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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Yes, for section 4.
Can you record movies/images using your own microscope camera? (Y/N) Yes, We can record images. 
2. Does your protocol include software usage? (Y/N) 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.
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.) 
Manuscript sections 2, 3, 4, and 6 are critical for the protocol. Individual steps within these sections are highlighted in the manuscript.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Steps 2: sample preparation for the static AFM imaging) and step 6: time-lapse AFM imaging.
5. Will the filming need to take place in multiple locations? (Y/N) Yes, three rooms located within 20 feet.
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  

1.1. Yuri L Lyubchenko: This protocol can help gain insight into the dynamic properties of DNA at various chromatin levels.  This is critically important for elucidating genetic processes at the molecular level where mistakes can lead to cell death or the development of diseases such as cancer. [1]
1.1.1. INTERVIEW: Author says the above statement interview style   

1.2. Yuri L Lyubchenko:  This protocol utilizes all major features of AFM not amenable to other single molecule techniques. As a result, we are able to reveal the nanoscale structure of nucleosomes. Importantly direct visualization of the nucleosome dynamics is done near physiological conditions. [1]
1.2.1. INTERVIEW: Author says the above statement interview style   


OPTIONAL Interview Statements: (Said by you on camera 

1.3. Thomas Stormberg:   Using our AFM technique, we have recently revealed unique properties of the centromere nucleosome that can play a role on the function of the entire centromere chromosome.[1]
1.3.1. INTERVIEW: Author says the above statement interview style   

1.4. Mohtadin Hashemi:  The method to be shown in this video is currently applied in our lab to understand protein self-assembly and specifically to the formation amyloid aggregates. These protein aggregates trigger the development of devastating diseases such as Alzheimer’s and Parkinson’s to mention a few.[1]
1.4.1. INTERVIEW: Author says the above statement interview style   
 
1.5. Zhiqiang Sun: The sample preparation methods are also applicable to other protein-DNA complexes including large systems such as DNA replications machinery, although some modifications are needed. [1]
1.5.1. INTERVIEW: Author says the above statement interview style   


Section - Protocol
2. Functionalization of Mica Surface for Static AFM Imaging of Nucleosomes
2.1. In order to characterize nucleosome particles at the single-molecule level using static and time-lapse atomic force microscopy, begin by purifying, assembling, and validating the nucleosomes as described in the accompanying text protocol. [1-TXT]
2.1.1. MED: Talent performs step representative of preparing the nucleosomes TEXT: Properly prepared nucleosomes remain stable for several months.
2.2. Next, prepare the mica surface for static AFM imaging.  To do this, first prepare a 50 milli-Molar APS stock solution in deionized water. [1-TXT]  Store 1 milliliter aliquots of this solution at 4 degrees Celsius until it is needed. [2]
2.2.1. MED: Talent adds APS to water TEXT: APS = 1-(3-Aminopropyl) silatrane
2.2.2. MED: Talent places aliquots in refrigerator
2.3. From the stock solution, prepare a working APS solution for mica modification by dissolving 50 micro-liters of the 50 milli-Molar APS stock in 15 milliliters of distilled, deionized water…[1]  Mix the solution and then fill a cuvette with the solution.[2]
2.3.1. CU: Talent opens aliquot of APS solution and adds it to 15 mL of water
2.3.2. CU: Talent pipettes solution into a cuvette
2.4. Next, cut 1 x 3 centimeter strips of mica from high quality mica sheets.  Check that the piece fits when placed diagonally in a cuvette. [1]
2.4.1. CU: Talent finishes cutting strip and uses it to check fit in cuvette
2.5. Then, cleave layers of the mica until both sides are freshly cleaved and the piece is as thin as 0.1 millimeters.[1] Immediately place the mica piece into the APS filled cuvette and incubate the mica for 30 minutes. [2]
2.5.1. CU: Talent cleaves mica as described
2.5.2. CU: Talent places cleaved mica into the cuvette
2.6. Transfer the mica piece to a cuvette filled with distilled, deionized water and soak it for 30 seconds.[1] Then, use argon to completely dry both sides of the APS-mica strip. [2]
2.6.1. CU: Talent rinses the mica as described
2.6.2. MED: Talent dries the mica with argon
3. Preparation of Nucleosome Samples on APS-Mica for Static AFM Imaging
3.1. Apply double-faced adhesive tape to several magnetic pucks and place them to the side. [1]
3.1.1. CU: Talent performs above step in the order listed.
3.2. Then, cut the APS-mica substrate to 1 centimeter by 1 centimeter squares and cover them in a clean petri dish. [1]
3.2.1. CU: Talent places cut squares into a petri dish and covers the dish
3.3. Next, prepare three dilutions of the assembled nucleosomes using a 0.22 micron filtered buffer containing 10 milli-Molar HEPES and 4 milli-Molar magnesium chloride at a pH of 7.5. [1-TXT] 
3.3.1. CU: Talent pipettes nucleosomes into 3 labeled containers containing 0.5, 1, and 2 nM labels TEXT: Final nucleosome concentrations: 0.5, 1.0, and 2.0 nM
3.4. Author’s Name: Tommy Stormberg: “To limit the loss of nucleosomes at the low final concentration, the dilutions should be done one at a time, immediately prior to deposition on the APS-mica.”[1]
3.4.1. INTERVIEW: Author says the above statement interview style
3.5. Deposit 5 to 10 micro-liters of each nucleosome sample at the center of an APS-mica piece, and let them incubate for two minutes.[1] Then, gently rinse the sample with 2 to 3 milliliters of distilled deionized water to remove the buffer components [2] and dry the deposited sample under a light flow of argon. [3]
3.5.1. ECU: Talent pipettes nucleosomes onto the mica
3.5.2. CU: Talent rinses the mica samples
3.5.3. CU: Talent dries the samples
4. Static AFM Imaging of Nucleosomes
4.1. To begin, mount a tip on the tip holder of the AFM setup. [1-TXT]
4.1.1. CU: Talent mounts tip as described  TEXT: Spring constant: 40 N/m, Resonance frequency: 300 - 340 kHz
4.2. Then, mount the first sample on the AFM stage, being careful not to contact the sample’s surface. [1]
4.2.1. CU: Talent performs above step in the order listed.
4.3. Position the laser over the cantilever until its sum is at the maximum and adjust the vertical and lateral deflection values to near zero. [1]
4.3.1. SCREEN: To be provided by the authors – Show the above steps in the order listed.  Authors, please upload this screen capture to your project page.
4.3.2. [Added Shot]: WIDE: Talent places instrument on isolation platform and begins utilizing imaging software. (Editor: If this shot and the screen capture appear to match up, please use both.)
4.4. Then, tune the AFM probe to find its resonance frequency, adjust the drive amplitude, set the image size to 100 x 100 nanometer. Once set up, click the engage button to begin the approach. [1]
4.4.1. SCREEN: To be provided by the authors – Show the above steps in the order listed.  Authors, please upload this screen capture to your project page.
4.5. When the approach is complete, gradually reduce the Amplitude Setpoint until the surface of the sample is clearly seen. Then, increase the scan size to 1 micron by 1 micron and the resolution to 512 by 512 pixels. Finally, click the capture button followed by the engage button to begin image acquisition.   [1]
4.5.1. SCREEN: To be provided by the authors – Show the above steps in the order listed.  Authors, please upload this screen capture to your project page.
5. High-Speed Time-Lapse AFM Imaging of Nucleosome Dynamics
5.1. Use glass-rod scanner glue to attach a glass rod to the AFM scanner stage. Allow this to dry for a minimum of 10 minutes. [1-TXT]
5.1.1. CU: Talent glues the glass rod to the scanner stage and holds it while it dries. TEXT: *See List of Materials
5.2. In the meantime, make 0.1 millimeter thick circular pieces of mica with a 2 millimeter diameter by punching them from a larger mica sheet. [1] Use the High Speed AFM mica-glass rod glue to attach this mica piece to the glass rod on the High Speed AFM and allow it to remain untouched for a minimum of 10 minutes while it dries. [2]
5.2.1. CU: Talent punches mica discs
5.2.2. CU: Talent glues glass rod to AFM glass mica to rod
5.3. Then, cleave layers from the mica using a pressure-sensitive tape until a well cleaved layer is seen on the tape. [1]
5.3.1. CU: Talent performs above step in the order listed.
5.4. Next, dilute 1 micro-liter of 50 milli-Molar APS stock in 99 micro-liters of distilled, deionized water to make a 500 micro-Molar APS solution. [1] Deposit 2.5 micro-liters of this solution on the freshly cleaved mica surface and let the surface functionalize for 30 minutes. [2]
5.4.1. CU: Talent dilutes stock solution as described
5.4.2. CU: Talent adds solution to cleaved mica surface
5.5. Following the incubation, rinse the mica several times with distilled, deionized water by applying 3 micro-liter rinses. [1] Remove the water completely following each rinse by placing a non-woven wipe at the edge of the mica. [2]
5.5.1. CU: Talent rinses the surface by adding water [Shots 5.1.1 and 5.1.2 combined]
5.5.2. CU: Talent wicks rinse from mica surface
5.6. After the final rinse, place 10 micro-liters of distilled, deionized water on the surface and let it sit for a minimum of 5 minutes to remove any nonspecifically bound APS. [1]
5.6.1. CU: Talent adds water to the surface and covers the discs 
5.7. Next, place the probe in the high speed-AFM holder and position the holder on the AFM stage with the tip facing up. [1]
5.7.1. CU: Talent performs above step in the order listed.
5.8. Rinse the holder using 100 micro-liters of distilled, deionized water followed by two 100 micro-liter rinses of 0.22 micron filtered nucleosomes imaging buffer. [1]
5.8.1. CU: Talent rinses the holder as described
5.9. With the rinses done, fill the chamber with 100 micro-liters of nucleosome imaging buffer, submerging the tip. [1]
5.9.1. ECU: Talent fills chamber with imaging buffer, tip is submerged
5.10. Adjust the cantilever position until it is hit with the laser. [1]
5.10.1. SCREEN: To be provided by the authors – Show the above step in the order listed.  Authors, please upload this screen capture to your project page.
5.11. Then, rinse the APS-mica 5 times with filtered nucleosome imaging buffer, using 4 micro-liters per rinse. [1]
5.11.1. CU: Talent rinses the mica
5.12. Dilute 1 micro-liter of the nucleosome assembly stock into 250 micro-liters of filtered nucleosome imaging buffer for a final nucleosome concentration of 1 nano-Molar. [1] Deposit 2.5 micro-liters of this dilution on the surface and let it sit for 2 minutes. [2]
5.12.1. MED: Talent prepares solution as described
5.12.2. CU: Talent deposits solution on the sample surface
5.13. Rinse the surface twice with 4 micro-liters of nucleosome imaging buffer to avoid overcrowding. After the final rinse, leave the surface covered in imaging buffer. [1]
5.13.1. CU: Talent rinses surface twice
5.14. Set the scanner and sample on top of the tip holder so that the sample is face down. To begin the approach, use the auto-approach function with a set point amplitude close to the free oscillation amplitude. [1]
5.14.1. SCREEN: To be provided by the authors – Show the above step in the order listed.  Authors, please upload this screen capture to your project page. CU: Talent sets the canner and sample on top of the tip holder.
5.15. Adjust the set point until the surface is being well tracked. Then, set the image area around 150 x 150 nano-meters to 200 x 200 nano-meters with data acquisition rate of around 300 milli-seconds per imaging frame. [1-TXT]
5.15.1. SCREEN: To be provided by the authors – Show the above step in the order listed.  Authors, please upload this screen capture to your project page. TEXT: *For details on analysis, see the accompanying text protocol - Video Editor: Show text at the end of the statement.



Section – Results
6. Results: Probing the Structure and Dynamics of Nucleosomes  
6.1. As a control for the assembly and deposition, H3 mono-nucleosomes were prepared and imaged using static AFM. This image provides a snapshot of the nucleosome population as it existed moments before deposition, confirming that nucleosomes were successfully assembled. [1]
6.1.1. LABMEDIA: Figure 4a - Video Editor: Add a label above the image stating “H3 canonical nucleosome”
6.2. With the H3 control assembly a success, the presented methods were next applied to the study of CENP-A nucleosomes. Static AFM imaging of this sample revealed its assembly was a success. [1]
6.2.1. LABMEDIA: Figure 4b - Video Editor: Add a label above the image stating “CENP-A nucleosome”
6.3. From the static AFM images, the height and turn number of mono-nucleosomes could be characterized. [1]
6.3.1. LABMEDIA: Figure 5a
6.4. Both the angle between the free DNA arms and the length of the free DNA arms are used to determine the number of DNA turns in the individual nucleosome. [1]
6.4.1. LABMEDIA: Figure 5c/d
6.5. In contrast, time-lapse AFM imaging of the nucleosomes can be used to visualize the overall spontaneous unwrapping behavior of the nucleosomes. [1]
6.5.1. LABMEDIA: Figure 6a
6.6. As the turn number of the nucleosome decreases, a corresponding decrease in the nucleosome core volume is also observed. [1]
6.6.1. LABMEDIA: Figure 6c - Video Editor: Highlight the black line with the first half of the sentence and the blue line with the 2nd half.
6.7. In addition to regular time-lapse imaging, High-speed time-lapse AFM can be used to probe the more intricate nucleosome dynamics that is missed using standard time-lapse imaging. [1]
6.7.1. LABMEDIA: Figure 7a
6.8. The ability of this technique to capture the dynamics over a long period of time was essential to the visualization of a long-distance translocation of a CENP-A nucleosome core which was captured over the course of 1200 frames. [1]
6.8.1. LABMEDIA: Figure 7b
6.9. This technique was also critical in capturing the rare transfer of a CENP-A nucleosome core from one DNA substrate to another. The fast image capture rate made visualization of this dynamic event possible, as it only took several frames to complete.[1]
6.9.1. LABMEDIA: Figure 8 - Video Editor: If possible, turn this into a 5 frame animation to show the motion.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.1. Yuri L Lyubchenko: Following this procedure, additional methods can be performed relating to design and assembly of DNA templates. These can be oligonucleosome constructs or even nucleosome arrays. [1]
7.1.1. INTERVIEW: Author says the above statement interview style   
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.2. Yuri L Lyubchenko: In the broader chromatin field, there are a set of important question relating to the roles of linker histones, histone modifications on the chromatin structure, and dynamics which could all be answered using this technique. [1]
7.2.1. INTERVIEW: Author says the above statement interview style   
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