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1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to isolate and visualize contraction and calcium handling in adult murine cardiomyocytes . (Intro)  This is accomplished by first removing the murine heart and placing it in room temperature PBS. (P1)  The second step of the procedure is to place the aorta around the blunt-end needle and secure it with suturing silk. (P2)  The third step is wash and digest the heart by pumping perfusion buffer and then enzyme buffer through the system. (P3)  The final step is cut the ventricles into a dish of transfer buffer and gently mince the tissue with forceps. (P4)  Ultimately, results can show individual cardiomyocyte cell contraction and handling of calcium through sarcomeric visualization and ratiomeric calcium indicators, like Fura-2 AM, with the IonOptix system. (P5)
Video editor:

P1 – Maybe start with the mouse graphic and animate the heart coming out from it (stock footage of a mouse surgery would be a good midpoint between the mouse and heart).  Remove the mouse and fade on the dish, then animate the heat going into the blue solution in the dish. Throughout, we don’t want to keep the black arrows in the provided diagram.

P2 – Animate the grey needle gripping the tip of the heart.  Then animate the black line weaving its way at the juncture.  When this is done the needle can lift the heart out of the dish and let it dangle (swing it slightly).

P3 – Move the heart/needle to join the pump and stuff.  The grey solution in the tube (cylinder with lines) has a label, move the label somewhere more attractive and add an arrow.  Then have the level of the grey drop in height and fade the heart’s color from red/pink to yellow/orange.

P4 – Move the heart from the apparatus back to a dish of blue solution.  Then use the scissors to animate the heart being diced into lots of little pieces – this could be done with super quick snipping and the heart fading into a rubble of yellow-orange dots.

P5 – First fade to Fig7A, then switch to Fig7B at “and ratiometric…”.

[image: image1.jpg]



B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. del Monte: Generally, individuals new to this method will struggle because it can be difficult to quickly hang the heart through the aorta without damaging the vessel or the heart itself.

Protocol (read by voice talent at JoVE):

2. Cardiomyocyte Isolation

2.1. Inject adult mice, at about 12 weeks of age, with 1500 USP of heparin sodium into the abdominal space. If the mouse is dehydrated, inject with 1cc saline solution. 
2.1.1. WID: talent loading needle and injecting a mouse
2.2. Anesthetize the mouse with an injection of a ketamine/xylazine mixture at a weight-dependent dose.  (TEXT: 80:12 mg/kg ketamine:xylazine, ketamine = 6.5 mg/ml, xylazine = 1mg/ml)
2.2.1. LAB MEDIA: Table 1  
2.3. Secure the sedated mouse to the operating pad.  Then, excise the heart, and place in a dish of physiologic saline. 
2.3.1. MED: lifting the heart from the mouse that has been operated on
2.3.2. CU: setting heart in saline bath
2.3.3. LAB MEDIA: Fig. 1J – just backup, use video
2.4. Using OptiVision dissecting goggles, identify and expose the aorta. Removing the tissue around the aorta is not required for cell isolation as long as the aortic root is clearly visible.
2.4.1. MED: talent putting on goggles and prepares to start dissection of heart
2.4.2. ECU: exposing aorta of heart and removing tissues
2.5. Prime the pump with perfusion buffer. Begin pumping at a fast speed to fill the lines and check for the absence of bubbles; then, pump at a slow speed in order to set the flow rate for heart perfusion. Use a circulating water bath to maintain the temperature of the perfusion buffer at 37 °C.   
Video Editor: Note from Author: “Split into several shots: 

1st: putting line tube into perfusion buffer

2nd: fast priming of system

3rd: setting perfusion speed and tension”
2.5.1. MED: starting the pump, it fills the line with buffer
2.5.2. CU: circulating water bath, show water moving in it
2.5.3. LAB MEDIA Fig. 2D – just backup, use video
2.6. To mount the heart onto the pre-warmed Langendorff Apparatus, locate the aorta and attach it to a non-hypodermic, blunt end, 24-Gauge needle with a silicone tube at the distal tip.  
2.6.1. MED: Mount the heart to the needle while it is attached to the Langendorff Apparatus (place dish with saline and heart near the needle, locate aorta with forceps, and lift and attach heart by the aorta to the needle and system). 
2.6.2. ECU/CU: the silicon tube attached to the needle while its assembly is completed
2.7. Use micro-dissecting forceps to place the aorta on the needle like a sock. Be sure that the end of the needle rests in the ascending aorta, ideally in the aortic root distal to the right innominate.
2.7.1. ECU: attaching aorta to the needle, like sock
2.7.2. ECU: different angle of positioned aorta showing the root distal to the right innominate, have talent point out the salient features with a probe
2.8. Next, secure the heart to the needle by tying a 10-cm length of suturing silk around the top of the aorta.  Ensure that the tie is at the level of the ascending aorta, below the right innominate artery, but is also above the end of the needle.
2.8.1. ECU: tying the heart in place

2.8.2. ECU: completed knot - talent points out level of the ascending aorta, below the right innominate artery, and area above the end of the needle
2.8.3. (introduce this shot where needed) MED: attaching the needle to L-app 
2.9. Now, lower the heart into the interior of the conical.  This helps maintain the ambient temperature. 
2.9.1. CU: lowering heart into conical
2.10. Perfuse the heart with perfusion buffer for 5 minutes at a rate of 1 mL per minute and clamp the glass chamber outflow to allow the perfusate to collect in the conical glass and envelope the heart. 
2.10.1. CU: turning on the pump to start the perfusion, show the 1 ml / minute setting

2.10.2. CU: closing the outflow chamber 

2.10.3. CU: heart with solution running through it collecting in concical

2.11. At this point you should see the volume of the heart increase.  Additionally, blood in cardiac tissue will be replaced by perfusate, causing tissue pallor.
2.11.1. ECU: looking through conical, the heart grows larger, there should be some space around the heart in the frame

2.11.2. ECU: different angle, tighter, the heart goes from light red to brownish - like fresh meat compared to cooked one (this could take a while to happen)
2.12. Stop the pump to move the tubing from the perfusion buffer container to the enzyme buffer container. Release the outflow clamp to drain the perfusate.
2.12.1. CU: opening the outflow and perfusate drains out (Video Editor: The author switched the order of the two VO sentences (already switched above), so this shot probably follows the next shot.) 
2.12.2. MED: stopping the pump and moving the tubing
2.13. Restart the pump to begin to perfuse the heart with enzyme buffer at 1 mL per minute. 
2.13.1. Reuse 2.10.1
2.14. Clamp the outflow again to allow the enzyme buffer to envelope the heart.  Here, as the enzyme is perfusing the heart and digesting the connective tissue, the heart will become paler and the structural integrity will diminish.
2.14.1. Reuse 2.10.2

2.14.2. ECU: solution level rises around the heat, show the heart getting more pale (this could take some time)

2.14b. For the novice, it is helpful to connect the perfusion line with a manometer. When the heart is getting digested the pressure will rapidly decline, as the connective tissue does not hold the resistance. 

2.14b.1.  Use 2.16.1. MED: adding a manometer to the perfusion line

2.14b.2.  Use 2.16.1. CU: manometer in the line showing pressure guage

2.14b.3.  Reuse 2.14.2. showing a part where the heart seems to be getting softer

2.14b.4.  Use 2.16.1. ECU: the value on the pressure gauge, stable then suddenly drops

2.15. To determine when to cut the ventricles from the digested heart, lift the heart out of the conical glass, gently squeeze the heart with forceps and collect a few drops of perfusate in a small petri dish to check if single cells are dropping. 
2.15.1. MED: talent lifts heart form solution

2.15.2. CU: squeezing the heart and solution comes out onto a small dish

2.15.3. MED: placing dish under scope and peering into oculars

2.16. For the novice, it is helpful to connect the perfusion line with a manometer. When the heart is getting digested the pressure will rapidly decline, as the connective tissue does not hold the resistance. 

2.16.1. MED: adding a manometer to the perfusion line

2.16.2. CU: manometer in the line showing pressure guage

2.16.3. Reuse 2.14.2 showing a part where the heart seems to be getting softer

2.16.4. ECU: the value on the pressure gauge, stable then suddenly drops

2.17. del Monte: The manometer can also ensure that the position of the needle is above the aortic valve and not in the ventricle. Low pressure indicates that the needle is in the ventricular chamber and high pressure indicates that the needle touches the valve.
2.17.1. MED/WID: talent delivers this dialogue, pointing out the manometer (if the talent speaking is not Dr. del Monte, this is fine)
2.18. In 8 to 10 minutes the ventricular pressure will drop dramatically or single cells will enter the perfusate.  When either is first seen, cut the ventricles from the heart into a dish full of transfer buffer A.
2.18.1. Reuse 2.15.3 – end, with talent looking into the microscope

2.18.2. SCOPE: single cells in the perfusate

2.18.3. CU: cutting the ventricle and transferring to dish with solution
2.19. Using micro-dissecting forceps, mince the ventricles.  A successful digestion will leave almost no solid chunks of tissue after mincing, with most of the tissue becoming amorphous upon dissociation. For a more uniform preparation, cut out and remove the right ventricle, leaving the left ventricle behind to mince and study. If interested in the right ventricle, it can be minced after separation. 

2.19.1. MED: mincing action

2.19.2. CU: dish, mincing up tissue in solution

2.19.3. ECU: end product of foamy-tissue floating about, no chunks
2.20. To further dissociate the tissue, flow it through a plastic Pasteur pipette from which the tip has been cut at a 45-degree angle.
2.20.1. CU: dish, plastic pipette enters and flows solution

2.20.2. ECU: show the tip of pipette being pulled up from solution, demonstrating the angle of the tip cut
2.21. Secure a piece of squared mesh to a small funnel using clamps and place this filtering apparatus into a 15-ml tube.

2.21.1. MED: mesh placed into funnel, clamping

2.21.2. CU: setting mesh/funnel into tube, side angle, (and then securing the apparatus, if needed)
2.22. Use the modified Pasteur pipette to remove the cell solution from the dish and filter the solution into the 15-ml tube.  
2.22.1. CU: drawing solution into pipette

2.22.2. CU: ejecting solution into funnel
2.23. Allow the live cells to settle to the bottom of the tube, which will take two to ten minutes. Splitting the volume into two tubes yields faster pelleting.

2.23.1. Like 2.21.2, solution dripping through the tube, zoom in to show the cells accumulating at the bottom of tube (solid/darker region)

2.24. Meanwhile, take 2.5 mL aliquots of each of the four calcium solutions into 4 separate 15 mL tubes.

2.24.1. MED: talent with four calcium solution bottles, transferring an aliquot of each into four tubes

2.25. After aliquoting 2.5 mL of each of four calcium solutions into 4 separate 15 mL tubes, use the modified pipette to carefully transfer the settled cell pellet to the first of the calcium solutions.
2.25.1. MED: taking the funnel off the collection tube, lifting tube and sucking up cells at the bottom

2.25.2. CU: ejecting cells into calcium solution
2.26. Allow the cells to settle to the bottom of the tube and repeat the process, transferring the settled cells through each of the calcium solutions.  
2.26.1. ECU: cells moving through the solution and arriving at bottom of tube

2.26.2. MED: talent sucks up cells at bottom of calcium solution tube and ejects them into the next calcium solution tube
2.27. When the cells are transferred to the fourth calcium solution, cap the tube and turn it on its side.
2.27.1. MED: like previous shot, only moving cells from 3rd to 4th calcium solution, then capping vial

2.27.2. CU: vial set on its side on bench top
3. Operating the MMSYS System
3.1. Power the MMSYS system ensuring that the arc lamp is initiated first.
3.1.1. WID: talent looks at arc lamp an turns on MMSYS system
3.2. Then, prime the system with calcium buffer B.
3.2.1. MED: priming the system with solution
3.3. Connect the tubes from the pump to the appropriate inlet and outlets of the MMSYS chamber.
3.3.1. MED: connecting tubes from pump to MMSYS chamber, show as completing all the connections
3.4. Fasten down an appropriately sized glass coverslip, typically 20 by 25 mm, in the chamber.
3.5. CU: attaching coverslip to the chamber
3.6. Transfer 500 μL of the cell solution to a small Eppendorf tube.
3.6.1. CU: adding cell solution to small tube
3.7. Add 0.25 μL of Fura2-AM to the cells and allow them to incubate in the dark at RT for 5 to 7 minutes. (TEXT: 0.25 µL Fura2-AM @ 1 μg/μl)
3.7.1. CU: adding 2nd solution to the small tube

3.7.2. MED: closing and covering the tube, then setting a timer
3.8. After darkening the room, use a modified pipette to load one or two drops of cell solution onto the coverslip, depending on the cell concentration, and allow the cells to settle.
3.8.1. WID: talent approaches bench in darkened room 

3.8.2. MED: picking up tube with cells and pipette, transferring some of cells from tube to the slide in the MMSYS

3.8.3. ECU: cells being added to the slide
3.9. The density of the cells in the chamber should be such that single non-overlapping cells can be easily viewed in the MMSYS data acquisition platform.
3.9.1. CU: loading slide into MMSYS system

3.9.2. CU: talent looking at image of cells as viewed on screen through the MMSYS
3.10. Now, carefully begin to flow calcium buffer B through the chamber.  Once flow has been initiated, and no sooner, begin increasing the chamber temperature to 37 °C.

3.10.1. MED: starting the buffer B flow 

3.10.2. LAB MEDIA: FIG6A

3.11. Make sure that the chamber is connected to the MyoPacer via the connection wires and begin to set the voltage and frequency for the experiment.  (TEXT: typically 15-20 V and 3-5 Hz)
3.11.1. MED: checking the chamber to MyoPacer connection wires

3.11.2. CU: setting the voltage and frequency dials on the hardware showing one or both settings as they are dialed in for the demonstration

3.12. Choose a cell that is beating at the correct frequency and move it into the framing aperture. Adjust the camera and framing aperture dimensions so that the entire cell is in the center of the window, directed horizontally, with the sarcomeres apparent.

3.12.1. LAB MEDIA:  We will upload a movie file of a typical experiment
3.13. Next, place the box in an area of the cell containing well-defined sarcomeres and adjust the focus to optimize the peak of the power spectrum.  Also adjust the brightness of the microscope to optimize the blue smoothing window and black contrast information.

3.13.1. LAB MEDIA: We will upload a movie file of a typical experiment
3.14. Adjust the green threshold bars to capture as much of the red power spectrum and as little background as possible.

3.14.1. LAB MEDIA: We will upload a movie file of a typical experiment 
3.15. Turn on the photomultiplier and begin recording.  


3.15.1. LAB MEDIA: We will upload a movie file of a typical experiment
3.16. After enough data has been recorded, click “Pause” to temporarily stop recording.  Do not click “Stop” - this will terminate the recording and no background will be able to be recorded for that cell.

3.16.1. LAB MEDIA: We will upload a movie file of a typical experiment
3.17. Now, without altering the focus nor dimensions of the viewing window, move the microscope’s stage to an area of the coverslip in which no cells or cellular material can be seen.

3.17.1. LAB MEDIA: We will upload a movie file of a typical experiment
3.18. Then, click “Resume” to record a background measurement. After enough background has been recorded click “Stop” to terminate the recording.  Then, click “File >> Save” to save all the traces for that cell in a single .zpt file.  

3.18.1. LAB MEDIA: We will upload a movie file of a typical experiment
4. Cardiomyocyte Morphology and MMSYS System Analysis
4.1. The isolation of adult cardiomyoctyes results in rod-shaped, striated, and quiescent cells
 that do not spontaneously beat.  The arrowhead shows rounded, dead cells with no striations.  Quiescent cells can be cultured and transfected with adenovirus to manipulate gene expression.  

4.1.1. LAB MEDIA: Fig. 5A

4.2. After 24 hours of culture, the morphology of the live cells does not change, they are still Calcium-tolerant and they can be paced by field stimulation.  A yield of 85-90% viable cells is feasible.  Their functionality hasn’t yet been assessed past 24 hours. 

4.2.1. LAB MEDIA: Fig. 5C 

4.3. The MMSYS system was used to measure contractility and calcium transients of myocytes taken from a wild type, C57-black-6 mouse.  Healthy adult myocytes from these mice have a baseline sarcomere length of 1.7 to 1.9 microns. 

4.3.1. LAB MEDIA: Fig. 7A

4.4. Simultaneously, measurement of contractility and calcium handling was made by measuring the ratio of the bound to the unbound forms of Fura2-AM.  Ratio measurements may vary slightly between setups but healthy cells usually score between 1.5 and 2.5.

4.4.1. LAB MEDIA: Fig. 7B

4.5. In order to analyze the data from the contractility and calcium traces, the traces were averaged to create a characteristic trace for each cell.

4.5.1. LAB MEDIA: Fig. 7C  

4.6. Using a monotransient data analysis algorithm found in the MMSYS software, surrogate parameters for systolic and diastolic function were generated from the characteristic traces.   

4.6.1. LAB MEDIA: Fig. 7D  
5. Conclusion (said by authors on camera)
5.1. del Monte: After watching this video, you should have a good understanding of how to isolate individual adult murine cardiomyocytes.   

Video editor: Not all media has yet been uploaded at the time of filming.  Please see the project folder for the most current image 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.

( 2013, Journal of Visualized Experiments


