[image: ]DRAFT: DO NOT USE FOR FILMING


Submission ID #:  62241
Scriptwriter Name: Anastasia Gomez
Supervisor Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=18983553 

Title:   Assessing Protein Interactions in Live-Cells with FRET-Sensitized Emission

Authors and Affiliations: 

György Vámosi1, Sarah Miller2, Molika Sinha2, Gabor Mocsár1, Malte Renz2

1Department of Biophysics and Cell Biology, Faculty of Medicine, University of Debrecen, Hungary
2Gynecologic Oncology Division, Stanford University School of Medicine, Stanford, CA, USA

☐   All author names and affiliations are correct.

Corresponding Authors: 
[bookmark: _Hlk25233958]
Malte Renz 		(renzmalt@stanford.edu)

Email Addresses for All Authors: 

vamosig@med.unideb.hu
semiller@stanford.edu
molikasinha@stanford.edu
mocsgab@med.unideb.hu
renzmalt@stanford.edu



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?  Enter Yes or 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?  Enter Yes or No.
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 videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When 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. 

☐ 	Author interview statement opt out. Statements removed completely.

4. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.
 


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:  XX
Number of Shots:  XX

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.

Authors: I filled in a few interview statements based on the script that you have provided. Please feel free to edit the statements, keeping in mind the guidelines above.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: This protocol described a step-by-step experimental process and mathematical algorithm to quantify FRET using donor quenching and acceptor sensitized emission. 

REQUIRED: What is the main advantage of this technique?
1.1. Enter author name: The calibration probe used in this method, a 1-to-1 donor-acceptor fusion protein, makes it possible to determine the detection efficiency of donor and acceptor molecules. 

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.2. 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?
1.3. 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: 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?
1.4. 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: Why is visual demonstration of this method critical?
1.5. 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.

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. Plasmid Construction
2.1. To begin, use an N1 mammalian cell expression vector with mCherry1 for generating the eGFP-mCherry1 fusion probe [1]. 
2.1.1. WIDE: Establishing shot of talent taking the tube with the vector out of the freezer/refrigerator.
2.2. Design oligonucleotides to amplify eGFP without a stop codon as a SalI-BamHI (pronounce ‘sal-one-bam-hi’) fragment [1]. The five amino acid linker between the green and red fluorescent protein should yield a mean FRET (pronounce ‘fret’) efficiency for the GFP Cherry donor-acceptor pair of 0.25 to 0.3 [2].
2.2.1. Talent at the computer designing oligonucleotides.
2.2.2. Final oligo design on the screen.

3. Cell Culture and Transfection
3.1. Use any cell line and media without phenol red to reduce background fluorescence [1]. Once cells are 80% confluent, detach them with 1 milliliter of 0.05% trypsin-EDTA [2] and seed about 10,000 cells into each well of an 8-well plate by adding 3 drops from a 5-milliliter cell suspension [3].
3.1.1. Talent taking cells out of the incubator. 
3.1.2. Talent adding trypsin-EDTA to the cells. 
3.1.3. Talent adding cells to a well. 
3.2. Twenty-four hours after plating, transfect the cells using an appropriate transfection media [1].
3.2.1. Talent adding transfection reagent to cells.
3.3. Incubate the cells for 20 hours before live-cell imaging to allow for proper fluorescent protein expression, folding, and maturation [1].
3.3.1. Talent placing the plate with cells in the incubator.

4. FRET Imaging
4.1. Image the cells in a humidified and heated environmental chamber at 37 degrees Celsius with a confocal scanning microscope [1]. To buffer the cell media at physiological pH, add 20 millimolar HEPES to render the cell media carbon dioxide-independent [2].
4.1.1. WIDE: Microscope and imaging setup.
4.1.2. Talent adding HEPES to the cells.
4.2. Use the 488-nanometer line of the argon ion laser to excite the GFP and the 561-nanometer diode laser to excite Cherry [1].
4.2.1. Talent at the compute setting up for imaging. Videographer: Film a few shots of talent clicking mouse and typing on keyboard to use as b-roll.
4.3. Set up the 488-nanometer laser light for excitation in channel 1 through an emission band of 505 to 530 nanometers and in channel 2 with a long pass filter of over 585 nanometers. Use the 561-nanometer laser light for excitation in channel 3 with a long pass filter of over 585 nanometers [1].
4.3.1. SCREEN: Emission/excitation parameters set up.
4.4. Excite with the two lasers sequentially and set the imaging mode to ‘switch after each line’ so that the excitation of the 512 by 512-pixel image alternates after each line [1].
4.4.1. SCREEN: Setup for sequential excitation. 
4.5. Set up a mini time series of three images to detect if significant photobleaching occurs and reduce the laser power if necessary [1].
4.5.1. SCREEN: Mini time series set up. 
4.6. First, image cells expressing the GFP-Cherry fusion construct. Set the parameters that define time-integrated laser intensity per pixel in a confocal image [1].
4.6.1. SCREEN: Parameters set for imaging the GFP-Cherry fusion construct.
4.7. Use a 63x oil objective and zoom set to 3x to image a cell in its entirety while providing sufficient magnification and resolution. Aim for a pixel size of 70 to 80 nanometers [1].
4.7.1. SCREEN: Appropriate zoom set up to view the entire cell. 
4.8. Set pixel dwell time to 2 to 4 microseconds and AOTF transmission for the 488-nanometer and 561-nanometer laser such that images show a good signal-to-noise ratio without any bleaching and no pixels indicating fluorescence intensity saturation [1]. 
4.8.1. SCREEN: Dwell time set.
4.9. Adjust the laser power of 488 and 561 such that signal levels in channel 1 and channel 3 are similar. Set the photomultiplier gain to 600 to 800 [1].
4.9.1. SCREEN: Laser power adjusted and photomultiplier gain set.
4.10. Image 15 to 20 cells expressing the GFP-Cherry fusion protein, cells expressing GFP, Cherry, GFP and Cherry and non-transfected cells. Then, image cells co-expressing the proteins of interest coupled to GFP and Cherry, respectively [1].
4.10.1. SCREEN: A cell being imaged. 

5. Image Analysis for Detecting Absolute FRET Efficiencies Using Donor Quenching and Sensitized Emission
5.1. To calculate FRET, measure the donor signal in channel 1, the donor channel [1], with 488-nanometer excitation and an emission band of 505 to 530 nanometers [2-TXT].
5.1.1. Talent at the computer, calculating FRET. Video Editor: At the authors’ request, the next few shots consist of equations in the text overlay. Videographer: Film a few shots of talent at the computer working on the calculations to show between equations.
5.1.2. TEXT:;  = unquenched donor signal in channel 1;  = mean FRET efficiency; and = average background signal in channel 1
5.2. Then, measure the acceptor signal in channel 3, the acceptor channel, with 561-nanometer excitation and emission at above 585 nanometers [1-TXT].
5.2.1. TEXT: ;  = acceptor signal;  = background in channel 3
5.3. Finally, measure the FRET signal in channel 2, the transfer channel, with 488-nanometer excitation and emission at above 585 nanometers. This signal is the sum of four different components. Refer to the online manuscript for a detailed workflow and a provided excel sheet to calculate FRET [1-TXT].
5.3.1. TEXT: ;  = spectral spill over from the quenched donor signal into the >585 detection channel;  = acceptor signal from the direct excitation by 488-nm light;  = sensitized emission of the acceptor by FRET from the excited donor molecule;  = background signal



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

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 individual steps, using the step numbers from the protocol section of the video script.



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

6. Results: Quantification of FRET Images 
6.1. Images were obtained in the donor channel [1], the transfer channel [2], and the acceptor channel [3]. Cells expressing GFP only [4], Cherry only [5], co-expressing GFP and Cherry [6], and the GFP—Cherry fusion protein are shown [7].
6.1.1. LAB MEDIA: Figure 1. Video Editor: Emphasize the first column. 
6.1.2. LAB MEDIA: Figure 1. Video Editor: Emphasize the second column.
6.1.3. LAB MEDIA: Figure 1. Video Editor: Emphasize the third column.
6.1.4. LAB MEDIA: Figure 1. Video Editor: Emphasize row A.
6.1.5. LAB MEDIA: Figure 1. Video Editor: Emphasize row B.
6.1.6. LAB MEDIA: Figure 1. Video Editor: Emphasize row C.
6.1.7. LAB MEDIA: Figure 1. Video Editor: Emphasize row D.
6.2. The mean cellular FRET efficiencies calculated in NRK cells expressing GFP—Cherry fusion protein [1] and those co-expressing GFP-Cherry [2] are plotted versus the acceptor-to-donor ratio intensity ratio or molecular ratio in each cell [3].
6.2.1. LAB MEDIA: Figure 2 A and B. Video Editor: Emphasize A. 
6.2.2. LAB MEDIA: Figure 2 A and B. Video Editor: Emphasize B.
6.2.3. LAB MEDIA: Figure 2 A and B.
6.3. Normalized pixel-by-pixel FRET images of cells expressing the GFP-Cherry fusion protein [1], co-expressing GFP and Cherry as a negative control [2], and expressing receptor subunits of the Ashwell-Morell receptor are shown here [3].
6.3.1. LAB MEDIA: Figure 2 D. Video Editor: Emphasize the GFP-Cherry fusion image.
6.3.2. LAB MEDIA: Figure 2 D. Video Editor: Emphasize the GFP-Cherry co-expression image.
6.3.3. LAB MEDIA: Figure 2 D. Video Editor: Emphasize the third and fourth images.
6.4. RHL1 and 2 of the rat hepatic lectin were labeled with GFP and Cherry on the cytoplasmic side of the plasma membrane [1]. The mean cellular FRET efficiencies of cells expressing GFP-RHL1 and Cherry-RHL2 [2] and GFP-RHL1stalk and Cherry-RHL2 [3] are plotted versus the acceptor-to-donor molecular ratio [4]. Authors: How do you pronounce GFP-RHL1stalk?
6.4.1. LAB MEDIA: Figure 2 E. 
6.4.2. LAB MEDIA: Figure 2 E. Video Editor: Emphasize the first plot.
6.4.3. LAB MEDIA: Figure 2 E. Video Editor: Emphasize the second plot.
6.4.4. LAB MEDIA: Figure 2 E.







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. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
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. Enter author name: This quantitative FRET approach allows for the detection of protein interactions in the physiological context of the living cell, changes in protein interactions over time, differences in interactions in subcellular compartments, and the dependence of the detected FRET signal upon the molecular acceptor-to-donor ratio expressed in a live cell.



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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