.  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. (Please do not list entire sections.) _ There is no single step that can stand out as the most difficult. The successful use of the protocol relies on the careful execution of each single step. However there are tricky parts of the protocol that have been extensively discussed in the discussion.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y___ If yes, how far apart are the locations? ____50 meters_______________________________________________
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 protocol is to demonstrate how to efficiently generate induced cardiomyocytes from cardiac fibroblasts with a polycistronic MGT construct expressing an optimal ratio of Gata4, Mef2c and Tbx5. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Li Wang: This method provides a valuable platform for induced cardiomyocyte research, and will facilitate high-throughput screening and mechanistic studies of induced cardiomyocyte reprogramming, while also moving the field toward clinical applications. 
1.2. Yang Zhou: The main advantage of this technique is that using just a single retroviral construct, cardiac fibroblasts can be efficiently converted to cardiomyocytes.   

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Division of Laboratory Animal Medicine (DLAM) at the University of North Carolina, Chapel Hill.
Protocol (read by voice talent at JoVE):
2. Generation of Neonatal Mouse Cardiac Fibroblasts via Explant Culture
2.1. Clean the neonatal alpha-myosin heavy chain-GFP transgenic mouse with 75% volume to volume ethanol (2.1.2-MED). Perform euthanasia. (2.1.1-WIDE-TXT)
2.1.1.  Show talent at a bench/hood with euthanized mouse, TEXT: Euthanasia: Decapitation.
2.1.2.  *Film as written
2.2. Then, open the body cavity by making a horizontal incision from under one armpit to the other (2.2.1-MED).
2.2.1.  *Film as written
2.3. Using sterile blunt and bent forceps, dissect out the heart and place it in one well of a 24-well plate containing ice-cold PBS (2.3.1-MED).
2.3.1.  *Film as written

2.4. Observe GFP expression (2.4.1-MED) throughout the heart using fluorescence microscopy (2.4.2-LM).
2.4.1.  Talent at the microscope, extend shot to cover entire VO
2.4.2.  LAB MEDIA: Image of a fluorescent heart, to be submitted by Author.
2.5. Place 3 to 4 GFP positive hearts into a 60 mm center well culture dish (2.5.1-MED). Using sterile forceps and scissors, mince the hearts into small pieces (2.5.2-MED) less than 1 cubic mm (2.5.3-CU).
2.5.1.  *Film as written

2.5.2.  *Film as written

2.5.3.  Show the appearance of the final minced product 
2.6. Transfer the minced hearts to a 10 cm dish and cover with 2 ml of fibroblast, or FB, medium (2.6.1-MED). Leave the plates undisturbed for at least 3 hr in a 37 oC incubator (2.6.2-WIDE/MED).
2.6.1.  *Film as written

2.6.2.  Talent placing 10 cm dish into the incubator

2.7. Following incubation, slowly add 8 ml of pre-warmed FB medium to the dish containing the minced heart tissue (2.7.1-MED). Then incubate the tissue without disturbance (2.7.2-WIDE/MED) except to change the medium every 3 days (2.7.3-MED).

2.7.1.  *Film as written

2.7.2.  Talent placing dish into the incubator

2.7.3.  Talent pipetting fresh media into the dish

2.8. On day 7, aspirate the culture medium and wash the cells with DPBS (2.8.1-MED). Add 3 ml of 0.05% Trypsin-EDTA to each plate (2.8.2-MED) and incubate at 37 oC for 5 min (2.8.3-WIDE/MED). Add 5 ml of FB medium to deactivate the trypsin and then gently detach the cells with a cell scraper (2.8.4-MED).

2.8.1.  *Film as written

2.8.2.  *Film as written

2.8.3.  *Film as written

2.8.4.  *Film as written

2.9. Next, collect the cells and filter through 40 μm cell strainers to avoid contamination with heart tissue fragments (2.9.1-CU). Pellet the cells by centrifugation at 200 times g for 5 min (2.9.2-MED).

2.9.1.  Focus on the cell strainer during the filtering to observe heart tissue fragments

2.9.2.  *Film as written
3. Generation of Neonatal Mouse Cardiac Fibroblasts via Enzymatic Digestion
3.1. Beginning with isolated neonatal mouse hearts (3.1.1-MED), cut each heart into 4 pieces that are still loosely connected (3.1.2-CU).
3.1.1.  Establishing shot of hearts in cell culture dish

3.1.2.  *Film as written
3.2. Transfer the hearts into a 15 ml conical tube containing 8 ml of warm 0.05% Trypsin-EDTA (3.2.1-MED-TXT) and incubate at 37 oC for 15 min (3.2.2-MED).
3.2.1.  *Film as written, TEXT: All volumes here for < 20 hearts. See protocol if using 20-30 hearts.
3.2.2.  *Film as written
3.3. Following incubation, discard the Trypsin-EDTA and add 5 ml of warm type II collagenase (3.3.1-MED-TXT).
3.3.1.  *Film as written, TEXT: Collagenase: 0.5 mg/ml in Hank’s Balanced Salt Solution

3.4. Vortex for 1 min at medium speed, (3.4.1-MED) and then incubate the tube in a 37oC water bath for 3 to 5 min (3.4.2-MED). Then vortex the tube again for 1 min (3.4.3-MED).
3.4.1.  *Film as written, please get multiple usable takes as this step will be repeated later.
3.4.2.  *Film as written
3.4.3.  Use shot 3.4.1

3.5. Allow the tissue pieces to settle (3.5.1-CU) and collect the supernatant into a new tube containing 5 ml of cold FB medium (3.5.2-MED).
3.5.1.  *Film as written

3.5.2.  *Film as written

3.6. Add 5 ml of fresh type II collagenase to the tissue pieces (3.6.1-MED) and repeat the vortex and incubation steps (3.6.2-TXT).

3.6.1.  *Film as written

3.6.2.  Use shot 3.4.1, TEXT: Repeat collagenase incubation 3-5x

3.7. Combine all the cell-containing supernatants by filtering them through a 40 μm cell strainer (3.7.1-MED). Centrifuge these cells at 200 times g for 5 min at 4 oC (3.7.2-MED).
3.7.1.  *Film as written

3.7.2.  *Film as written
3.8. Isolation of Thy1.2+ Fibroblasts by Magnetic-activated Cell Sorting (MACS)
3.9. Following either cardiac fibroblast isolation method, wash the final cell pellet 1 time in 10 ml of magnetic-activated cell sorting, or MACS, buffer (4.1.1-MED). Remove 10 μl for live cell counting (4.1.2-MED), and centrifuge the remaining cells at 200 times g for 5 min at 4 oC (4.1.3-MED).
3.9.1.  *Film as written

3.9.2.  *Film as written

3.9.3.  *Film as written, please get multiple usable takes as shot will be repeated later.
3.10. For less than 1 times 107 cells, resuspend the cell pellet with 10 μl of Thy1.2 (Pronounced - thigh 1 point 2) conjugated magnetic microbeads in 90 μl of chilled MACS buffer and mix well (4.2.1-CU). Incubate the beads at 4 oC for 30 min (4.2.2-MED).
3.10.1.  *Film as written

3.10.2.  *Film as written

3.11. To pellet the cells, add 10 ml of MACS buffer and centrifuge the samples at 200 times g for 5 min (4.3.1-MED). Wash once with 10 ml of MACS buffer (4.3.2-MED) and resuspend the cell pellet in a total volume of 2 ml (4.3.3-MED).
3.11.1.  Use shot 4.1.3

3.11.2.  *Film as written
3.11.3.  *Film as written

3.12. In a cell culture hood, set up a MACS separator and add an LS column (4.4.1-WIDE). Equilibrate the column with 3 ml of MACS buffer (4.4.2-MED).

3.12.1.  *Film as written

3.12.2.  *Film as written

3.13. Pass the cell suspension through the LS column and wash 3 times with 2 ml of MACS buffer (4.5.1-MED).

3.13.1.  *Film as written

3.14. Then, remove the LS column from the separator and elute 3 times with 2 ml of MACS buffer (4.6.1-MED), collecting the eluate in a 50 ml conical tube (4.6.2-CU). Centrifuge the eluate at 200 times g for 5 min (4.6.3-MED).

3.14.1.  *Film as written

3.14.2.  Show label “eluate” or similar on tube

3.14.3.  *Film as written

3.15. Resuspend the isolated fibroblasts in 10 ml of FB medium (4.7.1-MED) and count the cells (4.7.2-MED). Seed the cells into tissue culture dishes at appropriate densities in a gelatin-precoated 24-well plate (4.7.3-MED-TXT).

3.15.1.  *Film as written
3.15.2.  Talent at/using the microscope/cell counter

3.15.3.  *Film as written, TEXT: See text protocol for gelatin coating and cell seeding steps.
4. Retroviral Mediated Reprograming of Isolated Cardiac Fibroblasts
4.1. To reprogram cardiac fibroblasts, add 500 μl of induced cardiomyocyte, or iCM, medium containing polybrene to each well of the 24-well plates seeded with cells (5.1.1-MED-TXT).

4.1.1.  *Film as written, TEXT: Polybrene: Final concentration is 4 μg/ml

4.2. Add 10 μl of the retrovirus to each well of isolated fibroblasts (5.2.1-MED). Incubate the plate with retroviral particles for 24 to 48 hours in a cell culture incubator (5.2.2-WIDE/MED-TXT). Then, replace virus-containing medium with 500 μl of fresh iCM medium (5.2.3-MED).
4.2.1.  *Film as written

4.2.2.  *Film as written, TEXT: Incubate at 37 oC and 5 % CO2
4.2.3.  *Film as written
4.3. Changing the medium every 2-3 days, begin positive selection of viral transduced cells by supplementing iCM medium with 2 μg per ml of puromycin (5.3.1-MED/CU). After 3 days of selection, change the medium to a maintenance dose of 1 μg per ml puromycin (5.3.2-MED/CU).

4.3.1.  Ensure that vial/tube with puromycin label and concentration are in the shot. Do not show the “changing the medium” step
4.3.2.  Ensure that vial/tube with puromycin label and concentration are in the shot

4.4. To visualize cardiac fibroblast conversion to cardiomyocytes, observe puromycin-selected plates for GFP expression using an inverted microscope (5.4.1-MED).

4.4.1.  Talent at the microscope
4.5. Finally, 14 days following viral treatment, replace iCM medium with B27 medium (5.5.1-MED). Spontaneous beating cell loci may appear at 3 to 4 weeks following viral transduction (5.5.2-LM).

4.5.1.  *Film as written
4.5.2.  Lab media: beating movie.avi: spontaneous beating iCMs generated from MGT transfected fibroblasts – to be provided by Author
5. Results: Retroviral reprograming of cardiac fibroblasts to induced cardiac myocytes
5.1. Expression of cardiac markers, including cardiac troponin-T and alpha-actinin, can be detected by immunocytochemistry by days 10 to 14 (6.1.1-LM). Here, cardiac troponin-T expression is seen in the iCMs converted from fibroblasts, which express GFP (6.1.2-LM).
5.1.1.  Figure 2B, Figure2B.tif – Row 1: Please remove panel label (B) and add the numerical value for the scale-bar (200 μm). 6.1.1-LM is the same as 6.2.1-LM. We prefer to show it later in 6.2.1
5.1.2.  Figure 2B, Figure2B.tif – Row 1: Highlight cTnT label
5.2. Alpha-actinin expression in the iCMs can be seen here (6.2.1-LM).

5.2.1. Figure 2B, Figure2B.tif – Row 2: Please remove panel label (B) and add the numerical value for the scale-bar (200 μm).
5.3. Analysis by flow cytometry shows similar increases in cardiac troponin-T expression (6.3.1-LM), especially following puromycin selection of induced cardiomyocytes (6.3.2-LM).

5.3.1. Figure 2A, FigureA.tif: Please removal panel label (A). Highlight first two panels as VO reads “increases in cardiac troponin-T expression”. 
5.3.2. Figure 2A, FigureA.tif: Highlight last panel when VO reads “puromycin selection”.
6. Conclusion (said by authors on camera)
6.1. Ziqing Liu: The methodology described here allows efficient generation of induced cardiomyocytes based on retroviral delivery of M,G,T transcription factors in a single construct.

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.  

Insert your media filenames here.
2.4.2 -Image of an MHC-GFP positive neonatal heart (right) compared to a negative heart (left).
5.5.2 – beating movie.avi – spontaneously beating iCMs generated from MGT transfected fibroblasts. 

6.1 - Figure2B.tif -  dual color imaging of reprogrammed cardiomyocytes expressing cardiac troponin T at 20X.
6.1.1 - Figure2B.tif -  dual color imaging of reprogrammed cardiomyocytes expressing alpha-actinin at 20X.

6.1.2 - Figure2B.tif -  dual color imaging of reprogrammed cardiomyocytes expressing cardiac troponin T at 20X.

6.3 – Figure2A.tif -  reprogramming efficiency accessed by flow analysis.

6.4 – beating movie.avi – spontaneously beating iCMs generated from MGT transfected fibroblasts. 
Authors: Can you please upload these files, and all other requested lab media (see protocol step 2.4)? Remember to include the shot number in the file name.
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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