Submission ID #: 53240
Editor Name: James Perry
Videographer name: Brandon Marks
Film Date: 6/23/15

Authors and Affiliations: Ryan D Whetstone, Barry Gold

Department of Pharmaceutical Sciences, University of Pittsburgh, Pittsburgh PA 15261 U.S.A.


Title: Quantification of colonic stem cell mutations

Corresponding Author:
Barry Gold
Department of Pharmaceutical Sciences
University of Pittsburgh
Pittsburgh PA 15261 U.S.A.
goldbi@pitt.edu


Co-author:
Ryan D. Whetstone
Department of Pharmaceutical Sciences
University of Pittsburgh
Pittsburgh PA 15261 U.S.A.
rdw16@pitt.edu


A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) NO  (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) YES Not sure – there is software that we use to visualize and count crypts on computer monitor based on a camera linked to the microscope. 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. (1) Cutting the frozen sections for the enzymatic analysis; (2) Preparing the mixture used to determine glucose-6-phosphate dehydrogenase (G6PD) activity; (3) The tissue staining process; (4) Analyzing for G6PD mutant crypts; calculating the G6PD mutation frequency.
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.  Steps 2&3 – the procedures outlined to prepare the staining solution should be closely followed.
E.  Will the filming need to take place in multiple locations? (Y/N) NO If yes, how far apart are the locations? 

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to quantify phenotypic somatic mutations in the glucose-6-phosphate dehydrogenase, or G6PD, gene in colonic stem cells after treatment of animals with putative genotoxic agents. (Title card)

This is accomplished by first treating animals with the agent…, waiting an appropriate amount of time to allow the progeny of a stem cell carrying a G6PD mutation to fully populate a crypt…, sacrificing the animal, removing the colon and forming it into a Swiss Roll, and freezing the tissue in liquid nitrogen (3) (P1 – (1) Using mouse RS3849 and needle RS2856, show the mouse being injected in the rump, preferably with a colored “liquid” in the syringe and the plunger depressing.  (2) Calendar RS250 which 3 pages being flipped (change year to individual month names i.e. April, May, June) to indicate time passing. (3) Use pink tube, as in RS 4205 “Intestine Segment”. Have this “fly” out of the mouse. Fade to a “rolled tube”. The end will look like the slices (orange swirls) in JoVE graphic.pptx, but the tube has not yet been sliced. Then have this “fly”/shrink into the ice bucket from RS3806 labeled “liquid N2”.)

The second step is to prepare 7 µm thick frozen sections on slides from the colon using a cryostat. (P2 – JoVE graphic.pptx: Bring up a few of the orange “Swiss roll” slices and have them “fly onto the slide)

The tissue is warmed to 37 oC and then wells for tissue staining are constructed around the tissue sections. (P3 – JoVE graphic.pptx: Bring up washers (grey disks) around the tissue slices)

The final step is to incubate the tissue sections with the G6PD staining mixture and then analyze the sections under a light microscope.  Cells with G6PD activity stain blue while those with phenotypic mutations appear whitish. (P4 – (1) Use a P1000 pipette like RS184. Have this come onto screen and “pipette” some red solution into the open middle of the washer on top of the orange “Swiss roll” tissue slice. (2) Use stained crypts image P4.3 from JoVE graphic.pptx)

Ultimately, the quantification of mutated crypts is used to determine the mutation frequency. (new lab media: results graph of mutation frequency from step 5.4 or Table 1.doc)

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). A PowerPoint file has been uploaded separately.   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

We limit author statements to 1-2 per author. The “introduction” statement is used when the on-screen talent has not given an interview statement.
1.1. Ryan D. Whetstone: The main advantage of this technique over existing methods, such as the use of genetically modified mice, is that it quantifies phenotypic somatic stem cell mutations that occur in vivo in wild type mice without tissue fixation.   
1.2. Barry Gold: Though this method can provide insight into stem cell mutations in colon cancer, it can also be applied to other model organisms or organ systems if a stem cell niche can be identified.
1.3. Ryan D. Whetstone: Generally, individuals new to this method will struggle because the generation of the staining solutions and the enzymatic staining of frozen tissue is experimentally challenging compared to antibody staining.


Protocol (read by voice talent at JoVE):
2. Preparation of Glucose-6-phosphate Dehydrogenase (G6PD) Staining Mixture
2.1. To begin preparing the histological staining solution (2.1.1-WIDE), add 2 ml of pH 7.4 phosphate buffer to 35 ml of optimal cutting temperature, or OCT, medium in a 50 ml tube and shake vigorously to combine (2.1.2-MED). Using pH paper, confirm that this solution is approximately pH 7.4 (2.1.3-CU).
2.1.1. Talent approaching the work area with equipment/reagents in view
2.1.2. *Film as written First take is adding OCT compound to tube ONLY! Example shown after take 2
2.1.3. *Film as written Take 2
2.2. Next add glucose-6-phosphate, NADP, and magnesium chloride solution dissolved in phosphate buffer as indicated in the text protocol (2.2.1-MED-TXT), and again confirm that the pH of the solution remains approximately 7.4 (2.2.2-CU).
2.2.1. *Film as written, TEXT: See text protocol for solution concentrations. 2nd take best
2.2.2. *Film as written Re-use 2.1.3
2.3. Add MMPMS solution and mix vigorously (2.3.1-MED-TXT). This should result in a clear, dark red homogenate (2.3.2-ECU). Wrap this solution in foil to minimize exposure to light (2.3.3-MED). If this solution becomes turbid, it should be discarded (2.3.4-ECU).
2.3.1. *Film as written, TEXT: MMPMS: 1-methoxy-5-methylphenazinium methyl sulfate; 5 mg in 0.25 ml phosphate buffer Included in 2.2.1 take 2
2.3.2. *Film as written
2.3.3. *Film as written
2.3.4. Show a close-up of the turbid solution so that the viewer can see what the solution looks like when it is no longer useable (Video editor: Possibly use a split-screen or inset of shot 2.3.2 to compare the turbid solution to the clear, useable one.)
2.4. While an oil bath is heating, separately, prepare a 5 mM nitro blue tetrazolium, or NBT, solution by mixing 0.4 ml of dimethyl formamide, 0.4 ml of anhydrous ethanol, and NBT in a 2 ml tube with an O-ring lid (2.4.1-MED). Loosely seal the tube and bring it to a vigorous boil in the oil bath (2.4.2-MED) until the NBT is dissolved (2.4.3-ECU).
2.4.1. *Film as written
2.4.2 to 2.5.2 skipped due to difficulty and inability to guarantee it would work at all, cover in VO
2.4.2. *Film as written
2.4.3. Show the final solution. It should not have any undissolved particulate in it.
2.5. Next, allow the NBT solution to cool to room temperature and then add it to the OCT reaction mixture (2.5.1-MED). The solution may change color from the initial orange-red to a dark-red or purple over time (2.5.2-CU).
2.5.1. *Film as written
2.5.2. Talent showing solution tubes at both colors
3. Tissue section staining
3.1. After treating animals and preparing frozen sections as indicated in the text protocol, build wells for tissue staining using two steel washers bonded together with silicone grease (3.1.1-MED-over the shoulder-TXT). Fit Parafilm to the base of the washer, and cut out the center where the solution will be placed (3.1.2-CU).
3.1.1. *Film as written, TEXT: Washers = 1.5 cm x 0.15 cm (interior diameter x height)
3.1.2. *Film as written
3.2. Pre-warm the frozen tissue slides in a humid 37 oC room for 10 min (3.2.1-MED).
3.2.1. *Film as written Shown as preparation to equilibrate, use VO for specifics
3.3. Next, place the wells on the slide to surround the tissue sections (3.3.1-CU). Add approximately 0.5 ml of the previously prepared G6PD staining mixture to each tissue section well and incubate for 45 to 50 min (3.3.2-CU).
3.3.1. *Film as written Shown in 3.2.1
3.3.2. *Film as written
3.4. Remove the slides from the warm room (3.4.1-WIDE/MED) and carefully remove the stainless steel wells from the slides (3.4.2-CU).
3.4.1. *Film as written
3.4.2. *Film as written
3.5. Place the slides on the long edge and drain the reaction mixture (3.5.1-MED), followed by a 30 to 60 minute wash in 100 mM phosphate buffer (3.5.2-MED) to remove the final traces of the G6PD staining solution (3.5.3-ECU). Rinse the slides in deionized water for 5 to 10 min to remove residual phosphate buffer (3.5.4-MED).
3.5.1. *Film as written covered in previous shot
3.5.2. *Film as written
3.5.3. If possible, try to show that the slide is visibly free of stain.
3.5.4. *Film as written covered in previous shot
3.6. Finally, seal the tissue by adding fluoro-gel dropwise to the slide and dry for 30 minutes (3.6.1-MED).
3.6.1. Show talent adding the fluoro-gel and then starting a timer at the end of the shot.
4. Determination of Mutation Frequency
4.1. [bookmark: _GoBack]To acquire images for later analysis, place the slide on a light microscope and adjust to 40x magnification (4.1.1-MED). Then, take pictures of the stained tissue section with a 5.0 megapixel camera (4.1.2-MED CU).
4.1.1. *Film as written
4.1.2. Talent working at the computer.
4.2. To estimate the total number of crypts examined for each mouse (4.2.1-MED-Over the shoulder), select a section from the level with the smallest surface area and image it at 10x magnification (4.2.1-SCREEN).
4.2.1. Show talent opening an image in the software and beginning to work with it. Get enough footage to cover the VO.
4.2.2. *Screen capture to be provided by the author, should show talent finding the appropriate level.
4.3. Visually count the number of crypts in this section and multiply by the number of levels screened for each colon (4.3.1-SCREEN-TXT). 
4.3.1. *Screen capture to be provided by the author, Talent counting crypts using computer software, TEXT: Evaluate a minimum of 10,000 crypts/colon
4.4. Count the number of mutant crypts according to the following criteria: The entire crypt is devoid of blue color (4.4.1-LM), the outer structure of the crypt is intact (4.4.2-LM), the mutant crypt is observed on adjacent 7 µm sections (4.4.3-LM) and, two observers identify the same crypt as a mutant (4.4.4-MED) (4.4.5-MED).
4.4.1. Lab media provided by authors: Can you provide an image with a “good” mutant and a “bad” mutant. Please annotate which is which.
4.4.2. Lab media provided by authors: Again, please provide comparison images for a “good” and “bad” crypt.
4.4.3. Lab media provided by authors: Please provide images of adjacent sections with the same crypt marked out in both.
4.4.4. Show one talent marking a crypt
4.4.5. Show a second talent marking the same crypt as in 4.4.4. (Video editor, please show in split screen with 4.4.4.)
Authors: Please remember to provide these images, with the shot number in the file name.

5. Results: Colonic Stem Cell Mutation Frequency as Determined by Analysis of G6PD Mutant Crypts 
5.1. Examples of mutant crypts observed in mice treated with the DNA damaging agent azoxymethane can be seen here (5.1.1-LM). On the left you see a vertical or top-down view of a mutant crypt (5.1.2-LM), while on the right is a horizontal, or side-view (5.1.3-LM). 
5.1.1. 53240fig2.jpg, Figure 2A and 2B: Remove panel labels “A” & “B.” Add text “Scale bar=10 μm”.
5.1.2. 53240fig2.jpg, Figure 2A and 2B: Slightly expand to highlight the left panel. Highlight the large white spot marked out by scale bar.
5.1.3. 53240fig2.jpg, Figure 2A and 2B Slightly expand to highlight the Right panel. Highlight the large white spot marked out by scale bar.
5.2. For a crypt to be declared mutant, all of the cells within the crypt must remain white (5.2.1-LM). Crypts with a small amount of white are due to mucous production from goblet cells (5.2.2-LM).
5.2.1. 53240fig2.jpg, Figure 2A: Remove panel label “A”. Add text “Scale bar=10 μm”. 
5.2.2. 53240fig2.jpg, Figure 2A: Highlight the small white spots within crypts on upper portion of the image (there is a set of three small white areas above and to the right of the noted crypt (white scale bar)).
5.3. Mutation frequency is calculated as the number of mutants observed divided by the total number of crypts screened (5.3.1-LM). 
5.3.1. Table 1.doc: Highlight M.F. column
5.4. No mutant crypts were observed in colons from control mice representing a mutation frequency less than 1 times 10-5 (5.4.1-LM), while azoxymethane-treated mice showed a stem cell mutation frequency of 4.44 times 10-4 (5.4.2-LM).
5.4.1. Lab media: Authors will provide graphical representation of this data. Highlight appropriate treatment column. OR Table 1.doc: Highlight “M.F. (x10-4)” column for the “solvent” row.
5.4.2. Lab media: Authors will provide graphical representation of this data. Highlight appropriate treatment column. OR Table 1.doc: Highlight “M.F. (x10-4)” column for the “AOM” row.
Authors: Please upload all requested images/figures:
Table 1 in graph format for step 5.4
Images exemplifying crypt scoring criteria for step 4.4

6. Conclusion (said by authors on camera)
6.1. Ryan D. Whetstone: Following this procedure, other methods like genetic analysis of the type of G6PD mutations can be performed in order to answer additional questions like how the chemical agent miscodes for a mutation.
6.2. Ryan D. Whetstone: After watching this video, you should have a good understanding of how to measure somatic stem cell mutations in mice treated with potential mutagenic/carcinogenic compounds.
Authors: We limit statements to 1-2 per author
       

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