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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
Authors: Please record 2.5.2 using your own microscope camera and upload it to your project page 	Comment by Sandra Sofia Edwards Jorquera (sedwards): We have uploaded the new screenshot corresponding to this step (Screenshot10_Dissection.pp4)

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes, all done.

3. Filming location: Will the filming need to take place in multiple locations?   Yes
Approximately 50 meters (2 neighboring buildings)

Current Protocol Length
Number of Steps: 23
Number of Shots: 54

Interviews 
1. Video 1: Author Spotlight: Exploring the Role of Mechanical Signals in Tissue Regeneration Through Atomic Force Microscopy 
Ethics Title Card
This research has been approved by the Landesdirektion Sachsen, Germany
Videographer: Obtain headshots for all authors.	Comment by Nilesh Kolhe: Authors: Please avoid altering the script's formatting/numbering. Specific instructions are designated for videographers, video editors, and voiceover artists. For example, instructions in dark blue are meant for the videographer, and instructions in red italic font are for the voiceover artist. Any changes to the formatting could cause confusion during the video production/editing process.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Sandra Edwards-Jorquera: We are interested in understanding the role of mechanical signals in the regeneration process. For this, it is pivotal to have reliable tools for the measurement of mechanical properties, such as Atomic Force Microscopy or AFM.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera

What technologies are currently used to advance research in your field?
1.2. Elke Ulbricht: There are multiple techniques for mechanical tissue probing, such as shear rheometry. However, for small tissue samples and for probing the mechanical properties of tissues at the cellular scale, AFM is still the gold standard. In addition, there are promising new development techniques that we can explore, such as Brillouin microscopy.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera
What are the current experimental challenges?
1.3. Rita Aires: One of the most challenging steps to reliably measure tissue mechanical tensions with the AFM is sample preparation procedures, as well as ensuring the highest possible tissue integrity. 
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera
What new scientific questions have your results paved the way for?
1.4. Anna Taubenberger: The findings will motivate more mechanistic studies on the effects of altered mechanical cues on tissue regeneration. In addition, the obtained data can instruct tissue-engineered models designed for such experiments.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera

Videographer: Obtain headshots for all authors.

Protocol Videos 
2. Video 2: Axolotl Tissue Mounting and Processing for Atomic Force Microscopy Measurements in Regenerating and Intact Limb Tissues	Comment by Nilesh Kolhe: Authors: Please avoid altering the script's formatting/numbering. Specific instructions are designated for videographers, video editors, and voiceover artists. For example, instructions in dark blue are meant for the videographer, and instructions in red italic font are for the voiceover artist. Any changes to the formatting could cause confusion during the video production/editing process
Demonstrators: Sandra Edwards and Rita Aires
Ethics Title Card
Procedures involving animal subjects have been approved by the Landesdirektion Sachsen, Germany
Protocol
2.1. To prepare 1-centimeter-long cylinders of 1-centimeter diameter, heat a cardboard cutter under a Bunsen burner flame [1] and cut a 15-milliliter tube with the heated blade [2]. Cover one side of the cylinders with parafilm pieces [3].
2.1.1. WIDE: Establishing shot talent heating a cardboard cutter under a Bunsen burner flame. Videographer: Please also take a still image of talent performing this action. Make sure that it is at least a half-body shot with the talent's face visible and zoom out so we have room for cropping.
2.1.2. Talent cutting a 15 mL tube with the heated blade. 
2.1.3. Talent covering the bottom of the cylinders with parafilm.

2.2. After anesthetizing the axolotl (ACK-suh-lah-tuhl), orient the limb perpendicular to the body axis [1-TXT]. Amputate the limb immediately distal to the calcified area of the zeugopodial (ZYOU-guh-POH-dee-uhl) region [2].
2.2.1. SCREEN: Screenshot1_Intact.mp4 00:00-00:06. TXT: Anesthesia: 0.01% Benzocaine Video Editor: Please emphasize the fingers from the limb
2.2.2. SCREEN: Screenshot2_Amputated.mp4 00:00-00:06.

2.3. Return the axolotl to a tank containing fresh holding water and allow the limb to regenerate until the desired stage of interest [1].
2.3.1. Shot of recovered axolotl in a fresh holding water tank.

2.4. Next, place the anesthetized axolotl under a stereomicroscope [1]. Measure and measure the length of the limb at the desired stage of regeneration for histolysis [21] and condensing cartilage stages [32].
2.4.1. Talent placing the anesthetized axolotl under a stereomicroscope. This shot was not filmed - we prefer to avoid displaying animal handling.
2.4.2. SCREEN: Screenshot3_Histolysis-Measurement.mp4 00:00-00:10.
2.4.3. SCREEN: Screenshot4_Condensing-Cartilage-Measurement.mp4 00:01-00:10. 

2.5. After collecting the limbs, place them in a Petri dish for dissection [1]. Under a stereomicroscope, dissect the limbs with a scalpel at the elbow level [2] and place them in a Petri dish containing APBS (A-P-B-S) solution [3-TXT]. 	Comment by Nilesh Kolhe: Authors: The voiceover narration has been edited to follow our journal guidelines. It should be in the imperative tense and directly linked to a specific action.
2.5.1. Talent placing the limbs in a Petri dish.
2.5.2. SCOPESCREEN: Dissecting the limb with a scalpel: Screenshot10_Dissection.mp4 00:14-00:27.
2.5.3. Talent placing the dissected limb in a Petri dish containing APBS. TXT: APBS: Amphibian Phosphate-Buffered Saline

2.6. Arrange the Pasteur pipettes and the thermoblock set at 37 degrees Celsius with agarose aliquots on a working platform [1]. Remove the cold block from the minus 20 degrees Celsius freezer [2] and place the cylinder with the parafilm-covered end facing down on top of it [3].
2.6.1. Shot of working platform with Pasteur pipettes, thermoblock, and agarose aliquots.
2.6.2. Talent removing the cold block from the minus 20 degrees Celsius freezer.
2.6.3. Talent placing the cylinder with the parafilm-covered end facing down on the cold block.

2.7. Place the limb on a clean plate and Gently gently remove excess liquid from the dissected limb with tissue paper [1]. Place the limb on a clean plate [2], add Add the melted low melting point agarose on top [32], and briefly move the limb around in the agarose to displace any remaining APBS from the skin surface [43].
2.7.1. Talent placing the limb on a clean plate and gently blotting the dissected limb with tissue paper to remove excess liquid.
2.7.2. Talent placing the limb on a clean plate. This shot was fused with the above because it was recorded in this order.
2.7.3. Talent adding melted low melting point agarose on top of the limb.
2.7.4. Talent moving the limb in the melted agarose to displace the APBS.

2.8. Quickly place the limb inside the cylinder, ensuring it is oriented vertically, with the area of interest facing upwards [1]. While gently holding the limb with forceps, aAdd a low melting point agarose inside the cylinder until the tissue is fully covered [2]. Remove the forceps carefully before the agarose solidifies [3].
2.8.1. Talent positioning the limb inside the cylinder with correct vertical orientation.
2.8.2. Talent holding the limb with forceps and pouring low melting point agarose inside the cylinder.
2.8.3. Talent removing the forceps. This shot was not filmed. The step was not necessary.

2.9. Next, remove the cylinder from the cold block and allow the agarose to solidify for 30 seconds [1].
2.9.1. Talent removing the cylinder from the cold block. NOTE to Videographer: From this step onward, all steps will be carried out in a different room located in a neighboring building

2.10. After solidification, remove the parafilm from the bottom of the cylinder [1] and attach the agarose-containing tissue to the vibratome stage with cyanoacrylate glue [2]. Then remove any excess surrounding agarose with a scalpel [3].
2.10.1. Talent peeling off the parafilm from the bottom of the cylinder. 
2.10.2. Talent attaching agarose-containing tissue to the vibratome stage with cyanoacrylate glue.
2.10.3. Added shot: Talent removing excess agarose with a scalpel.

2.11. Submerge the stage in APBS solution for sectioning [1]. Begin sectioning the agarose in 100-micrometer steps until the tissue tip is reached. Then, section until the distal portion of tissue is removed [2].
2.11.1. Talent pouring APBS onto the vibratome stage.
2.11.2. Close-up of the vibratome sectioning the tissue.

2.12. Using a razor blade, carefully remove the tissue-containing agarose block from the vibratome stage [1]. Remove all traces of glue [2]. Immediately attach the block to a 35-millimeter plastic Petri dish with surgical tissue adhesive glue [32]. Add approximately 2 milliliters of culture medium to cover the tissue [43-TXT].
2.12.1. Talent removing the tissue-containing agarose block from the vibratome stage using a razor blade.
2.12.2. Tissue block being cleaned for residual glue. This step was not necessary.
2.12.3. Talent attaching the block onto a 35-millimeter Petri dish with surgical tissue adhesive glue.
2.12.4. Talent adding 2 mL of culture medium onto the tissue. TXT: Culture medium: 62.5% L15 medium, 10% heat-inactivated FBS, 1% Pen/Strep, 1% Insulin, and 1% L-Glutamine maintained at RT
3. Video 3: Atomic Force Microscopy-Based Indentation Measurements for Tissue Stiffness Analysis in Axolotl Limb Sections	Comment by Nilesh Kolhe: Authors: Please avoid altering the script's formatting/numbering. Specific instructions are designated for videographers, video editors, and voiceover artists. For example, instructions in dark blue are meant for the videographer, and instructions in red italic font are for the voiceover artist. Any changes to the formatting could cause confusion during the video production/editing process.
Demonstrators: Elke Ulbricht and Anna Taubenberger
Ethics Title Card
Procedures involving animal subjects have been approved by the Landesdirektion Sachsen, Germany

Protocol
3.1. For Prior to atomic force microscopy or AFM (A-F-M) measurements, turn on the microscope and motor stage [1]. Prior to measurements, mount the cantilever onto a glass block [21]. Insert a Petri dish filled with PBS into the holder of the motor stage [32] and insert the glass block into the AFM head [43]. 	Comment by Nilesh Kolhe: Authors: The voiceover narration has been edited to follow our journal guidelines. It should be in the imperative tense and directly linked to a specific action.
WIDE: Talent turning on the AFM, microscope, and motor stage. This shot was not filmed because turning on a device has no difficulty. Furthermore, it takes around 20 minutes to be ready for use, so it was turned on beforehand.	Comment by Sandra Sofia Edwards Jorquera (sedwards): 
3.1.1. Talent showing the mounting of the cantilever onto the glass block.	Comment by Sandra Sofia Edwards Jorquera (sedwards): We adjusted these numbers, because these were the ones used by the videographer.
3.1.2. WIDE: Talent inserting a Petri dish filled with PBS into the Petri dish holder of the motor stage.
3.1.3. Talent inserting the glass block into the AFM head.

3.2. Then, position the AFM head over the Petri dish so that the cantilever is immersed into the buffer [1] and align the laser manually [2].
3.2.1. Talent placing the AFM head over the Petri dish.
3.2.2. Talent aligning laser manually.

3.3. In the JPK (J-P-K) software, press the Approach and Acquire button to advance the cantilever onto a hard surface [1]. Once the single force-distance curve is acquired, open the Calibration Manager, and under Method, select Contact-based. Then, adjust the room temperature to 20 degrees Celsius [2].
3.3.1. SCREEN: Screenshot5_Cantilever-Calibration.mp4 00:00-00:10.
3.3.2. SCREEN: Screenshot5_Cantilever-Calibration.mp4 00:11-00:22.

3.4. Now, zoom in on the curve and select the linear part for the sensitivity fit. Click on the Sensitivity checkbox and retract the cantilever 200 micrometers from the surface [1]. Then, select the infinity symbol checkbox and click Run Thermal Noise [2]. 
3.4.1. SCREEN: Screenshot5_Cantilever-Calibration.mp4 00:23-00:38.
3.4.2. SCREEN: Screenshot5_Cantilever-Calibration.mp4 00:39-00:42.

3.5. Next, zoom in to the resulting frequency graph and define a range using the right-click button of the mouse [1]. Select the Spring Constant checkbox and close the Calibration Manager [2].
3.5.1. SCREEN: Screenshot5_Cantilever-Calibration.mp4 00:41-00:57.
3.5.2. SCREEN: Screenshot5_Cantilever-Calibration.mp4 00:58-01:03.

3.6. Insert the Petri dish containing the regenerated axolotl (ACK-suh-lah-tuhl) limb embedded in the tissue block and culture medium into the dish holder of the AFM [1]. Acquire an overview image of the tissue block in brightfield mode. Zoom into the region of interest and adjust the exposure time and focus [2]. 
3.6.1. Talent placing the Petri dish with the tissue block into the AFM.
3.6.2. SCREEN: Screenshot6_Overview.mp4 00:00-00:24. 

3.7. Set up the grid parameters for indentation measurements [1] and record an array of force-distance curves [2].
3.7.1. SCREEN: Screenshot7_Force-Distance-Curves.mp4 00:00-00:07.
3.7.2. SCREEN: Screenshot7_Force-Distance-Curves.mp4 00:08-00:12; 00:21-00:25 and 00:35-00:45. 

Data Analysis
3.8. For viscoelastic analysis, in the PyJibe (Pie-Jibe) software, open the file containing the force-displacement curve [1-TXT]. Select the Preprocess tab, and under the contact point estimation, select piecewise fit with line and polynomial [2].
3.8.1. SCREEN: Screenshot8_Hertz-Sneddon-Model.mp4 00:00-00:15. TXT: Use PyJibe 0.15.0 with the extension Hertz model corrected for viscoelasticity using Kelvin-Voigt-Maxwell
3.8.2. SCREEN: Screenshot8_Hertz-Sneddon-Model.mp4 00:16-00:30.

3.9. Then, select the Fit tab, and under Model, select spherical indenter (Sneddon (SNEH-dun), truncated power series). Under Method, select nelder (NEL-der) [1].
3.9.1. SCREEN: Screenshot8_Hertz-Sneddon-Model.mp4 00:31-00:54. 

3.10. To fit the force-indentation curves to the Hertz model corrected for viscoelasticity using the Kelvin–Voigt (VOIGT)–Maxwell model, select the file containing the force-distance curve and click open [1]. Select the Preprocess tab, and under the contact point estimation, select piecewise fit with line and polynomial [2].
3.10.1. SCREEN: Screenshot9_KVM-Model.mp4 00:00-00:15.
3.10.2. SCREEN: Screenshot9_KVM-Model.mp4 00:16-00:35.

3.11. Then, select the Fit tab, and under Model, select the hertz model corrected for viscoelasticity using KVM (K-V-M) model. Under Method, select leastsq (least-s-q) [1]. Set the accurate indenter radius to 10 micrometers and approach speed to 7.5 micrometers per second. Press Apply Model and Fit All to obtain apparent and unrelaxed Youngs moduli, apparent viscosity, and Maxwell element relaxation time [2].
3.11.1. SCREEN: Screenshot9_KVM-Model.mp4 00:35-00:50. Video Editor: Please emphasize ‘hertz model corrected for viscoelasticity using KVM model’ and ‘leastsq’ when mentioned in the VO!
3.11.2.  SCREEN: Screenshot9_KVM-Model.mp4 00:51-01:08. Video Editor: Please emphasize ‘percent tip radius to 10 µm’ and ‘Apply Model and Fit All’ when mentioned in the VO!
Representative Results
3.12. Apparent Young's modulus measurements of the radius and ulna in intact limbs showed no significant difference [1]. During the histolysis phase, the apparent Young's moduli of the radius and ulna dramatically decreased to 0.03 and 0.13 Kilopascals, respectively [2].  
3.12.1. LAB MEDIA: Figure 2D Video editor: Highlight the two scatter plots labeled "Radius" and "Ulna" under the "Intact" condition on the left side.  
3.12.2. LAB MEDIA: Figure 2D Video editor: Highlight the two scatter plots labeled "Radius" and "Ulna" under the "Histolysis" condition on the right side


3.13. The apparent Young's moduli in the center of intact cartilage were higher than in the periphery [1]. At the histolysis stage, apparent Young's modulus measurements of the radius and ulna showed no significant difference [2].
3.13.1. LAB MEDIA: Figure 2E Video editor: Highlight the scatter plots labeled "Center" and "Peri" under the "Intact" condition on the left side.  
3.13.2. LAB MEDIA: Figure 2E Video editor: Highlight the scatter plots labeled "Center" and "Peri" under the "Histolysis" condition on the right side.  

3.14. During cartilage condensation, apparent Young's moduli significantly increased to 0.77 Kilopascals, representing intermediate stiffness values [1]. Unrelaxed moduli showed substantial differences across intact tissue, during histolysis, and in condensing cartilage [2].
3.14.1. LAB MEDIA: Figure 2F. Video editor: Highlight the scatter plot labeled "Condensing cartilage"  
3.14.2. LAB MEDIA: Figure 2G Video editor: Sequentially highlight the three scatter plots labeled "Intact," "Histolysis," and "Condensing cartilage."

3.15. The apparent Young’s moduli were highly similar [1] to unrelaxed moduli [2], indicating a predominantly elastic response [3].  
3.15.1. LAB MEDIA: Figure 2H
3.15.2. LAB MEDIA: Figure 2G
3.15.3. LAB MEDIA: Figure 2H Video editor: Sequentially highlight the three scatter plots labeled "Intact," "Histolysis," and "Condensing cartilage."

3.16. Apparent viscosity was significantly lower during histolysis [1] compared to intact tissue [2] and condensing cartilage [3]. 
3.16.1. LAB MEDIA: Figure 2I Video Editor: Highlight the "Histolysis" plot
3.16.2. LAB MEDIA: Figure 2I Video Editor: Highlight the "Intact" plot
3.16.3. LAB MEDIA: Figure 2I Video Editor: Highlight the " Condensing cartilage" plot
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