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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  yes  
If Yes, can you record movies/images using your own microscope camera?
Yes, the camera presents the image on a computer software 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

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


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Eric Greene: DNA curtains were pioneered by the Greene laboratory and allow for direct access to spatiotemporal information at millisecond time scales and nanometer scale resolution that cannot be easily revealed through other methodologies.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Eric Greene: DNA curtains present a novel method for visualizing hundreds or even thousands of DNA-binding proteins in real time as they interact with DNA molecules aligned on the surface of a microfluidic sample chamber.   

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL: 

1.3. Aviv Meir: Visual demonstration of this protocol is important because its success lies in minor details, some of which are hard to clearly describe in words and can only be conveyed through a video.	Comment by Anastasia Gomez: Authors: Aviv will be introduced with a text overlay as this statement is delivered, so we don’t need an introduction of demonstrator statement.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Protocol
2. Preparation of Lipid Stock
2.1. Begin by cleaning an organic solvent glass syringe with chloroform [1], then transfer 200 microliters of the lipid master mix to a glass vial [2]. 
2.1.1. Talent cleaning a syringe with chloroform. 
2.1.2. Talent transferring the lipid master mix to a glass vial.
2.2. Evaporate the chloroform from the glass vial with a gentle stream of compressed nitrogen, rotating the vial so that the lipids dry as a uniform layer of white film on the wall [1]. Slightly increase the pressure towards the end of the evaporation to ensure that all traces of chloroform are removed [2].
2.2.1. Talent evaporating the chloroform with compressed nitrogen while rotating the vial.
2.2.2. Talent slightly increasing the pressure.
2.3. Place the vial under vacuum overnight, uncapped [1]. On the next day, add 2 milliliters of lipid buffer to the dried lipid film and cap the vial [2]. Incubate it at room temperature for at least 1 hour, then vortex it until the contents are dissolved [3].
2.3.1. Talent placing the vial under vacuum. 
2.3.2. Talent adding lipid buffer and capping the vial. 
2.3.3. Talent vortexing the vial.
2.4. Transfer the solution to a 5-milliliter polystyrene round-bottom tube and sonicate it on ice using a microtip [1-TXT]. The solution should be clear after sonication [2]. Filter it through a 0.22-micrometer PVDF syringe filter [3] and store the lipid stock at 4 degrees Celsius for up to 1 month [4].
2.4.1. Talent sonicating the solution. TEXT: amplitude = 50; process time = 1.5 minutes; pulse = 15 seconds; time off = 2 minutes
2.4.2. Clear solution after sonication. 
2.4.3. Talent filtering the solution. 
2.4.4. Talent placing the solution in the fridge.
3. Assembly of Flow Cell
3.1. Place a 35 by 5-millimeter rectangular paper template over the quartz slide with the patterned side facing up [1]. Apply a piece of double-sided tape over the slide, covering the paper template [2], then use a razor blade to cut out the template [3].
3.1.1. Talent placing the paper template over the slide. 
3.1.2. Talent applying the tape to cover the template. 
3.1.3. Talent cutting the template.
3.2. Place a glass coverslip over the double-sided tape and apply gentle pressure to seal the coverslip to the tape [1]. The space between the coverslip and slide now forms the microfluidic chamber [2]. Videographer: This step is important!
3.2.1. Talent placing the coverslip over the tape and applying gentle pressure. 
3.2.2. ECU: Microfluidic chamber. Videographer: If this shot is not possible, skip it. 
3.3. Place the coverslip-slide sandwich in between glass slides and attach binder clips on all four sides to evenly distribute the pressure [1]. Incubate the assembly in a vacuum oven for 60 minutes at 135 degrees Celsius to melt the double-sided tape and seal the chamber [2].
3.3.1. Talent placing the sandwich between glass slides and clipping it. 
3.3.2. Talent placing the assembly in the vacuum oven. 
3.4. After the incubation, take the microfluidic chamber out of the oven [1] and remove the binder clips and glass slides [2]. Attach microfluidic ports to the predrilled inlet and outlet holes with a hot glue gun [3], then place the assembly onto a heating block for 1 minute [4-TXT] and carefully apply pressure to properly seal the ports [5]. Videographer: This step is important!
3.4.1. Talent taking the assembly out of the oven. 
3.4.2. Talent removing the clips and slides.
3.4.3. Talent attaching ports. 
3.4.4. Talent placing the assembly on a heating block. TEXT: 220 ˚C
3.4.5. Talent carefully applying pressure. 
3.5. Allow the glue to cure completely before proceeding. Assembled flow cells may be placed in 50-milliliter tubes and stored under vacuum [1].
3.5.1. Talent storing the flow cell under vacuum.

4. Assembly of dsDNA Curtain
4.1. Attach inlet and outlet tubing to the flow cell microfluidic ports [1] and wash the chamber with 20 milliliters of double-distilled water using two 10-milliliter syringes [2].
4.1.1. Talent attaching the inlet and outlet tubing.
4.1.2. Talent washing the chamber with water.
4.2. With a syringe connected to both sides of the flow cell, apply force to push and pull the water between the inlet and outlet, which will remove all air bubbles from the flow cell [1]. Then, wash the chamber with 3 milliliters of lipid buffer [2]. Videographer: This step is difficult and important!
4.2.1. ECU: Air bubbles leaving the flow cell.
4.2.2. Talent washing the cell with lipid buffer, with the buffer container in the shot if possible. 
4.3. Mix 40 microliters of liposome solution with 1 milliliter of lipid buffer [1] and inject 300 microliters of the lipid solution into the flow cell [2]. Incubate the flow cell for 5 minutes, then repeat the injection and incubation twice, alternating the inlet and outlet side each time a syringe is connected to the flow cell [3].
4.3.1. Talent mixing the liposome solution with the lipid buffer. 
4.3.2. Talent injecting the solution into the flow cell. 
4.3.3. The cell incubating at room temperature. 
4.4. Wash the chamber with 3 milliliters of lipid buffer and incubate it for 15 minutes [1]. 
4.4.1. Talent washing the chamber with buffer. 
4.5. For double-tethered DNA curtains, mix 40 microliters of anti-digoxigenin stock solution with 200 microliters of lipid buffer [1-TXT]. Inject 100 microliters of the solution into the chamber and incubate it for 10 minutes [2]. Repeat the injection and incubation once before washing with 3 milliliters of lipid buffer [3]. 
4.5.1. Talent mixing the anti-digoxigenin stock with lipid buffer. TEXT: 1 mg/mL anti-digoxigenin stock 
4.5.2. Talent injecting the solution into the chamber.
4.5.3. Talent washing the chamber with lipid buffer.
4.6. Wash the chamber with 3 milliliters of BSA buffer [1], then mix 10 microliters of streptavidin stock solution with 990 microliters of BSA buffer [2-TXT] and inject the mixture in two separate 400-microliter doses, with a 10-minute incubation after each injection [3].
4.6.1. Talent washing the chamber with BSA buffer. Videographer: Obtain multiple usable takes of this because it will be reused in 4.7.1.
4.6.2. Talent mixing streptavidin with BSA buffer. TEXT: 1 mg/mL streptavidin stock
4.6.3. Talent injecting the streptavidin into the chamber.
4.7. Remove any excess streptavidin by washing the chamber with 3 milliliters of BSA buffer [1]. Then, dilute 25 nanograms of double stranded DNA substrate stock in 1 milliliter of BSA buffer [2] and slowly inject the solution, 200 microliters at a time, with a 5-minute incubation after each injection [3]. Videographer: This step is important!
4.7.1. Use 4.6.1.
4.7.2. Talent diluting DNA in BSA buffer. 
4.7.3. Talent injecting the DNA solution into the chamber.
4.8. Mount the flow cell onto the microscope stage [1] and adjust the focus as necessary [2]. Connect the input and output ports to a sample injection system comprised of a syringe pump and a high-pressure switch valve [3]. Videographer: This step is important!
4.8.1. Talent mounting the flow cell on the microscope.
4.8.2. Talent adjusting focus.
4.8.3. Talent connecting the input and output ports to a sample injection system.
4.9. Double-tether the DNA to the pedestals by continuously washing the chamber with BSA buffer at 0.8 milliliters per minute for 5 minutes [1]. Videographer: This step is important!
4.9.1. Talent programming the sample injection system to wash the chamber at the desired rate. 



Results
5. Results: Single Molecule DNA Curtain Visualization and Analysis
5.1. This protocol was used to prepare, assemble, and image single- and double-tethered dsDNA curtains for studying protein-DNA interactions in DNA repair intermediates. Shown here is a YoYo1-stained double-tethered DNA curtain [1]. 
5.1.1. LAB MEDIA: Figure 2 A.
5.2. Kymographs were generated to plot the position along the DNA molecule on the vertical axis over time on the horizontal axis. Representative kymographs showing the resection of YoYo1-stained single-tethered lambda-DNA in the presence of single-stranded DNA binding protein RPA-mCherry (pronounce ‘R-P-A-M-cherry’) and ATP [1].
5.2.1. LAB MEDIA: Figure 2 B.
5.3. Biophysically relevant characteristics of the resection, such as velocity and processivity, can be extracted by quantifying the slopes of the YoYo1 signal loss trajectories [1]. The distribution of velocities [2] and processivity of resection by Sgs1-Dna2 (‘S-G-S-1-D-N-A-2’) are shown here [3].
5.3.1. LAB MEDIA: Figure 2 C and D.
5.3.2. LAB MEDIA: Figure 2 C and D. Video Editor: Emphasize C.
5.3.3. LAB MEDIA: Figure 2 C and D. Video Editor: Emphasize D.




Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Aviv Meir: The most important part of the protocol is the drop to drop connection, which prevents the formation of air bubbles that would damage the lipid surface and result in no DNA curtain in the flow cells.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.2.1.

6.2. Aviv Meir: Visualizing the proteins on DNA curtains in real time answers the important questions regarding the processivity and velocity of these proteins. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

6.3. Aviv Meir: Alternatively, the Anti-Dig treatment can be skipped to obtain a single tethered curtain. This way, the proteins flow through the curtain and are not incubated with it.

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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