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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?  No  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
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 (through a camera port or one of the oculars). Please list the make and model of your microscope.
Enter make and model of microscope.

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. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When the take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

4. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 10 meters

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:  16
Number of Shots:  36

Introduction
1. Introductory Interview Statements

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. Eitan Lerner: Single-molecule protein-induced fluorescence enhancement (smPIFE) can complement smFRET measurements when studying protein structural sub-populations and conformations, especially in cases when distinct structural sub-populations report on stable local structures, but not on stable overall conformations, such as in the α-Synuclein monomer in solution.

REQUIRED: What is the main advantage of this technique?
1.2. Sofia Zaer: The main advantage of smPIFE is that it captures distinct site-specific structural sub-populations based on the vicinity of the dye labeling site to protein surfaces.

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. Eitan Lerner: smPIFE can be applied to any biomolecular system of interest to probe distinct local structural sub-populations.

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. Sofia Zaer: For a straightforward application, carefully follow the steps in the protocol. In addition, carefully read the metadata in the Jupyter Notebook example supplied in the manuscript, which describes the whole data analysis pipeline in detail.



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.

2. Single-Molecule Protein-Induced Fluorescence Enhancement (smPIFE) Sample Preparation and Data Acquisition
2.1. [bookmark: _GoBack]Begin by preparing 25 picomolar Cy3sulfo-Cy3 (sCy3)-labeled α-Syn (alpha-synuclein) in measurement buffer in a low protein binding tube [1-TXT]. Add 100 microliters of 1 milligram per milliliter BSA (B-S-A) to the 18-chamber microscopy coverslip slide and incubate for 1 minute [2], then discard BSA [3].
2.1.1. WIDE: Talent adding Cy3sCy3-labeled α-syn in the measurement buffer containing tube. TEXT: See text for measurement buffer preparation details
2.1.2. Talent adding BSA solution to the coverslip slide.
2.1.3. Talent discarding BSA solution from the coverslip slide.

2.2. Add 100 microliters of 25 picomolar Cy3sCy3-labeled α-Syn sample into the chamber of the coverslip slide [1]. Next, for the data acquisition, add a drop of ultra-pure water on the top of a high numerical aperture water immersion objective lens [2].
2.2.1. Talent adding sample in the chamber of the coverslip slide.
2.2.2. Talent placing a drop of ultra-pure water on the top of the objective lens.

2.3. Fix the coverslip slide in a stage chamber [1] and then install the assembly on the top of the microscope stage [2]. Open the laser shutter [3] and bring the objective lens upwards [4] until the water droplet on top of the objective lens smears at the bottom of the coverslip slide [5].
2.3.1. Talent fixing the coverslip slide in a stage chamber.
2.3.2. Talent placing the assembly on the top of the microscope stage.
2.3.3. Talent opening the laser shutter.
2.3.4. Talent rotating know to move the objective upward.
2.3.5. The water drop on the objective is touching the coverslip and flattening.

2.4. When the objective lens moves upward, inspect the pattern of the airy rings on a CCD camera [1]. The first ring represents the focus at the water-glass interface, and the second ring represents the focus at the interface between the glass and the sample solution [2].
2.4.1. SCREEN: Rings appear on the screen.
Authors: Please create screen capture videos or images of the shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19109823
2.4.2. SCREEN: First and second rings are indicated with a cursor.

2.5. Increase the height of the objective lens by 75 micrometers to bring the laser focus deep in the solution for minimizing the autofluorescence from the glass surface of the coverslip [1]. Tune the laser power at the objective lens approximately 100 microwatts [2]. Start the acquisition of the detected photons for a predefined time [3].
2.5.1. SCREEN: The height of the lens being increased.
2.5.2. SCREEN: Laser power being tuned.
2.5.3. SCREEN: Acquisition being pressed. 
3. smPIFE Burst Analysis
3.1. Open the jupyter notebooks, then open the sample notebook [1-TXT]. Load the FRETbursts and photon HDF5 (H-D-F-5) data file [2]. Use the histogram of the inter-photon times to calculate the BG (Background B-G) rates for every 30 seconds of data acquisition [3].
3.1.1. SCREEN: Jupyter Notebooks and sample notebook being opened. TEXT: Sample notebook: smPIFE-aSyn 56C(Cy3) 25 pM newBuffer (Final notebook).ipynb
3.1.2. SCREEN: FRETbursts and photon HDF5 data file being loaded.
3.1.3. SCREEN: The background rate is calculated.

3.2. Move a time window of one photon at a time for 20 consecutive photons [1]. Collect the photon data if the instantaneous photon rate-F is at least 11 times larger than the BG rate for that period of the data acquisition [2].
3.2.1. SCREEN: Time window being moved.	Comment by HP Inc.: Both these commands are associated with a single screenshot
3.2.2. SCREEN: Photon data being collected.

3.3. Calculate the burst size- the amount of photons in a burst, the burst duration- the time difference between the last and first photon detection times in a burst [1], the burst brightness- the largest value of the instantaneous photon rate in a burst, and the burst separation- the time interval between consecutive bursts [2].
3.3.1. SCREEN: The burst size and burst duration being calculated.
3.3.2. SCREEN: The burst brightness and burst separation being calculated.

3.4. Plot the histogram of burst brightness values with the events axis in a logarithmic scale [1]. Define the burst brightness threshold as the minimal burst brightness value from which the histogram exhibits a decaying pattern [2]. Select the bursts with brightness values larger than the burst brightness threshold [3].
3.4.1. SCREEN: The histogram being plotted.
3.4.2. SCREEN: The burst brightness threshold being defined.
3.4.3. SCREEN: The bursts being selected.

3.5. For the burst mean fluorescence lifetime measurement, plot the histogram of photon nanotime for all photons in the selected bursts with the photon counts axis in a logarithmic scale [1]. Define the nanotime threshold as the minimal nanotime value from which the histogram of photon nanotimes exhibits a decaying pattern [2].
3.5.1. SCREEN: The histogram being plotted.
3.5.2. SCREEN: The nanotime threshold being defined.

3.6. Select only those photons with nanotimes larger than the nanotime threshold [1]. Calculate the algebraic average of all the selected photon nanotimes [2].
3.6.1. SCREEN: The photons being selected.
3.6.2. SCREEN: The algebraic average of all the selected photon nanotimes being calculated.
3.7. Subtract the nanotime threshold from the photon nanotime algebraic average. The obtained value is the mean photon nanotime of the burst, directly proportional to the mean fluorescence lifetime [1].
3.7.1. SCREEN: Subtraction being performed and the resulting value being indicated with a cursor.

3.8. Plot the histogram of all the burst mean fluorescence lifetimes [1]. The centrally distributed subpopulations of fluorescence lifetime may appear. The subpopulations with lower value averages represent the molecule species with Cy3sCy3 that were not sterically obstructed [2].
3.8.1. SCREEN: The histogram being plotted.
3.8.2. SCREEN: The subpopulations with lower value averages being indicated with a cursor.
3.8.3. SCREEN: The subpopulations with higher value averages being indicated with a cursor.

3.9. While the subpopulations with higher value averages represent the molecule species with Cy3sCy3 that were more sterically obstructed [1] (see previous steps, step 3.8). For the slow between-burst dynamics assessment, plot the histogram of the burst separation times with a separation time axis in a logarithmic scale [2].
3.9.1. SCREEN: The subpopulations with higher value averages being indicated with a cursor.
3.9.2. SCREEN: The histogram being plotted.

3.10. Select to save all the pairs of the consecutive bursts that are separated by less than a maximal separation time that defines the same-molecule subpopulation [1].
3.10.1. SCREEN: Pairs of the bursts being selected.

3.11. Plot a histogram or a scatter plot of the mean fluorescence lifetimes of the first and second bursts for all pairs of the bursts that recurred below a certain separation time threshold [1].
3.11.1. SCREEN: The histogram/scatter plot is generated.

Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the question below. Please do not include steps that will be screen-captured and do not list entire sections.

Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
We do not have much steps that are not screen-captured



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: 209. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

4. Results: Estimation of Mean fluorescence lifetime and Burst Recurrence Analysis
4.1. The histograms of the mean fluorescence lifetimes of a single α-Syn 56-sCy3 molecules-56 [1] showed that the first subpopulation had a characteristic fluorescence lifetime of 1.6 nanoseconds and representing α-Syn conformational states with few protein surfaces in the vicinity of residue-56 [2].
4.1.1. LAB MEDIA: Figure 1
4.1.2. LAB MEDIA: Figure 1A Video editor: Please emphasize the peaks around the yellow vertical line at 1.6 ns in the graph.

4.2. The second subpopulation had a characteristic fluorescence lifetime of 3.5 nanoseconds and representing α-Syn conformational states with more protein surfaces in the vicinity of residue-56 [1].
4.2.1. LAB MEDIA: Figure 1A Video editor: Please emphasize the peaks around the yellow vertical line at 3.5 ns in the graph.

4.3. The NAC (N-A-C Non amyloid β-Component "NAC") segments of α-Syn molecules in solution are known to adopt a helical hairpin structure upon binding to SDS vesicles [1], which was confirmed as a single fluorescence lifetime population with a characteristic fluorescence lifetime of approximately 3 nanoseconds and absence of the sub-population with the characteristic lifetime of 1.6 nanosecond point [2].
4.3.1. LAB MEDIA: Figure 1B
4.3.2. LAB MEDIA: Figure 1B Video editor: Please emphasize the peaks around the yellow vertical line at 3 ns in the graph.

4.4. The histogram of the separation times between consecutive single-molecule bursts reports on of recurring molecules for separation times faster than 100 milliseconds, where showed that the first and second bursts arise from the same molecule [1].
4.4.1. LAB MEDIA: Figure 2A

4.5. The mean fluorescence lifetime histogram of all single-molecule bursts showed [1] subpopulations with a short mean characteristic fluorescence lifetime [2] as well as with a long mean characteristic fluorescence lifetime, which indicates that individual molecules undergo transitions between different average lifetime values slower than burst duration times, i.e., slower than few 10 milliseconds within 100 milliseconds(same as in Fig. 1A) [3].
4.5.1. LAB MEDIA: Figure 2B
4.5.2. LAB MEDIA: Figure 2B Video editor: Please emphasize the yellow-colored section of the graph.
4.5.3. LAB MEDIA: Figure 2B Video editor: Please emphasize the green-colored section of the graph.

4.6. Within burst separation times of 100 milliseconds at most, there was a The molecule fraction of molecules that started as a first burst in a the short lifetime subpopulation and recurred as a second burst within the long lifetime subpopulation [1], while and a the molecule fraction of molecules that started as a first burst in a the long lifetime subpopulation and recurred as a second burst within the short lifetime subpopulation [2], indicative of transitions between the two subpopulations within 10-100 milliseconds.
4.6.1. LAB MEDIA: Figure 2C
4.6.2. LAB MEDIA: Figure 2D

Conclusion
5. [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.
5.1. Sofia Zaer: (steps 3.1-3.4) The most important thing to remember when analyzing the experimental results is to properly separate single molecule fluorescence signals from background and to analyze bursts with enough photon nanotimes.
Following this procedure, what other methods analysis results can be performedreported? What questions would these additional methods answer?
5.2. Eitan Lerner: The burst search & selection procedure can also be used to report on the typical burst durations, which report on typical diffusion characteristics of the probed molecules.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
5.3. Eitan Lerner: developing smPIFE paved the way for researchers to explore nucleic acid-protein interactions at the single molecule level. This advancement lays the ground for studying local structural dynamics within proteins.


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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