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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?
Yes  
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.

ZEISS Axiovert 200M

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?   No
If Yes, how far apart are the locations? Click to enter distance between locations.

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: 30
Number of Shots: 49 (35 SC)

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

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. Giuseppe Ciccone: Fiber-optic-based nanoindenters are becoming increasingly popular in mechanobiology and tissue engineering research to probe the mechanical properties of biological samples. This protocol shows a step-by-step guide to measure the stiffness of hydrogels and cells using a commercially available nanoindenter; and presents a new open-source software to reproducibly analyze acquired data.

REQUIRED: What is the main advantage of this technique?
1.2. Mariana Azevedo Gonzalez Oliva: The protocol allows to obtain Atomic Force Microscopy-like data, however at a fraction of the complexity. 

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. Massimo Vassalli: This protocol will be useful for labs studying mechanical properties within the context of health and disease. Further, this protocol is of general applicability to study the mechanical properties of soft matter using commercially available fiber-optic based nanoindenters.

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.

1.7. 

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.

Authors: Please acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19337353

2. Probe Calibration
2.1. To begin calibrating the probe [1], click Initialize on the main software window. In the calibration menu that appears, enter the probe details in the input boxes [2-TXT].
2.1.1. WIDE: Establishing shot of talent at the computer, clicking on the appropriate software icon with monitor/screen visible in the frame. Videographer: Obtain a few shots of talent clicking the mouse and typing on the keyboard to use as b-roll throughout the video
2.1.2. SCREEN_1: To be uploaded by Authors: Initialize being clicked, calibration menu appearing, and probe details being entered in the input boxes. TEXT: k in N/m, R in µm, and the Calibration factor in air

2.2. Next, fill a thick glass Petri dish with a flat bottom with the same medium as the sample dish and match the temperature of the medium with that of the sample [1-TXT]. Then, place the calibration dish under the probe [2].
Authors: Which medium/liquid will be added to the calibration dish and sample dish? Also, how is the temperature of the medium matched to the sample?
For  polyacrylamide hydrogels, PBS will be used. We think the video can be shown only for the gels; while saying that the same instructions can be used for cells (in which case culture media would be used).
Temperature is matched by making sure the calibration solution (PBS or media) is at approximately the same temperature as the sample solution. For room temperature measurements, this can be achieved by leaving both solution and sample at room temperature for about 10 minutes. For 37 degrees measurements, both petri dishes can be left on a heated stage for about 10 minutes.  
Also, see step 2.4.


2.2.1. Talent filling the calibration dish with mediumPBS. TEXT: The medium can be air
2.2.2. Talent placing the calibration dish under the probe. 

2.3. For calibration in liquid, prewet the probe with a drop of 70% ethanol using a Pasteur pipette with the end of the pipette in light contact with the glass ferrule [1] such that the drop slides over the cantilever and spherical tip [2]. 
2.3.1. ECU: Adding a drop of ethanol over the probe with the end of the pipette in contact with the glass ferrule.
2.3.2. ECU: Ethanol drop sliding over the cantilever and spherical tip. Authors: Can this shot of drop sliding over the cantilever and spherical tip be easily visualized/filmed? Yes, it can be easily filmed.

2.4. Then, manually slide the nanoindenter’s arm downwards [1] until the probe is fully submerged but still far away from the bottom of the Petri dish. Wait for 5 minutes to allow equilibrium conditions to be reached in the liquid [2].
2.4.1. Talent sliding the nanoindenter’s arm downwards.
2.4.2. ECU: Shot of probe fully submerged in the medium.

2.5. Next, in the software’s Initialize menu, click on Scan Wavelength. The interferometer’s screen will show a progress bar. Check whether the optical scan was successful by navigating to the Wavelength Scan panel on the interferometer box [1]. 
2.5.1. SCREEN_2: To be uploaded by Authors: Scan Wavelength is clicked from the Initialize menu, interferometer’s screen with a progress bar appearing, navigating to the Wavelength Scan panel.	Comment by Giuseppe Ciccone: The interferometer’s screen cannot be recorded because it’s on a separate device. This should be filmed by the JoVE team.

2.6. Then, in the Initialize menu, click on Find Surface [1] to progressively lower the probe. The probe stops moving when it contacts the glass Petri dish [2].
2.6.1. SCREEN_3: To be uploaded by Authors: Find Surface is clicked from the Initialize menu.
2.6.2. ECU: Probe moving downwards and stopping on contact with the dish. 

2.7. Once the probe is in contact with the surface, move the probe down by 1 micrometer using the y (single letter ‘y’) downwards arrow button on the main software window. Observe the green signal in the Live Window for changes in the baseline with each step [1].
2.7.1. SCREEN 4: To be uploaded by Authors: y downwards arrow button from the software’s main window is clicked, green signal in the Live Window showing changes in the baseline with each step.

2.8. Then, click Calibrate from the Initialize menu [1]. When the calibration is complete, check the old and new calibration factors on the pop-up window displayed. If the new calibration factor is in the correct range, click on Use New Factor [2].
2.8.1. SCREEN_5: To be uploaded by Authors: Calibrate is being clicked from the Initialize menu.
2.8.2. SCREEN_6: To be uploaded by Authors: Calibration being performed and pPop-up window with old and new calibration factors appearing, clicking Use New Factor.

2.9. Next, move up the piezo by 500 micrometers [1], then check whether the demodulation circle has been correctly calibrated by navigating to the Demodulation tab on the interferometer desktop [2]. 
2.9.1. SCREEN_7: Talent moving the piezo up. Authors: Is this step performed using the software? If yes, please acquire a screen capture video for this shot and upload it to your project page. Yes, the piezo is moved through the software. The screen recording has been uploaded (SCREEN_7). 
2.9.2. SCREEN: To be uploaded by Authors: Navigating to the Demodulation tab on the interferometer desktop. 	Comment by Giuseppe Ciccone: This should be filmed by the JoVE team. The interferometer is a separate device.

2.10. Gently tap on the optical table or the nanoindenter to induce enough noise [1]. A white circle of discrete data points should approximately cover the red circle [2].
2.10.1. Talent tapping on the optical table/nanoindenter.
2.10.2. SCREEN: To be uploaded by Authors: White circle of discrete data points covering the red circle.	Comment by Giuseppe Ciccone: This should be filmed by the JoVE team. The interferometer is a separate device.

3. Measuring the Young’s Modulus of Soft Materials
3.1. To measure the Young’s modulus of soft materials [1], click on Configure Experiment, add a Find Surface step and a single indentation in displacement control to determine experimental parameters to subsequently use for the automatic matrix scan with the previously determined experimental parameters, then add a Matrix Scan step [2]. If the single indentation is not succesfull, see protocol for parameters to tune. 
3.1.1. WIDE: Talent at the computer, software window open, monitor visible in frame.
SCREEN 8: To be uploaded by Authors: Configure Experiment being clicked, Find Surface and Matrix Scansingle indentation step being added. Succesfull single indentation being shown. 
3.1.2. 

3.2. If the single indentation is succesfull, cConfigure a matrix scan containing 50 to 100 points spaced at 10 to 100 micrometers. After ensuring that the Auto Find Surface box is ticked, click on Use Stage Position to start the matrix scan from the current stage position [1]. Otherwise, see troubleshooting section in the paper.
3.2.1. SCREEN_9: To be uploaded by Authors: Matrix scan being configured, Auto Find Surface box being ticked, Use Stage Position being clicked.

3.3. Next, setSet up the matrix scan profile in displacement control. Leave the number of segments to 5 and use the default displacement profile. If necessary, change the displacement profile and time for each sloped segment. Do not exceed strain rates greater than 10 micrometers per second [1]. The approach and retract speeds are automatically matched using the default displacement profile. 
3.3.1. SCREEN_9: To be uploaded by Authors: Matrix scan profile being set up in the displacement control, using the default displacement profile., changing the displacement profile and time for each sloped segment.

3.4. After entering a value for the approach speed, match the retraction speed to the approach speed, then click on Run Experiment [1].
3.4.1. SCREEN: To be uploaded by Authors: Value for approach speed being entered, retraction speed being matched to the approach speed, and Run Experiment being clicked.

3.5. Next, move the probe above the cell to be indented [1] and add a matrix scan to the experiment, then Cclick on Run Experiment and wait for it to be completed [2-TXT].
3.5.1. Talent moving the probe.
3.5.2. SCREEN_9: To be uploaded by Authors: Matrix scan being performed as subsequent indentations are shown on screen.Matrix scan being added to the experiment and Run Experiment being clicked. TEXT: 25 points spaced at 0.5–5 µm for HEK cells

4. Data Analysis

4.1. For screening of F-z (F- zee) curves and production of cleaned data set in JSON (J-S-O-N) format [1], launch prepare.py (prepare-dot-pie) from the command line on the lab computer [2].
4.1.1. WIDE: Establishing shot of talent clicking on the data analysis software icon with monitor/screen visible in the frame. 
4.1.2. SCREEN_10: To be uploaded by Authors: prepare.py being launched from the command line. 

4.2. Select the NEW O11 data format from the drop-down list. If the data is not loaded correctly, relaunch the graphical user interface and select O11OLD [1]. Then, click on Load Folder and select a folder containing the data to be analyzed [2-TXT].	Comment by Giuseppe Ciccone: Note that Optics11 data format is the default one so in the video the selection from the drop-down is not shown. 
4.2.1. SCREEN_11: To be uploaded by Authors: NEW O11 data format being selected., if correct data is not loaded then GUI being relaunched and OLD being selected. 
4.2.2. SCREEN_11: To be uploaded by Authors: Load Folder being clicked, and the folder containing data to be analyzed is selected. TEXT: Data: Single or multiple matrix scans. 

4.3. Clean the data set using the tabs present on the right of the graphical user interface [1]. Then, click on Save JSON and enter an appropriate name for the cleaned data set. Send the JSON file to the computer where the NanoAnalysis software was installed,  if different from the current computer [2].
4.3.1. SCREEN_11: To be uploaded by Authors: Cleaning data set.
4.3.2. SCREEN_11: To be uploaded by Authors: SAVE JASON being clicked, the name for cleaned data set being entered., and JSON file being sent to the NanoAnalysis software. 

5. Formal Data Analysis
5.1. Launch the nano.py (nano-dot-pie) file from the command line [1]. On the top left of the graphical user interface, click on Load Experiment and select the JSON file. This will populate the file list and the Raw Curves graph showing the data set in terms of F-z curves [2].
5.1.1. WIDE: Talent at the computer, nano.py being launched from the command line with monitor/screen visible in the frame.
5.1.2. SCREEN_12: To be uploaded by Authors: Load Experiment being clicked, JSON file being selected, file list and Raw Curves graph being populated.
 
5.2. In the Stats box, check the values of the three parameters, N-activated, N-failed, and N-excluded [1].
5.2.1. SCREEN_12: To be uploaded by Authors: Stats box showing values of three parameters.

5.3. To visualize a specific curve in more detail, click on the curve. This will highlight it in green and show it on the Current Curve graph. Once a single curve has been selected, the R (single letter ‘R’) and k (single letter ‘K’) parameters will be populated in the Stats box [1].
5.3.1. SCREEN_13: To be uploaded by Authors: Curve being clicked, and curve highlighted in green is displayed under Current curve graph, Stats box displaying R and k parameters. 

5.4. Once the dataset has been further cleaned, filter any noise in the curves using the filters implemented in the Filtering Box [1]. Then, inspect the filtered curves in the Current Curve graph. The filtered curve is in black, whereas the non-filtered version is green [1]
5.4.1. SCREEN_14: To be uploaded by Authors: Noise in the curves being filtered and filtered curve being insptected..
 
5.5. Then, inspect the filtered curves in the Current Curve graph. The filtered curve is in black, whereas the non-filtered version is green [1]. To find the contact point, from the Contact Point box, choose one of a series of numerical procedures that have been implemented in the software [2]. 
5.5.1. SCREEN: To be uploaded by Authors: Current Curve graph showing filtered curved in black and non-filtered in green.
5.5.2. SCREEN_15: To be uploaded by Authors: Numerical procedure being selected from Contact Point box.

5.6. Adjust the algorithm’s parameters to suit the dataset so that the contact point is located correctly, as explained in the protocol [1]. To view where the contact point has been found on a single curve, select the curve by clicking on it, then click Inspect. Check the pop-up window that appears to identify where the contact point has been located [2]. The check can be repeated for each curve. 
5.6.1. SCREEN_15: To be uploaded by Authors: Algorithm’s parameters being adjusted.
5.6.2. SCREEN_15: To be uploaded by Authors: Clicking on a curve, Inspect being clicked, and pop-up window with contact point appearing. This can be repeated to check each curve.

5.7. Next, click on Hertz Analysis. This will generate three graphs. Check F-δ (F-delta) for each curve in the dataset together with the average Hertz fit shown in red [1]. Then, check the average F-δ curve with an error band showing one standard deviation together with the average Hertz fit shown in red [2]. Next, check the scatter plot of E (single letter ‘E’) originating from fitting the Hertz model to each individual curve [1].
5.7.1. SCREEN_16: To be uploaded by Authors: Hertz Analysis being clicked, three  graphs being generated: F-δ for each curve together with average Hertz fit, average F-δ curve with average Hertz fit and scatter plot of E.Hertz Analysis being clicked, three graphs being generated, F-δ for each curved being Checked with average Hertz fit.
5.7.2. SCREEN_16: To be uploaded by Authors: F-δ for each curve and Average F-δ curve with error band showing one SD with average Hertz fit being checked.Average F-δ curve with error band showing one SD with average Hertz fit being checked.
5.7.3. 
5.7.4. Next, check the scatter plot of E (single letter ‘E’) originating from fitting the Hertz model to each individual curve [1].
5.7.5. SCREEN_16: To be uploaded by Authors: Scatter plot of E being checked. 

5.8. Inspect the Results box for the computed mean E and its standard deviation and ensure they are reasonable for the given experiment [1-TXT]. 
5.8.1. SCREEN_17: To be uploaded by Authors: Result box being inspected for computed E and SD. TEXT: SD = 

5.9. Then, in the Save box, click on Hertz. In the pop-up window, enter the file name and directory and click on Save [1]. A .tsv (dot-t-s-v) file will be created. Open the .tsv file in any additional software for statistical analysis and further plotting [2].
5.9.1. SCREEN_17: To be uploaded by Authors: Hertz is being clicked,  file name and directory are entered in the pop-window, and Save is clicked. 
5.9.2. SCREEN_18: To be uploaded by Authors: .tsv file being created and opened for statistical analysis and plotting. 

5.10. For cell nanoindentation data, click on Elasticity Spectra Analysis. Inspect the two plots produced, namely, E as a function of the indentation depth for each curve, and the average  (E-delta) fitted by a model [1]. 
5.10.1. SCREEN_19: To be uploaded by Authors: Elasticity Spectra Analysis being clicked, two plots being examined. 

5.11. Once the analysis is finished, click on Elasticity Spectra in the Save box. This will export a .tsv file in the specified directory [1]. Close the software and input the saved results in any other software of preference to further plot the data and perform statistical analysis [2].
5.11.1. SCREEN_19: To be uploaded by Authors: In the Save box, ES is clicked, and .tsv file is exported in the specified directory.
5.11.2. SCREEN: To be uploaded by Authors: Software closed and saved results inputted in the compatible software.  
5.11.3. 

Authors: Please acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19337353


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.). 

Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.2.5, 2.6, 2.7 and 2.8 (probe calibration)
5.6 (formal data analysis)


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.).

[bookmark: Text3][bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.     



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: 185. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 
6. Results: Acquiring Nanoindentation Data on Hydrogels and Cells
6.1. A successful experiment results in the approach segment of an F-z curve [1] having a clear, flat baseline [2], a transition region [3], and a sloped region [4]. Curves showing alterations from this shape are easily removed from the dataset using NanoPrepare [5].
6.1.1. LAB MEDIA: Figure 4A
6.1.2. LAB MEDIA: Figure 4A Video Editor: Please emphasize the flat baseline portion of the curve (from 0 till the contact point)
6.1.3. LAB MEDIA: Figure 4A Video Editor: Please emphasize the transition portion of the curve (part of the curve between the two bluish boxes)
6.1.4. LAB MEDIA: Figure 4A Video Editor: Please emphasize the sloped portion of the curve (curve moving upward from ~5000 nm onwards)
6.1.5. LAB MEDIA: Figure 5A Video Editor: Please emphasize red excluded curves from Screen data

6.2. Average F-δ curves together with the average Hertz model for a soft polyacrylamide hydrogel [1] and a stiff hydrogel are shown here [2]. By plotting individual values of E, the expected E was obtained for both hydrogels [3].
6.2.1. LAB MEDIA: Figure 6A Video Editor: Please emphasize blue curve
6.2.2. LAB MEDIA: Figure 6A Video Editor: Please emphasize red curve
6.2.3. LAB MEDIA: Figure 6B

6.3. The average Hertz curve and the corresponding average Hertz model [1] demonstrated that the Hertz model does not fully capture the evolution of force with increasing indentation depth for cell nanoindentation experiments [2].
6.3.1. LAB MEDIA: Figure 7A
6.3.2. LAB MEDIA: Figure 7A Video Editor: Please emphasize blue shaded region 


6.4. Average elasticity spectra fitted up to an indentation of 200 nanometers are demonstrated here [1]. Average elasticity spectra start increasing at an indentation depth of 200 nanometers [2], indicating the contribution of a substrate to the probed apparent E [3]. 
6.4.1. LAB MEDIA: Figure 7B
6.4.2. LAB MEDIA: Figure S4 Video Editor: Please emphasize the dotted line at 200 nm 
6.4.3. LAB MEDIA: Figure S4

6.5. Because of this, 200-nanometer was chosen as the fitting range for both the Hertz [1] and the bilayer model [2].
6.5.1. LAB MEDIA: Figure 7A
6.5.2. LAB MEDIA: Figure 7B

6.6. A direct comparison between the Hertz model [1] and elasticity spectra approach in terms of E distribution [2] reveals overlapping distributions with comparable means [3].
6.6.1. LAB MEDIA: Figure 7C Video Editor: Please emphasize blue bars
6.6.2. LAB MEDIA: Figure 7C Video Editor: Please emphasize red bars
6.6.3. LAB MEDIA: Figure 7C 

6.6.4. 

Conclusion
7. [bookmark: _Hlk27388131]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.
7.1. Giuseppe Ciccone: (5.6) Accurately locating the contact point and keeping the chosen algorithm parameters’ consinstent between data sets one wants to compare is paramount to obtain reliable comparisons between samples.  
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Mariana Azevedo Gonzalez Olica: The method is of general applicability to quantify the local elastic properties of biological samples, including spheroids, organoids, tissues and in general all soft matter.  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. 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.


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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