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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? N
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.

http://www.ionoptix.com/product/motic-ae31-photometry-and-dimensioning-microscope/

2. 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.

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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.2, 3.5, 3.8, 5.2, 5.4, and 5.8.2.

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. (Please do not list entire sections.)
3.8 and 5.8.2.  Collagenase does go bad over time so assaying new lots is important. Likewise, its very easy to fry the cells if you are not careful with the light intensity.

5. Will the filming need to take place in multiple locations? N


Videographer note: The scope shots were shot on my phone with an adapter and will be on their way at some point tomorrow.  I was unable to figure out how to shoot them through the scope in landscape mode.  Let me know if you want me to re-format those for you.  I trimmed some of them down and labeled them in their own scope folder.




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. [bookmark: _Hlk12267232]Shuxin Han: Heart failure is a leading cause of death for both men and women in the developed world. New evidence suggests alterations in both cardiac and systemic metabolism contribute to the pathology of heart failure.  Rapidly identifying which metabolites affect excitation-contraction coupling is still a challenge [1].  
1.1.1. INTERVIEW 

1.2. Shuxin Han: The traditional approach of isolating cardiac myocytes from an adult mouse is a time consuming and challenging process.  The innovative method in this article makes the stringent process more efficient and easier to perform.  Further, using fluorescent probes we can perform many phenotypic assessments of how chemicals can induce cardiac toxicity or dysfunction at the cellular level [1].
1.1.1. INTERVIEW 


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

1.3. Kayla Hicks: By identifying which molecules alter myocyte behavior, new therapeutics can be identified for the treatment of heart failure. Further, using transgenic animals, we can probe how different genes contribute to or prevent cardiac dysfunction. This information will be essential to one day curing heart failure [1].  
1.3.1. INTERVIEW 

Introduction of Demonstrator: (Said by you on camera)

1.2. Shuxin Han : Demonstrating the procedure will be Matthew Klos and his student Shreyas Suresh [1] [2].
1.2.1. Interview style: Author saying the above 
1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Section - Protocol
All methods and procedures described in this protocol have been approved by the Institutional Animal Care and Use Committee (IACUC) of Case Western Reserve University.
2. Preparation of Coverslips
2.1. To begin, thaw the working laminin solution on ice [1]. Using a P1000 pipette, aspirate 200 microliters of laminin [2], and gently drag the pipette tip along one edge of the sterilized coverslip to allow capillary action to pull out a minuscule amount of laminin for facilitating coverslip attachment to the six well plate [3]. 
2.1.1. Talent places a solution on ice.
2.1.2. Talent draws up solution.
2.1.3. CU: Talent drags pipette tip along the edge of a coverslip.
2.2. Then, expel the remaining laminin in the center of the coverslip in a circular motion. Spread the laminin droplet across the coverslip [1]. Place the coverslips in a 37 degrees Celsius incubator at least 1 hour and up to 24 hours before the isolation [2].
2.2.1. CU: Talent expels the solution in the center of the coverslip.
2.2.2. Talent places the coverslips in an incubator.
3. Myocyte Isolation
3.1. To isolate myocyte from the prepared heart in cold KHB-HB (pronounce as K-H-B-H-B), place the sample under a stereo microscope [1-TXT]. To prevent emboli, prime the aortic cannula by submerging in the KHB-HB solution, and using a 20-milliliter syringe to force the solution through [2].
3.1.1. Talent places the heart under a microscope. TEXT: KHB-HB: Krebs-Henseleit buffer HEPES buffer without calcium
3.1.2. CU: Talent submerges a cannula, and uses a syringe to fill it with solution.
3.2. Make sure the heart is submerged and the cannula is primed before heart excision [1]. With a number-5 forceps, cannulate the heart [2]. Confirm proper positioning of the cannula by visualizing the tip of the cannula approximately 1-millimeter above aortic insertion into the ventricle [3]. 
3.2.1. Shot of the heart and cannula.
3.2.2. SCOPE: Talent inserts a tube into the heart.
3.2.3. SCOPE: Talent points to the tip of the cannula.
3.2.4. [Added Shot] SCOPE: shot of the vessels being cleaned.
3.2.5. [Added Shot] SCOPE: shot of the cells when they were ready to be counted
3.3. Then, start the flow of KHB-HB by rotating the stopcock on the Langendorff [1]. Connect the cannula to the Langendorff to perfuse the heart for 5 minutes [2].
3.3.1. CU: Talent opens the stopcock. Focus on the stopcock.
3.3.2. Talent connects the tube to the device.
3.4. Next, rotate the stopcock to switch the perfusion from the KHB-HB reservoir to the digestion buffer reservoir [1]. Once the digestion buffer reaches the heart, set a timer [2-TXT]. Collect the perfusate in a sterile 100 milliliter beaker. Refill the digestion buffer reservoir as needed with the perfusate until the digestion time has expired [3].  
3.4.1. CU: Talent rotates the stopcock.
3.4.2. Shot of the buffer in the tube reaching the heart, and talent starts the timer. TEXT: 5 min for mouse; 15 min for rat
3.4.3. Talent transfers the collected perfusate into the buffer reservoir.
3.5. [bookmark: _Hlk10808836]After digestion, in a sterile 100-milliliter beaker, separate the chambers of the heart with forceps and the iris scissors [1]. Place each chamber into a separate well of a six well plate. Pour 5 milliliters of collagenase solution into each well [2]. 
3.5.1. Talent divide the heart chambers in a beaker.
3.5.2. CU: Talent places each chamber into a well, and adds solution.
3.6. Immediately use scissors to mince the heart tissue into chunks of approximately 1 cubic meter [1]. Using sterile transfer pipettes, gently triturate the minced heart tissue with digestion buffer [2]. 
3.6.1. Talent minces the tissue into chunks.
3.6.2. Talent adds solution into the well.
3.7. Once the tissue chunks become white and feathery [1], place the plate under an inverted microscope to examine the cells [2]. If the number of viable cells is greater than 80% [3], proceed to strain the cells into a 50-milliliter conical tube using a 100-micron cell strainer [4].
3.7.1. Shot of the white tissue chunks.
3.7.2. Talent places the plate under a microscope.
3.7.3. Talent shows the viable cell number greater than 80%.
3.7.4. Talent pours the cells through a strainer into a tube.
3.8. If the number of viable cells is less than 80% [1], check the time it took to cannulate. If the cannulation time is over 5 minutes, try another heart [2]. If not, assay new collagenase lots through the collagenase sampling program [3].
3.8.1. Talent shows the viable cell less than 80%.
3.8.2. Talent checks records, and points to a time over 5 mins.
3.8.3. Talent sits in front of the computer and operates on the Collagenase Sampling Program website.
3.9. Next, pellet the cells by centrifuging at 215 times g for 2 minutes [1]. The pellet should be compact and not loose [2]. If the pellet is loose, the preparation contains many dead cells [3]. In a tissue culture hood, resuspend the compact pellet in 10 milliliters of stopping buffer [4]. 
3.9.1. Talent places the tubes into centrifuge. Videographer: Take multiple shots, as this will be used later.
3.9.2. ECU: Talent shows a compact pellet.
3.9.3. ECU: Talent shows a loose pellet.
3.9.4. Talent adds 10 mL solution into the tube to resuspend the pellet.
3.10. Pellet the cells again by centrifuging at 215 times g for 2 minutes [1]. Resuspend the cells in 5 milliliters of plating buffer [2]. Perform a cell count on a cyto counter [3], and adjust the volume of plating buffer to reach a final myocyte concentration of 2 x 104 cells per milliliter [4-TXT]. 
3.10.1. Use 3.9.1.
3.10.2. Talent removes supernatant and adds 5 mL solution into the tube to resuspend the pellet.
3.10.3. Talent measures cell count.
3.10.4. Talent adds solution into the tube. TEXT: 2 x 104 cells/mL
3.11. Now, remove the laminin-coated coverslips from the incubator [1]. Aspirate the laminin droplet if present. Plate 200 microliters of myocyte suspension on each coverslip [2]. Place the coverslips in a 37 degrees Celsius incubator with 21% oxygen and 5% carbon dioxide for 2 hours to allow attachment [3].
3.11.1. Talent takes coverslips out of the incubator.
3.11.2. Talent adds the cell suspension onto a coverslip.
3.11.3. Talent places the coverslips in an incubator.
3.12. After 2 hours, take out the coverslips [1] and aspirate the unattached cells. Add 2 milliliters of culture media [2], and culture in the incubator at 37 degrees Celsius for up to 4 days [3].
3.12.1. Talent takes out the coverslips.
3.12.2. CU: Talent removes cells and adds media.
3.12.3. Talent places the coverslips on a surface.
4. Membrane Potential Dye Loading
4.1. First, remove component A and component B from the membrane potential kit [1]. In a 15-milliliter conical tube, combine 50 microliters of component B and 5 microliters of component A to form a voltage dye mixture [2].
4.1.1. Talent takes two components from the membrane kit.
4.1.2. Talent adds 50 microliters and 5 microliters into a tube.
4.2. Vortex to mix. Add 10 milliliters of plating media to the 15-milliliter conical tube containing the voltage dye mixture to form the membrane potential dye mixture. Again, vortex to mix [1].
4.2.1. Talent vortexes, adds media, and vortexes again.
4.3. Then, remove one six-well plate of myocytes from the incubator [1]. Aspirate the media [2]. Add 800 microliters of the membrane potential dye mixture to each well [3]. Cover the plate with foil, and leave the plate at room temperature for 15 minutes [4].
4.3.1. Talent takes out a plate.
4.3.2. CU: Talent removes media.
4.3.3. Talent transfers mixture from conical tube to each well.
4.3.4. Talent covers the plate.
4.4. After that [1], aspirate the dye media mixture from each well, and add 1 milliliter of modified-Tyrode’s solution to each well [2]. Cover with foil [3]. 
4.4.1. Talent takes away the foil.
4.4.2. CU: Talent removes media, and adds new solution to one well.
4.4.3. Talent covers the plate.
5. Photometry and Charge Coupled Device Recordings
5.1. Turn on the equipment in the order of microscope, arc lamp, hyperswitch, fluorescence interface system, Myocam (pronounce as My-O-Cam) power supply, field stimulator, and computer [1].
5.1.1.  WIDE: Talent turns on equipment.
5.2. Make sure the excitation/emission filter sets are appropriate for the imaging dye [1]. For example, Fura-2 [2] is excited at 340 nanometers and 380 nanometers of light. It emits at 510 nanometers of light [3]. Fluo-4 and the voltage membrane dye [4] are excited at 485 nanometers of light and emit at 520 nanometers of light [5].
5.2.1. Talent shows the filter sets.
5.2.2. Talent shows Fura-2.
5.2.3. Talent shows the excitation and then the emission filter.
5.2.4. Talent shows Fluo-4 and then voltage membrane dye.
5.2.5. Talent shows the excitation and then the emission filter. Videographer comment: The first clip slated as 5.3.1 is actually 5.2.5.
5.3. Prime the recording system by turning on the vacuum, fully opening the hose clamp, and gently plunging each 60-milliliter syringe with Tyrode’s solution in the manifold [1]. For calcium recordings use standard Tyrode’s solution. For voltage recordings use modified Tyrode’s solution [2].
5.3.1. WIDE: Talent turns on the vacuum, opens the hose clamp, and installs syringes.
5.3.2. Talent shows two solutions one by one.
5.4. Turn on the inline heater. Maintain the temperature so the perfusate in the chamber is at 36 ± 1 degrees Celsius for at least 15 minutes [1]. Next, open the acquisition software. Make sure the parameters are set for the correct imaging dye [2].
5.4.1. Talent turns on heater.
5.4.2. Talent opens the software on the computer.
5.5. Turn the stimulator off [1]. In the dark, remove the foil from the six well plate and place a coverslip in the pacing chamber [2]. Place the plate under a microscope, and focus on the myocytes using the 10x objective [3]. 
5.5.1. Talent turns off stimulator.
5.5.2. Talent takes away foil in the dark, and places a coverslip in one chamber.
5.5.3. Talent places the plate under a microscope, and adjusts the objective.
5.6. Once in focus, start pacing by field stimulating at 1 Hertz, and 0.2 volts. Gradually increase the voltage until 1:1 pacing is obtained [1]. Then increase the voltage until 1.5x the threshold is reached [2].
5.6.1. Talent adjusts pacing.
5.6.2. SCOPE: Shot of the cell when talent increases the voltage.
5.7. Switch from the 10x objective to the 40x objective. Focus in on a cell that is following a 1:1 pacing. Adjust the plastic shades so only one cell is in the field of view [1]. 
5.7.1. SCOPE: Shot of the heart when talent adjusts objective. Then, talent focuses in on a cell.
5.8. Using the software, place the area of interest box on well-defined sarcomeres [1]. Start the acquisition software to initiate the excitation light [2]. Using the neutral density filters, adjust the intensity setting accordingly to obtain an adequate signal to noise ratio [3].
5.8.1. [bookmark: _GoBack]SCREEN: Talent moves the area of interest box.
5.8.2. SCOPE: Shot of the heart when the light excites. Videographer comment: The clients decided to do as a screenshot as it conveyed the message much better.
5.8.3. SCREEN: Talent initiates the excitation light, and adjusts the intensity.



Section – Results
6. Results: Calcium and Sarcomere Shortening
6.1. Here, the representative calcium and sarcomere shortening traces recorded from C57/B6 (C-fifty-seven-black-six) mouse myoyctes using fura-2 are shown [1].
6.1.1. Figure 2
6.2. A quantification of ensembled averaged data obtained from a C57/B6 (C-fifty-seven-black-six) mice and their transgenic littermates shows no difference between the groups [1] except for the relaxation time at 10 Hertz pacing [2].
6.2.1. Figure 3
6.2.2. Figure 3 – Video editor: emphasize the last two bars in Figure 3C.
6.3. The voltage tracing recorded from a C57/B6 (C-fifty-seven-black-six) mouse myocyte paced at 10 Hertz was post-processed to obtain a useable signal [1]. The ensembled averaged action potential [2], after a low pass Butterworth [3] or a Savitzky-Golay digital filter was applied [4] show subtle differences in the shape of the actin potentials [5].
6.3.1. Figure 4 – Video editor: emphasize the Figure 4A.
6.3.2. Figure 4 – Video editor: emphasize the Figure 4B.
6.3.3. Figure 4 – Video editor: emphasize the Figure 4C.
6.3.4. Figure 4 – Video editor: emphasize the Figure 4D.
6.3.5. Figure 4 – Video editor: emphasize the Figure 4BCD.
6.4. The traces recorded from rat myocytes paced at 1 Hertz shows in addition to the voltage signal being lower than the calcium signal [1], the contraction kinetics are different as well [2]. This is because calcium dyes buffer calcium while voltage dyes do not [3]. 
6.4.1. Figure 5 – Video editor: emphasize the top images in both Figure 5A&B.
6.4.2. Figure 5 – Video editor: emphasize the bottom images in both Figure 5A&B.
6.4.3. Figure 5
6.5. As with the calcium transient, myocytes demonstrated pacing dependent changes in their optical action potential duration [1]. Drug induced prolongation of the action potential was demonstrated as well [2].
6.5.1. Figure 6
6.5.2. Figure 7
6.6. The last 11 seconds of a 20-second recording Indicated that prolonged exposure of myocytes to blue light leads to triggered activity [1]. 
6.6.1. Figure 8




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Kayla Hicks: When attempting this procedure, the most important thing to remember is to use the lowest intensity light possible so you do not damage the myocytes [1] [2].
7.1.1. Use 5.8.2.
7.1.2. INTERVIEW
7.2. Shuxin Han: Myocytes isolated using our approach can also be used for immunohistochemistry or collected for western blot analysis [1].
7.2.1. INTERVIEW
7.3. Shuxin Han: The beauty of this technique it is allows researchers to rapidly assess how a variety of molecules and genes alters excitation contraction coupling using a single system [1].
7.3.1. INTERVIEW
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