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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?  No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or 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. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  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. Please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Yes.
If Yes, how far apart are the locations? 15 minutes by car.

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  16
Number of Shots:  47 

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Francesco Giardini.: Because it combines improvements of the clearing protocol with the high capability of optical sectioning of the mesoSPIM technology, allowing us to perform mesoscopic reconstructions at micrometric resolution.

REQUIRED: What is the main advantage of this technique?
1.2. Francesco Giardini: It provides the possibility to image massive cardiac tissues or entire mouse hearts at high resolution in a single scan, without losing the original three-dimensional tissue organization.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.



Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card

1.7. All animal handling and procedures were performed in accordance with the guidelines from Directive 2010/63/EU of the European Parliament on the protection of animals used for scientific purposes and conformed to the principles and regulations of the Italian Ministry of Health. The experimental protocol was approved by the Italian Ministry of Health (protocol number 647/2015-PR). 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Heart Clearing
2.1. Begin by washing the heart 3 times in 0.01 molar PBS at 4 degrees Celsius for 15 minutes. After this step, the heart can be stored in PBS and 0.01 percent sodium azide at 4 degrees Celsius for several months [1]. Incubate the heart in 30 milliliters of Hydrogel solution shaking at 15 rpm for 3 days at 4 degrees Celsius [2].
2.1.1. WIDE:  Establishing shot of the talent washing the heart.
2.1.2. Talent placing the heart for incubation.

2.2. Degas the sample at room temperature using a dryer, a vacuum pump, and a tube system that connects the dryer to both the pump and a nitrogen pipeline [1]. Place the sample in the dryer and open the vial, keeping the cap on it [2]. Close the dryer and [3] remove the oxygen from the tube by opening the nitrogen pipeline [4].
2.2.1. A shot of the dryer, vacuum pump, and tube system.
2.2.2. Talent placing the sample in the dryer and opening the vial.
2.2.3. Talent closing the dryer.
2.2.4. Talent opening the nitrogen pipeline.



2.3. Turn on the vacuum pump to remove the oxygen from the dryer for 10 minutes [1]. Turn off the pump [2] and use the knob of the dryer to open the nitrogen pipeline [3]. Once the pressure is equal to the atmospheric pressure, carefully open the dryer and quickly close the vial [4].
2.3.1. Talent turning on the vacuum pump.
2.3.2. Talent turning off the vacuum pump.
2.3.3. Talent opening the nitrogen pipeline using the knob of the dryer.
2.3.4. Talent opening the dryer and closing the vial.

2.4. Keep the heart in the degassed Hydrogel solution at 37 degrees Celsius for 3 hours at rest [1]. When the Hydrogel is properly polymerized and appears entirely gelatinous [2], carefully remove the heart from it [3] and place it i the sample holder [4].

2.4.1. A shot of the heart in the degassed Hydrogel solution.
2.4.2. A shot of the polymerized and gelatinous Hydrogel.
2.4.3. Talent removing the heart from the Hydrogel.
2.4.4. Talent placing the heart in the sample holder.

2.5. Insert the sample holder with the heart in one of the clearing chambers [1] and close it properly to avoid leaks of the clearing solution [2]. Switch on the water bath where the clearing solution container is placed [3] and the peristaltic pump to start the recirculation of the clearing solution [4].

2.5.1. Talent inserting the in the clearing chamber.
2.5.2. Talent closing the clearing chamber.
2.5.3. Talent switching on the water bath where the clearing solution container is placed.
2.5.4. Talent switching on the peristaltic pump.

2.6. Change the clearing solution in the container once a week to speed up the clarification procedure [1].      

2.6.1. Talent changing the clearing solution in the container.






3. Cellular Membrane Staining

3.1. Once the heart appears completely clarified, remove it from the sample holder [1] and wash it in 50 milliliters of warmed-up PBS for 24 hours [2]. Wash again in 50 milliliters of 1x PBS-T  for 24 hours [3-TXT].
3.1.1. Talent removing the heart from the sample holder.
3.1.2. Talent washing the heart with warmed-up PBS.
3.1.3. Talent washing the heart with PBS-T. TEXT: PBS + 1% of Triton-X

3.2. Incubate the sample in 0.01 milligrams per milliliters wheat germ agglutinin – Alexa Fluor 633 in 3 milliliters of 1x PBS-T shaking at 50 rpm at room temperature for 7 days [1]. After the 7-day incubation, wash the sample in 50 milliliters of 1x PBS-T at room temperature in shaking for 24 hours [2].
3.2.1. Talent incubating the sample in 0.01 mg/mL WGA - Alexa Fluor 633.
3.2.2. Talent washing the sample in 1x PBS-T.

3.3. Incubate the sample in 4 percent PFA for 15 minutes [1] and then wash it 3 times in PBS for 5 minutes each [2]. Incubate the heart successively in 20 and 47 percent TDE in 0.01 molar PBS for 8 hours each [3-TXT] and then, finally at 68 percent TDE in 0.01 molar PBS to provide the required refractive index [4].

3.3.1. Talent incubating the sample in 4% PFA.
3.3.2. Talent washing the sample with PBS.
3.3.3. Talent incubating the sample in 20 percent and 47 percent TDE in 0.01 M PBS. TEXT: TDE - 2,2′-Thiodiethanol
3.3.4. Talent incubating the sample in 68% TDE in 0.01 M PBS.


4. Heart Mounting and Acquisition 

4.1. Gently fill about 80 percent of the external quartz cuvette with the refractive index medium [1]. Fill the internal quartz cuvette with the same refractive index medium [2]. Immerse the sample inside the internal cuvette [3].

4.1.1. Talent filling the external cuvette with the refractive index medium.
4.1.2. Talent filling the internal cuvette with the refractive index medium.
4.1.3. Talent immersing the sample in the internal cuvette.


4.2. Gently move the sample to the bottom of the cuvette using thin tweezers [1] and arrange the heart with its longitudinal axis parallel to the cuvette’s main axis to minimize the excitation light path across the tissue during the scanning [2]. Carefully fix the tailored plug above the internal cuvette with two screws [3].

4.2.1. Talent moving the sample to the bottom of the cuvette using the tweezers.
4.2.2. Talent arranging the heart to minimize the excitation light path across the tissue during the scanning.
4.2.3. Talent fixing the tailored plug above the internal cuvette with two screws.

4.3. Mount the sample to the microscope stage using magnets [1]. Translate the vertical sample stage manually to immerse the internal cuvette into the external one [2]. Turn on the excitation light source with a wavelength of 638 nanometers [3] and set it at low power in the order of 3 milliwatts [4].

4.3.1. Talent mounting the sample to the microscope stage.
4.3.2. Talent translating the vertical sample stage manually to immerse the internal cuvette into the external one.
4.3.3. Talent turning on the excitation light source.
4.3.4. SCREEN: Setting the light source at low power in the order of 3 milliwatts.


Authors: Please create screen capture videos of the shots labeled SCREEN and upload them to your project page: http://www.jove.com/files_upload.php?src=19152523


4.4. Move the sample using the motorized translator to illuminate an inner plane of the tissue [1]. Turn on the HCImageLive  software [2] and set the camera Trigger on External Edge Trigger (light-sheet) mode to drive the acquisition trigger of the camera by the custom software controlling the entire setup [3].  

4.4.1. Talent moving the sample using the motorized translator to illuminate an inner plane of the tissue.
4.4.2. SCREEN: Turning on the HCImageLive  software.
4.4.3. SCREEN: Setting the camera Trigger on External (light-sheet) mode.


4.5. Enable Autosave  and set the output folder where the images need to be saved [1]. Manually adjust the sample position in the XY plane with the linear translators to move the sample to the center of the field of view of the camera sensor [2].   

4.5.1. SCREEN: Enabling Autosave and setting the output folder.
4.5.2. Talent manually adjusting the sample position with the linear translators and moving the sample to the center of the field of view of the camera sensor.


4.6. Move the sample along the Z-axis using the linear motorized translator to identify heart borders for tomographic reconstruction [1]. Increase the laser power to approximately 20 milliwatts before beginning  for the imaging session [2].

4.6.1. Talent moving the sample along the Z-axis using the linear motorized translator to identify heart borders for tomographic reconstruction.
4.6.2. SCREEN: Increasing the laser power to 20 milliwatts.


4.7. Start the tomographic acquisition by clicking the Start button in the Capture panel of the imaging software [1] and at the same time move the sample along the Z-axis at the constant velocity of 6 micrometers per second using the motorized translator [2].

4.7.1. SCREEN: Clicking the Start button in the  panel of the imaging software.
4.7.2.  moving the sample along the Z-axis at the constant velocity of 6 micrometers per second.

Authors: Please create screen capture videos of the shots labeled SCREEN and upload them to your project page: http://www.jove.com/files_upload.php?src=19152523





Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 



2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).






Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 166. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 
5. Results: Mesoscopic Optical Imaging of Whole Mouse Heart 

5.1. The combination of the CLARITY methodology with TDE as refractive index-medium does not significantly change the sample’s final volume nor leads to anisotropic deformation of the specimen [1].
5.1.1. LAB MEDIA: Figure 2.

5.2. The excitation optics produced a light-sheet with a minimum waist of about 6 micrometers that diverged up to 175 micrometers at the edge of the field of view [1]. 

5.2.1. LAB MEDIA: Figure 4A and 4C.

5.3. The synchronization of the camera rolling shutter with the axial scan of the light-sheet waist ensured to sample with the  of the light-sheet, resulting in an average FWHM of about 6.7 micrometers along the entire field of view [1].
5.3.1. LAB MEDIA: Figure 4B and 4D. TEXT: FWHM - Full width half maximum

5.4. The Z-Point Spread Function of the microscope was also estimated by a tomographic reconstruction of the fluorescent nanosphere, and an FWHM of 6.4 micrometers was estimated by the fit [1].

5.4.1. LAB MEDIA: Figure 5.

5.5. The potentiality of the system to resolve single cellular membranes in three dimensions with a sufficient Signal-to-Noise ratio in the entire organ was confirmed [1].

5.5.1. LAB MEDIA: Figure 6.

Conclusion
6. [bookmark: _heading=h.2et92p0]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
6.1. : () 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?



Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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