[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 69853
Scriptwriter Name: Poornima G
Project Page Link: https://review.jove.com/account/file-uploader?src=21305213 

Title: Single-Molecule Localization Microscopy of Membrane Proteins Using Single-Antibody Labeling

Authors and Affiliations: 
Neal T. Ramseier1, Herath D.W. Herath1, Alyssa Burgess1, Hirushi Gunasekara1, Ying S. Hu1–4

1Department of Chemistry, University of Illinois Chicago
2University of Illinois Cancer Center
3Department of Biomedical Engineering, University of Illinois Chicago
4Department of Biochemistry and Molecular Genetics, College of Medicine, University of Illinois Chicago




☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Hirushi Gunasekara		hgunas2@uic.edu
Ying S. Hu			yshu@uic.edu


Email Addresses for All Authors: 

Neal T. Ramseier		nramse2@uic.edu
Herath D.W. Herath		hherat2@uic.edu
Alyssa Burgess			aburge6@uic.edu
Hirushi Gunasekara		hgunas2@uic.edu
Ying S. Hu			yshu@uic.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. 
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.
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.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

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.
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
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?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.  
If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position


To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)


Current Protocol Length
Number of Steps: 23
Number of Shots: 44 (34 SC) 

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

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter full author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Enter full 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 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full 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 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter full 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 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter full 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 20 or fewer words.

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


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Image Acquisition After Gold Colloid Deposition  
Demonstrator: Click here to enter name of demonstrator(s) 

1.4. To begin, use brightfield illumination to verify that enough gold colloids have been deposited within the designated region of interest [1]. Confirm that the ideal density of 5 to 10 gold colloids is present within the region of interest before proceeding [2].
1.4.1. WIDE: Talent adjusting the microscope to brightfield illumination.
1.4.2. Talent viewing the sample.

1.5. For the optical configuration of the antibody probe fluorophore, open the imaging software and access the optical configuration settings [1]. Select the appropriate dichroic mirror [2] and set the laser excitation wavelength and power density [3]. Adjust the camera integration time and select the emission filter [4], then set the camera pixel binning to achieve a pixel size of 150 to 160 nanometers [5].
1.5.1. SCREEN: Display the imaging software main interface and navigate to the optical configuration setup panel.
1.5.2. SCREEN: Show the dichroic selection menu and select the appropriate dichroic mirror.
1.5.3. SCREEN: Adjust the laser excitation wavelength and set the power density for the selected fluorophore.
1.5.4. SCREEN: Set the camera integration time and choose the correct emission filter in the software.
1.5.5. SCREEN: Configure camera pixel binning and display the resulting pixel size of 150 to 160 nanometers.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338][bookmark: _Hlk162020892]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21305213 

1.6. Now, create an optical configuration for the photobleaching step by selecting a photobleaching mode in the imaging software [1]. Set the laser power to 380 watts per square centimeter or higher [2] and adjust the camera integration time to 1 second [3].
1.6.1. SCREEN: Open the photobleaching configuration panel in the imaging software.
1.6.2. SCREEN: Increase and confirm the laser power setting to at least 380 watts per square centimeter.
1.6.3. SCREEN: Set the camera integration time parameter to 1 second.

1.7. Set the imaging parameters in the image acquisition software by defining the non-illuminating interval, number of frames, and frequency of the photobleaching step [1]. 
1.7.1. SCREEN: Input the non-illuminating interval, total frame number, and photobleaching frequency values as required.

1.8. Next, prepare the imaging buffer by diluting the CD81 antibody to a concentration of 1 microgram per milliliter in 200 microliters of 5 percent BSA made in DPBS [1]. Ensure the final antibody concentration is 0.5 nanomolar for Jurkat T cells or 2 nanomolar for U2OS cells [2].
1.8.1. Talent pipetting the CD81 antibody into a tube with bovine serum albumin in Dulbecco’s phosphate-buffered saline.
1.8.2. Close-up of the prepared imaging buffer labeled with the appropriate final antibody concentration.

1.9. Add the prepared imaging buffer to the well containing the cells [1] and start the image acquisition in the software to begin data collection [2].
1.9.1. Talent gently adding the imaging buffer to the well.
1.9.2. SCREEN: Show the acquisition control panel and initiate the start of image acquisition.



2. Imaging Parameter Optimization
Demonstrator: Click here to enter name of demonstrator(s) 

2.1. Use the live-view function in the imaging software configured for membrane single-antibody labeling to monitor antibody binding in real time [1].
2.1.1. SCREEN: Display the live-view window in the imaging software configured for mSAL, showing antibody binding events appearing on the sample.

2.2. Configure the imaging parameters in the image acquisition software to obtain at least a 10-frame acquisition [1]. Set the non-illuminating interval to 5 seconds [2].
2.2.1. SCREEN: Navigate to the image acquisition settings panel in the software.
2.2.2. SCREEN: Enter the total number of frames and set the non-illuminating interval to 5 seconds.

2.3. Start the acquisition [1] and evaluate the sparsity of single-molecule localizations in the recorded movie [2].
2.3.1. SCREEN: Click the start acquisition button in the imaging software.
2.3.2. SCREEN: Playback or display the recorded movie while observing the distribution of single-molecule localization events.

2.4. If multiple overlapping antibody-binding events are observed immediately after adding the imaging buffer or if single-molecule localizations accumulate over time, abort the acquisition [1]. Reduce the antibody concentration by 2-fold [2] and repeat the acquisition on a new sample [3]. Continue reducing the antibody concentration by 2-fold and reevaluating the number of events per unit area until the desired single-molecule localization density is achieved [4].
2.4.1. SCREEN: Show dense or overlapping localization events appearing in the acquisition movie.
2.4.2. Talent mixing new buffer.
2.4.3. Talent adding the adjusted antibody solution to a new sample well.
2.4.4. SCREEN: Restart acquisition and reassess event density in the new recording.

2.5. If the event density is sparse, increase the antibody concentration in the imaging buffer by 2-fold [1]. Repeat the acquisition on a new sample and continue increasing the antibody concentration by 2-fold while reevaluating the number of binding events per unit area until the desired single-molecule localization density is achieved [2].
2.5.1. Talent viewing the data appearing on the screen.
2.5.2. SCREEN: Display the new acquisition showing an increased but controlled density of single-molecule localization events.


2.6. For non-illuminating interval optimization, configure the imaging parameters in the image acquisition software to obtain a 50-frame acquisition [1].
2.6.1. Talent accessing the image acquisition settings in the imaging software.

2.7. After adding the antibody and starting acquisition, evaluate the density and sparsity of single-molecule localizations in the recorded movie [1]. Determine the lowest non-illuminating interval that yields an optimal single-molecule event density [2].
2.7.1. SCREEN: Playback of the recorded movie showing single-molecule localization events.
2.7.2. SCREEN: Comparison of localization densities across different non-illuminating interval settings to identify the optimal value.

2.8. Finally, if spatially overlapping binding events occur as the image acquisition progresses, introduce a photobleaching step at regular intervals [1]. Adjust the photobleaching frequency so that fluorescence from bound antibodies is removed before overlapping events accumulate [2].
2.8.1. SCREEN: Display overlapping binding events appearing over successive frames in the acquisition movie.
2.8.2. SCREEN: Configure and apply a photobleaching step at defined frame intervals, such as every fifth frame, in the imaging software.


3. Data and Cluster Analysis 
3.1. Set the filepath in the MATLAB software to the folder that contains the reconstructed mSAL comma-separated values file [1].
3.1.1. SCREEN: Show the MATLAB interface with the user navigating to the section of the code where the filepath is defined and selecting the folder.

3.2. Run the code by clicking Run in the MATLAB toolbar [1]. When prompted, select the mSAL.CSV (M-sal C-S-V) file [2] and click Open to load it into the program [3].
3.2.1. SCREEN: Cursor moving to the MATLAB toolbar and clicking the Run button.
3.2.2. SCREEN: File selection dialog opening and the mSAL comma-separated values file being highlighted.
3.2.3. SCREEN: Cursor clicking the Open button to confirm file selection.

3.3. Run the analysis using the previously defined inputs as a starting point [1]. Choose a minimum points value that is higher than the number of noise localizations but lower than the number of localizations on the cell [2]. Adjust epsilon so that the selected number of localizations is captured within the neighborhood radius for representative on-cell regions [3].
3.3.1. SCREEN: MATLAB command window or script editor showing initial analysis parameters being used.
3.3.2. SCREEN: Parameter field or code line where the minimum points value is entered and modified.
3.3.3. SCREEN: Adjustment of the epsilon parameter to refine the neighborhood radius.

3.4. Evaluate the window that depicts the clustered data [1]. Confirm that clusters are retained on the cell with the expected phenotype while localizations outside the cell are minimized [2].
3.4.1. SCREEN: Figure 2 window displayed in MATLAB showing clustered localization data.
3.4.2. SCREEN: Close-up of the plotted data highlighting clusters on the cell and reduced background localizations.

3.5. If the clustering parameters are too restrictive, decrease the minimum points value and increase epsilon [1]. If the clustering parameters are too inclusive, increase the minimum points value and decrease epsilon [2].
3.5.1. SCREEN: MATLAB script or parameter panel showing the minimum points value being decreased and epsilon increased.
3.5.2. SCREEN: MATLAB script or parameter panel showing the minimum points value being increased and epsilon decreased.

3.6. Finally, after adjusting the minimum points value and epsilon, rerun the code to obtain optimal clustering [1]. 
3.6.1. SCREEN: Cursor clicking Run again in the MATLAB toolbar to re-execute the analysis.


Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 95.
· Please note that the video cannot include voiceover without an accompanying visual.

3. Results 

3.1. Jurkat T cells were immobilized with sufficient spacing to preserve membrane integrity and allow antibody access to membrane epitopes [1].
3.1.1. LAB MEDIA: Figure 1A. 

3.2. Gold colloids were visualized and used as fiducial markers for lateral drift correction during mSAL image acquisition [1].	Comment by Poornima  G: Authors: Please check if results are correctly described and if the video editor instructions are correct
3.2.1. LAB MEDIA: Figure 2A AND B. Video editor: Highlight the white arrows pointing to small round gold particles.

3.3. Optimization of the non-illumination interval showed that a 5-second interval produced antibody binding events with minimal spatial overlap compared to shorter or longer intervals [1].
3.3.1. LAB MEDIA: Figure 3A. Video editor: Highlight the panels labeled 5s.

3.4. Application of drift correction improved the reconstructed mSAL image compared to the uncorrected reconstruction [1].
3.4.1. LAB MEDIA: Figure 4B. Video editor: Show the reconstructed image after correction and zoom into the boxed region.

3.5. Density-based clustering of mSAL localizations reduced low-density background interactions and highlighted clustered CD81 binding events [1].
3.5.1. LAB MEDIA: Figure 5. Video editor: Focus on the black box in C.

[bookmark: _Hlk215154137][bookmark: _Hlk215844323]NOTE to the Authors:

You have two options for filming and submitting the SCREEN footage:

Option 1: Uploading Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.



Option 2: Uploading a Single Continuous Video

If you prefer to record all steps together and upload a single video file, that is acceptable. In this case, you must write the precise timestamp for each shot within the script.

For example, if the action described in shot 2.1.2 is present in the file xxx.mp4 and occurs between timestamps 00:30 and 00:45 , then write the following in the script after each shot description or as a comment bubble.
(write the file name and timestamp after each shot): [File name] [Start Time]-[End Time]
 

- Example 	2.1.2  SCREEN: performing ...........action. xxx.mp4 00:30-00:45
1.2.2 SCREEN: cutting the…..........action. xxx.mp4 01:10-01:20

- The duration between the start and end times for each shot must be limited to 20 to 25 seconds.

- If a shot is longer than 25 seconds, choose two short segments (one at the beginning and one at the end) that collectively do not exceed 25 seconds.
- Example: 3.1.1 SCREEN: inserting a needle... xxx.mp4 00:00-00:10 and 02:30-02:40
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