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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Yes  
If Yes, can you record movies/images using your own microscope camera?
No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Dissection stereo- zoom microscope, vwr (10836-004)

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 10-15min walking distance.
 

Current Protocol Length

Number of Steps:  18
Number of Shots:  42

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Ruibing Xia: This protocol explains the necessary steps to perform microdissection, whole-mount immunofluorescence staining and microscopy specifically for the sinus node and AV node in the mouse.

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

1.2. Sebastian Clauß: The whole-mount methodology is advantageous for addressing the exact 3D localization and morphology of the sinus node and AV node and to examine the relationship with the surrounding tissue. The tissue morphology is considerably preserved with only minimum tissue dehydration and physical rupture.

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



Ethics Title Card
1.3. Procedures involving animal subjects have been approved by the local animal ethics authority (Regierung von Oberbayern).

Protocol
2. Organ harvest and tissue preparation
2.1. After anesthetizing the mouse and verifying the depth of anesthesia with a toe-pinch [1], make a clear cut from the jugulum to the symphysis. Use iris scissors to remove fur and skin [2]. Make another cut from left to right underneath the ribs to carefully open the abdomen [3].
2.1.1. WIDE: Establishing shot of talent performing toe pinch.
2.1.2. Talent cutting from the jugulum to the symphysis. 
2.1.3. Talent cutting underneath the ribs.
2.2. Slightly lift the xiphoid using curved forceps and cut the diaphragm from left to right without injuring any organs [1]. Cut the rib cage in a medial axillary line on both sides using iris scissors and flip it cranially to allow access to the heart [2].
2.2.1. Talent lifting the xiphoid and cutting the diaphragm. 
2.2.2. Talent cutting the rib cage and flipping it.
2.3. Cut the inferior vena cava and descending thoracic aorta at the level of the diaphragm [1]. Puncture the heart with a 27-gauge needle in the area of the apex, then carefully push the needle into the left ventricle. Gently inject 5 to 10 milliliters of ice-cold PBS to perfuse the heart [2].
2.3.1. Talent cutting the vena cava and descending thoracic aorta.
2.3.2. Talent puncturing the heart and perfusing it.
2.4. Carefully lift the apex of the heart using a tweezer and cut the large vessels to remove the heart [1]. After heart removal, turn off the isoflurane vaporizer [2].
2.4.1. Talent lifting and removing the heart. 
2.4.2. Talent turning off the isoflurane vaporizer.
2.5. Put the heart into a dissection dish filled with ice cold PBS under the dissecting microscope [1]. After determination of the orientation of the heart, turn the heart around so that the front of the heart is at the bottom of the dish [2].
2.5.1. Talent placing the heart in the dish under the microscope.
2.5.2. SCOPE: Talent positioning the heart.
2.6. Immobilize the heart by putting little pins through the apex and the left atrial appendage into the agarose at the bottom of the dissection dish [1]. Using fine tweezers and scissors, carefully remove non-cardiac tissue around the superior and inferior vena cava to expose the inter-caval region [2]. Videographer: This step is important!
2.6.1. SCOPE: Talent putting pins through the apex and the left atrial appendage.
2.6.2. SCOPE: Talent removing non-cardiac tissue.
2.7. Remove the majority of the ventricles by cutting parallel to the groove between the ventricles and the atria with micro scissor [1]. For fixation and dehydration, put the sample in 4% PFA overnight at 4 degrees Celsius [2].
2.7.1. SCOPE: Talent removing the ventricles. 
2.7.2. Talent putting the sample in PFA. 
2.8. On the next day, transfer the heart to 15% sucrose solution [1] and incubate it for 24 hours at 4 degrees Celsius [2]. After the incubation [3], transfer the heart to 30% sucrose solution for another 24 hours at 4 degrees Celsius [4].
2.8.1. Talent placing the heart in 15% sucrose, with the sucrose container in the shot and labeled.
2.8.2. Talent putting the heart in the refrigerator. 
2.8.3. Talent taking the heart out of the refrigerator. 
2.8.4. Talent placing the heart in 30% sucrose, with the sucrose container in the shot and labeled.

3. Whole-mount immunofluorescence staining
3.1. Wash the heart in 1% Triton X-100 diluted in PBS [1], then block and permeabilize it in blocking solution overnight at 4 degrees Celsius [2].
3.1.1. Talent washing the heart with Triton X-100. 
3.1.2. Talent adding blocking solution to the heart.
3.2. Place the heart in a 1.5-milliliter tube [1] and incubate it with rabbit anti-mouse connexin-43 and rat anti-mouse HCN4 antibodies diluted with blocking solution [2] for 7 days at 4 degrees Celsius [3].
3.2.1. Talent placing the heart in the tube. 
3.2.2. Talent adding antibodies to the tube. 
3.2.3. Talent putting the tube in the refrigerator.
3.3. After 7 days, remove the solution containing primary antibodies using a pipette [1] and wash the heart with 1% Triton X-100 solution 3 times [2], for 1 hour per wash on the orbital shaker [3].
3.3.1. Talent removing the antibody solution. 
3.3.2. Talent adding Triton X-100 to the heart. 
3.3.3. Talent putting the sample on an orbital shaker and starting it.
3.4. After washing, incubate the heart with Alexa Fluor 488 goat anti-rat IgG and Alexa Fluor 647 goat anti-rabbit IgG [1] for 7 days at 4 degrees Celsius [2].
3.4.1. Talent adding antibodies to the heart. 
3.4.2. Talent putting the heart in the refrigerator.
3.5. After 7 days, remove all the solution containing the secondary antibodies [1], then wash the heart with washing solution 3 times for 1 hour per wash on the orbital shaker [2].
3.5.1. Talent removing the antibody solution. 
3.5.2. Heart on a shaker, washing in wash solution.
3.6. To stain nuclei, incubate the heart in DAPI solution overnight at 4 degrees Celsius [1]. On the next day, repeat the washes with washing solution [2].
3.6.1. Talent adding DAPI to the heart. 
3.6.2. Talent adding wash solution to the heart.

4. Confocal Microscopy
4.1. After preparing plastic rings and filling them with plasticine, place the heart into the plasticine groove with the back of the heart facing up [1]. Identify the SAN, which is located on the dorsal side of the heart with the inter-caval region. Add PBS to the heart to displace all air within the cavity until the heart is fully covered with PBS [2]. Videographer: This step is difficult and important!
4.1.1. Talent placing the back of the heart facing up within into the grove.
4.1.2. Talent identifying the SAN and adding PBS to the heart.
4.2. To perform AVN imaging, orient the heart with the right side facing up and put pins through the remaining part of the LV free wall to immobilize the tissue [1]. Cut the remaining RV free wall upwards through the tricuspid valve and superior vena cava, then flip the RV and RA away to expose the interventricular and interatrial septum [2]. Videographer: This step is difficult and important!
4.2.1. Talent orienting the heart with the right side facing up and putting pins in to immobilize it.
4.2.2. Talent cutting the remaining RV free wall upwards through the tricuspid valve and superior vena cava and flipping the RV and RA away to expose interventricular and interatrial septum.
4.3. Add PBS to the heart to displace all air within the cavity [1]. Apply silicone to the edges of the plastic ring [2] and cover the heart with a cover slip [3]. Gently press the back side of the plasticine to squeeze out some of the PBS and to attach the heart to the coverslip, taking care to avoid any air bubbles within the imaging area [4]. Videographer: This step is important!
4.3.1. Talent adding PBS to the heart.
4.3.2. Talent applying silicone to the edges of the ring. 
4.3.3. Talent covering the hearts with the coverslip.
4.3.4. Talent pressing the back side of the plasticine.
4.4. Position the whole-mount staining samples up-side down on the platform of the confocal microscope and proceed with imaging as described in the text manuscript [1].
4.4.1. Talent positioning the samples on the microscope platform.




Results
5. Results: Reconstruction of SAN and AVN 
5.1. This protocol was used to perform confocal microscopy imaging of both the sinoatrial node and atrioventricular node in murine hearts [1].
5.1.1. LAB MEDIA: Figure 5 A and 6 A. 
5.2. Specific staining of the conduction system and working myocardium with fluorescent antibodies targeting HCN4 and connexin43, respectively, makes it possible to identify the sinoatrial node and the atrioventricular node within the intact anatomy [1]. 
5.2.1. LAB MEDIA: 3D reconstruction SAN HCN4 Cx43_Airyscan Processing_Stitch.avi and 3D reconstruction AVN Cx43 HCN4-Airyscan Processing_Stitch.avi. Video Editor: Show the videos side-by-side or one after the other and label each video either SAN or AVN, according to the file name.


Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Sebastian Clauß: This whole-mount staining protocol makes it possible to study the interaction of different cell types by using various other antibodies. 

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