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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    

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.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://reew.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: https://review.jove.com/account/file-uploader?src=20679658

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

Current Protocol Length
Number of Steps:  29
Number of Shots:  56

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


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Hugo Sanabria: This research aims to study the local flexibility and dynamics of biomolecules at the single-molecule level using time-resolved fluorescence anisotropy in confocal microscopy mode.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:5.1

What are the most recent developments in your field of research?
1.2. Hugo Sanabria: Single molecule detection and localization have enabled the observation of biomolecules, yet capturing their dynamics required other approaches. Time-resolved fluorescence methods help fill that gap. 
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 
What technologies are currently used to advance research in your field?
1.3. Narendar Kolimi:  Common tools for experimentally studying biomolecular dynamics include single-molecule FRET and NMR. At the single-molecule level, various analyses process the photon-by-photon fluorescence emission. These include time-resolved analyses and burst variance analysis.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 
What are the current experimental challenges?
1.4. Sanjeev Ghimire: Using multiple fluorophores for smFRET experiments can introduce complexities in the experimental design and in making samples of good enough quality. Using a single label and fluorescence anisotropy solves some of these complexities.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

What significant findings have you established in your field?
1.5. Narendar Kolimi: We found that the monomeric form of the forkhead domain of the human FoxP1 behaves as a disordered protein and increases its folded population when it dimerizes. 
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:5.3



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

Testimonial Questions :
How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.6. Narendar Kolimi: Publishing with JoVE enhances research visibility and impact through video-based demonstrations, making complex methods accessible and reproducible. This attracts a broader audience, including educators and students, increases citations, and encourages collaboration. Open access and shareable videos help reach more people globally, enhancing the research’s impact and recognition.
1.6.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.7. Narendar Kolimi: After publishing with JoVE, researchers might embrace increased citations and collaboration opportunities due to the research impact and reproducibility. For example, one team can see their work widely adopted in teaching labs, enhancing its educational impact. The visual format also led to faster replication and validation, boosting credibility and reach.
1.7.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

Videographer: Please film the testimonials


Protocol  

2. Buffer Preparation, Fluorescence Calibration and Single-Molecule Fluorescence Data Acquisition
Demonstrator: Sanjeev Ghimire 


2.1. To begin, filter the prepared standard buffer solution through a 0.22-micrometer pore size filter [1-TXT]. Then filter the standard buffer through a charcoal filter for single-molecule acquisition [2]. For the fluorescent probes, prepare small-volume aliquots of the prepared BODIPY-FL (Body-pee-F-L) fluorescent probe [3-TXT]. 
2.1.1. WIDE: Talent passing the buffer solution through a 0.22-micrometer filter. TXT: Store the buffer at RT
2.1.2. Talent filtering the buffer through a charcoal filter.
2.1.3. Talent using a micropipette to add dimethyl sulfoxide to the BODIPY-FL vial. TXT: Final concentration: 10 mM; Store at - 20 °C

2.2. For calibration of the polarization resolved setup, first turn on the parallel and perpendicular detector channels, and power on the blue laser [1]. Ensure that the laser power is set to 60 microwatts [2] and open the time-correlated single-photon counting or TCSPC (T-C-S-P-C) software control panel [3].
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20679658
2.2.1. Talent switching on the detector channels and blue laser. Added shot: measurement showing 60uW power.
2.2.2. SCREEN: Talent adjusting the laser power to 60 microwatts.
2.2.3. SCREEN: TCSPC software interface with the control panel open.

2.3. Next, mix 1 microliter of 100 nanomolar Rhodamine 110 (one-ten) with 49 microliters of distilled water [1-TXT]. Add 50 microliters of the diluted Rhodamine 110 solution to the center of the cover glass for calibration measurements [2].
2.3.1. Talent pipettes 1 µL Rhodamine 110 to a tube with 49 µL distilled water. TXT: Final concentration: 2 nM 
2.3.2. Talent pipetting 50 microliters of the diluted Rhodamine 110 onto the cover glass. Please move this step (2.3.2) after 2.4.2.

2.4. Add a drop of immersion liquid on top of the microscope objective lens [1]. Place the cover glass onto the microscope objective and ensure that the water droplet is centered on the lens [2].
2.4.1. Talent adding a drop of immersion liquid onto the microscope objective lens.
2.4.2. Shot of the cover glass being positioned over the microscope objective.

2.5. Adjust the image plane to be inside the solution and above the glass surface [1]. Using the focus knob, locate the second bright focal point and adjust it to one and a half turns [2-TXT]. 
2.5.1. Talent adjusting the microscope focus to position the image plane inside the solution.
2.5.2. Talent turning the focus knob to locate the bright focal point. TXT: Focus laser at the glass-liquid interface

2.6. Now open the software in time-tagged time-resolved mode and click the Start button [1]. Record the count rate for 120 seconds and save the file in Rhodamine 110.ptu (Rhodamine-1-10-dot-P-T-U) format [2].
2.6.1. SCREEN: The software is being launched in TTR mode and the Start button is being pressed. 
2.6.2. SCREEN: Rhodamine 110 count rate recording is being done then the file is being saved as Rhodamine110.ptu

2.7. For background measurements, add 50 microliters of distilled water to the center of the cover glass and repeat acquisition [1]. Record the photon count rate for 300 seconds and save the file as water.ptu (water-dot-P-T-U) [2].
2.7.1. Talent pipetting 50 microliters of distilled water onto the cover glass.
2.7.2. SCREEN: Photon count rate is being recorded for distilled water then the file is being saved as water.ptu.

2.8. For additional background measurements, add 50 microliters of standard buffer to the center of the cover glass [1]. Record the photon count rate for 300 seconds and save the file as standard buffer.ptu (standard-buffer-dot-P-T-U) [2]. 
2.8.1. Talent pipetting 50 microliters of standard buffer onto the cover glass.
2.8.2. SCREEN: Photon count rate recording is being done for standard buffer and the file is being saved as standard buffer.ptu.

2.9. Now launch the burst integration fluorescence lifetime BIFL (B-I-F-L) analysis software and click on confirm the setup from the automatic window. Next, click Get parameters from file, then click OK [1].
2.9.1. SCREEN: BIFL software is being launched and confirm the setup is being clicked from the automatic window. Then, clicking on Get parameters from file and selecting OK.

2.10. For selecting the measurement to analyze, click on Data path array and select the appropriate dataset [1].
2.10.1. SCREEN: Data path array is being clicked and the appropriate dataset is being chosen. 

2.11. Now load the water measurement water.ptu file for arrays such as Green scatter, the standard buffer.ptu file for the Green background and Rhodamine 110.ptu for Green thick [1].
2.11.1. SCREEN: Loading water.ptu file for Green scatter array, standard buffer.ptu file for the Green background and choosing Rhodamine 110.ptu file for Green thick.

2.12. Under the single molecule selection parameters, click Next, then Adjust to open a new pop-up window [1]. Then press Threshold to modify the inter-photon arrival time and choose Single-molecule event time for the mean inter-photon arrival time [2]. 
2.12.1. SCREEN: Next and Adjust are being clicked under Single Molecule Selection Parameters. 
2.12.2. SCREEN: Threshold is being pressed and the Single-molecule event time for the mean inter-photon arrival time is being selected. 

2.13. Now, click min. # (minimum-number) to set the minimum number of photons per single-molecule event. Then close the pop-up window by clicking Return, and OK [1].
2.13.1. SCREEN: The minimum number of photons per single-molecule event is being set. Then clicking Return to close the pop-up window and confirming with OK.

2.14. Click on Color fit parameters to adjust the initial fluorescence lifetime for Green and other colors using fluorescence decay parameters [1]. Modify Prompt and Delay values by adjusting the From and To values and close the pop-up window [2]. 
2.14.1. SCREEN: Color Fit parameters is being clicked, the initial fluorescence lifetimes for Green and other colors is being adjusted. a
2.14.2. SCREEN: Adjusting Prompt and Delay values in the pop-up window.

2.15. Finally press Save to process the ASCII (A-S-C-Two) files and save them in the selected folder [1-TXT]. 
2.15.1. SCREEN: Saving processed ASCII files in a designated folder. TXT: Process data for time-resolved fluorescence anisotropy decay
3. Protein Preparation and Single-Molecule Fluorescence Measurements
Demonstrator: Narendar Kolimi 

3.1. Transfer an overnight pre-inoculum of Escherichia coli C41 (C-forty-one) into 2 liters of LB medium with pre-added antibiotic at a 1 to 500 dilution ratio [1]. Measure the absorbance of the culture at 600 nanometers to monitor the culture growth [2].
3.1.1. Talent pipetting the pre-inoculum into a flask containing 2 liters 500ml of LB medium.
3.1.2. Talent using a spectrophotometer to measure the optical density of the bacterial culture.

3.2. When the optical density reaches between 0.5 and 0.7, add IPTG (I-P-T-G) to a final concentration of 0.5 millimolar to induce protein expression and incubate [1-TXT]. 
3.2.1. Talent pipetting IPTG into the bacterial culture. TXT: Incubation: 15 °C, overnight

3.3. Centrifugate the bacterial cells at 3000 g for 20 minutes at 4 degrees Celsius when the culture reaches an optical density of 1.4 to 1.6 [1]. After discarding the supernatant, store the pellet at minus 80 degrees Celsius until use [2].
3.3.1. Talent placing tubes containing the culture in a centrifuge. 
3.3.2. Shot of the bacterial pellet  being placed in a freezer.

3.4. Next, add 50 to 100 micromolar FoxP1 (Fox-P-One) protein to a 10-fold molar excess of either DTT (D-T-T) or TCEP (T-sep) and incubate [1-TXT]. 
3.4.1. Talent adding DTT or TCEP to the FoxP1 protein solution. TXT: Final volume: 500 µL; Incubation: 30 min, RT

3.5. Place a PD10 (P-D-Ten) desalting column into a 50-milliliter centrifuge tube using a column adapter, for buffer exchange [1]. Add 5 milliliters of PBS (P-B-S) buffer to the column for equilibration [2-TXT] and centrifuge it at 1000 g for 2 minutes [3]. 
3.5.1. Talent assembling the PD10 column in a centrifuge tube.
3.5.2. Talent pipetting PBS buffer into the PD10 column. TXT: Repeat equilibration 3x
3.5.3. Talent centrifuging the PD10 column at 1000 × g.

3.6. Transfer the PD10 column into a fresh 50-milliliter tube [1] and add 2 milliliters of PBS buffer into the column [2]. 
3.6.1. Shot of the PD10 column being added into a fresh 50 mL tube.
3.6.2. Talent adds 2 mL PBS buffer into the PD10 column.

3.7. Now, load 500 microliters of FoxP1 protein into the column [1]. Elute the column by entrifuging at 1000 g for 2 minutes to collect the purified protein [2].
3.7.1. Talent loading FoxP1 protein into the column.
3.7.2. Talent collecting the eluted protein into a new tube after centrifugation.

3.8. Transfer the protein into a 10 kilodalton molecular weight cutoff ultracentrifugal filter [1]. After centrifuging at 7500 g for 10 minutes, collect the concentrated eluate [2].
3.8.1. Talent placing the protein sample into an ultracentrifugal filter.
3.8.2. Talent collecting the concentrated protein.

3.9. Measure the protein concentration [1]. Then add BODIPY and incubate at 4 degrees Celsius for 2 hours on a rotator [2-TXT]. 
3.9.1. Talent measuring the protein concentration using a spectrophotometer.
3.9.2. Talent pipetting BODIPY dye into the protein solution.TXT: Add BODIPY dye at 30 percent equivalence of the cysteine concentration in the protein

3.10. Repeat buffer exchange and protein concentration as demonstrated [1].  After determining the protein concentration, measure the degree of labeling using the formula [2]. 
3.10.1. Talent adds PBS in PB10 column
3.10.2. TEXT ON PLAIN BACKGROUND:
(ADye/εDye)/(molecular weight of protein/milligram of protein per milliliter) = moles of dye/moles of protein    

4. Single-Molecule Fluorescence Anisotropy Experiment

Demonstrator: Sanjeev Ghimire

4.1. Add 495 microliters of ultra-pure water and 5 microliters of Tween-20  into a well of a chamber slide and mix well [1]. After a 30-minute incubation at room temperature, wash the chamber gently with ultra-pure water twice and dry it [2]. 
4.1.1. Talent pipetting ultra-pure water and Tween-20 into the chamber slide.
4.1.2. Talent pipetting ultra-pure water into the chamber slide for washing.

4.2. To correct for background fluorescence, perform measurements of a buffer solution [1]. Calibrate the relative sensitivity of the parallel and perpendicular detectors by acquiring data from a fast-rotating dye [2]. 
4.2.1. SCREEN: Selecting buffer measurement mode in BIFL software.
4.2.2. SCREEN: Acquiring calibration data using a fast-rotating dye.


4.3. For single-molecule fluorescence anisotropy experiments on monomeric FoxP1, add 100 picomolar BODIPY-labeled FoxP1 [1] and 100 nanomolar unlabeled FoxP1 to 500 microliters of standard buffer in a chamber slide [2].
4.3.1. Talent pipetting BODIPY-labeled FoxP1  into a chamber slide with 500 µL of standard buffer. 
4.3.2. Talent pipetting unlabeled FoxP1 into the chamber slide.

4.4. Begin the measurements and check in the BIFL software that the number of bursts recorded within 30 seconds is between 60 and 90 [1]. If the sample is more concentrated, dilute it until the burst count falls within this range [2]. Finally, analyze the measurements [3]. 
4.4.1. SCREEN: Running smFA measurements in BIFL software. Then checking the burst count.
4.4.2. SCREEN: Adjusting sample concentration to achieve the correct burst count.
4.4.3. SCREEN: smFA data analysis is being done in BIFL software
4.4.4. 

Results

5. Representative Results 
5.1. The single-molecule fluorescence anisotropy-lifetime analysis revealed a single distribution originating from two distinct rotational correlation times in the FoxP1 DNA-binding domain, suggesting the coexistence of ordered and disordered structural ensembles [1].
5.1.1. LAB MEDIA: Figure 4B, 2D-smFA panel. Video editor: Highlight the two separate regions (top and right). Use file “Figure 4-new.PDF”
5.2. Burst Variance Analysis identified a subset of FoxP1 molecules exhibiting high anisotropy and excess variance, suggesting the presence of dynamic conformational changes [1]. Photon Distribution Analysis differentiated between monomeric and dimeric FoxP1 states, showing distinct anisotropy distributions and exchange rates [2].
5.2.1. LAB MEDIA: Figure 4B, traBVA panel. Video Editor: Use file “Figure 4-new.PDF”
5.2.2. LAB MEDIA: Figure 4B, daPDA panel. Video editor: Sequentially highlight the two histograms labeled “Monomer” and “Dimer” Use file “Figure 4-new.PDF”

5.3. Dimerization influenced local and global motions in FoxP1, with excess variance measurements indicating significant anisotropic changes at specific cysteine-labeled sites [1]. Dynamic anisotropy analysis revealed that FoxP1 undergoes partial unfolding upon dimerization and DNA binding, altering the fraction of structured and disordered populations [2].
5.3.1. LAB MEDIA: Figure 5B. Video editor: Video editor: Sequentially highlight the two graphs labeled “Monomers” and “Dimers” 
5.3.2. LAB MEDIA: Figure 5C. Video editor: Please emphasize the green bars first and then the yellow bars
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