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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N___  (If you can record images/videos using your own camera/software, then mark No)   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)_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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _Steps 2, 3__

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.) __Steps 2, 3_

E.  Will the filming need to take place in multiple locations? (Y/N) ____Y___ If yes, how far apart are the locations?  Within one building_

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of the in vivo alkaline comet assay and the enzyme-modified alkaline comet assay is to concurrently measure direct and oxidative DNA damage at the single cell level. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Mugimane G. Manjanatha: This method was first proposed as a regulatory tool for safety analysis for FDA-regulated products. It can help answer key questions in fields ranging from regulatory safety evaluation to molecular epidemiology to basic cancer research.

1.2. Wei Ding: The main advantages of this technique are that it is simple, sensitive, versatile, rapid, relatively inexpensive, and capable of detecting DNA damage in virtually any animal tissue. 

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

1.3. Michelle E. Bishop: Generally, individuals new to this method will struggle because quickly preparing useful single cell suspensions from some tissues can be a challenge.

1.4. Lascelles E. Lyn-Cook: Visual demonstration of this method is critical as the preparation of cell suspensions is difficult to learn, because it requires a certain amount of ‘art’ as well as science.   

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the US FDA/National Center for Toxicological Research.
Protocol (read by voice talent at JoVE):

2. Preparation of Single Suspensions from Rat Liver
2.1. After euthanizing rats with CO2 gas according to the text protocol [2.1.1-WIDE], palpate to confirm that the rat has no heartbeat and pinch the toes to confirm that the rat does not withdraw its limb [2.1.2-CU].
2.1.1. Talent places euthanized rat down on surgical area on bench

2.1.2. Talent palpates to confirm no heartbeat then pinches toes to show no response
2.2. Use ethanol to disinfect the skin [2.2.1-CU] then use surgical scissors to open the abdominal cavity [2.2.2-CU] before removing the intact liver [2.2.3-CU/ECU].  With the scissors, separate the left lateral lobe from the rest of the organ and place it on a cutting board [2.2.4-CU/ECU]. 

2.2.1. Film as written

2.2.2. Film as written

2.2.3. Talent removes liver and places in dish

2.2.4. Film as written, Videographer, have talent point out the left lateral lobe before cutting
2.3. Next, using a disposable single-edged razor blade, cut two adjacent 3-4 mm thick transverse sections [2.3.1-CU].  Place one transverse section on filter paper, then into 10% neutral buffered formalin, or NBF [2.3.2-CU-TXT].
2.3.1. Talent uses blade to cut 2 sections 

2.3.2. Talent picks up a section and places on filter paper then into 10% NBF (TEXT: 10:1 or greater ratio of NBF to tissue, 72 hrs)

2.4. Place the second liver section into 5 ml of ice cold mincing buffer in a 6 cm Petri dish and rinse three times to remove the residual blood [2.4.1-CU].
2.4.1. Talent places second section into ice cold mincing buffer in a dish and rinses then transfers to the second rinse of buffer -  have the third rinse visible (TEXT: refer to text protocol for all buffer and reagent recipes)

2.5. Then transfer the liver section to a new 2 ml centrifuge tube containing 1 ml of ice-cold mincing buffer [2.5.1-CU].  With fine scissors, mince the section to release the cells [2.5.2-CU] then with a 40 um cell strainer, strain the cell suspension to remove any tissue lumps [2.5.3-CU].
2.5.1. Film as written
2.5.2. [combined with 2.5.1] Film as written
2.5.3. Talent passes cell suspension through cell strainer and tissue clumps are seen on top as suspension passes through strainer
2.6. Place the single cell suspension on ice [2.6.1-CU] and with a hemocytometer, verify that the concentration is approximately 2 x 106 cells/ml [2.6.2-MED/CU-TXT].

2.6.1. Film as written

2.6.2. Talent pipettes cells into a hemocytometer then places hemocytometer on microscope stage (TEXT: Use cells within 1 hr to make slides)
3. Preparation and Enzyme Treatment of Comet Slides
3.1. To prepare comet slides, mix one volume of the single cell suspension with 10 volumes of molten, 37(C, 0.5% low melting agarose solution [3.1.1-CU].  Immediately pipette 100 ul onto a previously prepared agarose-coated slide and use a cover slip to cover the agarose/cell mixture [3.1.2-CU-TXT]. 

3.1.1. Talent pipettes cell suspension into agarose solution

3.1.2. Talent pipettes solution onto a slide and adds a coverslip – have other prepared slides visible (TEXT: prepare ( 8 slides/sample)
3.2. Lay the slides flat and cool at 4(C for 30 minutes [3.2.1-WIDE/MED].  After the gel has solidified, gently remove the cover slips [3.2.2-CU/ECU] and immerse the slides in pre-chilled lysis buffer [3.2.3-CU].  Incubate in the dark at 4(C for 1 hour to overnight [3.2.4-WIDE/MED].
3.2.1. Talent places slides arranged on flat tray into fridge (see 3.2.4 for additional incubation at 4(C)

3.2.2. Talent gently removes a coverslip from a slide

3.2.3. Talent places the slides into pre-chilled lysis buffer

3.2.4. Talent places covered slides into fridge
3.3. Following the incubation, remove 6 of the 8 slides prepared for each tissue sample from the lysis buffer [3.3.1-CU] and use room temperature enzyme buffer to rinse them 3 times for 5 minutes each [3.3.2-CU].   Then use tissues to blot excess solution [3.3.3-CU].
3.3.1. Talent removes 6 samples from lysis buffer, leaving 2 in buffer

3.3.2. Talent transfers slides into enzyme buffer to rinse

3.3.3. Talent removes slides from final wash and blots with blotting tissue

3.4.  Next, use enzyme buffer to dilute hOGG1 and Endo III enzyme stocks to 1:1000 [3.4.1-CU] and place on ice [3.4.2-CU].
3.4.1. Talent pipettes enzyme buffer into tube with hOGG1 enzyme and then into tube with Endo III enzyme

3.4.2. [combined with 3.4.1] Talent places diluted, labeled enzymes on ice

3.5. Then apply 200 ul of the following solutions to the slides in each treatment group:  enzyme buffer alone to two slides [3.5.1-CU], hOGG1 (“H-O-G-G-one”) solution to two slides [3.5.2-CU], and Endo III solution to two slides [3.5.3-CU].
3.5.1. [3.5.1 to 3.6.1 combined] Talent adds enzyme buffer to two slides

3.5.2. Talent adds hOGG1 to two slides

3.5.3. Talent adds Endo III solution to two slides

3.6. Place the slides into Petri plates lined with moistened paper towels and use Parafilm to cover the slides [3.6.1-CU].  Then place the slides at 37(C, incubating the Endo III-treated and reference slides for 45 minutes and the hOGG1-treated slides for 30 minutes [3.6.2-MED].
3.6.1. Film as written

3.6.2. Talent places Endo III and reference slides together in incubator and hOGG1 slides separate in incubator

4. Unwinding Electrophoresis
4.1. Following the incubation, drain the slides [4.1.1-CU] and for the reference slides, use cold neutralization buffer to remove residual detergent and salts [4.1.2-CU].  Then use distilled water to rinse the enzyme-treated slides [4.1.3].
4.1.1. Talent drains the slides from each group

4.1.2. [combined with 4.1.1] Talent rinses reference slides with cold neutralization buffer
4.1.3. Talent rinses enzyme treated slides with distilled water
4.2. Randomly place the slides in a horizontal gel electrophoresis tank, avoiding any spaces [4.2.1-CU].  Then add freshly made electrophoresis buffer to the tank, while avoiding bubbles, until it just covers the slides [4.2.2-CU-TXT].  
4.2.1. Talent places slides into tank without spaces

4.2.2. [combined with 4.2.1] Record the buffer pH and temperature (TEXT: pH > 13, record pH and temp) 
4.3. Set the power supply to 0.7 V/cm and incubate the slides in the alkaline buffer for 20 minutes to allow unwinding of the DNA and expression of alkali-liable damage [4.3.1-MED/CU]. Record the slide placement, the temperature of the buffer, and the current [4.3.2-MED/CU].
4.3.1. Talent sets power supply and presses run
4.3.2. Talent records slide placement, temp of buffer and current
4.4. After the incubation for unwinding, place the electrophoresis tank at 4(C [4.4.1-MED]. Then press the run button on the power supply [4.4.2-CU] and if needed, adjust the current to 300 mA by raising or lowering the buffer level, keeping it just above the slides [4.4.3-CU].
4.4.1. Film as written

4.4.2. Film as written

4.4.3. Talent adjusts buffer level to adjust current to 300 mA

4.5. Run the samples for 20 minutes [4.5.1-CU] before again recording the slide placement, the temperature of the buffer, and the current [4.5.2-CU].
4.5.1. Talent starts a 20-minute timer

4.5.2. Timer nears zero and talent records slide placement, temp, and current

4.6. Following electrophoresis, gently lift the slides from the tank and immerse in neutralization buffer to neutralize the excess alkali [4.6.1-CU].  Then drain the slides and repeat the neutralization two more times [4.6.2-CU].
4.6.1. Talent gently lifts slides form tank and immerses in neutralization buffer

4.6.2. Talent drains slides and immerses again in fresh neutralization buffer

4.7. With cold 100% ethanol, fix the slides for 5 minutes [4.7.1-CU].  Allow the slides to air dry and store in a dry environment [4.7.2-MED/CU].
4.7.1. Talent places slides in cold 100% ethanol

4.7.2. Talent places dried slides into storage

5. DNA Staining, Comet Visualization and Analysis
5.1. To stain the DNA, place the slides on a cardboard or metal tray [5.1.1-CU] and add 200 ul of nucleic acid fluorescent stain working solution to each slide before covering with a coverslip [5.1.2-CU-TXT].
5.1.1. Talent finishes placing slides on tray (TEXT: stain in batches of 20 slides at a time)

5.1.2. Talent adds DNA stain to a slide and adds a coverslip – have additional slides already covered

5.2. Protect the slides from light and incubate for at least 30 minutes [5.2.1-CU].  Then to read the slides, gently blot away the excess staining solution, taking care not to disturb the cover glass [5.2.2-CU].
5.2.1. Talent covers slides and starts 30-minute timer

5.2.2. Talent uncovers slides and blots excess solution
5.3. Next, place the comet slide on the stage of a fluorescence microscope equipped with a video camera [5.3.1-MED] and randomly choose a field containing cells [5.3.2-MED/MED OVER SHOULDER].
5.3.1. Talent at scope places slide on stage of microscope with video camera visible

5.3.2. Talent looking through oculars or on computer screen to choose field 

5.4. After opening the comet assay software, using the mouse, select a cell then left click the center of the comet head of the cell.  The software will calculate parameters for the cell and add to a data file [5.4.1-SCREEN/LM-TXT].
5.4.1. Talent left clicks center of comet head of cell and parameters for cell show up on screen; Editor, point out the parameters at the bottom of the screen when mentioned (TEXT: Comet IV software used here)

5.5. Once all the cells have been scored in the current field, move to another field and repeat the scoring of any suitable comet cell that appears without bias.  Score 10 random fields and at least 75 comets per slide [5.5.1-SCREEN/LM-TXT].  

5.5.1. Talent moves to another field and begins scoring suitable comet cells (TEXT: refer to text protocol for scoring guidelines).

5.6. Finally, save the data into a spreadsheet for later analysis [5.6.1-LM].
5.6.1. LAB MEDIA Spreadsheet of saved data for analysis, Authors will provide an Excel spreadsheet
6. Results: Measuring DNA Strand Breaks and Oxidative DNA Damage using the Alkaline Comet Assay
6.1. As previously reported, CPA is a synthetic hormonal drug that induces rat liver tumors in a sex-specific manner, with five-fold higher doses needed to induce liver tumors in male rats compared to females [6.1.1-LM].  
6.1.1. LAB MEDIA Figure 1

6.2. As shown here, the in vivo alkaline comet assay and the enzyme-modified comet assay demonstrated that a five-fold higher dose of CPA was needed to induce a significant increase in DNA damage in male livers compared to females [6.2.1-LM].
6.2.1. LAB MEDIA Figure 1, Editor, for ‘a five fold higher dose of CPA…,’ point out the lower, dark male bars compared to the higher, light female bars when mentioned.

6.3. Hydroxysteroid sulfotransferase, or HST, is expressed at 15-fold higher levels in adult female rats compared to adult males. HST metabolism is a rate-limiting step in the activation of CPA to DNA-binding metabolites.  As seen here, CPA-induced oxidative DNA damage was generally greater in male compared to female rat livers, and therefore less likely to be rate-limiting in tumor formation in male rats [6.3.1-LM].
6.3.1. LAB MEDIA Figure 2A and B, Editor, point out the higher bars for males compared to females in both graphs for ‘generally greater in male compared t female rat livers.
6.4. As reported in these tables, histopathology evaluation of livers from CPA-treated rats showed no evidence of agent-induced apoptosis or necrosis, confirming previous conclusions that the positive comet assay results were not a secondary effect of cytotoxicity [6.4.1-LM]. 
6.4.1. LAB MEDIA Tables 1 and 2
7. Conclusion (said by authors on camera)
7.1. Lascelles E. Lyn-Cook: While attempting this procedure, it is important to collect single cell suspensions and prepare come assay slides as quickly as possible.

7.2. Michelle E. Bishop: This assay can be combined with other methods, such as a micronucleus assay to answer additional questions like whether or not the DNA damage detected by the comet assay results in clastogenicity or aneugenicity.

7.3. Mugimane G. Manjanatha: After its development, this technique paved the way for researchers in the field of genetic toxicology to explore DNA damage and repair quantitatively, in virtually any animal tissue and in human samples. 

7.4. Wei Ding: After watching this video, you should have a good understanding of how to utilize the in vivo alkaline comet assay together with enzyme-modified alkaline comet assay to concurrently measure both direct and oxidative DNA damage in the rat liver at the single cell level. 

7.5. Wei Ding: Don’t forget that working with DNA damage reagents can be extremely hazardous and precautions such as wearing personal protective equipment 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 –  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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