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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  Yes
Can you record movies/images using your own microscope camera? (Y/N) No
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.
Dissection microscope: Zeiss Stemi 305 (this dissection microscope has a camera port). 
Imaging microscope: Nikon Eclipse Ti2

2. Does your protocol include software usage? (Y/N) Yes
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.)
2.2.2 SCOPE: View through the light microscope as talent cannulates the aorta with a 22 Gauge cannula and tie using a silk suture
2.3.1 SCOPE: View through the light microscope as talent delivers CIB solution through the cannula connected to a syringe and confirms coronary artery perfusion under the microscope.
2.4.2 ECU: Heart as it drips and eluate becomes clear.

2.6
3.4
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.)
2.2 : correct cannulation of the aorta. Needs to be done carefully as explained in the text.

5. Will the filming need to take place in multiple locations? (Y/N) No
If yes, how far apart are the locations? 
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. Maura Greiser: The intracellular sodium concentration regulates cardiac myocyte function. Quantitative measurements of the intracellular sodium concentration are crucial for understanding the mechanisms that underlie altered intracellular sodium homeostasis during heart disease [1].

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

1.2. Maura Greiser: The use of an EMCCD camera allows for the simultaneous measurement of the intracellular sodium concentration in multiple cardiac myocytes [1].

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. Humberto Joca: In atrial fibrillation, which is the most common cardiac arrhythmia, the intracellular sodium homeostasis is altered. Our protocol provides an important tool for the study of the underlying mechanisms [1].  

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 of the University of Maryland, Baltimore [1].

1.4.1. [bookmark: _GoBack]Title Card

Section - Protocol
2. Isolation of Atrial Myocytes from Adult Murine Hearts
2.1. Begin this procedure with mouse euthanasia and removal of the heart as described in the text protocol [1].
2.1.1. MED: Talent removes the heart from the mouse. Avoid showing the mouse’s face.
2.2. Place the heart in ice-cold nominally calcium-free cell isolation buffer, or CIB (C-eye-B) [1-TXT]. Cannulate the aorta with a 22 Gauge cannula and tie using a silk suture under a light microscope with 3x magnification in CIB solution [2].
2.2.1. ECU: Heart as talent places it in ice-cold nominally calcium-free CIB. TEXT: See Table 1 in text
2.2.2. SCOPE: View through the light microscope as talent cannulates the aorta with a 22 Gauge cannula and tie using a silk suture.
2.3. Maura Greiser: The correct placement of the cannula is crucial for good atrial perfusion during enzymatic digestion. It is important to place the cannula well above the aortic valve and the coronary ostia [1].
2.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
2.4. Confirm that the cannula is well above the aortic sinuses by delivering CIB solution through the cannula connected to a syringe and confirm coronary artery perfusion under the microscope [1].
2.4.1. SCOPE: View through the light microscope as talent delivers CIB solution through the cannula connected to a syringe and confirms coronary artery perfusion under the microscope. Videographer comment: ~/2.2.2
2.5. Mount the heart on a gravity-based Langendorff set up [1]. Then, perfuse the heart with the calcium-free CIB solution for 5 minutes at 37 degrees Celsius to wash out the remaining blood until the eluate is clear [2].
2.5.1. CU: Langendorff set up as talent mounts the heart.
2.5.2. ECU: Heart as it drips and eluate becomes clear.
2.6. Switch to enzymatic solution and perfuse for 3 to 5 minutes at 37 degrees Celsius… [1-TXT] until the atrial tissue is soft and flaccid [2].
2.6.1. MED or CU: Talent switches the CIB solution for enzymatic solution. TEXT: See Table 2 in text
2.6.2. ECU: Atrial tissue showing it is soft and flaccid.
2.7. Excise the right and left atrium using super-grip forceps and small spring scissors [1]. Transfer the atria to a small culture dish containing CIB enzymatic solution with 0.15 milliMolar calcium chloride and place in an incubator at 37 degrees Celsius for 5 to 8 minutes [2]. 
2.7.1. SCOPE: View through the dissection scope of the atrial tissue as talent excises the right and left atrium using super-grip forceps and small spring scissors.
2.7.2. SCOPE: View through the dissection scope of a small culture dish containing CIB enzymatic solution as talent transfers the right and left atria there.  Videographer comment: With 2.7.1. CIB already in did with similar
2.8. Then, transfer the atria into a cell culture dish containing 4 milliliters of pre-warmed storage solution [1-TXT]. Cut the atria into small tissue strips using small spring scissors and super-grip forceps [2].
2.8.1. CU: Cell culture dish containing 4 mL of pre-warmed storage solution as talent transfers the atria there. TEXT: See Table 3 in text Videographer comment: mis-slated as 2.7.2
2.8.2. CU: View through scope as talent cuts the atria into small strips using small spring scissors and super-grip forceps.
2.9. For mechanical dissociation, gently aspirate the tissue suspension using different fire-polished glass Pasteur pipettes with openings between 2 and 5 millimeters [1]. Begin with the largest pipette tip and move to the smallest pipette tip, aspirating 5 to 10 times per pipette [2]. 
2.9.1. ECU: Polished glass Pasteur pipette tip as talent gently aspirates the tissue suspension up and down. Videographer comment: mis-slated as 2.8.1. 2.9.1-2.9.2 are one shot.
2.9.2. MED: Talent moves to the next pipettes tip size and begins aspirating again.
2.10. Strain the cell suspension through a 200 micron filter [1]. Then, add calcium chloride three times every 10 minutes to achieve a final concentration of 0.3 milliMolar [2].
2.10.1. CU: Cell suspension as talent strains through a 200 micron filter.
2.10.2. CU: Cell suspension as talent adds calcium chloride. Use labeled containers whenever possible for viewer clarity.
3. Evaluation of Cell Quality and Na+ Indicator Loading of Freshly Isolated Murine Atrial Myocytes
3.1. Use a 10x objective to count freshly isolated atrial myocytes in the field of view and categorize them as rounded or rod-shaped. Determine how many of the rod-shaped cells show clear cross striation [1].
3.1.1. SCOPE: View through the microscope as talent points to the rod-shaped cells. Video editor: From the videographer’s handwriting, it seems to be a wide shot at the microscope.
3.2. Calculate the percentages of rounded, rod-shaped and rod-shaped with clear cross striation cells [1].
3.2.1. SCREEN: To be provided by the authors – Screen capture movie as talent calculates the percentages of rounded, rod-shaped and rod-shaped with clear cross striation cells. Authors, please upload this screen capture to your project page.
3.3. Place 500 microliters of the atrial cell suspension on a laminin-coated glass coverslip and place the cell chamber on the inverted microscope [1]. After letting the cells settle for 5 minutes, perfuse with Tyrode’s solution containing 1.8 milliMolar Calcium [2].
3.3.1. CU: Laminin-coated glass coverslip as talent places 500 microliters of the atrial cell suspension there.
3.3.2. MED: Talent perfuses the cells with Tyrode’s solution containing 1.8 milliMolar Calcium.
3.4. Use a cell stimulator system to start electrical field stimulation at 0.5 Hertz and count the number of cells that contract in the field of view of a 10x objective [1-TXT]. Repeat with external field stimulation at 3 Hertz [2].
3.4.1. SCOPE: View through the microscope as talent starts the electrical field stimulation at 0.5 Hertz and counts the cells that contract. TEXT: 2 ms bipolar pulse, 30 V
3.4.2. SCOPE: Talent changes the cell stimulator system to 3 Hz.
3.5. Calculate the percentage of cells responding to 0.5 and 3 Hertz stimulation rates. Refine the cell isolation protocol until 50% of the cells respond to 3 Hertz field stimulation [1].
3.5.1. SCREEN: To be provided by the authors – Screen capture movie as talent calculates the percentage of cells responding to 0.5 and 3 Hertz stimulation rates. Have multiple calculations up to show the refining process and finish with 50% of cells responding to 3 Hertz field stimulation. Authors, please upload this screen capture to your project page.
3.6. To facilitate dye dispersion and to achieve homogeneous cell loading, dissolve SBFI (S-B-F-eye) in dimethyl sulfoxide and suitable surfactant polyols to achieve a final concentration of 10 microMolar SBFI in the cell suspension [1-TXT]. 
3.6.1. MED: Talent works to make the SBFI solution. Use labeled containers whenever possible for viewer clarity. TEXT: SBFI = sodium-binding benzofuran isophthalate
3.7. Load the cells with SBFI for 60 minutes protected from light on a rocker at room temperature [1]. After letting the cells settle for 30 minutes, remove the supernatant, and re-suspend the pellet in 1 to 2 milliliters of storage solution [2].
3.7.1. CU: Cells with SBFI, covered in foil, on rocker. 
3.7.2. CU: Cells as talent removes the supernatant and re-suspends the pellet in 1-2 mL of storage solution.
4. Instrumentation, [Na+]i Measurements, and [Na+]i Calibration 
4.1. Fill a multi-barrel perfusion system with the calibration solutions containing the increasing extracellular sodium concentration [1-TXT]. Connect to a cell chamber using slow perfusion rates of about 1 milliliter per minute [2].
4.1.1. CU: Multi-barrel perfusion system as talent fills with the calibration solutions. Use labeled containers whenever possible for viewer clarity. TEXT: See text for calibration solution preparation
4.1.2. CU or ECU: Cell chamber as talent connects it to the perfusion system.
4.2. Connect suction to the cell chamber and collect perfusate in an appropriate glass container on the floor [1].
4.2.1. MED or CU: Perfusion system as talent connects the cell chamber and collects the perfusate in an appropriate glass container on the floor. Videographer comment: t 3
4.3. After allowing for 30 minutes of SBFI de-esterification, pipette 100 microliters of the concentrated, dye-loaded cell suspension on a laminin-coated glass cover slip above the field of view of the inverted microscope’s 40x objective [1].
4.3.1. SCREEN: To be provided by the authors – Screen capture movie of the EMCCD/microscope software as talent pipettes 100 microliters of the concentrated, dye-loaded cell suspension on the glass coverslip. Authors, please upload this screen capture to your project page.
4.4. Optimize the field of view of the EMCCD camera. A larger observation area requires longer frame times, and longer frame times lead to more bleaching of the indicator. Thus, balance the field of view size and frame time so that no noticeable bleaching of the probe occurs [1].
4.4.1. SCREEN: To be provided by the authors – Screen capture movie of the EMCCD/microscope software as talent optimizes the field of view. Authors, please upload this screen capture to your project page.
4.5. Attenuate the excitation light by using appropriate neutral density filters and by appropriately reducing the light source intensity. Then, collect the emission light at 510 plus or minus 40 nanometers using appropriate filters with an EMCCD camera connected to the inverted microscope [1].
4.5.1. SCREEN: To be provided by the authors – Screen capture movie of the EMCCD/microscope software as talent alters the intensity in the operating software. Then talent collects the emission light at 510 plus or minus 40 nanometers using appropriate filters. Authors, please upload this screen capture to your project page.
4.6. Define a region of interest, or ROI, for each cell. Also define a background ROI. Subtract the background from the recorded F-340 and F-380 signals [1].
4.6.1. SCREEN: To be provided by the authors – Screen capture movie of the EMCCD/microscope software as talent defines the ROIs. Talent subtracts the background from the recorded F340 and F380 signals. Authors, please upload this screen capture to your project page.
4.7. After starting data acquisition, restart perfusion and suction. Perfuse for 10 to 15 minutes with Tyrode’s solution containing 1.8 milliMolar Calcium [1].
4.7.1. MED or CU: Talent restarts the perfusion. 
4.8. After recording a stable F340/380 (F 340 380) baseline, start intracellular sodium concentration measurement according to the research question [1].
4.8.1. SCREEN: To be provided by the authors – Screen capture movie of the EMCCD/microscope software showing a stable F340/380 baseline and then talent starts the [Na+]i measurement. Authors, please upload this screen capture to your project page.
4.9. After the conclusion of the experiment, perform a calibration of the F340/380 signal in each cell in situ. Calibrate the F340/380 signal by perfusing the SBFI-loaded myocytes with the calibration solutions [1].
4.9.1. MED: Talent begins the perfusion of SBFI-loaded myocytes with calibration solutions.
4.10. Perfuse stepwise to elevate extracellular sodium concentration from 0 to 20 milliMolar, waiting for stable F340/380 signal before moving to the next concentration [1].
4.10.1. SCREEN: To be provided by the authors – Screen capture movie of the EMCCD/microscope software showing the leveling of the F340/380 signal and then the change to the next concentration. Authors, please upload this screen capture to your project page.


Section – Results
5. Results: Measurement of [Na+]i  in murine atrial myocytes 
5.1. The upper limit of intracellular sodium concentration that can be measured with SBFI in atrial myocytes was evaluated [1]. 
5.1.1. LAB MEDIA: Figure 6.JoVe.FV.unlabeled.ai
5.2. Calibrating atrial myocytes up to 40 milliMolar extracellular sodium concentration significantly reduced the linearity of the calibration curve… [1] when compared with the data obtained with calibration up to 25 milliMolar extracellular sodium concentration [2].
5.2.1. LAB MEDIA: Figure 6.JoVe.FV.unlabeled.ai – Video editors, please emphasize the middle panel.
5.2.2. LAB MEDIA: Figure 6.JoVe.FV.unlabeled.ai – Video editors, please emphasize the leftmost panel.
5.3. SBFI calibration is highly linear at 25 milliMolar sodium… [1], but is clearly outside the linear range of the indicator at 40 milliMolar sodium [2].
5.3.1. LAB MEDIA: Figure 6.JoVe.FV.unlabeled.ai – Video editors, please emphasize the left group of data points in the rightmost panel (labeled 25 mM).
5.3.2. LAB MEDIA: Figure 6.JoVe.FV.unlabeled.ai – Video editors, please emphasize the right group of data points in the rightmost panel (labeled 40 mM).
5.4. Typical experiments on freshly isolated murine atrial myocytes loaded with the sodium selective fluorophore SBFI are shown with subsequent calibration in situ [1]. 
5.4.1. LAB MEDIA: Figure5.JoVe.FV.unlabelled.ai
5.5. The F340/380 ratio of the atrial myocyte was plotted during perfusion with Tyrode’s solution and subsequent in situ calibration using various extracellular sodium concentration solutions in the presence of gramicidin (gram-uh-sahyd-n) [1]. This calibration resulted in a linear calibration curve [2].
5.5.1. LAB MEDIA: Figure5.JoVe.FV.unlabelled.ai – Video editors, please emphasize the top-left panel.
5.5.2. LAB MEDIA: Figure5.JoVe.FV.unlabelled.ai – Video editors, please emphasize the bottom-left panel.
5.6. The increase in the F340/380 ratio can be visualized in the cell. It is important to perform a calibration of the F340/380 signal in situ for each cell to achieve reliable and precise measurements of intracellular sodium concentration [1]. 
5.6.1. LAB MEDIA: Figure5.JoVe.FV.unlabelled.ai – Video editors, please emphasize the right panel.
5.7. Shown here are the first quantitative measurements of intracellular sodium concentration in quiescent murine atrial myocytes [1]. Intracellular sodium concentration in murine atrial myocytes was 8.17 plus or minus 0.48 milliMolar… [2], which is approximately 30 % lower than in murine ventricular myocytes [3]. 
5.7.1. LAB MEDIA: Figure7.BJove.FV.unlabelled.ai
5.7.2. LAB MEDIA: Figure7.BJove.FV.unlabelled.ai – Video editors, please emphasize the black bar.
5.7.3. LAB MEDIA: Figure7.BJove.FV.unlabelled.ai – Video editors, please emphasize the red bar.



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Maura Greiser: In this procedure, it is crucial to have high quality cardiac myocytes. If the cell quality is low, it is unlikely that the sodium measurements will be successful [1]/[2]. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.1.2. Shot 3.1.1 can be shown as this point is narrated.
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