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Title: Optical Mapping of Intra-Sarcoplasmic Reticulum Ca2+ and Transmembrane Potential in the Langendorff-perfused Rabbit Heart
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____NO
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__NO
C.  From the steps you’ve indicated that you would like filmed, which steps of your protocol will viewers benefit most from having filmed?  they are highlighted in yellow below.
D.  Will the filming need to take place in multiple locations? (Y/N) __NO_____ If yes, how far apart are the locations? ___Dissection of the tissue once it has been removed from the rabbit can take place in the same location as the optical mapping experiment.  If, however, any filming of the open-chest rabbit is desired (I don’t know the policy on filming of surgical procedures), then that procedure is in a different room – but just down the hall from the main location.
1. Introduction (Schematic Overview and Interview)
A. The Schematic Overview (read by voice talent at JoVE):
An illustrated overview begins the video.  For this section:

1. Look over the example in the second part of the questionnaire that was sent out.  

2. Select either the “Procedural Narrative” or “Conceptual Narrative” and complete the statements. You may reword the phrases, but please do not add additional steps.  It is important that the statements are brief and not contain overly-specific details such as units.  The result should be something like a short abstract.

3. Insert a flattened image of your graphics below the narrative, for reference.  The graphics should not be a flow-chart of text bubbles or be photographs.  We want simple cartoons and drawings.  

4. Upload the original schematic file through your online submission on the JoVE website.  It should be Adobe Illustrator (preferred) or PowerPoint.  Please keep all layers in the file (do not flatten the file).

The overall goal of this procedure is to simultaneously optically map free intra-sarcoplasmic reticulum calcium and transmembrane potential in the intact isolated Langendorff-perfused rabbit heart. (Intro)  This is accomplished by first excising the rabbit heart and cannulating the aorta for retrograde Langendorff perfusion. (P1)  The second step is to eliminate contraction by adding an excitation-contraction uncoupler to the perfusate. (P2)  Next, the perfusion is switched to a small-volume re-circulating loop and a low-affinity calcium indicator is added at room temperature. (P3)  The final steps are to warm the heart to 37 degrees Celsius using the large-volume perfusion loop and to add the voltage sensitive dye. (P4)  Thus, during the experiment, changes in calcium and transmembrane potential are measured by exciting the heart with blue light and measuring the emitted light with high-speed CMOS cameras. (P5)
Video editor:
P1 – Begin with the first figure, showing everything but the syringes, blue O2 tubes, the red “Dye Loading” line, and the heart with aortic cannula, animate the figure by adding the heart to the dish, adding the O2 tube to the “reservoir” and moving the arrows along the green/orange loop.  The labels are all worth keeping in the schematic.

Here, would it be possible to animate the heart beating? (i.e., just make it pulse bigger, smaller, bigger, smaller…)
P2 - Animate syringe #1 approaching the Reservoir and ejecting its yellow content into the reservoir. 

Then here, the heart could stop beating and be still.
P3 - Now add the red line, stop moving the arrows along the green line and move the arrows around the red and orange lines.  Also raise the O2 tube out the Reservoir and lower the O2 tube to the Perfusion Dish.  Then at “low-affinity dye”, animate syringe #2 lowering into the Perfusion dish and ejecting out the cyan colored content.

P4 – Stop moving the arrows along the red line and move the arrows along the orange/green loop arrows.  Also, raise out the O2 tube from the Dish and lower the other O2 tube into the reservoir.  Lastly, animate syringe #3 attaching to the injection port and pushing out the brown content.  The brown doesn't need to show up somewhere else.

P5 – Show the second figure.  Add the dectors, filters, objective and heart first.  Then, add the thin black and red lines (beams).  Then, animate the appearance of the two readouts in the upper left to complete the figure.
[image: image1.png]Lines used during:

- NoOrmal Perfusion
= Dye Loading
= BOth

1
O, i/

Injection - O, during dye

Port | o loading ONLY

Aortic

Cannula .

Pump




[image: image2.png]Em Filter (>700nm)

\ Detector 1

Em Filter”
(502-532nm)

Ex LED
(475-495nm)

Dichroic Mirror
(545nm)

Objective

Ex LED
(475-495nm)




B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  
Do not fill all of these all out.
Below are several templates for introduction interview statement options.  

· Each author in the video should read only one statement.  It is not necessary for everybody to have a statement.

· You may write your own statement that is unlike a template option.
· Keep the statements brief.  Limit each one to three lines of text.

1.1
Crystal: The main advantage of this technique over existing methods, is that it allows investigators to directly probe sarcoplasmic reticulum (or in short – SR) calcium dynamics without interference from transmembrane calcium signals.

1.2
Lianguo: This method can also help answer key questions related to the role of sarcoplasmic reticulum calcium handling in contributing to arrhythmias, because transmembrane potential is recorded simultaneously with SR calcium.

1.3
Nicole: Generally, individuals new to this method will struggle because the optical SR calcium signals are of very low amplitude, therefore proper loading of the calcium indicator is essential.
C. The Protocol Section (read by voice talent at JoVE)
2. Preparations
2.1. For this protocol, it is necessary to have freshly made Tyrode's solution on hand. [WID]

2.1.1. preparing dilutions for Tyrode's solution

2.2. Four liters will suffice.  Don't mix the concentrated stock solutions without dilution. [MED]

2.2.1. mixing dilutions together to make solution

2.3. Also, have the other solutions prepared in advance as directed in the text protocol. [MED]

2.3.1. getting other required solutions down from shelf or out of fridge for use in experiment

2.4. Bubble the supply of Tyrode's with 95% oxygen and 5% carbon dioxide [2.4.1 - MED] and adjust the gas flow to set the pH of the solution very close to 7.4. [2.4.2 - MED]  The solution should be at room temperature. [2.4.3 – CU]

2.4.1. adding gas line to solutions

2.4.2. adding pH meter, and adjusting gas flow-chart, then adding thermometer

2.4.2.1. [added] CU pH meter

2.4.3. reading on thermometer with bubbling solution in background

2.5. Prepare the re-circulating Langendorff perfusion system [2.5.1 - WID] by placing an in-line nylon filter with 11 micron pores to filter the perfusate. [2.5.2 – MED]

2.5.1. establish set up

2.5.2. film as written
2.6. Now, prime the main perfusion system with about two liters of the oxygenated Tyrode's.  [2.5.1 – WID] The two liter total volume includes the solution in the reservoir. [2.5.2 - MED]

2.6.1. Film as written

2.6.2. solution in reservoir, circulating if possible

2.7. Next, prepare and prime a short perfusion line that bypasses the solution reservoir [2.7.1 – MED] in order to create a small-volume re-circulating perfusion loop for Fluo-5N AM dye loading. [2.7.2 - CU]  The total volume in the smaller re-circulation system should be about 150 milliliters. [2.7.3 – MED]

2.7.1. Preparing a short line

2.7.2. attaching short line to make re-ciculation loop Use take 2 or 4, 2.7.2 is actually a shot of the switch
2.7.3. view of set up showing the re-circulation loop
2.8. To prepare the pressure-monitoring system, connect a pressure transducer to the perfusion line ...  [MED]

2.8.1. film as written

2.9. … and connect the output of the transducer to a transbridge amplifier. [MED/CU]

2.9.1. film as written

2.10. Now, turn on the data acquisition system.  [CU]

2.10.1. film as written

2.11. Set it to continuously monitor the ECG and perfusion pressure.  [CU]

2.11.1. adjusting system controls as needed pointed to the area of the software that will record the ECG and the area of the software that will record pressure.
2.12. Next, adjust the baseline perfusion pressure to 0 mm of Mercury. [CU]

2.12.1. adjusting system controls as described

2.13. Lastly, align the optical mapping camera as described in the text protocol. [MED]

2.13.1. any representative action of aligning the camera, talent's choice
3. Harvesting, Perfusing and Dye-Loading a Rabbit Heart
3.1. To begin, secure the rabbit [3.1.1 – WID] and anesthetize it with pentobarbital along with a 1000 unit bolus of heparin.  [3.1.2 – MED/TEXT] Cover the eyes to calm the rabbit.
3.1.1. film as written  Here, we recorded securing the rabbit in the restrainer – but the rabbit was a little upset and struggled a bit, so I’m not sure if we want to show that shot (got worse on the second take).  We then also filmed covering the rabbit’s face with a cloth as this usually makes them calm.  So here, instead of showing us putting the rabbit into the restrainer, you could show the rabbit already fully restrained and the eyes being covered.  
3.1.2. preparing the injection bolus, TEXT: 50 mg pentobarbital / kg

3.2. When the rabbit no longer shows any reflexes, start the surgery.  [MED]

3.2.1. checking the rabbits reflexes and setting it up for the surgery

3.3. Begin with a midline incision to expose the sternum and ribs.  Using blunt-tip scissors, cut through the sternum between the xyphoid and manubrium.   [ECU]

3.3.1. film as written

3.4. Next, carefully open the sternum without damaging the heart, and spread the ribs to expose the heart. Then, quickly remove the entire heart-lung block by cutting away all the surrounding vessels and tissues. [ECU]

3.4.1. film a written

3.5. Transfer the heart-lung block into about 100 milliliters of ice-cold Tyrode's solution. [MED]

3.5.1. [combined with 3.4.1] moving heart to dish of cold solution the heart-lung block already floating in the ice-cold Tyrode’s solution.
3.6. In the excised tissue block, locate the aorta and cut the ascending aorta, just proximal to the three branches of the aortic arch. [ECU] 

3.6.1. show the described structures, talent should point them out

3.7. Then, cannulate the aorta with the 8-Gauge cannula attached to the perfusion system.  Secure the aorta to the cannula with a piece of USP 0 silk suture. [ECU]

3.7.1. film as written

3.8. After securing the cannula, carefully dissect away the trachea, lungs and epicardial fat. [ECU]

3.8.1. film as written
3.9. Next, identify the mitral valve and carefully use sharp forceps and scissors to damage or remove one leaflet.  Thus, solution congestion in the left ventricle cannot occur.

3.9.1. Film as written
3.10. Continue by submerging the heart into the perfusion chamber … [MED]

3.10.1. moving heart to perfusion chamber

3.11. …horizontally with the anterior side up.  Place the cannula onto a piece of Sylgard.  [CU]

3.11.1. positioning heart in perfusion chamber and attaching cannula to Sylgard

3.12. Secure the cannula with U-shaped pins inserted through the piece of Sylgard and into the silicon bottom of the perfusion dish. This will prevent the heart from moving during imaging.  A small insect pin can be used to stabilize the apex, if needed. [ECU]

3.12.1. Film as written, ask for the pin to placed to stabilize the apex too

3.13. Measure the amount of Tyrode’s solution used during the cannulation [3.13.1 - MED] and replace it with fresh solution to keep the total circulating solution at two liters. [3.13.2 - MED]

3.13.1.  preparing the required volume of replacement solution

3.13.2. changing the solutions in circulation
3.14. Now fully submerge ECG electrodes into the bath [3.14.1 – MED] on either side of the heart, but not in contact with the heart.  [3.14.2 - CU]

3.14.1. putting electrodes into bath

3.14.2. positioning the electrodes around the heat

3.15. Then, verify that this makes a normal Lead I ECG morphology. [MED]

3.15.1. checking instrument read-out, show normal ECG read-out

3.16. Meanwhile, maintain the aortic pressure at 60 to 70 mm of Mercury [3.16.1- CU] by adjusting the perfusate flow between 25 and 35 milliliters per minute. [3.16.2 – MED]

3.16.1. pressure reading from aorta

3.16.2. adjusting flow and monitoring the pressure reading simultaneously increasing the flow on the pump. 
3.17. Now, turn off the room lights and add 0.3 to 0.6 milliliters of blebbistatin stock solution [3.17.1 - MED] to the perfusate for a final concentration of 10 to 20 microMolar. [3.17.2 - CU]

3.17.1. Preparing blebbistatin bolus under dim room lighting

3.17.2. adding blebbistatin bolus to system

3.18. After ten to 15 minutes, heart contractions should stop. [CU]

3.18.1. heart contractions stopping

3.19. Then, switch over to the small-volume perfusion system. [MED]

3.19.1. changing line settings for small loop system
3.20. Crystal:  One of the key steps to successful SR calcium imaging is proper loading of the Fluo-5N AM dye.  This requires a small volume perfusion to achieve high dye concentration and room temperature conditions to avoid de-esterification of the dye in the cytosol. [WID]

3.20.1. Interview shot
3.21. Now, prepare 500 µL of Fluo-5N AM loading solution [3.21.1 – MED] and mix it with 500 µL of Tyrode's solution.  [3.21.2 – MED]

3.21.1. mixing up of Fluo-5N AM solution

3.21.2. adding Fluo-5N AM to Tyrode's

3.22. Then, add it to the perfusate.  Let the dye-loading proceed for 45 minutes [3.22.1 – MED] and, then, turn on the circulating water bath to warm the system to 37 ºC. [3.22.2 - MED]

3.22.1. Adding mix to the system, then starting a timer

3.22.2. film as written
3.23. After an hour of dye-loading, switch back to the larger volume of perfusate.

3.23.1. changing the line settings to circulate the system through the large reservoir
3.24. Next, mix 50 µL of the voltage-sensitive dye RH237 into a milliliter of warm Tyrode's. [MED]

3.24.1. aliquot of dye taken, added to mL of solution and prepared in syringe to add to system  

3.25. Slowly inject this into the system over about five minutes [3.25.1 – MED] and proceed with the [4.5.1] optical mapping of the heart. [4.5.2]

3.25.1. adding dye to system, slowly
4. Optical Mapping
Videographer note: "Just wanted you to pass along to the editor that a few shots in section 4 were shot with reduced light as the protocol takes place in reduced light so I purposely shot those shots with that intended look while still maintaining the clarity of the image being captured...just in case he/she was wondering!"
4.1. To begin, focus the optical mapping cameras on the appropriate field. [MED]

4.1.1. Film as written
4.2. To reduce the motion on the perfusate's surface, float a coverslip on the solution. [ECU]

4.2.1. placing coverslip on surface, show motion of surface settle with this trick mis-slated 4.1.2
4.3. Now, adjust the LED beam of light to provide uniform illumination to the heart.  [CU/TEXT]

4.3.1. Film as written, TEXT: For further details on the LEDs, see the text protocol.
4.4. For each optical recording, set the desired pacing protocol, [4.4.2 - MED] turn on the excitation light and collect one to four seconds of data.  [4.4.1 - CU] 

4.4.1. programming pacing protocol

4.4.2. show the excitation light stimulating the heart

4.5. Within one to two hours, noise from leaked dye [4.5.1 – CU] will put an end to the experiment. Then, wash the system out with deionized water, [4.5.2 - MED] then, 70 percent ethanol and, finish with another rinse of DI water. [4.5.3 - WID]

4.5.1. Noisy data being viewed by talent

4.5.2. taking apart system, 
4.5.2.1. [split shot] washing parts with water

4.5.3. washing a part with ethanol and rinsing it with water
LAB MEDIA: Authors, it will be necessary for you to break the figures up into their component graphs and individual images.  For each LAB MEDIA image called for, create a new image file containing only what is described there (the panel, graph, photo or sub-panel).  Wherever needed, transfer over the legend or key that may be otherwise omitted.  Then, upload these files to your project folder and list their file names in the “Provided Media” section at the bottom of the script.
E. The Results Section
5. Resulting Vm and SR Ca2+ Signals from a Langendorff-perfused Rabbit Heart
5.1. Using the described protocol, the spectral separation of the transmembrane potential signal and the SR, sarcoplastic reticulum, Calcium signal can be separated.

5.1.1. Fig 1B

5.2. Optical traces during continuous pacing also were recorded.

5.2.1. Fig 2A

5.3. Activation maps were then constructed from the data by plotting the activation time of each pixel on an isochronal graph.  There is a typical delay of 8 to 10 milliseconds between the two signals.

5.3.1. Fig 2B

5.4. It was possible to quantify the relative change in diastolic SR Calcium load and systolic SR Calcium release amplitudes at various pacing cycles.

5.4.1. Fig 2C
5.5. Pathological SR Calcium handling was observed following the application of the beta-adrenergic receptor agonist isoproterenol.  The red arrows point out a clear Calcium leak from the SR.

5.5.1. Fig 3A

5.6. Under these conditions, Calcium-mediated triggering of action potentials can occur.

5.6.1. Fig 3B
F. Conclusion Interview (said by you on camera)
Do not fill all of these all out.
Below are several options on how conclude the video.

· Each author in the video should read only one statement.  It is not necessary for everybody to have a statement.

· You may create your own statement that is unlike one of these template.
· Keep the statements brief.  Limit each one to three lines of text.
6. Conclusion 
6.1. Crystal: After watching this video, you should have a good understanding of how to perform simultaneous optical mapping of transmembrane potential and SR calcium signals in the intact Langendorff-perfused rabbit heart.
G. List of Provided Media (provided by you)
1.
Procedure Narrative_P1 to P4_Figrure-Animation1_PerffusionSystems.ai

1) Large perfusion system (animate O2 bubbles in the reservoir, animate flow in the direction of the arrows shown with green and orange lines)

2) Cannulation of heart

3) Animate adding blebbistatin (syringe 1) into the reservoir

4) Switch to small circulation (animate O2 bubbles in the dish, animate flow in the directin of the arrows shown with orange and red lines)

5) Animate adding Fluo-5N AM (syringe 2) into the dish, and show room temperature (22C)

6) Switch to large circulation (remove O2 bubbles from dish, repeat 1)), and show temperature 37C

7) Animate adding RH237 (syringe 3) at the injection port 

2.
Procedure Narrative_P5_Figure-Animation2_OpticalSystems.ai

1) Two cameras and objective

2) Excitation with blue LEDs illuminating the heart

3) Emission wavelengths pass through the dichroic mirror emission filters, short ones goes to camera 1 (SR calcium trace) and longpass to camera 2 (Vm trace)

3.
5.1.1_Fig1B.ai – Separation of SR calcium and Vm signals

4.
5.2.1_Fig2A.ai _ Optical Vm and SR calcium traces recorded during pacing

5.
5.3.1_Fig2B.ai – Constructed activation maps

6.
5.41_Fig2C.ai – Quantification of diastolic SR calcium load and systolic SR  
              calcium release 

7.
5.5.1_Fig3A.ai – Pathological SR calcium handling

8.
5.6.1_Fig3B.ai – Calcium-mediated triggering of action potential
GENERAL PREPARATION NOTES
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, as well as an introduction to your videographer, closer to your filming date.
 2015, Journal of Visualized Experiments


