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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____Yes____  

Can you record movies/images using your own microscope camera? (Y/N)___Yes______  

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: _

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Yes_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __3.5, 3.6, 4.4, 4.5, 5.1, 5.2_______

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  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.) __________3.6______________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) _No_____ If yes, how far apart are the locations? __Everything will be filmed in the Beckman Laser Institute.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this protocol is to describe how to use laser microirradiation to induce different types of DNA damage, including simple strand breaks and complex damage, to study DNA damage signaling and repair factor assembly in vivo. 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Berns:  I used my first laser to create micron-sized DNA damage in chromosomes in the 1960s when nothing was known about how the cell repaired DNA damage.  Now there is a burgeoning field using laser micro-irradiation to study the complexity of DNA repair. (Author Comment: Wording in this part was changed a little.) (Editor: The authors did not note how they changed the wording, so I’m not sure what they did)
1.2. Yokomori: This method can help answer key questions in the DNA repair field, such as how DNA damage is recognized and processed and how damage signal propagates in the cell. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Kong: Laser microirradiation allows for real-time high-resolution single-cell analysis of macromolecular dynamics in response to DNA damage confined to a submicrometer region within the cell nucleus.
1.4. Wakida: However, various laser conditions have been used without appreciation for differences in the types of damage induced, causing inconsistencies in cellular responses, factor recruitment, and modifications. 
Protocol: (read by voice talent at JoVE)
2. Transient Transfection
2.1. To express fluorescently tagged proteins in HeLa cells, on day 1 [1-WIDE], seed 6 – 8 x 104 cells in 0.5 mL of culture medium in one well of a 24-well plate [2-MED/CU-TXT].  Then place the plate in the tissue culture incubator [3-WIDE].
2.1.1. Talent working under hood pipettes cells in medium 
2.1.2. Talent seeds cell in 1 well of 24-well plate (TEXT: Refer to the text protocol for seeding untransfected cells for endogenous protein detection, or cells stably expressing fluorescently tagged protein)
2.1.3. Talent places plate into incubator
2.2. On day 2, perform liposome mediated DNA transfection by diluting 0.3 μg of a mammalian expression plasmid DNA encoding a fluorescently tagged DNA repair factor into 25 μL of serum-free culture medium [1-CU].  Here we use the damage site targeting domain of 53BP1 fused to GFP for double-strand break damage or DNA glycosylase NTH1 fused to GFP for base damage [2-LM-TXT].
2.2.1. Talent dilutes fluorescently tagged DNA in serum free culture medium in a 1.5 ml tube
2.2.2. LAB MEDIA Image showing map of the two fusions, Authors will provide (TEXT: e.g., GFP-53BP1 or GFP-NTH1)
2.3. In another 1.5 mL tube, dilute 1 μL of liposome-based DNA transfection reagent into 25 μL of serum-free culture medium and mix gently [1-CU]. Then incubate the tube at room temperature for 10 min to form DNA-lipid complexes [2-MED/CU]. 
2.3.1. Talent adds lipofection reagent into tube with culture medium
2.3.2. Talent sets tube on bench to incubate
2.4. Rinse the cells once with 0.5 mL of culture medium then remove the medium, and add 0.5 mL of fresh culture medium to the cells [1-CU]. Add the DNA-lipid complexes to the cells and gently mix by rocking the plate a few times [2-MED/CU].  Then return the cells to the incubator [3-WIDE].
2.4.1. Talent rinses cells with culture medium then adds fresh culture medium
2.4.2. Talent adds DNA-lipid complexes to cells and gently rocks plate a few times
2.4.3. Talent places cells into incubator (Videographer Comment: Did not shoot, use 2.1.3)
2.5. After 4 – 6 h, remove the culture medium from the cells, and add 300 μL of 0.05% Trypsin-EDTA [1-MED/CU]. Remove the solution, then add 200 μL of Trypsin-EDTA [2-CU], and incubate the cells at 37 °C for 3 – 4 min [3-WIDE].
2.5.1. Talent removes culture medium from cells and adds Trypsin-EDTA
2.5.2. Talent removes solution and adds Trypsin –EDTA again
2.5.3. Talent places cells into incubator (Videographer Comment: Did not shoot, use 2.1.3)
2.6. After confirming that the cells are detached [1-LM], add 800 μL of culture medium and resuspend the cells by gently pipetting to break up the cell clumps [2-CU].
2.6.1. LAB MEDIA Video or image of detached cells, Authors need to provide 
2.6.2. Talent gently pipettes cells
2.7. Transfer the cell suspension to a 35 mm culture dish with a gridded coverslip, and add culture medium to a final volume of 2 mL [1-CU]. After 48 hours, the cells will be at 30 – 60% confluency and ready for laser damage induction [2-LM-TXT].
2.7.1. Talent transfers cell suspension to a 35 mm culture dish with gridded coverslip and adds culture medium

2.7.2. LAB MEDIA HeLa cells at 30 – 60% confluency with GFP signal (TEXT: To allow visualization of the grid number), Authors will provide
3. Titration of Laser Input Power
3.1. Turn on the NIR laser and allow the laser system to warm-up for 1 h before use [1-WIDE/MED].  Place a dish of cells on a 37 (C, heated stage in a chamber that allows CO2 and humidity control [2-MED/CU-TXT].
3.1.1. Talent turns on NIR laser and system warms up 
3.1.2. Talent places dish on heated stage with CO2 and humidity control (TEXT: Refer to text protocol for additional details).
3.2. For live cell analysis of fluorescently tagged proteins, use a high magnification oil immersion objective [1-CU] and an appropriate fluorescence filter combination depending on the tag. Here we will use cells transiently expressing GFP-53BP1 or GFP-NTH1 [2-SCREEN/LM-TXT].
3.2.1. Talent sets high magnification oil objective lens in place 
3.2.2. LAB MEDIA Talent sets filter combination (TEXT: 450–490 nm excitation, 515–586 nm emission).  
3.3. Search for cells that have comparable fluorescent protein expression. Avoid cells that have too weak or too strong expression in order to reduce cell-to-cell variability in fluorescence measurements [1-LM].
3.3.1. LAB MEDIA Images or video of cells with comparable fluorescent protein expression as well as cells that are too weak or too strong.  Authors to provide.
3.4. For confocal microscopy, use a 100X/1.3 NA, oil objective lens [1-CU] and the software bleach function to target linear tracks inside the cell nucleus [2-SCREEN/LM-TXT].
3.4.1. Shot of oil objective lens in place on confocal microscope
3.4.2. LAB MEDIA Software bleach function on screen with moving arrows (TEXT: Refer to text protocol for additional details).
3.5. Adjust the laser transmission percentage to 5% without changing any other settings.  Then place a cell in the center of the field. Click the region of interest, and using the mouse, draw a line or box in the nucleus, approximately 50 x 4 pixels.  Then click the "Bleach" button to induce DNA damage. [1-SCREEN/LM].
3.5.1. LAB MEDIA Talent adjusts laser transmission percentage to 5% then places cell in center of field.  Talent clicks on region of interest and uses mouse to draw a line or box in nucleus.  Talent then clicks ‘Bleach’ button to induce DNA damage
3.6. To titrate the laser input power, analyze the changes of fluorescent signal clustering at damage sites by increasing the input power by a desired increment. Here the difference between the peak recruitment of GFP-53BP1 and GFP-NTH1 are evident [1-SCREEN/LM-TXT].
3.6.1. LAB MEDIA Talent titrates laser input power by increasing input power by a desired increment and difference between peak recruitment of GFP-53BP1 and GFP-NTH1 are evident. (TEXT: Refer to text protocol for additional titration details).
4. Quantitative Fluorescence Analysis of Immunostained or Live Cells
4.1. To carry out quantitative fluorescence analysis of live cells with the confocal microscope, use 1X magnification [1-SCREEN/LM], and an Argon laser for GFP/FITC [2-MED/CU]. 
4.1.1. LAB MEDIA Talent chooses 1X magnification on screen
4.1.2. Talent turns on Argon laser 
4.2. Set a resolution of 512 x 512 pixels, a scan speed of 5, and number 1 for quick scan, or 2+ for averaging over multiple scans to improve signal to noise ratio.  Then capture images [1-SCREEN/LM].
4.2.1. Talent sets resolution and scan speed then captures image
4.3. Draw the bleach ROI for damage induction, then select the "Acquire>Time Series" submenu, set "Number" at 20, and the " cycle delay" at 30 s.  Choose "bleach once after first scan", and then click "start B" [1-SCREEN/LM].
4.3.1. LAB MEDIA Talent draws the bleach ROI then selects "Acquire>Time Series" submenu, then sets "Number" as 20, and the " cycle delay" as 30 s.  Talent then chooses "bleach once after first scan", and then clicks "start B"
4.4. In this case, the first image is acquired immediately before damage induction, followed by the acquisition of 19 additional images at 30 s intervals [1-SCREEN/LM-TXT].   Here you can see that the GFP-NTH1 is rapidly and transiently recruited to damage sites whereas GFP-53BP1 accumulates slowly and persists at damage sites [2-LM]. 
4.4.1. LAB MEDIA First image is acquired and then after damage, additional images are acquired (TEXT: Intervals can be changed depending on the purpose of the study)
4.4.2. LAB MEDIA Video showing GFP-NTH1 is rapidly recruited to damage sites and GFP-53BP1 slowly accumulates and persists at damage sites, Authors will provide videos or multiple image panels for both.
5. Cell Cycle and G1 Phase Synchronization

5.1. Some repair factors may be recruited to damage sites in a cell cycle-specific manner. To identify G1 phase cells for damage induction, under an inverted microscope using a 10X objective and 10X ocular lenses [1-MED/CU], identify metaphase cells, which are slightly lifted and rounded in shape.  Acquire images to record the position of metaphase cells on the gridded coverslip [2-SCREEN/LM].
5.1.1. Talent sitting at microscope places plate of cells on stage with a 10X objective and then looks through oculars
5.1.2. LAB MEDIA Video on screen of metaphase cells with a slightly lifted, rounded shape then talent acquires image to record position of metaphase cell on gridded coverslip
5.2. After 3 – 4 h, confirm cell division has resulted in two daughter cells that are ready for damage induction at the recorded position [1-SCREEN/LM-TXT].
5.2.1. LAB MEDIA Two daughter cells in the field ready for damage (TEXT: In G1 phase)
5.3. To prepare S/G2 phase cells, use a double thymidine block protocol [1-CU-TXT]. Confirm synchronization efficiency by DNA profiling and/or detection of Rad51 at damage sites [2-SCREEN/LM-TXT].
5.3.1. Talent exposing cells to double thymidine block (TEXT: Refer to text protocol for the block and synchronization protocols)
5.3.2. LAB MEDIA Cells with Rad51 detection to show synchronization.  Authors, to provide images for each stage of cell cycle that you would like to use here and each stage will be labeled.
6. Results: In Vivo Cellular Responses to Complex DNA Damage
6.1. At high input-power laser damage, clustering of CPD UV damage and GFP-NTH1 DNA glycosylase that specifically recognizes base damage were more clearly observed compared to low input-power. In addition, higher levels of XRCC1 and CtIP were observed, reflecting the increased number of single and double-strand breaks, and thus, indicating that complex DNA damage was induced [1-LM]. 
6.1.1. LAB MEDIA Figure 2A, Editor, for the first sentence, begin with just the left hand CPD top and bottom panel and add in the arrowheads for both panels to indicate the green signal that shows up in the bottom, ‘High’ panel.  For the second sentence, add in the next three pairs of panels, beginning with XRCC1 and ending with CtIP.  Add in the sets of arrowheads for each pair as they are brought in.
6.2. As demonstrated here, variation of laser input power results in changes in damage signaling. PARP1 mediates poly(ADP-ribosyl)ation of target proteins at damage sites, which is significantly induced by high input-power laser but only weakly by low laser power [1-LM].  
6.2.1. LAB MEDIA Figure 2B, top left, Editor, add in the arrowheads for PARP1 when it is mentioned and then add in the PAR arrowheads for ‘High’ and ‘Low’ when each is mentioned at the end. 
6.3. 53BP1 is recruited to low, but not high, input-power damage sites. Interestingly, this recruitment was suppressed by the presence of the second high-input power damage in the same cell nucleus. Inhibition was alleviated by the PARP inhibitor [1-LM]. 
6.3.1. LAB MEDIA Figure 3A, Editor, for the top green panels, begin with only the double sets of arrowheads in the DMSO panel.  For ‘recruited to low, but not high…’ add in the pair of arrowheads in the green, Pi panel for the lower, brighter stripe.  For the second sentence, add in the arrowheads for the lighter, top stripe in the same panel.  For the last sentence, show the top left and top middle images of Figure 3A only.  Authors will provide one more figure that clearly shows the effect of one damage and two damages.
6.4. Conversely, PARG that breaks down PAR, enhanced the PAR signal, and effectively suppressed 53BP1 recruitment even at the low input-power damage sites. This indicates that PARP signaling, and not the nature of damage per se, dictates 53BP1 recruitment [1-LM].  
6.4.1. LAB MEDIA Figure 3B, Editor, add in the white arrowheads in the top two panels for ‘enhanced the PAR signal,’ and then add in the arrowheads for the two panels underneath them for ‘and effectively suppressed 53BP1.’  
6.5. This is an example in which laser titration revealed differential activation of PARP1, gauging the amounts and complexity of DNA damage, and controlling the damage site accessibility [1-LM].
6.5.1. LAB MEDIA Figure 3B
7. Conclusion (said by authors on camera)

7.1. Kong: Once mastered, this technique can be done in about 5 days including cell preparation, laser system set-up, DNA damage induction, imaging of live or immunostained cells, and data analysis.  It may take longer with cell synchronization or time course analysis.
7.2. Wakida: While attempting this procedure, it’s important to remember that titration of laser input power may deviate over time even in the same laser system, especially after system realignment. Thus, it is important to periodically check the repair factor recruitment pattern.
7.3. Kong: Following this procedure, results from other DNA damaging methods such as ionizing irradiation, chemical agents, or expression of endonucleases can be performed and compared in order to confirm that the results are not due to laser-specific artifacts.

7.4. Wakida: After its development, this technique paved the way for researchers in the field of DNA repair to explore the DNA damage response with regard to nuclear chromatin, and to identify new factors and pathways of DNA damage recognition, processing and signaling.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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