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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?  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:  28
Number of Shots:  55

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.
· Fill out both required statements.
· 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. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

REQUIRED: What is the main advantage of this technique?
1.2. Enter author name: Click here to answer 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.

1.3. 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.  
1.3.1. INTERVIEW: Author saying the above. 
1.3.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.4. 

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. Preparation of quantum-dot-labeled DNA substrate materials
2.1. Begin by preparing a fresh tube for each resuspended oligonucleotide [1]. Add 50 microliters of the oligonucleotide and 50 microliters of DTT solution to each tube, pipet up and down to mix, and incubate for 30 minutes at room temperature [2]. 
2.1.1. WIDE: Establishing shot of talent placing tubes in a tube rack.
2.1.2. Talent adding oligonucleotide and DTT to a tube, then mixing.
2.2. Pipet the entire volume of each sample mixture gently onto a prepared column [1] and centrifuge at 750 × g for 2 minutes [2].
2.2.1. Talent transferring the mixture to a column. 
2.2.2. Talent placing the column in the centrifuge and closing the lid.
2.3. After centrifugation, store any samples that will not be used immediately at -20 degrees Celsius to prevent oxidation of the thiol groups and formation of disulfide bonds [1].
2.3.1. Talent placing samples in the freezer. 
2.4. Pipet one aliquot of 50 microliters of the quantum dot stock into a dialysis device for each construct to be made, making sure not to touch the membrane with the pipette tip [1]. Dialyze against a volume of CHES buffer that is at least 1000 times the sample volume with stirring at 100 rpm for 15 minutes [2-TXT]. Authors: How do you pronounce CHES?
2.4.1. Talent pipetting quantum dot stock onto a dialysis device. 
2.4.2. Quantum dots dialyzing and stirring. TEXT: CHES - N-cyclohexyl-2-aminoethanesulfonic acid
2.5. Using a pipettor, carefully retrieve the suspended quantum dots from the dialysis device [1] and transfer them into a fresh tube containing an equal volume of the sulfo-SMCC solution, pipetting up and down to mix [2]. 
2.5.1. Talent removing quantum dots from the dialysis device. 
2.5.2. Talent transferring the quantum dots into a tube with sulfo-SMCC and mixing.
2.6. Incubate for 1 hour at room temperature with shaking at 1000 rpm to allow the sulfo-SMCC to react with the primary amines on the quantum dots [1].
2.6.1. Tubes on a shaker. 
2.7. Then, use a pipettor to carefully transfer each sample into a fresh dialysis device [1]. To remove excess sulfo-SMCC, dialyze against a volume of CHES buffer that is at least 1000x the volume contained in the dialysis device, with stirring, for 15 minutes [2].
2.7.1. Talent transferring a sample to a dialysis device. 
2.7.2. Sample dialyzing. 
2.8. Exchange the buffer twice and perform dialysis with fresh CHES buffer three times in total, allowing dialysis to proceed for 15 minutes after each buffer exchange. Then, repeat the dialysis with PBS [1].
2.8.1. Talent exchanging the buffer in the dialysis device. 
2.9. Using a pipettor, carefully recover the solution containing the quantum dots from the dialysis device and transfer each sample into a fresh tube containing an equimolar amount of thiolated oligonucleotide diluted in PBS [1]. Incubate for 2 hours at room temperature with shaking at 1000 rpm [2].
2.9.1. Talent transferring the sample into a fresh tube. 
2.9.2. Talent putting the sample on a shaker.
2.10. Add BSA to each sample for a final concentration of 0.5 milligrams per milliliter [1], then use a pipettor to carefully transfer each sample into a fresh dialysis device and dialyze against storage buffer [2].
2.10.1. Talent adding BSA to a sample.
2.10.2. Talent transferring a sample to a dialysis device.
2.11. After dialysis, carefully recover each sample and place it into a fresh tube [1]. Store the samples at 4 degrees Celsius [2].
2.11.1. Talent placing the sample in a fresh tube. 
2.11.2. Talent putting the tubes in the refrigerator.  
2.12. Combine a sample of quantum dot-labeled oligonucleotides with a 10-fold molar excess of biotinylated oligonucleotide [1]. Heat the mixture in a heat block to 75 degrees Celsius and hold it at that temperature for 5 minutes [2]. 
2.12.1. Talent combining the oligonucleotides. 
2.12.2. Talent placing the tubes in a heat block and setting it to 75 degrees.
2.13. Then, turn off the heat block and allow the mixture to cool slowly. Store the completed construct at 4 degrees Celsius [1].
2.13.1. Talent turning off the heat block.
3. Microfluidic device construction
3.1. Using a handheld rotary multitool fitted with a tapered diamond point wheel bit, drill two holes in opposite corners of the quartz slide to serve as an inlet and outlet. Be sure to secure the slide in place, lubricate the bit, and slide constantly with water while drilling [1]. 
3.1.1. Talent drilling a hole.
3.2. After each experiment, recover the prepared quartz slide by soaking the used device in acetone to dissolve the adhesive and epoxy. Discard the remaining components [1].
3.2.1. Talent soaking used device to recover the slide.
3.3. Combine 25 microliters of streptavidin solution with 80 microliters of PBS and 20 microliters of blocking buffer [1]. Coat a PEG-treated coverslip with this mixture [2] and incubate in a humid environment for 30 minutes [3].
3.3.1. Talent mixing streptavidin with PBS and blocking buffer. 
3.3.2. Talent coating a coverslip. 
3.3.3. Talent placing the coverslip in the incubator.
3.4. During the incubation of the coverslip, prepare the imaging spacer to create a flow channel. Cut a 1-inch square piece of imaging spacer material [1], then mark a 2-millimeter-wide channel aligned to the ends of the holes drilled in the quartz slide [2]. Cut the channel out of the spacer material with a scalpel [3].
3.4.1. Talent cutting spacer material. 
3.4.2. Talent marking the channel. 
3.4.3. Talent cutting the channel.
3.5. Peel one side of the backing from the image spacer and carefully place it onto the quartz slide, taking care not to cover the inlet and outlet holes [1]. Be sure to clean the quartz slide thoroughly with acetone to remove any remnants of adhesive from prior experiments [2].
3.5.1. Talent placing the spacer on the slide. 
3.5.2. Talent cleaning the slide with acetone.
3.6. Wash the coverslip with water [1] and dry with compressed air [2]. Remove the other side of backing from the imaging spacer and sandwich it between the quartz slide and the functionalized, streptavidin-coated coverslip, using plastic tweezers to press the assembly together and remove air bubbles from the adhesive [3].
3.6.1. Talent washing the coverslip. 
3.6.2. Talent drying the coverslip. 
3.6.3. Talent sandwiching the imaging spacer between the slide and coverslip.
3.7. Insert 30-centimeter-long polyethylene tubing into each hole in the quartz slide [1] and cut the ends of the tubing at an angle to ensure free flow of solution [2]. Hold the tubes in place with a tube rack, then use epoxy to seal the tubes in place and the edges of the assembled device [3].
3.7.1. Talent inserting tubing in the slide. 
3.7.2. Talent cutting the ends.
3.7.3. Talent sealing the tubes and edges with epoxy.
3.8. Once the epoxy has set, insert the blunt needle on an empty syringe into the outlet tube of the device [1] and submerge the end of the inlet tube in a container filled with blocking buffer [2]. Pull back on the syringe plunger to fill the device with blocking buffer, then leave the device to incubate for at least 30 minutes prior to use [3].
3.8.1. Talent inserting the needle into the outlet tube.
3.8.2. Talent submerging the inlet tube. 
3.8.3. Talent pulling back on the syringe plunger.

4. Surface tethering of quantum-dot-labeled DNA substrate
4.1. Attach the microfluidic device to the microscope stage plate with tape [1], bring the objective into contact with the bottom of the device [2], and position the objective so that the field of view is within the microfluidic channel [3].
4.1.1. Talent attaching the device to the stage. 
4.1.2. Talent bringing the objective in contact with the device. 
4.1.3. SCOPE: Microfluidic device in the field of view.
4.2. After connecting the outlet tube to the syringe pump, flush the microfluidic channel with fresh blocking buffer by pulling back the syringe plunger [1]. Check to make sure there are no bubbles trapped in the tubing or in the channel [2].
4.2.1. Talent pulling back the syringe stopper. 
4.2.2. SCOPE: Tubing and channel without bubbles.
4.3. Dilute 1 microliter of the prepared DNA substrate into 1 milliliter of blocking buffer [1]. Place the inlet tube into the diluted DNA substrate [2] and flow 800 microliters of the substrate solution through the channel at a rate of 200 microliters per minute. Allow the DNA solution to incubate in the channel for 15 minutes after the flow stops [3].
4.3.1. Talent diluting the DNA substrate. 
4.3.2. Talent placing the inlet tube in the DNA. 
4.3.3. SCOPE: Talent flowing the DNA into the channel, then stopping the flow.
4.4. After the incubation, flow at least 800 microliters of blocking buffer through the channel at a rate of 200 microliters per minute to rinse the unbound DNA out of the channel [1]
4.4.1. SCOPE: Talent flowing the blocking buffer through the channel.

5. REase-mediated DNA cleavage
5.1. Flush the microfluidic device with 800 microliters of experimental buffer without magnesium at a flow rate of 200 microliters per minute [1].
5.1.1.  Talent flushing the device.
5.2. Add the REase (pronounce ‘R-E-ase’) to an aliquot of experimental buffer without magnesium and mix gently by pipetting [1]. Flow 800 microliters of 400 units per milliliter of EcoRV through the channel at a flow rate of 200 microliters per minute [2].
5.2.1. Talent adding REase to experimental buffer. 
5.2.2. SCOPE: EcoRV flowing through the channel.
5.3. Start the experiment by flowing experimental buffer containing magnesium and fluorescein at a flow rate of 200 microliters per minute [1]. Begin capturing data immediately after starting the syringe pump. Stop data acquisition after flowing 800 microliters of buffer [2].
5.3.1. SCOPE: Talent flowing experimental buffer into the device. 
5.3.2. Talent starting data acquisition. 


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

6. Results: Single-molecule TIRF experiment for parallelized observations of DNA cleavage events
6.1. After introducing the DNA substrate into the flow cell and washing away excess DNA and quantum dots, there are typically thousands of individual quantum dots in a field of view. They are stably attached to the glass surface and do not undergo noticeable dimming or significant bleaching throughout the experiment [1].
6.1.1. LAB MEDIA: Figure 5 B.
6.2. When the REase is flowed through the channel in the absence of magnesium, at least 95% of quantum dots present at the beginning of the experiment can still be seen at the end of the observation period [1].
6.2.1. LAB MEDIA: Figure 5 C. 
6.3. However, when magnesium-containing buffer is flowed immediately after the REase, up to half of the quantum dots disappear by the end of the observation period, similar to what is observed when REase and magnesium are flowed through the channel together [1].
6.3.1. LAB MEDIA: Figure 5 C and D. 
6.4. Quantum dot disappearance happens quickly and results in a sharp decrease in the intensity trajectory, providing a clear indication of the time at which a given DNA molecule is cleaved [1].
6.4.1. LAB MEDIA: Figure 5 E. 
6.5. This experiment was performed with the well-studied Type IIP (‘2-P’) REase, EcoRV. Both nonlinear least-squares curve-fitting and maximum-likelihood parameter estimation were used to extract the values of N and beta from the data [1].
6.5.1. LAB MEDIA: example.mp4. Video Editor: Please speed up.
6.6. The two parameter estimation methods were in agreement [1]. Using the nonlinear least-squares fit, N was 3.52 and beta was 5.78 seconds [2]. Using the maximum-likelihood estimation, N was 3.41 and beta was 6.06 seconds [3].
6.6.1. LAB MEDIA: Figure 6 A. 
6.6.2. LAB MEDIA: Figure 6 A. Video Editor: Emphasize the NLS curve. 
6.6.3. LAB MEDIA: Figure 6 A. Video Editor: Emphasize the MLE curve.






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 of the prompts below.
· Limit the statement 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 the 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.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Enter author name: 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?
7.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

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.



 2021, Journal of Visualized Experiments		Page 9 of 9
image1.png




