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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. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

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. Filming location: Will the filming need to take place in multiple locations?   yes
If Yes, how far apart are the locations? 200 feet

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:  15
Number of Shots:  24

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. Ishita Mukerji: We have developed a FRET mapping methodology that allows the identification and characterization of ligand binding sites, subunit orientation, conformational changes associated with ligand binding and dynamic motions of proteins.

REQUIRED: What is the main advantage of this technique?
1.2. Jack Northrop: An advantage of this technique is it can be performed in solution and the molecules can move around freely.  The distances measured by this technique are appropriate for biological systems.

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. Ishita Mukerji: FRET is broadly applicable to many systems.  Mapping enhances the monitoring of structural and dynamic changes in any biomolecular system and is particularly effective if 3-dimensional structural information exists.  

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. Jack Northrop: After purifying the protein, the hardest part is labeling with high efficiency and removing the free dye.  For the experiments it helps to have as little free dye as possible.



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. Selection of Labeling Sites
2.1. To begin, choose labeling sites within 25 to 75 Angstrom of the putative binding site and in relatively static regions of the protein, the distance will determine the specific FRET (F-RET) dye pair to be used [1]. 	Comment by Ishita Mukerji: This is pronounced as one word like a guitar fret
2.1.1. Wide: Talent at the computer, selecting the labeling sites. Videographer: Please obtain multiple reusable take of talent clicking the mouse button and scrolling the mouse wheel to use as b-rolls throughout the video.
2.2. Locate the labeling sites in protein regions that are relatively distinct from each other, so the sites describe the vertices of a triangle with the putative binding site located in the center [1].	Comment by Ishita Mukerji: I think it will be useful to have a screen video of this process and have included one with the script
2.2.1. Talent at the computer, locating the labeling sites. 
3. Determination of the R0 Values
3.1. To measure the R0 (R-not) values, depending upon the desired cuvette size and volume, prepare two protein samples at the same concentration of total protein, 4 micromolar, one with the protein labeled with the donor dye only and one with the protein labeled with the acceptor dye only [1-TXT].  
3.1.1. Talent preparing protein samples. TEXT: For SecA, use a protein concentration of 4 M SecA monomer.

3.2. Turn on the fluorometer [1] and open the spectral acquisition and analysis program in the fluorescence software if using a spectrofluorometer [2]. Click on the red M to connect the computer to the instrument and choose Emission Spectra [3].
3.2.1. Talent switching on the fluorometer.
3.2.2. SCREEN: Spectral acquisition and analysis program are being started.
3.2.3. SCREEN: Option M is being clicked and Emission Spectra is being selected. 
Authors: Please create screen capture videos for the shots labeled as SCREEN and upload the files to your project page as soon as possible: https://www.jove.com/account/file-uploader?src=19347113
3.3. Enter scan parameters using the Collect Experiment menu item, such as excitation wavelength, the range for emission scan, temperature, and sample changer position [1].
3.3.1. SCREEN: Collect Experiment is being selected from drop down menu to enter scan parameters.
3.4. Click on RTC and optimize instrument settings as described in the manuscript by monitoring the fluorescence emission at the peak using an excitation wavelength set at the dye's absorption maximum [1]. 

3.4.1. SCREEN: RTC is being clicked and instrument settings are being optimized. 
3.5. Place the donor labeled protein sample in the sample holder [1] and click Run to generate an emission scan of the protein labeled with the donor dye only by exciting the sample at the dye absorption maximum and scanning over the emission peak [2].
3.5.1. Talent placing the protein sample in sample holder.
3.5.2. SCREEN: Run is being clicked and emission scan is being generated. 
3.6. Establish a baseline for the scan by extending the scan 25 to 50 nanometers past the end of the peak [1]. Measure the quantum yield of the donor-only protein by performing absorption and fluorescence measurements on samples of different concentrations as described in the text manuscript [2-TXT]. 	Comment by Ishita Mukerji: The protocol calls for measuring at least four different concentrations – is this included in this step?  It's not clear to me
3.6.1. SCREEN: Baseline is being established. 
3.6.2. SCREEN: Absorption and fluorescence measurements are being performed to measure quantum yield. TEXT: Refer to the text for the determination of quantum yield.
4. Performing FRET Spectral Measurements 
4.1. Prepare donor-only protein, acceptor-only protein, and donor-acceptor protein samples at the same concentration. [1-TXT]. 
4.1.1. Talent preparing sample solutions. TEXT: Refer to the text for solution preparation details.
4.2. Obtain the donor-only scan to generate fluorescence emission spectra [1]. Excite the solution at the donor dye absorption maximum and scan over the donor and acceptor emission peaks [2]. Either exchange the sample to the acceptor-only protein or change the sample changer position to the cuvette containing the acceptor-only protein [3].
4.2.1. SCREEN: Fluorescence emission spectra of the donor is being obtained. 
4.2.2. SCREEN: Solution is being excited and the donor and acceptor emission peaks are being scanned.
4.2.3. Talent exchanging the sample/sample position. 
4.3. Obtain an emission scan of the protein labeled with acceptor dye only [1]. Excite the sample at the donor excitation wavelength [2].
4.3.1. SCREEN: Emission scan is being obtained.
4.3.2. SCREEN: Sample is being excited.
4.4. Exchange the sample to the donor-acceptor protein sample or change the sample changer position to the cuvette containing the donor-acceptor labeled protein [1]. Obtain an emission scan of the donor-acceptor protein sample using the same settings [2].
4.4.1. Talent exchanging the sample/sample position. 
4.4.2. SCREEN: Emission scan is being obtained. 
4.5. For all spectra, correct for background fluorescence by subtracting the background counts measured at the end of the scan [1].
4.5.1. SCREEN: Background fluorescence is being corrected.
5. Mapping the Distances
5.1. Use a 3-D (3-D) graphical viewing program such as PyMOL (Pi-MOL) to map the distances onto the structure by directly entering the commands from the script into the command window with the appropriate distance information [1]. 
5.1.1. SCREEN: 3-D program is being used to map distances.
5.2. Generate a shell for each distance measured and the associated error [1]. Map the position through the intersection of the different shells and the signal peptide binding site was mapped through the three different locations on SecA (Sec-A) and SecYEG (Sec-YEG) and four different locations on the signal peptide [2]. 
5.2.1. SCREEN:  Shell is being generated.
5.2.2. SCREEN:  Position is being mapped. 
Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.2.1, 3.6, 4.1, 4.4, 5.1, 5.2

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.NA     



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

6. Results: Representative Results of Förster Resonance Energy Transfer Mapping
6.1. After performing the FRET experiments,  the binding sites were mapped between different regions of the preprotein and three distinct locations on the SecA and SecYEG proteins map the preprotein binding site and orientation  [1]. 
6.1.1. LAB MEDIA: FIGURE 1A-D.
6.2. The putative binding site of the signal peptide was previously identified as the THF (two-helix finger), and the SecA preprotein cross-linking domainC-terminal tail suggested an orientation in a parallel position to the THF [1]. 
6.2.1. LAB MEDIA: FIGURE 1F. (Video Editor: highlight red and cyan regions)
6.3. Steady-state fluorescence spectraFRET spectra of between the SecA37 (Sec-A-37) withand PhoA2 (Pho-A-2) and PhoA22 (Pho-A-22) were also obtained [1]. Reduction in the donor intensity indicated that greater energy transfer occurs from PhoA22 [2] relative to the PhoA2 site, which is located further away from SecA37 [3]
6.3.1. LAB MEDIA: FIGURE 1G.
6.3.2. LAB MEDIA: FIGURE 1G. Video Editor: Emphasize the orange color spectra at the bottom section of 1G.
6.3.3. LAB MEDIA: FIGURE 1G. Video Editor: Emphasize the light blue color spectra at the top section of 1G.
6.4. Time-resolved fluorescence decay spectra demonstrated that the donor-acceptor complex has a shorter, homogenous decay  consequently a faster lifetime consistent with the energy transfer associated with one distance [1].
6.4.1. LAB MEDIA: FIGURE 1H. 
6.5. FRET distance shells for theconstructed between the SecA-PhoA2 residue and the triangulated sites residue demonstrated that the shellseach shell intersects with the putative binding site consisting of the THF primarily [1]. The intersected area is smaller than each FRET shell, including a large contribution from the helical scaffold [2].
6.5.1. LAB MEDIA: FIGURE 3A-C and 3E-F.
6.5.2. LAB MEDIA: FIGURE 3D,H. Video Editor: Emphasize the blue color area at the extreme right top and bottom section.
6.6. FRET distance shells determined for between the PhoA22 residue and the labeled sites describe a smaller area located closer to the tip of the THF and the mouth of the SecYEG channel. [1]. The intersection of the three FRET shells defines the residue at the opposite end of the THF from PhoA2 [2]. 
6.6.1. LAB MEDIA: FIGURE 4A-C and 4E-F.
6.6.2. LAB MEDIA: FIGURE 4D,H. Video Editor: Emphasize the yellow color area at the extreme right top and bottom section.






















Conclusion
7. [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.
7.1. Jack Northrop: (2.1, 3.6, ) It's important to select the labeling sites so the area of interest is triangulated.  Also, measuring quantum yields for each site is important and removing all the free dye.  
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Ishita Mukerji: This method aligns with structural information, obtained with methods like NMR or X-ray crystallography.  When the FRET results are put into a structural context it can enhance the existing information.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


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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