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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 similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  N

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.

☒ 	Interview Statements are read by JoVE’s voiceover talent. 

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N


Protocol Length
Number of Shots: 30


Introduction	Comment by Bridget Colvin: Voiceover Talent: please record Introduction and Conclusion statements.

1. Introductory Interview Statements

REQUIRED: 
1.1. JoVE Voiceover Talent: This technique facilitates the visualization of replisome-antigen-tagged DNA adduct encounters and can be extended to the interactions of any protein with a DNA structure or lesion amenable to immunodetection [1].

1.1.1. LAB MEDIA: Figure 1 OR LAB MEDIA: Figure 2 OR 3.9.1. Talent visualizing cells on microscope

REQUIRED: 

1.2. JoVE Voiceover Talent: This method can be used to assess interaction frequencies within individual cells rather than across a population and allows the visualization of cell cycle dependent interactions in situ without damaging cells [1].

1.2.1. LAB MEDIA: Figure 3C OR 3.2.2. Probe being added to plate

Introduction of Demonstrator on Camera

1.3. JoVE Voiceover Talent: Demonstrating the procedure will be Jing Zhang, a postdoc from the Seidman laboratory [1][2].

1.3.1. JoVE’s Voiceover Talent speaking the above
1.3.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera




Protocol
2. Cell Preparation
2.1. On the day before the experiment, seed 1.5 x 105 cells in 2 milliliters of medium onto 35-millimeter, glass bottom culture dishes pre-treated with cell adhesive solution [1].
2.1.1. WIDE: Talent adding cells to dish(es)
2.2. The next day, replace the supernatant in each dish with 37-degree Celsius 5-micromolar Dig-TMP (dig-T-M-P)-supplemented medium to the 50-70% confluent cell cultures [1] and return the plates to the cell culture incubator for 30 minutes to allow the Dig-TMP to equilibrate [2].
2.2.1. Talent adding Dig-TMP to dish, with Dig-TMP container visible in frame TEXT: Dig-TMP: digoxigenin trimethyl psoralen
2.2.2. Talent placing plate into incubator
2.3. While the cells are incubating, pre-warm a UV box to 37 degrees Celsius [1].
2.3.1. Talent prewarming box
2.4. At the end of the equilibration, transfer the plates to the pre-warmed box to expose the cells to a 5-minute, 3 Joule/square-centimeter UVA light dose [1] and replace the supernatants with 2 milliliter of fresh, pre-warmed culture medium [2] before returning the plates to the cell culture incubator for 1 hour [3].
2.4.1. Talent placing plate(s) into box Videographer: Important step
2.4.2. Talent adding medium to plate(s), with medium container visible in frame Videographer: Important step
2.4.3. Talent placing plate(s) into incubator Videographer: Important step
2.5. At the end of the incubation, gently wash the cultures with PBS [1] and fix the cells with 1 milliliter of 0.1% formaldehyde in PBS for 5 minutes at room temperature [2].
2.5.1. Talent washing cells with PBS, with PBS container visible in frame Videographer: Important step; Videographer/Video Editor: shot will be used again
2.5.2. Talent adding FA to cells, with FA container visible in frame Videographer: Important/difficult step
2.6. At the end of the incubation, wash the cells one time with PBS [1] before treating the cells two times with 80 microliters of cytoskeleton extraction buffer supplemented with RNase for 5 minutes at room temperature per treatment to remove the cytoplasm [2].
2.6.1. Talent washing cells with PBS, with PBS container visible in frame Videographer: Important step
2.6.2. Talent adding CSK-R to cells, with CSK-R container visible in frame Videographer: Important/difficult step
2.7. After the second incubation, wash the cells with 2 milliliter of PBS three times [1] before fixing the cells with 1 milliliter of 4% formaldehyde in PBS for 10 minutes at room temperature [2].
2.7.1. Use 2.6.1. Talent washing cells with PBS
2.7.2. Talent adding FA to cells, with FA container visible in frame
2.8. After the second fixation, wash the cells three times with PBS as demonstrated [1] followed by treatment with 1 milliliter of cold 100% ethanol for 20 minutes at minus 20 degrees Celsius [2].
2.8.1. Use 2.6.1. Talent washing cells with PBS
2.8.2. Talent adding methanol to cells, with methanol container visible in frame
2.9. At the end of the incubation, wash the cells three times in 2 milliliters of PBS [1] followed by a 10-minute incubation in 80 microliters of 5-millimolar TritonX-100 at 4 degrees Celsius [2-].
2.9.1. Use 2.6.1. Talent washing cells with PBS
2.9.2. Talent adding TritonX-100 to cells, with TritonX-100 container visible in frame
2.10. At the end of the incubation, treat the cells with 100 microliters of 5-millimolar EDTA in PBS supplemented with 1 microliter of 100 milligram/milliliter of RNase A for 30 minutes at 37 degrees Celsius [1].
2.10.1. Talent adding EDTA + RNase to cells, with EDTA + RNase container visible in frame
2.11. At the end of the incubation, wash the cells three times in PBS [1] before storing them in 5% bovine serum albumin and 10% goat serum in PBS in a humid chamber overnight at 4 degrees Celsius [2].
2.11.1. Use 2.6.1. Talent washing cells with PBS
2.11.2. Talent adding buffer to dishes in humid chamber, with buffer container visible in frame
3. Proximity Ligation Assay (PLA)
3.1. [bookmark: _Hlk47350148][bookmark: _Hlk47350700]To perform a proximity ligation assay, add 40 microliters of the primary antibody solution of interest to the center of each plate [1-TXT] and incubate the plates in the humid chamber for 1 hour at 37 degrees Celsius [2].
3.1.1. WIDE: Talent adding solution to plate(s), with antibody container(s) visible in Videographer: Important step frame TEXT: See text for antibody suggestion and solution preparation details
3.1.2. Talent placing plate(s) into incubator Videographer: Important step
3.2. At the end of the incubation, wash the cells three times with 2 milliliters of PBST (P-B-S-T) [1-TXT] before adding 40 microliters of freshly prepared PLA (P-L-A) probe solution to each dish for a 1-hour incubation in the cell culture incubator [2-TXT].
3.2.1. Talent adding PBST to plate(s), with PBST container visible in frame Videographer: Important step; Videographer/Video Editor: shot will be used again TEXT: PBST: 0.05% Tween-20 in 1X PBS
3.2.2. Talent adding probe to dish(es), with probe container visible in frame TEXT: See text for all solution, buffer, and mixture preparation details
3.3. At the end of the incubation, wash the cells with three, 10-minute washes in 2 milliliters of buffer A on a tilting platform at room temperature [1].
3.3.1. Talent placing plates onto tilting platform
3.4. After the last wash, add 40 microliters of freshly prepared ligation mix to each plate for a 30-monite incubation at 37 degrees Celsius [1] followed by three, 2-minute washes in buffer A on the tilting platform [2].
3.4.1. Talent adding ligation mix to plate, with ligation mix container visible in frame 
3.4.2. Plates being washed on platform
3.5. After the last wash, add 40 microliters of freshly prepared amplification solution to each plate for a 100-minute incubation at 37 degrees Celsius in a humid chamber [1].
3.5.1. Talent adding solution to plate in humid chamber, with solution container visible in frame
3.6. At the end of the incubation, wash the cells six times with fresh buffer B for 10 minutes per wash on the tilting platform [1].
3.6.1. Talent adding buffer to plate(s), with buffer container and tilting platform visible in frame
3.7. After the last buffer B wash, wash the cells one time with 0.01x buffer B for 1 minute at room temperature [1] before labeling with the appropriate secondary antibodies in the humid chamber for 30 minutes at 37 degrees Celsius [2-TXT].
3.7.1. Talent adding 0.01x buffer B to plate(s), with 0.01x buffer B container visible in frame
3.7.2. Talent adding antibod(ies) to plate(s), with antibody containers visible in frame TEXT: Alternative: Incubate at 4 °C O/N
3.8. At the end of the incubation, wash the samples with three, 10-minutes washes on a tilting platform in PBST at room temperature [1] before mounting them in mounting medium supplemented with DAPI (DAP-ee) [2].
3.8.1. Use 3.2.1. Talent adding PBST to plate(s)
3.8.2. Mounting medium being added to plate, with mounting medium container visible in frame Videographer: Important step
3.9. Within 4 days of mounting, image at least 100 observations per sample or condition cells on an epifluorescent or confocal microscope using the same exposure settings for both experimental and control samples [1].
3.9.1. Talent at microscope, imaging plate


Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
2.4.-2.6., 3.1., 3.2., 3.8.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.1. Prevent cells from washing off the plates by coating the plates with cell adhesive 
2.5. pre-fixing plates with 0.1% FA before CSK treatment 
2.6. Remove background pretreating with CSKR 


Results
4. [bookmark: _Hlk27388131]Results: Representative Replisome Encounter Visualization

4.1. The Dig tag can be visualized by immunofluorescence to reveals the presence of interstrand crosslinks throughout the nucleus [1].

4.1.1. LAB MEDIA: Figure 2 Video Editor: please emphasize purple signal in Dig image

4.2. To visualize the interaction of replisomes with interstrand crosslinks [1], PLA can be applied to visualize the frequency of association of MCM5 (M-C-M-five) and the Dig tag 1 hour after interstrand crosslink introduction [2-TXT].

4.2.1. LAB MEDIA: Figure 3B
4.2.2. LAB MEDIA: Figure 3B Video Editor: please emphasize top right (MCM5:Dig PLA) image TEXT: MCM5: minichromosome maintentance 5

4.3. As replication stress activates ATR (A-T-R) kinase, the PLA between pMCM2Ser108 (P-M-C-M-two-serine-one-oh-eight) and the Dig tag is also positive [1-TXT].

4.3.1. LAB MEDIA: Figure 3C Video Editor: please emphasize pMCM2:Dig PLA image TEXT: ATR: ataxia telangiectasia and Rad3-related

4.4. The PLA results from individual nuclei can be presented in a three-dimensional reconstruction, allowing the visualization of replisome-interstrand crosslink encounters throughout the nucleus [1].

4.4.1. LAB MEDIA: 13_PLA2_PCNA pMCM2 Dig 12

4.5. Replication fork analysis indicates that interstrand crosslink encounters demonstrate an unexpected replication restart phenomenon [1], as the proteins of the GINS (gins) complex fail to exhibit PLA signal with the interstrand crosslinks [2-TXT].

4.5.1. LAB MEDIA: Figure 4
4.5.2. LAB MEDIA: Figure 4 Video Editor: please emphasize top right PFS1:Dig PLA image in Figure 4B TEXT: GINS: go-ichi-ni-san

4.6. In contrast, the assay with CD45 (C-D-forty-five) is positive, indicating that the other locking protein is retained [1].

4.6.1. LAB MEDIA: Figure 4 Video Editor: please emphasize right CDC45:Dig PLA image in Figure 4A

4.7. When cells are incubated with an ATR inhibitor, the restart is completely suppressed and the GINS-Dig PLA is strongly positive [1].

4.7.1. LAB MEDIA: Figure 4 Video Editor: please emphasize bottom right PFS1:Dig PLA image in Figure 4B





Conclusion	Comment by Bridget Colvin: Voiceover Talent: please record statement.
5. Conclusion Interview Statements
5.1. JoVE Voiceover Talent: CSK-R treatment is essential for reducing background signal. Be sure to coat the plates with a cell adhesive and to prefix with 0.1% FA or the cells will peel off the plate [1].
5.1.1. Use 2.5. and/or 2.6. FA and CSK-R being added to cells/plate 
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