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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __N_______ If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_N______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps
1. how to make the slides by dipping in low melting agarose
2. how to treat/collect the neurons without artificially inducing damage
3. how to add buffer to slides (any one step)
4. align on electrophoresis chamber to run
5. how to use the comet assay software to measure the comet tail

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  How you treat your neurons makes a significant difference in this assay- if the basal levels of DNA damage is high, the effect may be lost. Thus, controlling the temperature and making sure the buffers are at the right pH is critical

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Procedural Narrative:
The overall goal of this procedure is to measure and quantify the amount of DNA damage in neurons using the comet assay. (Intro) This is accomplished by first exposing the neurons to various DNA damaging conditions, collecting the neurons, and mixing them with low melting point agarose. (P1) The second step is to immobilize the neurons on slides. (P2) Next, the neurons are lysed and then subjected to electrophoresis. (P3) In the final step, the DNA is stained with Sybr green. (P4) Ultimately, fluorescence microscopy and the comet assay software are used to visualize and quantify the levels of DNA damage in individual neurons. (P5)

Graphics from Flow chart.tif unless otherwise noted
(P1) (1) graphic: Show tube, then pipette, then animate drops from pipette into tube
(P2) (2) graphic: Show slide, then animate pipette moving onto slide
(P3) with “neurons are lysed” use 3.5.3 (slides being immersed in lysis solution).; with “subjected to electrophoresis” use 4.4.2. (electrophoresis) with TEXT
(P4) Use 5.2.2. (slides being stained with sybr green) with TEXT
(P5) with “fluorescence microscopy.. visualize” show Figure 3A.tif; with “and quantify … neurons” show Figure 4.tif

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

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Eddy Yang: Hi, I’m Eddy Yang, Assistant Professor in the Department of Radiation Oncology at the University of Alabama-Birmingham. Today, we will be demonstrating the comet assay, which is a simple method to detect DNA damage in cells. The main advantage of this technique over existing methods, like -H2AX foci staining and pulsefield electrophoresis, is that this technique is a direct and sensitive measure of DNA damage, is less time intensive, and does not have confounders such as replication stress. Additionally, minor modifications of the comet assay protocol will allow detection of the type of DNA damage in cells.  
1.2. Eddy Yang: Because many cancer therapies act by inducing DNA damage in tumors and often act by altering DNA repair capacity, this technique can be extended toward the efficacy of cancer therapy.
1.3. **Eddy Yang: Demonstrating the procedure will be Somaira Nowsheen, a research assistant from my laboratory. 
1.3.1. Interview style: Author saying the above 
(DELETED SHOT)
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Cell culture
2.1. Begin by harvesting neuronal cells treated under the desired experimental circumstances into 15 mL tubes. Spin down the tubes for 5 minutes at 1000 x g and 4°C.
2.1.1.  WIDE: Talent removes neuronal cells from incubator
2.1.2. MED: Talent adding one aliquot of cells into one 15 ml tube
2.1.3. MED: Talent places tube(s) into centrifuge (TEXT: 5 min, 1000 x g, 4°C)
2.2. After aspirating the supernatant, resuspend the pellet in PBS and then spin down the cells again.
2.2.1. CU: Shot of supernatant being aspirated, the pellet being resuspended in PBS 
2.2.2. CU: Shot of tube(s) being placed into centrifuge (TEXT: 5 min, 1000 x g, 4°C)
2.3. After the second wash, resuspend the cells in more PBS, count them, and keep them in the dark until use in the comet assay to avoid DNA damage. 
2.3.1. MED: Talent adding PBS to one tube
2.3.2. MED: Talent counting cells (e.g., sitting at microscope using hemocytometer)
2.3.3. MED/CU: Talent places cells in dark
3. Neutral Comet assay
3.1. Before beginning the comet assay, melt 1% agarose in a microwave for 3 minutes until all the granules disappear. 
3.1.1. WIDE: Talent putting agarose into microwave
3.1.2. CU: Shot of agarose without granules
3.2. Then dip slides into the molten agarose and wipe one side clean with a kimwipe. Allow the agarose to air-dry to a transparent film. 
3.2.1. MED: Talent dips one slide into agarose then wipes one side
3.2.2. CU: Shot of several slides air drying
3.3. While the agarose is drying, chill lysis solution at 4°C for at least 1 hour and melt more 1% low melting point agarose. Cool this batch of agarose to 37°C in a water bath for half an hour to avoid the artificial induction of a comet tail.
3.3.1. MED: Talent placing lysis solution at 4°C
3.3.2. MED: Talent taking agarose out of microwave
3.3.3. MED: Agarose being placed into water bath (TEXT: 1% agarose, 37°C, 30 min)
3.4. Now dilute the harvested neuronal cell suspension so that there are 100,000 cells per mL. Combine the cell suspension with the 37° low melting point agarose at a 1:10 ratio, vortex briefly, and immediately use the side of a pipette tip to spread 50 l of the cell suspension evenly over the sample area of the air-dried Comet Slide. 
3.4.1. MED: Few seconds of Talent diluting one aliquot of cell suspension
3.4.2. MED: Shot of cell suspension being combined with agarose
3.4.3. MED: Shot of mixture being vortexed
3.4.4.  CU: Shot of cell suspension being spread over one slide (TEXT: Distribute each treatment group in triplicate)
3.5. Place the treated slides flat in the refrigerator for 30 minutes until a circle appears in the periphery of the slide. Then submerge the slides in the pre-chilled lysis solution in the dark at 4°C.
3.5.1. MED: Talent placing slides in fridge (TEXT: 30 min, 4°C)
3.5.2. CU/ECU: Shot of ring on periphery of slide
3.5.3. MED: Shot of last 1-2 slides being submerged in lysis solution then being covered (TEXT: lysis solution, 30 min, 4°C, dark) (Videographer: Split step into two shots as necessary)
3.6. After 30 minutes, aspirate the lysis solution. Then incubate the slides in 1X neutral electrophoresis buffer for half an hour in the refrigerator. 
3.6.1. MED: Few seconds of Talent aspirating lysis solution
3.6.2. CU: Talent places slides in fridge (TEXT: Electrophoresis buffer, 30 min, 4°C)
3.7. Next add pre-chilled 1X Neutral Electrophoresis Buffer to an electrophoresis chamber and then place the slides in the electrophoresis slide tray, aligning the slides so that they are equidistant from the electrodes. 
3.7.1. MED: Talent adding buffer to chamber
3.7.2. CU: 1-2 slides being placed into slide tray
3.7.3. CU: If possible, shot of all slides in chamber (Video Editor: If possible, please indicate electrodes with arrows OR indicate distance between electrodes and slides with bracket or similar) 
3.8. After filling the chamber enough to cover the slides with 0.2 inches of 1X Neutral Electrophoresis Buffer, set the power supply voltage to 1 volt per cm and run the assay in the dark for 30 minutes at 4°C.
3.8.1. CU: Shot of chamber being filled to 0.2 inches above slides (TEXT: Excess buffer interferes w/ electrophoresis)
3.8.2. MED: Talent setting voltage
3.8.3. MED: Talent shutting off light/covering equipment (TEXT: Electrophoresis, 30 min, 4°C)
4. Alkaline Comet assay
4.1. Begin by immersing new agarose-and-neuronal cell-treated slides in fresh pre-chilled lysis solution and then incubate them in the dark at 4°C for 1 hour to overnight.
4.1.1. WIDE: Talent adding 1-3 slides in lysis solution
4.1.2. MED: Talent places slides in dark at 4°C (TEXT: Lysis solution, 1-16 h, 4°C)
4.2. Next remove the slides from the lysis solution, drain them, and then rinse them once with cold neutralization buffer for 5 minutes to remove any residue prior to the alkali-unwinding step.
4.2.1. MED: Talent removes 1-2 slides
4.2.2. CU: Few seconds of slide(s) being drained
4.2.3. MED: Talent rinsing 1-3 slides with buffer (Videographer: ~10-12 s action) (TEXT: Neutralization buffer, 5 min)
4.3. Then place the slides in a gel electrophoresis chamber filled with pre-chilled, freshly made electrophoresis buffer not to exceed 0.5 cm above the slides. 
4.3.1. MED: Talent places ast 1-3 slides in chamber, then tops off cha,ber with buffer (TEXT: Align slides equidistance from electrodes)
4.4. Incubate the slides in the alkaline buffer for 30 minutes in the dark to allow for the unwinding of the DNA and the expression of the alkali-liable damage. Then run the assay at 1 volt per cm for 30 minutes at 4°C. 
4.4.1. MED: Talent places slides in dark (Videographer: ~10 s action) (TEXT: Electrophoresis buffer, 30 min 4°C, dark)
4.4.2. CU/MED: Assay being run (TEXT: Electrophoresis, 30 min, 4°C)
5. Fixing and staining cells
5.1. After running the comet assay, drain the excess Electrophoresis Buffer and then immerse the slides in pre-chilled distilled water at room temperature. After 5 minutes, immerse the slides in pre-chilled 70% ethanol, also at room temperature.
5.1.1. WIDE: Talent drains buffer
5.1.2. MED: Talent immerses last 1-2 slides in distilled water (TEXT: dH2O, 5 min, RT)
5.1.3. CU: Last 1-2 slides being immersed into ethanol (TEXT: EtOH, 5 min, RT)
5.2. After 5 more minutes, set the samples to dry overnight, keeping them out of bright light. Then stain the slides in Sybr green in the refrigerator for 30 minutes.
5.2.1. CU: Shot of slides set to dry (TEXT: Optional: slides can be stored once dried)
5.2.2. MED – over the shoulder: Shot of Sybr green being added to 1-2 slides (TEXT: Sybr green, 30 min, 4°C)
5.3. Now remove the slides and allow them to dry completely in the dark. The agarose will become transparent when completely dry.
5.3.1. MED: Talent removes slides from fridge
5.3.2. MED: Talent places slides in dark/covers slides/turns off light
5.3.3. CU: Shot of one slide with clear agarose (e.g., turn slide to show all angles)
6. Image acquisition and analysis
6.1. To acquire images from the assay, use a fluorescent microscope set to the green filter. Then open the Comet Assay program to analyze the acquired images by clicking on the “comet head” button. The software will calculate the parameters, including the mean tail moment and the amount of DNA in the nucleus.
6.1.1. WIDE: Talent approaches/sits at microscope, sets scope to green filter
6.1.2. MED – over the shoulder: Talent at computer, opening Comet Assay software
6.1.3. SCREEN: “Comet head” button being clicked
6.1.4. SCREEN: Shot of calculated parameters (Video Editor: If possible, please indicate the “mean tail moment” and “amount of DNA in nucleus” when mentioned)
6.2. After analyzing at least 200 cells per treatment, export the data to Microsoft Excel for calculation of the mean tail moment and data plotting.
6.2.1. SCREEN: “Export to Microsoft Excel” being selected (e.g., menu being opened, then export being selected)
6.2.2. LAB MEDIA: Figure 4.tif
7. Results: Representative comet assays assessing DNA damage in hippocampal neurons 
7.1. This first figure shows an example of a comet assay analysis of neuronal cells with and without a comet tail.
7.1.1. LAB MEDIAL Figure 2.tif (Video Editor: with “neuronal cells with” please indicate/highlight the image/box on the right; with “without a comet tail” please indicate/highlight the image/box on the left)
7.2. In this second comet assay, analyzed using the Comet Assay software, irradiation of the neuronal cells was determined to induce DNA damage. As the cells were subjected to the electrical field, the DNA migrated at different rates due to differences in size, as subsequently analyzed with the Comet Assay software. This first screen shot shows representative images acquired using the fluorescent microscope.
7.2.1. LAB MEDIA: Figure 3A.tif 
7.3. Using the comet assay program, clicking on the nucleus or the “comet head” of one image
7.3.1. LAB MEDIA: Figure 3B.tif (Video Editor: Please indicate/highlight the white sphere inside the green dotted circle)
7.4. generated a fluorescent map, graph and data table. The more the damage to the DNA, the farther the DNA migrated out of the nucleus. This resulted in a decrease in the fluorescence intensity in the nucleus, as indicated by the green color and as subsequently detected by the software, producing a higher tail moment. 
7.4.1. LAB MEDIA: Figure 3C.tif (Video Editor: with “generated a fluorescent map” please highlight the fluorescent sphere in the top half of the yellow dotted circle; with “graph” please highlight the graph in the bottom half of the yellow dotted circle; with “data table” please highlight the red dotted oval)
7.5. In this final figure, a representative graph of the mean tail moment obtained by analyzing the DNA damage in irradiated and non-irradiated neuronal cells using a neutral comet assay is shown. As expected, 3Gy radiation induced DNA damage, as indicated by the higher mean tail moment in the irradiated neuronal cells. 
7.5.1. LAB MEDIA: Figure 4.tif (Video Editor: with “damage in irradiated” please highlight the “IR” only text; with “and non-irradiated” please highlight the “No IR” text; with “higher mean tail moment.. cells” please highlight the IR data column)

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/index/Details.stp?ID=1597

8. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

8.1. Somaira Nowsheen: While attempting this procedure, it’s important to remember to handle the cells carefully, prevent exposure to direct light, and control the temperature and pH.  This is to prevent any extraneous stresses on the cells, which could alter results.
8.2. [bookmark: _GoBack]Eddy Yang: Following this procedure, other methods such as analysis of DNA damage and repair foci via immunofluorescence, can be performed in order to answer additional questions about which repair pathways are altered.  For example, immunofluorescence for Rad51 or phosphor-DNA-Pk foci can be performed to determine homologous recombination repair or nonhomologous end joining repair, respectively.
   

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, 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.  

Figure 1.tif
Figure 1.tifFigure 3B.tif
Figure 3C.tif
Figure 4.tif



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.
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