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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)Y  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Zeiss Axio Observer
B.   Does your protocol include detailed, step-by-step, descriptions of 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 4.7, 4.8, 4-13, 4-14, 5.1, 5.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.4.7-4.8
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? N/A

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE): 

Conceptual Narrative:
The overall goal of the following experiment is to map the distribution of DNA-repair proteins around double-stranded DNA breaks at the nanoscale in order to study the ultrastructure of damaged chromatin undergoing repair using electron spectroscopic imaging. (Intro)

This is achieved by generating DNA expression constructs coding for fusion proteins of DNA damage response proteins using a fluorescent protein and the miniSOG (pronounced: mini-S-O-G) tag. (P1: Show the image on slide 10 of the Figures for JoVE.key/ppt of the construct.  Emphasize the miniSOG and mCherry (fluorescent protein) region of the construct when mentioned.)

As a second step, constructs are introduced into cells by transfection and then the cells are damaged by either laser- or gamma irradiation. (P2: Shrink down the construct and insert it into a cell such as DAM ID 3298.  Then, shrink back so the cell is shown on a glass slide (DAM ID 1362) (show a few cells in the center of the slide), then add a symbol for laser light coming from an objective like seen in (DAM ID 2594))  

Next, the irradiated and fixed cells undergo electron microscopy preparation steps in order to make the distribution of the miniSOG tagged repair-protein visible in the electron microscope. (P3: Show abbreviated animated version of shots 3.11-3.17.  I’d suggest removing the cap from a microcentrifuge tube like DAM ID 710 and place it onto the slide, then remove the cap, pop out a cylinder from the cap, and shave off a thin slice of it to be placed on a grid such as DAM ID 3751.)

The resulting electron spectroscopic imaging provides detailed images that allow for the analysis of the chromatin ultrastructure and the relationship of specific proteins within DNA repair foci. (P4: Show images on Slide 8 of the .ppt/.key file.)


Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)   

Only one statement should be chosen and completed per author
1.1. Author name HS: The main advantage of this technique over existing methods, like immunogold labeling, is that the fusion protein is densely labelled and not dependent on the accessibility to an antibody.    
Author name HS: This method can help answer key questions in the chromatin structure biology field, such as the ultrastructure of DNA repair.   
Author name HS: Though this method can provide insight into DNA repairin adherent cells, it can also be applied to other systems 
1.2. Author name HS: Generally, individuals new to this method will struggle because the photooxidation process is very sensitive to changes in pH, oxygen concentration and light intensity.
1.3.  Author name HS: I/We first had the idea for this method, when I/we read the publication by Shu et. Al.and wondered if we can combine it with electron spectroscopic imaging.
1.4. Author name MH: Visual demonstration of this method is critical as the photooxidation, oxygen saturation and illumination steps are difficult to learn, because they are very sensitive to changes and only work within a small range.   
1.5. **Author name MH: Demonstrating the procedure will be Hilmar Strickfaden, a postdoc from my laboratory.  
1.5.1. Interview style: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



Protocol (read by voice talent at JoVE):  

2. Cell Culture and DNA Damage Induction
2.1. Culture human osteosarcoma cells that are stably expressing the miniSOG and mCherry tagged repair proteins as described in the accompanying text protocol. Grow the cells to 80% confluency in a 35 mm diameter glass bottom dish.
2.1.1. MED: Talent carries plate of cells from incubator to the TC hood
2.1.2. CU: Talent adds media to the cell dish.
2.2. Next, place the cells under a fluorescence microscope and use a sterile diamond pen to outline a small area of approximately 1 mm2 that contains cells expressing the ectopic proteins. 
2.2.1. MED: Talent sets plate of cells onto microscope stage (TEXT: Excitation/Emission: 540-580 nm / 608-683 nm)
2.2.2. SCOPE: Talent outlines cells with diamond pen. Feel free to take and trim one of the provided movies.
2.3. Once marked, sensitize the cells by adding enough 0.5 µg/mL Hoechst stain to cover the cells and then place them in the incubator at 37 °C for 20 minutes.  Then, laser microirradiate the cells using the 405 nm solid state laser of a confocal microscope in order to induce DNA damage. 
2.3.1. CU: Talent aspirates media, adds stain, then covers the plate.
2.3.2. MED: Talent place plate in incubator.
2.3.3. MED Over the Shoulder: Talent places plate on microscope stage, positions it, and turns on the laser.
2.3.4. [added] Screen 
2.3.5. [added] CU: Laser Firing
3. TEM Sample Preparation 
3.1. Following DNA damage, fix the cells in the dark using 1 mL of 4% paraformaldehyde in 0.1 M sodium cacodylate buffer at room temperature. After 30 minutes, wash the cells twice with 4 mL of 0.1 M sodium cacodylate buffer at a pH of 7.4.
3.1.1. MED: Talent adds fixative to the cells. (TEXT: CAUTION: Paraformaldehyde and sodium cacodylate are toxic!  )
3.1.2. CU: Talent washes the cells with buffer.
3.2. Next, treat the fixed cells with 2 mL of a solution containing 50 mM glycine, 5 mM aminotriazole, and 10 mM potassium cyanide at a pH of 7.4 for 30 minutes. 
3.2.1. CU: Talent adds solution described above to the cells from a clearly marked container. (TEXT: Correct pH is critical!)
3.3. Replace the buffer with 2 ml of photooxidation buffer, at a pH of 7.4, which was prepared as described in the accompanying text protocol.  Then, incubate the sample in the dark, on ice, while bubbling oxygen in the solution to keep it oxygen saturated. 

[added] CU: Talent disposes toxic waste and rinses dish
3.3.1. CU: Talent adds solution described above to the cells from a clearly marked container.
3.3.2. CU: Talent sets places sample on ice, starts oxygen bubbling, then turns out light.
3.4. Next, mount the dish with the fixed cells carefully onto an inverted fluorescence microscope equipped with a 40x oil immersion objective lens and move it to the area of interest that was outlined earlier. Excite the miniSOG tag with blue light by using filter cubes for green fluorescent protein.  
3.4.1. MED: Talent places plate on stage and looks through optics to correctly position it.
3.4.2. CU: Talent places filter cube in line with light source and exposes the sample. 
3.5. Continue with the illumination even after the green miniSOG fluorescence has completely disappeared and until the brown photo-oxidation product of the polymerized diaminobenzidine emerges in the transmitted light channel.  
3.5.1. SCOPE/SCREEN: Show progression from the initial excitation to the point where it turns brown. You can  cut out the time that it takes to acquire the picture or accelerate the movie so that doesn’t take an unreasonable amount of time
Author: If your microscope has an attached camera, use screen capture software to capture this image to achieve the best resolution.
3.6. Then, postfix the cells with 1 mL of 2% glutaraldehyde in 0.1 M sodium cacodylate buffer at pH 7.4 for 30 minutes.
3.6.1. MED: Talent removes sample from microscope stage.
3.6.2. CU: Talent adds fixative.
3.7. Next, fix the cellular membranes with 0.1-0.5% osmium tetroxide in 0.1 M sodium cacodylate buffer for 20 minutes at pH 7.4.
3.7.1. CU: Talent adds solution described above to the cells from a clearly marked container. (TEXT: NOTE: Osmium tetroxide is very toxic! Work in a fume hood and dispose the toxic waste properly.)
3.7.2. [added] Disposal
3.8. Once fixed, dehydrate the cells through a series of ethanol washes.  Then, incubate the cells in a 1 to 1 mixture of 100% ethanol and acrylic resin, on a shaker, for 4 hours.  Next, remove the mixture and add 100% acrylic resin to the samples for an additional 4 hours. 
3.8.1. MED: With all of the dehydration solutions set out, talent changes from one of the washes to the next one. (TEXT: Ethanol Steps (5 min each): 30%, 50%, 70%, 90%, 98%, and 100%)
3.8.2. MED: Talent adds ethanol/acrylic to cells and places on a shaker
3.8.3. CU: Talent exchanges solutions to 100% acrylic.
3.9. In order to polymerize the resin, cut off the lid of a labeled 2 mL microcentrifuge tube with a razor blade and coat the rim with acrylic resin accelerator. 
3.9.1. CU: talent cuts the lid off a microcentrifuge tube and adds resin accelerator to the rim.
3.10. Carefully fill the tube approximately two-thirds full with LR White resin using a Pasteur pipette. Take care that the resin does not get into contact with the accelerator on the rim.
3.10.1. ECU: Talent fills cap 2/3 full with resin.
3.10.2. [added] and adds resin accelerator to the rim
3.11. Remove the resin that infiltrated the cells in the dish and place the dish upside down onto the upright standing microcentrifuge tube so that the width of the tube almost completely fills up the glass covered observation window of the dish.
3.11.1. CU/ECU: Talent performs above step as described.
3.12. Wait 1 to 2 minutes for the accelerator to seal the tube and the coverslip, then invert the tube so that the resin in the tube now covers the cells. 
3.12.1. CU: Talent inverts the tube and coverslip.
3.13. Place the dish with the tube into an oven at 60 °C and cure it for 12 hours.  When the block is cured, remove the dish with the attached resin-filled microcentrifuge tube from the oven and separate the microcentrifuge tube from the dish. 
3.13.1. MED: Talent places the dish in the oven and closes the door.
3.13.2. MED: Talent removes sample from the oven.
3.13.3. ECU: Talent separates the tube from the dish.
3.14. Discard the glass bottom dish and carefully cut open the microcentrifuge tube with a razor blade in order to release the block.
3.14.1. MED: Talent discards the dish
3.14.2. CU: Talent releases the block using a razorblade.
3.15. Using a razor blade, trim the block so that nothing but the 1 mm2 region that contains the area previously marked with the diamond or tungsten pen remains.
3.15.1. ECU: Talent trims the sample as described above.
3.16. Next, mount the block in an ultramicrotome and trim the block with a trimming knife until the cells are approached.  Then, switch to a diamond knife and cut ultra-thin sections of approximately 50 nm through the cells.
3.16.1. CU: Talent mounts the block and begins to trim the sample.
3.16.2. MED: Talent switches to a diamond knife and sets the step to 50 nm.
3.16.3. ECU Scope CU: Talent cuts ultra-thin sections.
3.17. Pick up the sections on high-transmission 300 mesh grids.  Then, place the grids into a carbon coater and coat the sections with about 0.2-0.4 nm of carbon to help stabilize them under the electron beam of the transmission electron microscope.
3.17.1. ECU: Talent picks up sample on grid.
3.17.2. CU: Talent places grid into the carbon coater.
3.17.3. CU: Sample being coated with carbon.
4. TEM Imaging
4.1. Load the grids into a transmission electron microscope that is equipped with an energy filter.  Inspect the cells on the sections using the low magnification, normal transmission mode and compare them to fluorescence images taken earlier. 
4.1.1. MED: Talent loads grid into TEM.
4.1.2. SCOPE/SCREEN: Talent images sample as described in 2nd sentence.
4.1.3. LABMEDIA: Figure 6 (1a and 1d) Video Editor: label 1a as “Fluorescence Image” and 1d as “Low Magnification TEM Image”. Add an arrow to the black bar in 1d and label it as “TEM Grid Bar”)
4.2. Once a nucleus with a DNA damage track or DNA repair foci is found, switch to the energy filtering mode and record the sample with a thickness map. 
4.2.1. SCREEN: Talent switches to energy filtering mode and record the sample with a thickness map.
4.3. Next, record the phosphorus map post edge images at 175 electron volts energy loss with a slit width of 20 electron volts.  Also, record pre-edge images at 120 electron volts energy loss, also with a slit width of 20 electron volts. 
4.3.1. SCREEN: Screen capture as talent inputs the parameters listed above and records the images in the order described. You can  cut out the time that it takes to acquire the picture or accelerate the movie so that doesn’t take an unreasonable amount of time.
(Authors: If the process described is too long (takes more than 10-15 seconds) Split into 2 separate screen captures.)
4.4. For the nitrogen maps, record post edge images at 447 electron volts with a slit width of 35 electron volts and pre-edge images at 358 electron volts, also with a slit width of 35 electron volts. 
4.4.1. SCREEN: Screen capture as talent inputs the parameters listed above and records an image. You can  cut out the time that it takes to acquire the picture or accelerate the movie so that doesn’t take an unreasonable amount of time.
5. Image Processing 
5.1. Open the elemental ratio maps in an image processing software such as this one. Copy the nitrogen map into the red channel and the phosphorus map into the green channel of an RGB image, then superimpose and align the maps.
5.1.1. SCREEN: Screen capture video of the above step in the order written.
5.2. Export the composite image as a tagged image file format file and then open the image in an image processing software that can use layers.
5.2.1. SCREEN: Talent saves file as a .tiff image, then opens up image processing software.
5.3 – 5.5 steps are shown in Video  52893_5.2.1-5.6.1_1
5.3. Next, adjust the dynamic range of each channel by rescaling the minimum and maximum values in the image to an 8-bit data set. Then, subtract the phosphorus content from the nitrogen map from within the “Layers” window.
5.3.1. SCREEN: Screen capture video of the above step in the order written.
5.4. Convert the image into an indexed color and create a yellow lookup table in the CMYK color space for the map showing the nucleic acid distribution and a cyan lookup table to show the non-nucleoprotein map.  
5.4.1. SCREEN: Screen capture video of the above step in the order written.
5.5. Then, create a new image and import the maps showing the distributions of phosphorus and protein as different layers. Use the screen transparency mode in order to see both layers superimposed on each other. 
5.5.1. SCREEN: Screen capture video of the above step in the order written.
5.6. Finally, open the zero-loss image and export this image as a TIFF image.  Then, open the exported zero loss image in a photo editor and copy it into the uppermost layer of the image showing the elemental map. Align the image using the screen transparency mode.
5.6.1. SCREEN: Screen capture video of the above step in the order written.
6. Results: Electron Spectroscopic Imaging Describes Foci Changes Following DNA Damage
6.1. Shown here are electron spectroscopic ratio maps from inside a cell nucleus showing the locations of phosphorus and nitrogen. [6.1.1 - LM] When the two ratio maps are superimposed over each other in the RGB color space, an image like the one shown here is obtained.  [6.1.2 - LM] In this image, yellow structures represent nucleoproteins, reflecting the presence of both phosphorus and nitrogen. [6.1.3 - LM]
6.1.1. Figure 2 (show top left and top middle only): Video Editor: Label the top left image with “Phosphorus” and the top right image with “Nitrogen”. Highlight each image when mentioned (top left with “phosphorus” and top middle with “nitrogen”)
6.1.2. Figure 2 (Video Editor: Merge the top left and top middle images into one image and replace it with the top right image in figure 2. Label this image as “Phosphorous + Nitrogen”.)
6.1.3. Figure 2 (Video Editor: Showing only the top right image of figure 2, add a few arrows pointing to some of the yellow features.)
6.2. Here, electron spectroscopic imaging is used to view the changes in foci structure following gamma irradiation in U2OS cells stably expressing mCherry tagged repair proteins. [6.2.1 - LM] In the top row are images of cells that were not irradiated, the second row shows cells that were fixed 3 hours post irradiation, the third row shows cells fixed 6 hours post irradiation. [6.2.2 - LM]
6.2.1. Figure 7 (Video Editor Show Figure 7.3.a,b,e in the top row, 7.1.a,b,e in the 2nd row, and 7.2.a,b,e in the 3rd row.  Label the first row as “0 Gy”, the 2nd row as “6 Gy, 3 hr”, and the 3rd row as “6 Gy, 6 hr”.  Label the first column (“A” images) as “Zero-Loss”, the 2nd column (“B”-images) as “Nucleic Acid & Protein”, and the 3rd column as “Nucleic Acid & Protein + miniSOG signal”
6.2.2. Figure 7 (Video Editor: Show Figure 7 as described in the previous step (6.2.1) and highlight each row as it is mentioned.
6.3. [bookmark: _GoBack]The electron spectroscopic imaging reveals that the structure of the foci appear to reorganize over time as the relative amount of 53BP1 protein in the focus, indicated by the increase in nitrogen signal, appears to increase, while the chromatin, indicated by the phosphorous signal, takes a more peripheral position. [6.3.1 - LM]
6.3.1. Figure 7 (Video Editor: Show Figure 7 as described in the previous step (6.2.1) Start by highlighting the top right image in the grid”, followed by the one below it, then the bottom right image.  Highlight each during the time when the words “appear to reorganize over time” are spoken.  

7. Conclusion (said by authors on camera) 
Authors: Only 1-2 statements are allowed per author. If you’d like to have another author speak one of the statements, feel free to add them back in.
Author name HS: Once mastered, this technique can be completed in 1-2d (working days) (hours/min) if it is performed properly.
Author name HS: While attempting this procedure, it’s important to remember to be careful using the toxic substances that are used throughout the protocol. 
7.1. Author name HS: After watching this video, you should have a good understanding of how to prepare irradiated cells expressing miniSOG tagged repair-proteins to analyze the ultrastructure of chromatin in DNA-repair foci using electron spectroscopic imaging.
7.2. Author name HS: Don't forget that working with sodium cacolydate buffer, potassium cyanide and osmium tetroxide can be extremely hazardous and precautions such as working in a fume-hood and wearing gloves  should always be taken while performing this procedure.   

       

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 –  0123PInameFigure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123PInameFigure2.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.
Figures for JoVE.ai  figures for the schematic overview. 
Figures for JoVE.key  contains e.g. movie that shows recruitment towards locations of damage induction.

I have sent you those files earlier (on March 8th)

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, as well as an introduction to your videographer, closer to your filming date.
 2013, Journal of Visualized Experiments

