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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?
  
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.

[bookmark: _GoBack]2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  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. Filming location: Will the filming need to take place in multiple locations?   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:  18
Number of Shots:  39

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. Linyu Zuo: We provide a single-molecule assay to observe phase separation of transcription factor on DNA.

REQUIRED: What is the main advantage of this technique?
1.2. Linyu Zuo: This technique allows us to real-time visualize the dynamic process of how transcription factor specifically assemble as a liquid droplet on DNA.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Linyu Zuo: EWS-FLI1 is a major inducement for Ewing sarcoma tumorigenesis, our method could tell the relationship between DNA motif number and EWS-FLI1 condensate formation which is associated with the aberrant gene transcription in the tumor cells and may be helpful for the prognosis.

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. Linyu Zuo: This method could be applied to study any transcription condensate or complex in vitro like p53 and MED1.

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. 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. Zhi Qi: Demonstrating the procedure will be Linyu Zuo, a PhD student from my laboratory.   
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.

Authors: Please create screen capture videos or images of the shots labeled SCREEN and upload them to your project page: http://www.jove.com/files_upload.php?src=19207118
 
2. Preparation of a DNA Curtains Flowcell
2.1. To prepare a flowcell with zig-zag nanofabricated barriers for a DNA Curtain experiment, connect the input and output tubes in the correct direction [1]. Then, wash the flowcell with 2.5 milliliters of lipid buffer using two 3-milliliter syringes, ensuring there is no bubble in the flowcell [2].
2.1.1. WIDE: Establishing shot of talent connecting the input and output tubes.
2.1.2. Talent washing the flowcell with lipid buffer.

2.2. Remove the syringe from the output [1] and inject 1 milliliter of the liposome solution three times with a 5-minute incubation between each injection [2-TXT].
2.2.1. Talent removing the syringe from the output tube.
2.2.2. Talent injection of liposome solution. TEXT: 40 μL liposome stock + 960 μL of lipid buffer.

2.3. For healing, rewash the flowcell with 2.5 milliliters of lipid buffer slowly [1] and incubate at room temperature for 30 minutes [2].
2.3.1. Talent washing the flowcell with lipid buffer.
2.3.2. Shot of flowcell incubating.

2.4. During the incubation, prepare the BSA buffer as mentioned in the text manuscript [1-TXT]. Then, after 30 minutes of healing, wash the flowcell with 2.5 milliliters of BSA buffer from the output side [2].
2.4.1. Shot of prepared BSA solution. TEXT: BSA-Bovine serum albumin
2.4.2. Talent washing the flowcell with BSA buffer. 

2.5. Next, inject 800 microliters of streptavidin buffer into the flowcell from the input side in two steps with a 10-minute incubation after each step [1-TXT]. Then, wash the flowcell with 2.5 milliliters of BSA buffer to remove all free streptavidin molecules [2]
2.5.1. Talent injecting the streptavidin buffer. TEXT: 10 μL of a 1 mg/mL streptavidin stock; 790 μL of BSA buffer
2.5.2. Talent washing flowcell with BSA buffer.

2.6. Next, dilute the Biotin-Lambda DNA with cloned motifs using BSA buffer [1-TXT], then inject it 4 times slowly at 5-minute intervals [2].
2.6.1. Talent diluting DNA with motifs. TEXT: 2.5 μL of DNA and 998 μL of BSA buffer
2.6.2. Talent injecting the diluted DNA.

2.7. During the injection, turn on the microscope and the scientific Complementary Metal Oxide Semiconductor system [1]. Then, wash the tubing with 10 milliliters of double distilled water [2] and rinse the prism and the tubing connector with water, 2% liquid cuvette cleaner, and 99% ethanol [3].
2.7.1. Talent turning on the microscope and the sCMOS system.
2.7.2. Talent washing the tubing with water.
2.7.3. Talent rinsing the prism and tubing connector.

2.8. After preparing the imaging buffer as described in the text manuscript, draw up at least 20 milliliters of the buffer into a 30-milliliter syringe [1]. Then, set up the flowcell on the microscope stage [2] and connect it to the microfluidic system [3].
2.8.1. Talent drawing up the buffer in the syringe.
2.8.2. Talent setting up the flowcell on the microscope stage.
2.8.3. Talent connecting the flowcell to the microfluidic system.

2.9. Using a flow rate of 0.03 milliliters per minute, flush the DNA molecules to the barrier for 10 minutes [1], incubate for 30 minutes with the flow stopped [2], and then switch it off to let the DNA diffuse laterally [3].
2.9.1. Talent setting the flow rate to 0.03 mL/min.
2.9.2. Talent switching off the microfluidic system.Shot of the flowcell incubating.
2.9.3. Talent switching off the microfluidic system.Shot of the flowcell incubating. Authors: Please confirm that the microfluidic system is being switched off here.
3. Imaging of EWS-FLI1 Condensation Formation on DNA Curtains
3.1. To image the EWS-FLI1 condensation formation on DNA curtains, open the imaging software [1] and find and mark the positions of the 3 zig-zag patterns under bright-field [2]. Authors: How should the JoVE voiceover talent pronounce EWS-FLI1?	Comment by Jiawei Ding: Usually we just pronounce the letters separately.
3.1.1. WIDE: Talent at the computer, opening software, monitor visible in frame.
3.1.2. SCREEN: Finding and marking the zig-zag patterns.

3.2. Then, turn on the flow at 0.2 milliliters per minute to stain the DNA with the double-stranded DNA dye for 10 minutes [1].
3.2.1. Talent setting the flow rate to 0.2 mL/min.

3.3. Next, dilute the mCherry-EWS-FLI1 protein with the imaging buffer at a concentration of 100 nanomoles in 100 microliters [1], then load the protein sample through the valve with a 100-microliter glass syringe [2] and change the flow rate to 0.4 milliliters per minute [3].
3.3.1. Talent diluting mCherry-EWS-FLl1 with imaging buffer.
3.3.2. Talent loading the protein sample with a glass syringe.
3.3.3. Talent setting the flow rate to 0.4 mL/min.

3.4. After turning on the 488-nanometer laser [1], pre-scan each region to check the DNA distribution state [2-TXT] and select the region in which the DNA molecules distribute evenly [3]. 
3.4.1. Talent turning on the laser.
3.4.2. SCREEN: Scanning each region TEXT: Laser power 10% for 488 nm and 20% for 561 nm laser.
3.4.3. SCREEN: Selecting region in which the DNA molecules distribute evenly.

3.5. Then, set the laser power to 10% for the 488 nm laser and 20% for the 561 nm laser [1], and using the power meter, measure the real laser power near the prism [2-TXT]. 
3.5.1. SCREEN: Setting the laser power of the 488 and 561 nm lasers.
3.5.2. Talent measuring the real laser power. TEXT: 4.5 mW for the 488 nm and 16.0 mW for the 561 nm laser

3.6. Start acquiring images at 2-second intervals with both 488 and 561-nanometer lasers simultaneously [1].
3.6.1. SCREEN: Acquiring images. 

3.7. Then, change the valve from the manual mode to injection mode to let the imaging buffer flush the protein sample into the flowcell after 60 seconds [1].
3.7.1. Talent changing the valve mode. Authors: Is this step performed using software? If yes, please create a screen capture video for this step and upload it to your project page.	Comment by Jiawei Ding: No, it is a manual operation.

3.8. To remove the free EWS-FLI1, keep washing the flowcell with the imaging buffer for 5 minutes with only the 561-nanometer laser switched on [1], then stop the flow [2] and incubate at 37 degrees Celsius for 10 minutes [3].
3.8.1. Talent washing of flowcell with imaging buffer.
3.8.2. Talent stopping the flow.
3.8.3. Talent incubating the flowcell at 37 °C.

3.9. After 10 minutes, turn on the flow at 0.4 milliliters per minute to let the DNA extend [1] and acquire images at 2-second intervals between different frames to obtain high-throughput data of EWS-FLI1 condensate formation [2].
3.9.1. Talent turning on the flow rate, setting at 0.4 mL/min.
3.9.2. SCREEN: Acquiring the images.

Authors: Please create screen capture videos or images of the shots labeled SCREEN and upload them to your project page: http://www.jove.com/files_upload.php?src=19207118


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, 2.2, 2.8, 3.6, 3.9

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: Text3][bookmark: Text2]Click here to list microscope shots, using the shot 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. Current word count: 109. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

4. EWS-FLI1 Condensate Formation on Lambda DNA and Binding Events of the Detached Domain of mCherry-EWS-FLI1 on 25× GGAA Domain Repeats
4.1. EWS-FLI1 molecules were visualized by detecting the mCherry-labeled EWS-FLI1 signals obtained with a 561-nanometer laser in wide-field total internal reflection fluorescence microscopy images of DNA Curtains [1].
4.1.1. LAB MEDIA: Figure 1C and 1E. 

4.2. The in vitro formation of biomolecular condensates of EWS-FLI1 at the 25 times GGAA (spell out) sites of the DNA substrate could be directly visualized [1].
4.2.1. LAB MEDIA: Figure 1B-1E.

4.3. The specificity of the mCherry-EWS-FLI1 used in DNA Curtains was confirmed by an electrophoretic mobility shift assay using a DNA template with and without 25 times GGAA separately [1].
4.3.1. LAB MEDIA: Figure 2A.

4.4. When the EWS-FLI1 concentration was titrated from 20 to 500 nanomoles [1], the EWS-FLI1 intensity increased dramatically [2], whereas the change in the FLI1DBD intensity was negligible [3]. Authors: How should the JoVE voiceover talent pronounce FLI1DBD?	Comment by Jiawei Ding: Usually we just pronounce the letters separately.
4.4.1. [bookmark: _Hlk68693034][bookmark: _Hlk68098449]LAB MEDIA: Figure 2B-2E. Video Editor: Please emphasize the x-axis in Figure 2E
4.4.2. LAB MEDIA: Figure 2B-2E. Video Editor: Please emphasize the cyan dotted curve in Figure 2E
4.4.3. LAB MEDIA: Figure 2B-2E. Video Editor: Please emphasize the black dotted curve in Figure 2E
Conclusion
5. [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.
5.1. Linyu Zuo: (2.2., 2.5., 2.6.) The injection should be very slow and soft to make the liposome and DNA distribute evenly on the flowcell.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
5.2. Linyu Zuo: It’s important to perform EMSA to confirm the purified transcription factor could specifically bind to its target sequence in vitro.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
5.3. Linyu Zuo: This technique allows people to explore whether the condensate will facilitate target search of transcription factor and its effect on transcription.


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.



 2022, Journal of Visualized Experiments		Page 9 of 9
image1.png




