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A.  Will you require JoVE to record video microscopy? Y If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 
2.11., 2.13., 2.15., 2.16., 3.6.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.14:   Visualize the aorta before cutting extra tissue around it, 2.16:  Depress the syringe plunger attached to the cannula slightly to remove potential air from the tip.  Grasp the opening of the aorta on each side with forceps and slide the aorta around the cannula 
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 isolate viable primary adult mouse cardiomyocytes for culture and adenoviral vector transduction. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Guo Huang: This method can help answer key questions in the cardiovascular field, such as what prevents adult mammalian cardiomyocytes from completing the cell cycle?
1.2. Guo Huang: The main advantage of this technique is that a high yield of viable adult mouse cardiomyocytes is obtained for long-term cell culture. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Justin Judd: Visual demonstration of this method is critical, as the heart extraction and cannulation steps are difficult but must be performed quickly and efficiently to ensure a successful isolation.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
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 Institutional Animal Care and Use Committee (IACUC) at the University of California, San Francisco.
Protocol (read by voice talent at JoVE):
2. Heart extraction and cannulation: 30
2.1. To extract the heart, begin by treating an adult mouse with 5 IU of heparin/gram of body weight by intraperitoneal injection [2.1.1.-WIDE].

2.1.1. Few seconds Talent injecting mouse ip

2.2. Wait 20 minutes to allow the heparin to circulate to the heart [2.2.1.-CU/MED].

2.2.1. Timer being set to 20 minutes OR Talent looking at watch/clock

2.3. Then, after administering anesthesia, confirm a lack of response to toe pinch and corneal reflexes [2.3.1.-ECU-TXT] and tape the animal’s limbs to a surgery platform [2.3.3.-CU].

2.3.1. Mouse toe being pinched (TEXT: 20% ethyl carbamate ip)

2.3.2. One limb being taped to platform

2.4. Sterilize the incision area with liberal application of 70% ethanol [2.4.1.-CU] and then pat the hair dry with a lab-wipe [2.4.2.-CU].

2.4.1. Few seconds ethanol being applied

2.4.2. Few seconds hair being patted with wipe

2.5. Next, use forceps to lift the skin just below the sternum [2.5.1.-CU] and make a lateral incision through the skin and peritoneum [2.5.2.-CU].
2.5.1. Skin being lifted (Videographer: Combine 2.5.1. and 2.5.2. as appropriate)

2.5.2. Few seconds incision being made (Videographer: Combine 2.5.1. and 2.5.2. as appropriate)
2.6. Then, using hemostats, gently lift the ribcage via the sternum [2.6.1.-CU] and use small dissection scissors to extend the incision in a V-shape toward the axillae [2.6.2.-CU].
2.6.1. Few seconds ribcage being lifted

2.6.2. Few seconds incision being extended 

2.7. Cut through the first rib [2.7.1.-CU] and puncture the diaphragm on each side, keeping the ribcage lifted with the hemostats [2.7.2.-CU].

2.7.1. Few seconds rib being cut (Videographer: Combine 2.7.1. and 2.7.2. as appropriate)
2.7.2. At least one side of diaphragm being punctured, with hemostats visible in frame if possible (Videographer: Combine 2.7.1. and 2.7.2. as appropriate)
2.8. Using small iris scissors, completely transect the diaphragm [2.8.1.-CU-TXT].

2.8.1. Few seconds diaphragm being transected (TEXT: Caution: Do not puncture heart)

2.9. Then use the hemostats to retract the ribcage rostrally [2.9.1.-CU] and quickly but carefully extend the incision through the ribcage toward the axillae on both sides [2.9.2.-CU].
2.9.1. Few seconds ribcage being retracted (Videographer: Combine 2.9.1. and 2.9.2. as appropriate)
2.9.2. [combined with 2.9.1] Few seconds incision being extended (Videographer: Combine 2.9.1. and 2.9.2. as appropriate) 

2.10. Retract the middle section of the ribcage fully, laying down the attached hemostats to hold the tissue in place [2.10.1.-CU], and remove the pericardium with fine forceps [2.10.2.-CU].

2.10.1. Few seconds ribcage being retracted, with hemostats visible in frame

2.10.2. Few seconds pericardium being removed
2.11. Next, use curved forceps to gently lift the heart [2.11.1.-CU] and transect the attached veins and arteries [2.11.2.-CU].
2.11.1. Heart being lifted (Videographer: Combine 2.11.1. and 2.11.2. as appropriate)
2.11.2. [combined with 2.11.1] Vessels being detached (Videographer: Combine 2.11.1. and 2.11.2. as appropriate)
2.12. Wash the heart in ice cold perfusion buffer, then transfer the heart onto a small piece of 215 micron mesh.  Add ice-cold perfusion buffer to slow myocardial contractions [2.12.1.-CU] and place the dish under a dissection microscope [2.12.2.-CU].

[Added 2.12.0.] Heart being washed in perfusion buffer

2.12.1. Heart being placed onto mesh

[Added 2.12.2] Perfusion buffer being added to heart.

2.12.2. [changed to 2.12.3] Dish being placed under microscope

2.13. Using fine iris scissors, trim any excess non-cardiac tissue [2.13.1.-SCOPE-TXT]. Then transect the aorta near the brachioencephalic artery, taking care not to let bubbles or tissue debris enter the opening [2.13.2.-SCOPE].
“Brachiocephalic”?  2 takes.
2.13.1. Few seconds tissue being trimmed (TEXT: Caution: Do not damage aorta)

2.13.2. Few seconds aorta being transected
2.14. To cannulate the heart, fill the petri dish with ice cold perfusion buffer [2.14.1.-MED-TXT] until the solution rises above the opening of the 18 gauge cannula [2.14.2.-CU-TXT].

2.14.1. Few seconds Talent filling petri dish with PB (TEXT: See text for all media/reagent preparation details)

2.14.2. Shot of PB above/rising above cannula opening (TEXT: See text for cannula/perfusion system preparation details)

2.15. Then, keeping the tip of the cannula and aorta below the surface of the buffer, sheath the aorta onto the cannula until the needle tip is just distal to the aortic valve [2.15.1.-SCOPE].

2.15.1. Few seconds aorta being placed onto cannula  

2.16. Slide a pre-tied 7-0 silk suture down the shaft of the cannulation needle until the suture is just above the needle tip [2.16.1.-SCOPE] and tighten the knot with fine forceps [2.16.2.-SCOPE].
2.16.1. Few seconds suture being placed

2.16.2. Few seconds suture being tied  
2.17. Place a second suture just above the first [2.17.1.-SCOPE-TXT].

2.17.1. Few seconds second suture being placed/tied (TEXT: Ensure needle tip above aortic valve before/after tightening)

2.18. Then slowly depress the syringe until 0.5 ml of perfusion buffer has been injected through the coronary vasculature [2.18.1.-SCOPE].

2.18.1. Few seconds heart being perfused

2.19. [added] After removing the syringe, attach the cannula to the perfusion outlet port.
2.19.1. [added] Talent attaching cannula to perfusion system and few seconds of perfusate dripping from heart.

3. Mechanical heart dissociation and purification

3.1. At the end of the perfusion, use forceps to remove the heart from the cannula [3.1.1.-WIDE-TXT] and place the heart in an empty petri dish [3.1.2.-MED].
3.1.1. Few seconds Talent removing cannula heart (TEXT: See text for full heart perfusion details)

3.1.2. Talent placing cannula heart into dish 
3.2. Using fine iris scissors, quickly trim the extra-ventricular tissue [3.2.1.-CU/SCOPE] and wash the ventricles in a new petri dish containing perfusion buffer [3.2.2.-CU].
3.2.1. Few seconds ventricular tissue being trimmed

3.2.2. Few seconds ventricles being washed 

3.3. After washing, transfer the ventricles into a dry petri dish [3.3.1.-MED] and place in a sterile hood. [3.3.2.-MED].
3.3.2  [Change to 3.3.1] Few seconds Talent transferring at ventricles into dish
3.3.1  [Change to 3.3.2] Talent placing dish into hood

3.4. Collect 7.5 ml of digestion buffer from the heat jacket of the perfusion pump [3.4.1.-MED] and add 2.8 microliters of 1 M calcium chloride [3.4.2.-MED].

3.4.1. Few seconds digestion buffer being collected

3.4.2. Talent adding calcium chloride to buffer, with calcium chloride container visible in frame if possible 
3.5. Mix the solution by inversion [3.5.1.-MED] and then add 2-3 ml of the calcium chloride-supplemented digestion buffer to the ventricles [3.5.2.-CU].
3.5.1. Few seconds Talent inverting solution

3.5.2. Few seconds buffer being added to dish
3.6. Using fine forceps, quickly triturate the ventricular tissue until most of the pieces are smaller than 1 mm3 [3.6.1.-CU] and add the remaining calcium chloride-supplemented digestion buffer to the dissociated tissues [3.6.2.-CU].

3.6.1. Few seconds tissue being triturated

3.6.2. Few seconds buffer being added

3.7. Mix the fragments by gentle agitation [3.7.1.-CU] and incubate them at 37°C and 5% CO2 with continued agitation every 2 minutes until a sufficient number of cardiomyocytes have been released [3.7.2.-MED-TXT].

3.7.1. Few seconds fragments being agitated

3.7.2. Talent placing dish into incubator  (TEXT: 5-10 min = 5-10 ( 105 cells/heart)

3.8. Then return the dish to the laminar flow hood [3.8.1.-MED] and use a transfer pipette to gently dissociate the tissue further [3.8.2.-CU].

3.8.1. Talent placing dish into hood

3.8.2. Few seconds tissue being dissociated

3.9. Wearing sterile gloves, fold the 215 micron mesh into a cone [3.9.1.-CU] and hold it over a 50 ml conical tube [3.9.2.-CU].
3.9.1. Few seconds cone being folded

3.9.2. Cone being moved over tube 

3.10. Pipette the tissue slurry onto the mesh [3.10.1.-CU] and allow the filtrate to drain into the tube [3.10.2.-CU], followed by a wash with 7.5 ml of pre-warmed stop buffer [3.10.3.-CU].
3.10.1. Few seconds tissue being pipetted onto mesh

3.10.2. Few seconds filtrate dripping into tube

3.10.3. Few seconds mesh being washed, with stop buffer container label visible in frame if possible

3.11. Transfer the cell suspension to a 15 ml conical [3.11.1.-CU] and allow the cells to settle by gravity for 15 minutes [3.11.2.-MED].
3.11.1. Few seconds cells being added to tube

3.11.2. Talent placing tube onto rack or similar to allow cells to settle
3.12. Then use a new transfer pipette to carefully remove the supernatant until only 50-100 microliters of solution remains above the cells [3.12.1.-CU].
3.12.1. Last few seconds supernatant being removed until 50-100 microliters of supernatant are left

3.13. Add 10 ml of pre-warmed, equilibrated culture medium to the cells [3.13.1.-CU] and mix by gentle inversion [3.13.2.-CU].
3.13.1. Few seconds medium being added to cells, with medium container label visible in frame if possible

3.13.2. Few seconds tube being mixed  
3.14. Finally, after another 15 minute room temperature incubation [3.14.1.-MED], use a new transfer pipet to remove the supernatant from the settled cells until only 50-100 microliters of medium remain [3.14.2.-MED].

3.14.1. Talent placing tube at RT
3.14.2. Few seconds Talent aspirating supernatant 
4. Results: Representative isolate mouse cardiomyocytes
4.1. Immediately after isolation, the cardiomyocytes maintain a mostly rod-shaped appearance with intact sarcomeres and a sharp outer membrane under brightfield illumination [4.1.1.-LM].
4.1.1. Fig3a.tif: please add white arrowhead from panel a of Figure 3 – revised 
4.2. Immunostaining for cardiomyocyte-specific sarcomeric markers, such as alpha-actinin, reveals a distinct sarcomeric banding pattern [4.2.1.-LM].
4.2.1. Fig3c.tif: please zoom from white rectangle to top rectangular image OR please indicate green band(s) in top rectangular image 
4.3. After several days in culture, the cardiomyocytes assume a rounded morphology [4.3.1.-LM].

4.3.1. Fig3b.tifplease outline/indicate d3, d4 and d5 images

4.4. Within 1-2 weeks, the live cardiomyocytes attach to the substrate and begin spreading [4.4.1.-LM].
4.4.1. Fig3d.tif: if possible, please outline at least one green cell

4.5. Transduction with adenovirus, as observed in these GFP+ cardiomyocytes, can be used to achieve a strong gene expression within 48-72 hours [4.5.1.-LM].
4.5.1. Fig3e.tif: please indicate right image/green cell(s) in right image

5. Conclusion (said by authors on camera)
5.1. Justin Judd Guo Huang: Once mastered, this technique can be completed in 4 hours if it is performed properly.

5.2. Justin Judd: While attempting this procedure, it’s important to remember to achieve a quick and secure cannulation that is free of air bubbles in order to efficiently perfuse the coronary vasculature.  Additionally, allow the heart to fully digest in order to minimize the damage to the cardiomyocytes during the mechanical dissociation.
5.3. Justin Judd: Following this procedure, other methods, like immunostaining or live imaging, can be performed to answer additional questions, such as why are adult mammalian cardiomyocytes resistant to cell division?
5.4. Guo Huang: After its development, this technique expanded the ability to study murine cardiomyocyte biology in the field of cardiovascular research.

5.5. Guo Huang: After watching this video, you should have a good understanding of how to isolate adult mouse cardiomyocytes with a high viability for long term culture.

5.6. Guo Huang Justin Judd: Don't forget that working with adenovirus can be extremely hazardous and that precautions such as working in a class II biosafety cabinet 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:

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.  

5.1 – Fig3a.tif

5.2 – Fig3c.tif

5.3 – Fig3b.tif

5.4 – Fig3d.tif

5.5 – Fig3e.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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