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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? Y
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 files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1.1., 2.3., 3.1., 3.4., 3.8.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.28. It might take a few attempts and parameters modification to acquire the IR spectrum, up to about 30 minutes.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Francesco Simone Ruggeri: Methods based on atomic force microscopy make it possible to characterise molecular processes with nanoscale morphological, chemical, and structural resolution opening a new window and front of observation in biology [1].

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

1.2. Tuomas Knowles: Single molecule methods enable unravelling of the phenomenon of protein aggregation, shedding light on the heterogeneity and biophysical properties of individual species that form during protein aggregation [1].

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

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.


1.3. Michele Vendruscolo: By combining single molecule and bulk approaches, we can obtain fundamental information for understanding normal and aberrant protein behavior, their links with human disease, and design successful pharmacological approaches [1].

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

1.4. Toumas Knowles: Furthermore, this method can be successfully applied to elucidate the chemical and structural properties of functional biomaterials for drug delivery and biotechnological applications [1].

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

1.5. Sean Chia: It may be challenging initially to set the correct AFM parameters for high-resolution and it is easier to set up the AFM while measuring fibrillar aggregates [1].

1.5.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera
Section - Protocol
2. Atomic Force Microscopy (AFM) Protein Aggregate Morphology Imaging
2.1. Thirty minutes before the AFM (A-F-M) imaging, turn on the AFM system [1] and click Setup and Probe [1].
2.1.1. WIDE: Talent turning on AFM system Videographer: Important step
2.1.2. Talent at computer, clicking Setup and Probe, with monitor visible in frame

2.2. In the Probe Change window, click Next to prepare Z, Focus Stage [1].

2.2.1. SCREEN: 60108_3.1-3.13: 00:12-00:19

2.3. Turn off the AFM beam switch if it is on [1] and unlock the dovetail locks [2]. 

2.3.1. Talent turning off beam switch Videographer: Important step
2.3.2. Talent unlocking dovetail locks Videographer: Important step

2.4. Disconnect the head from the system [1] and in the Probe Change window, click Next [2].

2.4.1. Talent disconnecting head
2.4.2. SCREEN: 60108_3.1-3.13: 00:36-00:39

2.5. Mount the AFM cantilever on the probe holder [1], connect the head to the system [2], and lock the dovetail locks [3].

2.5.1. Talent mounting cantilever onto probe holder
2.5.2. Talent connecting head to system
2.5.3. Talent locking dovetail locks

2.6. Turn on the AFM laser beam switch [1] and in the Probe Change window, click Next [2].

2.6.1. Talent turning on laser beam
2.6.2. SCREEN: 60108_3.1-3.13: 00:50-00:52

2.7. In the pop-up window, click No if the cantilever type did not change [1] and adjust the optical alignment knobs to find the cantilever [2].

2.7.1. SCREEN: 60108_3.1-3.13: 01:00-01:05
2.7.2. Talent adjusting knobs

2.8.  Adjust the focus onto the cantilever and click Next [1]. SCREEN

2.8.1. Talent adjusting focus

2.9. In the pop-up window click Yes if the focus is on the cantilever [1].

2.9.1. SCREEN: 60108_3.1-3.13: 01:14-01:18

2.10. Use the detection laser beam knobs to position the laser beam at the end of the cantilever [1] and use the deflected laser beam knobs maximize the total signal measured by the four-quadrant photodiode to at least greater than 1 volt [2].

2.10.1. Laser beam being positioned
2.10.2. Total signal being maximized

2.11.  In the Probe Change window, click Next and Close [1].

2.11.1. SCREEN: 60108_3.1-3.13: 01:32-01:39

2.12. After waiting 15 minutes for the cantilever to reach thermal stability, readjust the position of the deflected laser beam on the position-sensitive photodiode if necessary [1].

2.12.1. Talent adjusting deflected laser beam position

2.13. Click NCM (N-C-M) SWEEP, select the desired amplitude of oscillation, and click Use Phase and Auto [1].

2.13.1. SCREEN: 60108_3.1-3.13: 01:40-01:55 (Editor: The authors highlighted 2.14.1 as well as part of this “single shot” with the combined screen captures in 2.13.1 and 2.14.2. I’m not sure what they mean or how this is a “single shot”)

2.14. Tune the cantilever close to the maximum of its first free resonance of oscillation [1] to approximately 300 kilohertz for a cantilever with a spring constant of 40 Newtons/meter [2].

2.14.1. Talent tuning cantilever 
2.14.2. SCREEN: 60108_3.1-3.13: 01:56-02:15 Video Editor: please emphasize scanning rate and scan area boxes

2.15. Place the sample on the sample holder [1] and set the resolution to between 256 x 256 and 1024 x 1024 pixels and click Scan Area to set the scan size and the pixel number [2].

2.15.1. Talent placing sample onto holder
2.15.2. SCREEN: 60108_3.1-3.13: 02:15-02:23

2.16. Set the scanning rate to 0.3-1 hertz for a scan area of 1- x 1- to 5- x 5-micrometers-squared [1].

2.16.1. SCREEN: 60108_3.1-3.13: 02:24 Video Editor: please emphasize scanning rate and scan area boxes

2.17. Focus the optical view on the sample and click Approach to approach the sample surface [1].

2.17.1. SCREEN: 60108_3.1-3.13: 02:25-02:14

2.18. Next, click Lift 100 micrometers to raise the AFM tip 100 micrometers above the surface of the sample and click Expand on the optical image of the sample [1].

2.18.1. SCREEN: 60108_3.1-3.13: 02:42-02:52

2.19. Click the Focus Stage bar to focus the view on the surface of the sample and use the arrows to move in the region of the sample of interest [1].

2.19.1. SCREEN: 60108_3.1-3.13: 02:52-03:03
	
2.20. Click Approach to engage the surface [1] and click Line Scan to check if the tip is following the surface well. Adjust the Set Point as necessary [2].

2.20.1. SCREEN: 60108_3.1-3.13: 03:11-03:20
2.20.2. SCREEN: 60108_3.1-3.13: 03:26-03:36

2.21. Then click Scan to begin imaging the sample surface, maintaining a constant regime of phase change not exceeding delta 20 during the imaging, to avoid a large imaging force and to maintain consistency between independent samples [1].

2.21.1. SCREEN: 60108_3.1-3.13: 03:44-03:54

3. Infrared (IR) Nanospectroscopy Protein Aggregate Measurement 

3.1. For IR (I-R) nanospectroscopy imaging, 30-60 minutes before the analysis, turn on the AFM-IR system and the IR laser [1].

3.1.1. WIDE: Talent turning on system and/or laser Videographer: Important step

3.2. Open the built-in software to control the instrument [1] and click File and New to open a new nanoIR file [2]. 

3.2.1. Talent opening software, with monitor visible in frame
3.2.2. SCREEN: 60108_4.2: 00:05-00:09

3.3. Click Initialise to start the AFM-IR system [1] and open the instrument cover [2].

3.3.1. SCREEN: 60108_4.2: 00:10-00:15
3.3.2. Talent opening cover

3.4. Mount a silicon gold-coated probe with a nominal radius of 30 nanometers and a spring constant of 0.2 Newtons/meter onto the AFM-IR system to measure the sample in contact mode [1].

3.4.1. Talent mounting probe onto system Videographer: Important step

3.5. Click Load in the AFM probe section and Next [1].

3.5.1. SCREEN: 60108_4.4(1): 00:00-00:08

3.6. Use the Focus on Probe arrows to focus the camera on the cantilever and use the Tip to Crosshairs to place the cross-hair at the end of the cantilever [1].

3.6.1. SCREEN: 60108_4.4(2): 00:00-00:11
 
3.7. Rotate the knobs controlling the position of the detection laser to position laser at the end of the cantilever [1] and rotate the Laser knobs to detect and maximize the sum measured by the four-quadrant photodiode to a value greater than 3 volts [2] [1].

3.7.1. Laser Knobs being rotated
3.7.2. Laser knobs being rotated

3.8. Rotate the Deflection knob to adjust the cantilever deflection to minus 1 volt and click Next [1]. Then close the cover of the instrument [2].

3.8.1. Knob being rotated Videographer: Important step
3.8.2. Talent closing cover Videographer: Important step

3.9. Use the Focus on Probe arrows to focus the camera on the sample and Tip to Crosshairs arrows to move in the region of interest of the sample [1]. 

3.9.1. SCREEN: 60108_4.6: 00:00-00:16

3.10. Click Next and Approach and engage [1].

3.10.1. SCREEN: 60108_4.6: 00:16-00:24

3.11. In the Microscope window, select Height for morphology, Amplitude 2 for the IR absorption, and PLL (P-L-L) frequency to map the tip-sample contact resonance [1].

3.11.1. SCREEN: 60108_4.7: 00:00-00:22

3.12. In the AFM scan section, set the parameters as demonstrated for the AFM imaging and click scan to acquire a morphology map [1].

3.12.1. SCREEN: 60108_4.8: 00:00-00:38

3.13. When the morphology mapping is finished, in the Microscope window, click the height map to position the probe on the top of one aggregate [1] and, in the nanoIR section, click Start IR to illuminate the sample with the IR laser [2].

3.13.1. SCREEN: 60108_4.9 (1): 00:02-00:07
3.13.2. SCREEN: 60108_4.9 (2): 00:02-00:11

3.14. To focus the infrared laser on the cantilever, click Optimize and enter 1655 centimeters for the wavenumber [1].

3.14.1. SCREEN: 60108_4.10: 00:00-00:10

3.15. Click Add and Scan to determine the IR laser position [1] and click Add, Update, and Ok to align its position with the cantilever [2].

3.15.1. SCREEN: 60108_4.10: 00:10-00:16
3.15.2. SCREEN: 60108_4.10: 00:36-00:45

3.16. In the General section, enter a wavenumber for which a high absorbance in the relative field is expected and deactivate the Band Pass Filter option [1].

3.16.1. SCREEN: 60108_4.11: 00:00-00:09

3.17. Click Start IR, check the meter reading and the FFT (F-F-T) of the cantilever response. In the FFT window, move the green cursor to read the resonance frequency of the cantilever. A typical value of the FFT of the resonance of the cantilevers is around 200 kilohertz [1].

3.17.1. SCREEN: 60108_4.11: 00:09-00:16 TEXT: FFT: fast Fourier transform

3.18. Enter the generated resonance frequency value in the General section in the Frequency Centre field and use a Frequency window of 50 kilohertz [1].

3.18.1. SCREEN: 60108_4.11: 00:16-00:23

3.19. Click Laser pulse tune window to select the resonance enhanced mode and set a pulse rate of 180 kilohertz, a tune range of 50 kilohertz, and a laser duty cycle of 5% [1].

3.19.1. SCREEN: 60108_4.12: 00:00-00:13

3.20. Click Acquire to sweep the pulse rate of the laser and use the cursor to tune the laser pulse to the frequency of the mechanical response of the thermal expansion of the sample absorbing the IR light [1].

3.20.1. SCREEN: 60108_4.12: 00:13-00:23

3.21. Then select phase-locked loop to monitor the contact resonance between the sample and the tip and click zero [1].

3.21.1. SCREEN: 60108_12: 00:23-00:30

3.22. Francesco Simone Ruggeri: To unravel chemical properties at the nanoscale, track the contact resonance during the spectra acquisition to ensure that the sample spectrum is not affected by overheating and softening [1]. 

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

3.23. Select Enable to track the sample-tip contact resonance and select an integral gain of 0.5 and a proportional gain of 10. Then click OK [1].

3.23.1. SCREEN: 60108_12: 00:30-00:44

3.24. In the Optimize window, click the wavelength and Scan [1] to locate the IR laser for at least 3 wavenumbers corresponding to major absorbance bands of the sample and for at least one wavenumber for each chip of the laser [2].

3.24.1. SCREEN: 60108_13: 00:04-00:15
3.24.2. SCREEN: 60108_13: 00:33-00:43

3.25. Click Tools, IR Background Calibration, and New and set the wavenumbers to between 1200 and 1800 centimeters [1].

3.25.1. SCREEN: 60108_14: 00:00-00:15

3.26. Set a duty cycle of 5%, the Backgrounds to average to 1, and the Sweep Speed to 100 centimeters-squared [1].

3.26.1. SCREEN: 60108_14: 00:16-00:32

3.27. Click Acquire to measure the IR laser background for normalization of the measured nanoscale localized spectra, save the file and close the window [1].

3.27.1. SCREEN: 60108_14: 00:33-00:43
3.27.2. [Added Shot]: SCREEN NEW (Editor: The authors did not list what was in this shot, so I’m unsure of what is here. I’m guessing that this screen capture shows the newly added text. If this is the case, this could be shown during “…save the file and close the window”)

3.28. In the IR spectra settings, select an IR spectrum resolution between 1 and 4 centimeters and a number of co-averages of at least 64x [1]. 

3.28.1. SCREEN: 60108_15: 00:00-00:15

3.29. Then click Acquire to measure a nanoscale localized IR spectrum in the protein range [1].

3.29.1. SCREEN: 60108_15: 00:26-00:40

3.30. To acquire a nanoscale resolved chemical map, select IR imaging and 1655 centimeters and click Scan in the AFM scan window [1].

3.30.1. [bookmark: _GoBack]SCREEN: 60108_16: 00:00-00:30

3.31. When the mapping is completed, Save the measurements [1].

3.31.1. SCREEN: 60108_17 (2): 00:00-00:16

3.32. Then use the built-in AFM image processing software to analyze the acquired maps of morphology, contact-resonance and chemistry, and nanoscale-localized spectra [1].

3.32.1. SCREEN: 60108_17 (2): 00:17-00:23



Section – Results
4. Results: Individual Protein Aggregated Characterization by IR Nanospectroscopy and AFM 

4.1. Here a representative time course of A-beta-42 aggregation, as measured by the thioflavin T fluorescence assay, is shown [1].

4.1.1. LAB MEDIA: Figure 1 graph 

4.2. The aggregation process is commonly characterized by a sigmoidal curve [1], wherein a lag phase is initially observed [2] that is followed by a steep growth phase [3] before the curve reaches a plateau when an equilibrium steady state is reached [4].

4.2.1. LAB MEDIA: Figure 1 graph: JoVE Video Editor please emphasize entire data curve
4.2.2. LAB MEDIA: Figure 1 graph: JoVE Video Editor please emphasize data curve section in lag phase 
4.2.3. LAB MEDIA: Figure 1 graph: JoVE Video Editor please emphasize data curve section in growth phase 
4.2.4. LAB MEDIA: Figure 1 graph: JoVE Video Editor please emphasize data curve section in plateau phase 

4.3. At the completion of the measurement of the 3D morphology of the sample by high resolution and phase-controlled AFM [1], the maps are flattened to remove the non-linearity of the piezoelectric scanner and to reduce any sources of error in post-processing analysis of the sample morphology [2].

4.3.1. LAB MEDIA: Figure 3A
4.3.2. LAB MEDIA: Figures 3B, 3C, and 3D: JoVE Video Editor please sequentially add/emphasize figures to illustrate image flattening process

4.4. Subsequently, an accurate and sensitive single molecule statistical analysis can be performed [1].

4.4.1. LAB MEDIA: Figure 4

4.5. During the lag phase, monomeric and oligomeric species of A-beta-42 are primarily present, which typically appear as spheroidal particles [1].

4.5.1. LAB MEDIA: Figure 1 images: JoVE Video Editor please emphasize yellow signal/objects in Lag phase image
 
4.6. The formation of elongated protofilaments, protofibrils, and fibrils is visible during the growth phase of the aggregation time course [1].

4.6.1. LAB MEDIA: Figure 1 images: JoVE Video Editor please emphasize yellow signal/objects in Growth phase image

4.7. During the plateau phase, fibrils are the dominant species of the A-beta-42 aggregates, appearing as unbranched, thread-like structures [1].

4.7.1. LAB MEDIA: Figure 1 images: JoVE Video Editor please emphasize yellow signal/objects in Plateau phase

4.8. The ultimate resolution of the AFM-IR enables measurement of the chemical properties of the protein aggregates [1].

4.8.1. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize bottom right graph



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Sean Chia: It is critical step to start from a highly pure monomeric solution, as the presence of aggregated species may result in a poor aggregation kinetic reproducibility and introduce artefacts [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.2. Francesco Simone Ruggeri: A fundamental factor for successfully studying heterogeneous biological samples is their correct deposition on solid substrates. Microfluidic spray deposition can be exploited to preserve sample structural architecture and heterogeneity [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.3. Francesco Simone Ruggeri: This method paves the way for unravelling the chemical and structural properties of biomolecules and their interactions at the nanoscale in a physiological liquid environment [1].
5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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