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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) N
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope. Not applicable

2. Does your protocol include software usage? (Y/N) Y
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. 
There are two softwares that are relevant to this protocol. This first software is used simply to operate the spectrofluorometer and record the fluorescence emission. This software will vary depending on the model of machine being used. Our spectrofluorometer is manufactured by a Japanese company and hence the software is only in Japanese, limiting the usefulness of screen recording as a visual aid. Nevertheless, it would be impactful to show the fluorescence emission being recorded in real time. We will check to make sure that the screen capture software is compatible with this computer. The second software (Dynafit) is used to model the reaction. This previously published software is very simple and intuitive, with only two windows: one for inputting the script (which was provided in the manuscript and can simply be transferred by copy-and-paste) and another for obtaining the results. Thus, we see no value in screen recording when using Dynafit.
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.3. 2.4. 2.5. 2.6. 2.7. 2.8. 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
The protocol does not contain any particularly difficult points. The most challenging aspect of the overall experiment is to obtain highly purified reaction substrates i.e., proteins and fluorescently labelled DNA. These were listed in our re-submitted document as 1.1. and 1.2.
5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: 
1.1. Hiroshi Iwasaki: This method can help to decipher the steps in DNA strand exchange and reveal the molecular roles of different proteins involved in recombinational DNA repair [1]. 

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

1.2. Hiroshi Iwasaki: With this technique, we can monitor DNA strand exchange in real-time, without any disruption to the reaction, and use the obtained data to determine the kinetics of each reaction step [1].

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

OPTIONAL Interview Statements: 

1.3. Bilge Argunhan: With some minor adjustments, this technique can be applied to study the activities of purified recombination proteins derived from other species such as mammals and plants [1].

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


Introduction of Demonstrator: 

1.4. Hiroshi Iwasaki: Demonstrating the procedure will be Kentaro Ito, a postdoctoral researcher from my laboratory [1][2].  

1.4.1. INTERVIEW: Author saying the above 
1.4.2. The named post doc looks up from workbench or desk or microscope and acknowledges the camera.








Section - Protocol
2. DNA Strand Pairing and Displacement Assays
2.1. To begin, prepare the reaction buffer A, according to the text protocol. Next, add 36-nanomole 16FA(-)(pronounced: “f.a.minus”) oligonucleotide to the buffer for the DNA pairing assay [1-TXT].
2.1.1. CU: Talent pipettes the 16FA(-) oligonucleotides into the tube. TEXT: Use 36-nanomole 16A(-) for the DNA displacement assay
2.2. Incubate the mixture at 37 degrees Celsius for 5 minutes [2].
2.2.1. MED: Talent transfers the tube to an incubator. Show a timer set to count down from 5 minutes in the shot. Videographer: Obtain multiple takes, this is repeated. 
2.3. Add Rad51 (pronounced “rad.fifty.one) protein at a final concentration of 1.5 micromoles to the mixture [1], and incubate it at 37 degrees Celsius for 5 minutes [2].
2.3.1. CU: Talent pipettes the protein into one of the mixtures.  
2.3.2. Reuse 2.2.2
2.4. Add Swi5-Sfr1 (pronounced “su.why.five-s.f.r.1”) protein at a final concentration of 0.15 micromoles to the mixture [1], and incubate it at 37 degrees Celsius for an additional 5 minutes [2].
2.4.1. CU: Talent pipettes the protein into one of the mixtures. 
2.4.2. Reuse 2.2.2
2.5. Transfer 1.5 milliliters of the mixture into a 1.0 X 1.0-centimeter quartz cuvette containing a magnetic stirrer [1]. Insert the cuvette into a spectrofluorometer and proceed to adjusting the temperature controller and the magnetic stirrer [2].
2.5.1. MED: Talent transfers the mixture into a cuvette. 
2.5.2. MED: Talent inserts the cuvette into a spectrofluorometer. 
2.6. Record the change in FAM (pronounced as one word: “fam”) fluorescence emission at 525 nanometers upon excitation at 493 nanometers at 1 second intervals for 100 seconds [1].
2.6.1. MED: Shots taken by videographer. SCREEN (to be provided by the authors): Record the fluorescence emission of FAM. Show a timer set to count down from 100 seconds in the shot. [Author Note]: For both 2.6.1. and 2.7.2., a timer was not included in the shot as the software for operating the spectrofluorometer has a timer on screen, with 0 seconds corresponding to the beginning of step 2.6. and 100s corresponding to the beginning of step 2.7.
2.7. Finally, with a syringe inject ROX (pronounced as one word: “rocks”) -labeled double-stranded DNA at a final concentration of 36 nanomoles into the cuvette [1-TXT]. Record the change in fluorescence emission at 1 second intervals for 30 minutes [2].
2.7.1. CU: Talent injects donor DNA into the cuvette with a syringe. Show a timer set to count down from 30 minutes. TEXT: For the displacement assay, inject dsDNA labelled with FAM and ROX
2.7.2. MED: Shots taken by videographer. SCREEN (to be provided by the authors): Record the fluorescence emission of FAM. Show a timer set to count down from 30 minutes in the shot. [Author note]: Shots 2.6.1. and 2.7.2.  were recorded as a single shot. This is because 2.7.2 follows seamlessly from 2.6.1., therefore it made more sense to record them together. Additionally, if recorded in its entirety, 2.7.2. would have been an unnecessarily long shot (~30mins). Thus, it was subdivided into 6 shots (2.7.2. part 1 to 2.7.2. part 6), with each shot consisting of several seconds taken at different points throughout the progression of the experiment. 
3. Estimate Maximum FRET Efficiency of the Pairing and Displacement Assays
3.1. To compare the fluorescence spectra between the substrates and the final products, insert each cuvette containing the 16FA(-) oligonucleotides with or without Rad51 into a spectrofluorometer, and incubate at 37 degrees Celsius for 5 minutes [1].
3.1.1. MED: Talent inserts the smaller cuvette into a spectrofluorometer. Show a timer set to count down from 5 minutes in the shot.
3.2. Then, record the FAM fluorescence emission at 500 to 600 nanometers upon excitation at 493 nanometers [1].
3.2.1. SCREEN (to be provided by the authors): Record the fluorescence emission of FAM. 
3.3. To test the effect of Rad51 on the fluorescence spectra, add Rad51 at a final concentration of 1.5 micromoles [1], and incubate the mixture at 37 degrees Celsius for 5 minutes [2]. 
3.3.1. CU: Talent pipettes Rad51 into the cuvette. Show a timer set to count down from 5 minutes in the shot.
3.4. Finally, record the fluorescence spectra from 500 to 600 nanometers upon excitation at 493 nanometers. 
3.4.1. SCREEN (to be provided by the authors): Record the fluorescence emission of FAM. 




Section – Results
4. Results: Real-time Measurement of Rad51-Driven DNA Strand Exchange 
4.1. The maximum FRET efficiency is obtained by measuring the maximum reduction in the fluorescence intensity when all single-stranded DNA substrate is converted into double-stranded DNA in the pairing assay [1], or by measuring the maximum increase in the intensity when all double-stranded DNA substrate is converted into single-stranded DNA in the displacement assay [2].
4.1.1. LM: Figure 2. Video Editor: Show panel A. Emphasize both blue and green curves on the graph when the VO says, “by measuring the maximum reduction”. Emphasize the schematic next to “Blue” when the VO says “single-stranded DNA substrate”. Emphasize the schematic next to “Green” when the VO says “double-stranded DNA”. 
4.1.2. LM: Figure 2. Video Editor: Show panel B. Emphasize both blue and green curves on the graph when the VO says, “by measuring the maximum increase in the intensity”. Emphasize the schematic next to “Green” when the VO says “double-stranded DNA substrate”. Emphasize the schematic next to “Blue” when the VO says “single-stranded DNA”. 
4.2. In both assays, addition of Rad51 protein did not affect fluorescence emission of FAM or its quenching efficiency by ROX [1].
4.2.1.  LM: Figure 2. Video Editor: Show panel A and B. Emphasize both red and blue curves on the graphs when the VO says, “fluorescence emission of FAM”. Emphasize both green and purple curves on the graphs when the VO says, “quenching efficiency by ROX”. 
4.3. Effects of spontaneous reactions between substrate DNAs and the subsequent photobleaching are small, as shown by the negligible changes in the emission of FAM without Rad5… compared to the substantial changes seen with Rad51 [1]. 
4.3.1. LM: Figure 3A and 3B. Video Editor: Emphasize the blue curves labelled as “DNA” when VO says: “negligible changes in the emission of FAM without Rad5”. Emphasize the red curves labelled as “Rad51” when VO says: “compared to the substantial changes seen with Rad5”.
4.4. Adding the Swi5-Sfr1 complex strongly stimulates the pairing activity of Rad51 [1]. 
4.4.1. LM: Figure 4. Show panel A. Video Editor: Emphasize both blue and red curves. 
4.5. The pairing reaction is simulated using a three-step model, consisting of formation of the first three-strand intermediate, transition into the second intermediate, and release of the single-stranded DNA and formation of the heteroduplex [1]. 
4.5.1. LM: Figure 3. Video Editor: Show panel E. Emphasize the schematic above “C1” when the VO says, “first three-strand intermediate”. Emphasize the schematic above “C2” when the VO says, “the second intermediate”. Emphasize the schematic above “D + E” when the VO says, “the release of single-stranded DNA, and formation of the heteroduplex”. 
4.6. A comparison of the three-step model with a two-step model Indicates that the three-step model is a better fit for simulating DNA pairing without or with Swi5-Sfr1 complex [1][2].
4.6.1. LM: Figure 3. Video Editor: Emphasize the equation on panel F when the VO says: “the three-step model”. Emphasize the equation on panel G when the VO says: “the two-step model”. Show panel F and G at the same time when VO says” simulating DNA pairing without”. 
4.6.2. LM: Figure 4: Video Editor: Show panel B when the VO says” with Swi5-Sfr1 complex”. 
4.7. The calculated equilibrium constant of each reaction step with or without Swi5-Sfr1 shows that the Swi5-Sfr1 complex does not stimulate the formation of the first three-strand intermediate, but strongly stimulates the transition between the two three-strand intermediates and the release of ssDNA [1].
4.7.1. LM: Figure 4. Video Editor: Panel C. Emphasize blue and red bars on graph (a) when the VO says” the formation of the first three-strand intermediate”. Emphasize blue and red bars on graph (b) when the VO says” transition between the two three-strand intermediates”. Emphasize blue and red bars on graph (c) when the VO says” and the release of ssDNA”. 





Section - Conclusion
5. Conclusion Interview Statements: 
5.1. Bilge Argunhan: (Steps: 1.1 and 1.2) It is essential to verify that each batch of purified protein is free of nuclease and helicase contamination [1]. 
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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