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Author Questionnaire
1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar? YES   
If you require a microscope but need a scope kit in order to be able to film with your own camera, please list the make and model of your microscope so that JoVE can send you a scope kit: We have a scope kit
Authors: Please use your microscope camera to film all SCOPE shots and upload them to your project page: https://www.jove.com/account/file-uploader?src=19490768.

If your scope does not have a discussion bridge or teaching port with a second set of eyepieces, we suggest practicing the technique with one eye, as the second eyepiece will be needed for filming

2. Software: Does the part of your protocol being filmed demonstrate software usage? YES
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page by your script return date or as soon thereafter as possible - https://www.jove.com/account/file-uploader?src=19490768.


3. Interview statements: Please select one.
☒ 	Interviewees self-record interview statements. 


3. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 05/03/2022

When you are ready to submit your video files, please contact our Content Engineer, Devon Halley. 



Protocol Length
Number of Steps: 25
Number of Shots: 48 


Introduction

1. Introductory Interview Statements

1.1. Liudmila Kozlova: Plant growth is controlled by the mechanical properties of their cell walls. Therefore, it is important to know these properties in different plant organs and tissues [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.6.2.


1.2. Liudmila Kozlova: The method presented here allows the biomechanical characterization of non-fixed and non-dehydrated cell walls in the internal tissues of young plants [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.2.2. and 2.7.3.



1.3. Anna Petrova: The specimen preparation procedure is complicated. Proper orientation of the plant organ for cutting, prevention of sample drying, and proper fixation of the specimen for atomic force microscopy study are very important [1].	Comment by Пользователь Windows: We didn’t record shot 1.3.

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

Protocol
2. Sample Preparation for Atomic Force Microscopy Measurements

2.1. Start with preparing the solutions and sample for vibratome sectioning. Pour a 4-millimeter layer of melted 3 percent agarose on the bottom of the Petri dish, and let it cool slightly to prevent thermal damage to the sample [1].
2.1.1. WIDE: Talent pouring 4 mm layer of melted 3% agarose on the bottom of the Petri dish.

2.2. Place about 5- millimeter long three or four pieces of the plant organ horizontally on the agarose [1]. Around 30-60 seconds later, a thin, semi-solid film will appear on top of the first agarose layer. Then carefully pour a second layer on top [2].
2.2.1. Talent placing a 5-mm long piece of the plant organ horizontally on the agarose.
2.2.2. Talent pouring the second layer on top of the first layer.

2.3. After the agarose is completely solidified, cut out the block containing the specimen [1]. Shape the block into a hexagonal truncated pyramid to ensure its stability during further sectioning [2]. 
2.3.1. Talent cutting out the block of solidified agarose containing the specimen.
2.3.2. Talent shaping the block into a hexagonal truncated pyramid.

2.4. Before starting the sample sectioning with the vibratome, glue the block to the vibratome stage with cyanoacrylate adhesive [1]. Place the stage in the vibratome so that one of the pyramid corners faces the blade of the vibratome [2] and pour water into the vibratome bath [3]. 
2.4.1. Talent gluing the block to the vibratome stage with cyanoacrylate adhesive.
2.4.2. Talent placing the stage in the vibratome so that one of the pyramid corners faces the blade of the vibratome.
2.4.3. Talent pouring water into the vibratome bath.

2.5. Set the sectioning parameters like section thickness, blade speed, and vibration frequency, and cut the sample [1]. Using a fine brush, move the section from the water bath onto a glass slide [2] and place a drop of water on the section to prevent it from drying out [3]. 
2.5.1. Talent cutting the sample.
2.5.2. Talent moving the section from the water bath onto a glass slide using a fine brush.
2.5.3. Talent placing a drop of water on the section.

2.6. After checking the quality of the section under a light microscope [1] select the proper section having cell wall perpendicular to the section plane [2]. Then immobilize the section for Atomic Force Microscopy measurements by pouring a layer of 1-milliliter of 1 percent molten agarose on the bottom of the Petri dish cap using a pipette [3]. After the agarose has solidified, remove excess water from the section by bringing filter paper to its edge [4]. 	Comment by Пользователь Windows: Just in case, two additional videos using a microscope to check the quality of the sections were attached
2.6.1. SCOPE: A section that is not very good for further analysis being seen. 
2.6.2. SCOPE: A section good for further analysis is seen.
2.6.3. Talent pouring a layer of 1mL of 1% molten agarose on the bottom of the Petri dish cap using a pipette.
2.6.4. Talent removing the excess water from the section by bringing filter paper to the edge of solidified agarose.

2.7. Carefully transfer the section from the slide to the center of the Petri dish cap using a brush [1]. Then carefully add 1 percent agarose around the section using a 20-microliter pipette [2] and pour the water or other solution for the Atomic Force Microscopy into the Petri dish cap with the immobilized section [3].
2.7.1. Talent transferring the section from the slide to the center of the Petri dish cap using a brush.
2.7.2. Talent carefully adding 1% agarose around the section using a 20 µL pipette
2.7.3. Talent pouring the solution to be used for the Atomic Force Microscopy into the Petri dish cap with the immobilized section.
3. Data Acquisition
3.1. Guide the sample under the Atomic Force Microscopy cantilever using the optical microscope. Click on the Approach button and then the Landing button to approach the sample in contact mode with a SetPoint of 1 nano-ampere [1]. 

3.1.1. SCREEN: To be provided by authors: Approach button being clicked followed by Landing button. Author: Upload the screen capture videos to your project page- https://www.jove.com/account/file-uploader?src=19490768
Author: Please capture a few shots of talent clicking the screen.
Author: Please film the screen as a backup for the screen capture shots.

3.2. Click on the Scanning button and then the Area button [1]. Select the Area Size of 70 micrometers by 70 micrometers to scan [2]. Click on the Move Probe button and check the entire scan area by moving the scanner over it and finding the highest point based on the degree of scanner protrusion [3]. 
3.2.1. SCREEN: To be provided by authors: Scanning > the Area being clicked.
3.2.2. SCREEN: To be provided by authors: Area Size of 70 µm x 70 µm being selected for the scan.
3.2.3. SCREEN: To be provided by authors: Move Probe button being clicked followed by checking the entire scan area by moving the scanner over it. The highest point being focused/ seen.

3.3. Open the Approach tab, then click on the Remove button to retract from the sample [1]. Using the highest point as a target, click the Landing button to approach the sample again [2]. Then, check the surface again by clicking on the Move Probe button and moving the scanner over it [3].
3.3.1. SCREEN: To be provided by authors: Approach tab followed by Remove being clicked.
3.3.2. SCREEN: To be provided by authors: highest point being targeted and then Landing button being clicked.
3.3.3. SCREEN: To be provided by authors: Surface being clicked followed by clicking on the Move Probe button and moving the scanner over it.

3.4. Set the scan Rate to 0.5 hertz and set the scan Size to 70 micrometers by 70 micrometers and the scan Point to 64 by 64 [1]. Click on the Run button and scan to check the surface of the sample and its possible contamination with agarose [2].
3.4.1. SCREEN: To be provided by authors: The scan rate being set to 0.5 hertz, the scan Size to 70 µm x 70 µm, and the scan Point to 64 by 64.
3.4.2. SCREEN: To be provided by authors: Run button being clicked followed by scanning the surface of the sample and its possible contamination with agarose.

3.5. Click on the On button at the top of the main window to switch off the feedback loop [1]. Choose the HDPlus mode in the drop-down menu in the program's main window and set the SetPoint to 0.1 nano-amperes in the main program window [2]. 
3.5.1. SCREEN: To be provided by authors: On button at the top of the main window being clicked.
3.5.2. SCREEN: To be provided by authors: HDPlus mode in the drop-down menu in the program's main window being selected, followed by setting the SetPoint to 0.1 nA.

3.6. In the Main tab of the HD window, set the scanning parameters appropriate to the studied sample [1]. Then, open the Noises tab in the HD window and enter the cantilever's resonance frequency [2].
3.6.1. SCREEN: To be provided by authors: Scanning parameters like amplitude and frequency of sinusoidal cantilever movement being set in the Main tab of the HD window.
3.6.2. SCREEN: To be provided by authors: Noises tab in the HD window being opened followed by entering the cantilever's resonance frequency.

3.7. Open the Quant tab of the HD window and enter the IOS, cantilever Stiffness, tip radius, and angle [1]. Select the model of contact which will be used for calculations depending on tip geometry [2]. 
3.7.1. SCREEN: To be provided by authors: Quant tab of the HD window being opened followed by entry of the IOS, cantilever Stiffness, and tip radius and angle.
3.7.2. SCREEN: To be provided by authors: The model of contact being selected for calculations.

3.8. After this, open the Scan tab of the HD window and select the signals as well as the direction in which the signal is recorded [1]. Tick the Force volume box to get a record of all force curves and click on the Off button at the top of the main program window to switch on the feedback loop [2]. 
3.8.1. SCREEN: To be provided by authors: Scan tab being selected followed by selecting the signals and the direction to be recorded.
3.8.2. SCREEN: To be provided by authors:  Force volume box being ticked followed by a click on the Off button at the top of the main program window.

3.9. Click on the PhaseCorr button in the main HD window to correct the sensitivity of the optical system [1]. The vs Time tab of the main HD window presents the function of the DFL signal versus time in real-time; select the parts of this function that will be used for baseline level determination and to fit the contact model for further calculations [2].
3.9.1. SCREEN: To be provided by authors: PhaseCorr being clicked followed by correcting the optical system's sensitivity.
3.9.2. SCREEN: To be provided by authors: Parts of vs. Time tab used for baseline level determination being selected. 

3.10. Now, set the scan Point value to 256 x 256 in the main window of the program [1]. Then, set the scan Rate to 0.2 hertz and click on the Run button to scan the sample [2]. After scanning stops, click on the On button at the top of the main window to switch off the feedback loop [3].
3.10.1. SCREEN: To be provided by authors: The scan Point value to 256 x 256 being set in the main window of the program
3.10.2. SCREEN: To be provided by authors: Scan Rate being set at 0.2 Hz followed by a click on the Run button resulting in the scanning of the sample.
3.10.3. SCREEN: To be provided by authors: Once the scanning is stopped, On button being clicked resulting in switching off the feedback loop.

3.11. Choose Contact mode in the drop-down menu, open the Approach tab, and click on the Remove button to retract from the sample [1]. Click on the Data button to open the analysis software and save the output [2].
3.11.1. SCREEN: To be provided by authors: Contact mode in the drop-down menu being selected followed by clicking the Approach tab > Remove button.
3.11.2. SCREEN: To be provided by authors: Data button being clicked resulting in the opening of the software and output being saved.
4. Data Evaluation and Post-Processing
4.1. Open the saved file in the analysis software [1]. Select the HDForceVolume frame [2]. Hold down the Ctrl key and select one visual frame obtained in the same scanning direction [3]. Click on the Load External Map button to see where the cell walls are located [4]. 
4.1.1. SCREEN: To be provided by authors: Saved file being opened in the analysis software. 
4.1.2. SCREEN: To be provided by authors: HDForceVolume frame being selected.
4.1.3. SCREEN: To be provided by authors: One visual frame obtained in the same direction as scanning being selected.
4.1.4. SCREEN: To be provided by authors: Load External Map button being clicked to check the location of the cell walls.

4.2. Check InvOptSens and cantilever Stiffness values in the Main tab. Open the Additional tab and check the tip parameters and contact model [1]. Click on various points on the cell walls on the visual frame and select only those curves well described by the model [2]. Videographer: This step is important!
4.2.1. SCREEN: To be provided by authors: IOS and cantilever Stiffness values in the Main tab being seen, followed by the opening of the Additional tab with the tip parameters and contact model.
4.2.2. SCREEN: To be provided by authors: Various points on the cell wall on the visual frame being clicked, followed by the selection of well-described curves of the model.



Results
5. Results: Investigation of Primary Cell Walls of Plant Organs Using Atomic Force Microscopy
5.1. The white areas in the modulus map correspond to an erroneous overestimation of Young's modulus due to the scanner reaching its limit in the z-direction. This image is not convenient to be used as an external map for a further selection of satisfactory force curves [1]. However, the DFL signal map presented on the right is better suited here. Different instruments may refer to DFL signals as deflection or error signals [2].
5.1.1. LAB MEDIA: Figure 2A. Video Editor: Please emphasize the left part of Figure 2A.
5.1.2. LAB MEDIA: Figure 2A. Video Editor: Please emphasize the right part of Figure 2A.

5.2. The scanner that has been fully extended while trying to reach the bottom of the sample can result in erroneous measurements and even interrupted scans [1].
5.2.1. LAB MEDIA: Figure 2C. Video Editor: Please emphasize the top part of Figure 2C.

5.3. The agarose presence can be checked while obtaining the first scan in the contact mode as the cell walls and some cell bottoms are visible on such scans [1]. However, in case of inaccurate immobilization, the surface may be covered with agarose, which masks the sample topography [2].
5.3.1. LAB MEDIA: Figure 2D.
5.3.2. LAB MEDIA: Figure 2E.

5.4. Out of four different force curves recorded at different points of the same cell wall, the curve recorded at Point 1 shows no baseline, meaning no separation of the cantilever tip from the cell wall [1]. 
5.4.1. LAB MEDIA: Graphical re-presentation in Figure 2F. Video Editor: Please emphasize the point 1 graph.

5.5. The curve recorded at Point 3 shows a shoulder on the approaching part, indicating bending of the cell wall [1]. Points 2 and 4 show satisfactory force curves with similar moduli values [2].
5.5.1. LAB MEDIA: Graphical re-presentation in Figure 2F. Video Editor: Please emphasize the point 3 graph.
5.5.2. LAB MEDIA: Graphical re-presentation in Figure 2F. Video Editor: Please emphasize the point 2 and 4 graphs.

Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Liudmila Kozlova: Sample preparation and examination require practice but can be mastered. A crucial part of this protocol is to filter the resulting force curves. Do not rely on moduli calculated automatically [1].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 5.4.1. 




6.2. Liudmila Kozlova: The same technique can be used to measure the adhesion force or energy dissipation. This technique can be important for characterizing the viscous or viscoelastic behavior of the sample [1].

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