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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 
Can you record movies/images using your own microscope camera?
Yes  

WITec Alpha300
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
4.5.1, 4.5.2
Authors: Please record the SCOPE shots using your own microscope camera and upload them to your project page: https://review.jove.com/account/file-uploader?src=20696128

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  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://review.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 as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length
Number of Steps:  20
Number of Shots:  43

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 


REQUIRED:
1.1. Kazushige Yokoyama: This research focuses on extracting critical conformational information of the amyloid beta peptide 1-40 as it interacts with a nanoparticle surface during the reversible aggregation process of gold colloids. 	Comment by Debopriya Sadhukhan: Authors: We can include a maximum of five interview statements in this section. Therefore, some responses have been removed. Additionally, the answers have been slightly edited to align with our journal guidelines. If you would like to make any changes or include additional information, please let us know.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 1.

What are the current experimental challenges?
1.2. Kazushige Yokoyama: The current experimental challenges involve obtaining precise thermochemical and dynamic information about the reversible aggregation process.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 3.

What significant findings have you established in your field?
1.3. Kazushige Yokoyama: Significant findings of this research include identifying critical vibrational modes that contribute to aggregation in the unfolded conformation and disaggregation in the folded conformation.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 4.

What advantage does your protocol offer compared to other techniques?
1.4. Kazushige Yokoyama: SERS imaging provides high scattering signals, enabling the sensitive detection of specific vibrational modes involved on the nanoparticle surface while simultaneously capturing the morphological information of the aggregation.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 4.

How will your findings advance research in your field? 
1.5. Kazushige Yokoyama: These findings help clarify key protein-protein interactions that drive protein networking, which is crucial for the formation of oligomers at the initial stage of fibrillogenesis.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Videographer: Obtain headshots for all authors available at the filming location.

Testimonial Questions: 

What motivated you to choose JoVE for publishing your research?
1.6. Kazushige Yokoyama: We chose JoVE because it provides an effective platform for promoting and sharing an updated systematic approach to utilizing SERS imaging for extracting oligomer conformation during the reversible aggregation process.
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
How does the research community benefit from video publications as compared to standard text publications?
1.7. Kazushige Yokoyama: Video publications provide clear visual clarification of how reversible aggregation processes can be investigated using Raman imaging. They also highlight critical interactions and conformational changes associated with reversible protein folding, offering important insights for characterizing oligomers in fibrillogenesis.
1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Protocol  
2. Preparation of Aβ1–40 Coated Gold Nanoparticles 
Demonstrator: Kazushige Yokoyama 

2.1. To begin, using a micropipette, add 1 milliliter of distilled deionized water to 1 milligram of lyophilized amyloid beta or Aβ1–40 (A-beta one to forty) [1]. Mix the solution with a vortex mixer for approximately 30 seconds [2]. Ensure no solid particles remain in the solution at room temperature, approximately 20 degrees Celsius [3].  
2.1.1. WIDE: Talent adding 1 milliliter of distilled deionized water to the lyophilized Aβ1–40 using a micropipette.  
2.1.2. Talent mixing the solution with a vortex mixer for 30 seconds.  
2.1.3. Close-up shot showing the clear solution without solid particles at room temperature.  

2.2. Next, prepare peptide stock solutions using deionized and distilled water [1]. Determine the peptide concentration by spectroscopically measuring tyrosine absorption at 275 nanometers [2-TXT]. Store the Aβ1–40 stock solutions at minus 80 degrees Celsius [3].
2.2.1. Shot of labeled stock solutions kept on the workbench.
2.2.2. Talent placing the sample in the spectrophotometer. TXT: Tyrosine extinction coefficient (275): 1390 cm–1·M–1 

2.2.3. Talent placing the Aβ1–40 stock solution into the negative 80 degrees Celsius freezer.  

2.3. Thaw the peptide stock solution approximately 5 minutes before data collection [1]. In a 15-milliliter centrifuge tube, mix 8 microliters of the peptide solution with 800 microliters of gold colloidal particles [2]. Add 4.2 milliliters of deionized distilled water [3], then vortex the sample for 10 seconds [4].  
2.3.1. Talent retrieving the peptide stock solution from the freezer.  
2.3.2. Talent pipetting 8 microliters of peptide solution into a centrifuge tube containing 800 microliters of gold colloidal particles.  
2.3.3. Talent adding 4.2 milliliters of deionized distilled water to the centrifuge tube.  
2.3.4. Talent vortexing the sample for 10 seconds.  

2.4. Fix the concentration of Aβ1–40 peptides at 1.8 nanomolar and adjust the ratio of peptides to gold colloidal particles within the specific range [1-TXT].  
2.4.1. Talent adjusting the concentration of a sample in a tube by adding deionized distilled water from a labeled container. TXT: Keep the peptide-to-gold colloid ratio between 500:1 to 2000:1   

3. Monitoring the Surface Plasmon Resonance Band Shift of Aβ1–40 Coated Gold Nanoparticles During Iterative pH Change

3.1. Using the temperature control unit of the UV-Vis-NIR (U-V-visible-N-I-R) spectrophotometer, set the solution at room temperature to (~22 25 degrees Celsius) [1-TXT].  
3.1.1. WIDE: Talent adjusting turning on the temperature control unit of the UV-Vis-NIR spectrophotometer to 25 degrees Celsius. TXT: UV-Vis-NIR: Ultraviolet-visible-near infrared.
3.2. Monitor the initial pH of the sample solution using a pH meter and adjust it to slightly below pH 7 [1]. Collect the absorption spectrum within the range of 400 to 1000 800 nanometers [2].  
3.2.1. Talent using a pH meter to measure the initial pH of the sample solution.  
3.2.2. SCREEN: To be provided by authors: Absorption spectrum being recorded between 400 and 1000 800 nanometers.
Authors: The shots labeled as SCREEN are those that would be visualized on a computer. Because directly filming the computer screen does not produce good-quality videos, we recommend to record the screen using screen-recording software. 

3.3. Then, adjust the pH of the sample to approximately pH 4, by adding 1.0 microliter increments of 0.11.0 molar hydrochloric acid [1]. Collect the absorption spectrum across the same range of 400 to 1000 800 nanometers [2].  
3.3.1. Talent adding 10 1.0 microliter 0.11.0 molar hydrochloric acid to the sample while monitoring the pH.  
3.3.2. SCREEN: To be provided by authors: Absorption spectrum measured between 400 and 1000 800 nanometers after pH adjustment.  

3.4. Next, adjust the pH of the sample to approximately pH 10, by adding 10 ~1.5 microliter increments of 0.11.0 molar sodium hydroxide [1]. Collect the absorption spectrum within the same wavelength range of 400 to 1000 800 nanometers [2].  
3.4.1. Talent adding 10 microliters of 0.1 molar sodium hydroxide from a labeled container to the sample while measuring the pH.  
3.4.2. SCREEN: To be provided by authors: Absorption spectrum measured between 400 and 1000 nanometers after pH adjustment.  

3.5. After that, change the pH between pH 4 and pH 10 ten times by adding either hydrochloric acid or sodium hydroxide [1]. Continuously collect the absorption spectrum at 25 degrees Celsius [2].  
3.5.1. Talent adding hydrochloric acid or sodium hydroxide to the sample.  
3.5.2. SCREEN: To be provided by authors: Real-time absorption spectrum of a sample.

3.6. Obtain the ASCII (ass-skee) data set of wavelengths as a function of absorbance [1]. Use the Peak Fit program to extract the average positions of the band peaks [2]. Using the Plot function, plot the data set to visualize the optical density as a function of wavelength [3].
3.6.1. SCREEN: To be provided by authors: ASCII data set as a function of the wavelength and absorbance.  
3.6.2. SCREEN: To be provided by authors: Peak Fit program being used to calculate average peak positions.  
3.6.3. SCREEN: To be provided by authors: Plot of optical density as a function of wavelength generated using the Plot function.  

3.7. Identify and mark the initial peak wavelengths λ1 (lambda-one), and λ2 (lambda-two), and λ3 (lambda-three), by selecting their approximate positions in the plotted data [1]. Fit the data using the RUN Peak Fit function of Origin program[2].  
3.7.1. SCREEN: To be provided by authors: Data plot with the initial peaks λ1 and, λ2, and λ3 marked.  
3.7.2. SCREEN: To be provided by authors: Run being used to fit data. 

3.8. Obtain the graph displaying the central peak positions for each λi (lambda-i), labeled as XCi (X-C-i), along with the corresponding band areas, denoted as Ai (A-i) [1]. Export the extracted peak positions and corresponding areas to a spreadsheet program for analysis [2]. 
3.8.1. SCREEN: To be provided by authors: Final graph showing the central peak positions and the areas of each band.
3.8.2. SCREEN: To be provided by authors: Software interface showing the export of peak position and area data to the spreadsheet program.  

3.9. Calculate the weighting factor ai (a-i) for each peak center i by comparing the area of the band to the total area of the entire bands using the displayed formula [1-TXT]. Then, extract the average peak position using the equation displayed on the screen [2-TXT]. 
3.9.1. SCREEN: To be provided by authors: Spreadsheet formula calculating the weighting factor of a peak. TXT:  ; ai: weighting factor; Ai: area of the band
3.9.2. SCREEN: To be provided by authors: Extraction of the average peak position. TXT: 

3.10. To generate a reversibility plot, tabulate the average peak positions as a function of the operation number n [1]. Assign operation number n as mentioned on the screen [2].  Analyze the peak position at n using the displayed formula [3].  
3.10.1. SCREEN: To be provided by authors: Spreadsheet displaying the tabulated average peak positions with corresponding operation numbers.  
3.10.2. Text on plain background:
Operation number:
n = 1 (~pH 7)
n = 2, 4, 6, 8, and 10 (pH 4)
n = 3, 5, 7, and 9 (pH 10)
3.10.3. Text on plain background:
(n) = λ(n)

Refer to text for details of A, B, C, D, and E
3.11. Transfer the calculated data set into the Origin software and plot it [1]. Select Nonlinear Curve Fitting of Analysis, input the initial values for A, B, C, D, and E, and click RUN to complete the curve fitting process [2].  
3.11.1. SCREEN: To be provided by authors: Origin software interface showing the imported dataset.  
3.11.2. SCREEN: To be provided by authors: Curve fitting window with parameters A, B, C, D, and E entered and then RUN being clicked.  
4. Raman Imaging of Aβ1–40 Coated Gold Nanoparticles During Iterative pH Change

4.1. To perform Raman imaging, for each sample at operation number n, place 100 microliters of solution on a mica disc having a diameter of 1 centimeter [1]. Allow the samples to dry overnight before measurement [2].  
4.1.1. Talent pipetting 100 microliters of solution onto the mica disc.  
4.1.2. Shot of multiple mica discs with solution kept for drying.  

4.2. Next, collect white light images for each operation number n [1]. Prepare the separate sample on a new mica disc as pH is continuously altered between 4 and 10 [2].  
4.2.1. A representative shot of talent operating the microscope to collect white light images.  

4.3. Collect the Raman image for each operation number n using the mentioned specifications of a laser with a wavelength of 633 nanometers [1-TXT]. Capture images in a 100-by-100-pixel grid with the specific integration time, focusing on the desired spectral region [2-TXT].  
4.3.1. SCREEN: To be provided by authors: Adjusting the Raman microscope settings to 633-nanometer wavelength and 0.5 milliwatts power. TXT: Laser wavelength (): 633 nm; spectral center 1620.640; Grating G2: 600 g/mm; Power: 0.5 ± 0.05 mW; Spatial resolution: ~0.43 m; width-10m x height-10m area; width-50 points x height-50 points collection
4.3.2. SCREEN: To be provided by authors: Raman spectra being captured. TXT: Integration time: 500 ms/spectrum; Spectral region: ~200 cm–1 and ~2,800 cm–1

4.4. Plot the representative spectrum for each operation number n aligned as a function of n [1]. Construct a three-dimensional surface-enhanced Raman spectroscopy or SERS (S-E-R-S) spectrum as a function of n for Aβ1–40-coated 20-nanometer gold [2]. 
4.4.1. SCREEN: To be provided by authors: Software interface displaying the spectra plotted as a function of operation number n.  
4.4.2. SCREEN: To be provided by authors: Three-dimensional SERS spectrum being constructed for Aβ1–40-coated gold.  
Authors: For the shots labeled as SCREEN, please record the screen using screen-recording software and upload it to your project page as soon as possible. https://review.jove.com/account/file-uploader?src=20696128

4.5. Utilize the top view of the spectrum as a contour map to extract the specific modes associated with a particular pH condition [1]. Identify spectral features enhanced exclusively at only even or odd operation numbers [2].  
4.5.1. SCOPE: To be provided by authors: Contour map being used to extract the specific modes associated with a particular pH condition.  
4.5.2. SCOPE: To be provided by authors: Highlighted spectral features corresponding to either even or odd operation numbers.
Authors: Please record the SCOPE shots using your own microscope camera and upload them to your project page: https://review.jove.com/account/file-uploader?src=20696128


4.5.3. 

Results
5. Representative Results 

5.1. The SPR band of Aβ1–40 coated gold nanoparticles shifted from 530 nanometers [1] to about 650 nanometers when the solution was made more acidic [2]. This corresponded to the formation of gold colloid aggregates with unfolded Aβ1–40 monomers as observed by TEM [3]. The pH-dependent color change of Aβ1–40 coated gold was also evident [4].  
5.1.1. LAB MEDIA: Figure 1. Video editor: In the top graph, emphasize the red curve labeled “B”.  
5.1.2. LAB MEDIA: Figure 1. Video editor: In the top graph, emphasize the blue curve labeled “A”.  
5.1.3. LAB MEDIA: Figure 1. Video editor: Emphasize the blue boxes labeled “A”.
5.1.4. LAB MEDIA: Video 1. 
5.2. The reversible pH-dependent shift of the average band peak between a shorter and longer wavelength [1], and the alternate dispersed and aggregate morphology observed in TEM confirmed the quasi-reversible nature of the process [2].
5.2.1. LAB MEDIA: Figure 3. Video editor: In the top graph, emphasize the curve drawn with the darker circles. 
5.2.2. LAB MEDIA: Figure 3. Video editor: Emphasize the bottom panel containing the TEM images.
5.3. White light imaging showed a clear, reversible aggregation pattern corresponding to the pH shifts [1], while the SERS spectra displayed subtle pH-dependent changes in the fingerprint region [2].
5.3.1. LAB MEDIA: Figure 4. Video editor: Emphasize the images in panels labeled “i” and “ii” for both 4A and 4B. 
5.3.2. LAB MEDIA: Figure 4. Video editor: Emphasize the images in panels labeled “iv”, “v”, “vi”, and “vii” for both 4A and 4B. 
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