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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N 

2. Does your protocol include software usage? 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.6
2.8
3.1
3.3
4.3
4. 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.)
2.6
2.7
5. Will the filming need to take place in multiple locations?  Y 
If yes, how far apart are the locations? Approximately 30-35 yards apart


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Stephen M. Sykes: Reactive oxygen species or ROS are highly reactive oxygen species that are produced by cells and influence their behavior. Though, excess ROS can also cause widespread cellular havoc and in severe cases cell death. Thus, the maintenance ROS homeostasis is of fundamental importance to cellular function and survival. The protocol presented here focuses on measuring a specific type of ROS that is generated by mitochondria, mainly as a metabolic by-product, in live normal hematopoietic stem and progenitor cell populations as well as in leukemia cells from mouse model of the blood cancer, Acute Myeloid Leukemia or AML. This protocol can also be used to evaluate how genetic manipulation, such as gene deletion or over-expression, impacts mitochondrial ROS in several healthy and malignant hematopoietic populations and, as a result, potentially provide insightful information about redox state and possibly the metabolism of these cells [1]. 
1.1.1. INTERVIEW

1.2. Daniela Di Marcantonio: This technique utilizes flow cytometric analysis of a fluorogenic probe to monitor mitochondrial ROS production in live healthy and malignant hematopoietic stem and progenitor subpopulations. This protocol is straight-forward and can be completed in a few hours. Moreover, it is suitable for live cell analysis and allows for distinguishing and analyzing mitochondrial ROS in rare stem cell populations in the Bone Marrow using surface marker staining [1]. 
1.2.1. INTERVIEW

Section - Protocol
All of the animal procedures described in this protocol have been approved by the Institutional Animal Care and Use committee (IACUC) at Fox Chase Cancer Center.
2. Mitochondrial ROS Fluorogenic Dye Staining
2.1. After collecting mono-nuclear bone marrow cells from wild type mice and leukemic MLL-AF9 (pronounce as M-L-L-A-F nine) mice according to the manuscript, aliquot 200 microliters of the cell suspension into each of 9 single-color control tubes [1]. Aliquot the remaining cells into other experimental tubes, 200 microliters each [2].
2.1.1. Talent transfers cell suspension into 9 tubes, with view of the labels.
2.1.2. Talent transfers cell suspension into experimental tubes, with view of the labels.
2.2. Then, place into a centrifuge, 2 experimental tubes containing Bone Marrow cells and leukemic cells respectively, and one control tube [1]. Centrifuge at 300 times g for 5 minutes [2].
2.2.1. Talent place three tubes into centrifuge.
2.2.2. Talent adjusts settings on the centrifuge.
2.3. Next, decant the supernatant, and resuspend the cells in room-temperature F-PBS (pronounce as F-P-B-S) with a live-dead cell stain according to the manufacturer’s instructions [1-TXT]. Incubate on ice for 30 minutes [2].
2.3.1. CU: Talent decants supernatant, and adds stain buffer to resuspend the cells. TEXT: F-PBS: PBS supplemented with 2% fetal bovine serum and a 1% Penicillin/Streptomycin cocktail
2.3.2. Talent places the tubes on ice, and starts timer.
2.4. Afterwards, add 1 milliliter of room temperature F-PBS to the three live-dead stained tubes and one single color control tube for mitochondrial ROS (pronounce as R-O-S) dye staining [1]. Place the tubes into centrifuge at 300 times g for 5 minutes at room temperature [2].
2.4.1. Talent adds buffer into tubes.
2.4.2. Talent places the tubes into centrifuge.
2.5. Then, obtain a 5 millimolar mitochondrial ROS dye stock solution by resuspending 50 micrograms of mitochondrial ROS dye in 13 microliters of DMSO (pronounce as D-M-S-O) [1-TXT]. 
2.5.1. Talent adds compound into solution. TEXT: ROS: Reactive Oxygen Species; DMSO: dimethyl sulfoxide
2.6. Then, add 13 milliliters of room temperature F-PBS to the 13-microliter mitochondrial ROS dye to dilute to a final concentration of 5 micromolar [1]. If necessary, add 13 microliters of 50 millimolar Verapamil to the solution to inhibit mitochondrial efflux pumps [2].
2.6.1. Talent adds solution to the stock solution. Important Step
2.6.2. Talent adds compound. 
2.7. Obtain the tubes from the centrifuge, and aspirate off the wash of the live/dead cell stain [1]. Add 200 microliters of F-PBS in the live-dead staining control and keep it in ice until ready to start the analysis [2].
2.7.1. Talent takes tubes out of the centrifuge, and removes supernatant.
2.7.2. Talent adds buffer into one control tube.
2.8. Add 200 microliters of the mitochondrial ROS dye stain containing Verapamil to each experimental tube as well as the mitochondrial ROS staining control tube [1].
2.8.1. CU: Talent adds the prepared mitochondrial ROS stain solution into tubes. Important Step
2.9. Vortex to mix [1], and incubate for 10 minutes at 37 degrees Celsius in the dark [2]. Then, add 1 milliliter of room temperature F-PBS to the control and experimental tubes [3]. Centrifuge 5 minutes at 300 times g at room temperature [4].
2.9.1. Talent vortexes.
2.9.2. Talent places the tubes into an incubator, and starts timer.
2.9.3. Talent takes out the tubes, and adds 1 mL solution. Videographer: Take multiple shots, as this will be used later.
2.9.4. Talent places tubes into centrifuge. Videographer: Take multiple shots, as this will be used later.
2.10. Aspirate off the supernatant and wash the cells with an additional 1 milliliter of room temperature F-PBS [1]. Centrifuge again for 5 minutes at 300 times g at room temperature [2].
2.10.1. CU: Talent removes supernatant, and adds buffer to suspend.
2.10.2. Use 2.9.4.
3. Lineage Antibody Staining
3.1. First, prepare two antibody cocktails for healthy and leukemia bone marrow cells. [1-LM]. Aspirate the supernatant from the experimental tube containing healthy bone marrow cells, and add 200 microliters of the antibody cocktail number one in the tube [2]. Vortex to mix [3].
3.1.1. Table 1 – Video editor: emphasize the cocktail #1 when VO says healthy, and emphasize the cocktail #2 when VO says leukemia bone marrow cells.
3.1.2. Talent takes out the tubes from the centrifuge, removes supernatant from one group and adds antibody cocktail. Important Step
3.1.3. Talent vortexes the tubes.
3.2. Also prepare the single-color control tubes by adding 200 microliters of F-PBS and 1 microliter of the corresponding antibody [1]. Incubate for 60 minutes on ice in the dark [2]. 
3.2.1. Talent prepares control tubes.
3.2.2. Talent places the tubes on ice in the dark.
3.3. Aspirate the supernatant from the experimental tube containing leukemia bone marrow, and add 200 microliters of the antibody cocktail number two to the tube [1]. Vortex to mix [2]. Incubate for 60 minutes on ice in the dark [3]. 
3.3.1. Talent removes supernatant and adds antibody cocktail. Important Step
3.3.2. Talent vortexes the tubes.
3.3.3. Talent places the tubes on ice in the dark.
3.4. After that, wash all the tubes with 1 milliliter of cold F-PBS [1], and centrifuge for 5 minutes at 300 times g at room temperature [2]. Resuspend the cells in 500 microliters of cold F-PBS [3].
3.4.1. Talent removes supernatant, and adds buffer. 
3.4.2. Talent places the tubes into centrifuge.
3.4.3. Talent removes supernatant and adds buffer to resuspend.
3.5. Transfer the cell suspension into each flow cytometer tube with a 40-micrometer filter for excluding aggregates [1]. 
3.5.1. CU: Talent transfers cell suspension into a flow cytometer tube.
4. Flow Cytometry Acquisition and Analysis
4.1. First, insert one no-stain control tube into the flow cytometry machine [1], and start the acquisition to compensate the flow cytometry machine [2]. Repeat for other control tubes [3]. Afterwards, read the experimental tubes to set up the gates [4].
4.1.1. Talent inserts one control tube into the flow cytometry machine.
4.1.2. SCREEN (File: 59593_SCREEN 2_4.1.2.mp4): Talent shows the screen with 2 graphs and draws the gate around the positive population.
4.1.3. Talent inserts another control tube.
4.1.4. Talent inserts the experimental tube into the flow cytometry machine.
4.2. To analyze the size and complexity of the cell population, first for healthy HSPC (pronounce as H-S-P-C), set the forward-scatter-area and side-scatter-area plots populations [1].
4.2.1. SCREEN (File: 59593_SCREEN 1_4.2.1.mp4): Talent points to the size of the cell.
4.3. Press the square gate button to gate out extraneous debris from the forward and side scatter plot [1]. Then, on a forward-scatter-area and height plot, use a double discriminator to gate out doublets [2].
4.3.1. SCREEN (File: 59593_SCREEN 2_4.3.1.mp4): Talent designs the gate to remove debris.
4.3.2. SCREEN (File: 59593_SCREEN 3_4.3.2.mp4): Talent removes doublets.
4.4. Select live cells, lineage low cells, and the various healthy HSPC (pronounce as H-S-P-C) [1]. For each population of interest, analyze the median fluorescence intensity of the TRPE (pronounce as T-R-P-E) channel in a histogram plot to evaluate differences in the mitochondrial ROS signal [2-TXT].
4.4.1. SCREEN (File: 59593_SCREEN 4_4.4.1.mp4): Talent plots and selects cells of Hematopoietic Stem and Progenitor Cells. TEXT: Hematopoietic Stem and Progenitor Cells Important Step
4.4.2. SCREEN (File: 59593_SCREEN 4_4.4.2.mp4): Talent shows a histogram plot. TEXT: TRPE: Texas Red - Phycoerythrin (4.4.2) 
4.5. Repeat the same procedure of size analysis, gating, and histogram plotting for leukemia populations [1].
4.5.1. SCREEN (File: 59593_SCREEN 5_4.5.1.mp4): Talent shows size analysis, gating and histogram plot for leukemia populations.



Section – Results
5. Results: Flow Cytometry Gating Strategies and Mitochondrial ROS Levels
5.1. Bone marrow cells isolated from healthy mice were stained with a live-dead dye, and a mitochondrial ROS dye, and subsequently stained with antibodies recognizing lineage markers plus CD48 (pronounce as C-D-forty eight), c-Kit (pronounce as C -kit), Sca1 (pronounce as S-C-A-one), CD34 (pronounce as C-D-thirty four), CD150 (pronounce as C-D-one hundred and fifty) [1].
5.1.1. Figure 2 – Video editor: emphasize Figure 2A
5.2. In addition, bone marrow cells from leukemia mice were also stained with CD45.2 (pronounce as C-D-forty five point two) to discriminate between MLL-AF9 (pronounce as M-L-L-A-F nine) leukemia cells from healthy recipient bone marrow cells stained with CD45.1 [1].
5.2.1. Figure 2 – Video editor: emphasize Figure 2B, and emphasize the fifth image.
5.3. A comparison of mitochondrial ROS staining between healthy CD48- LSK (pronounce as C-D-forty-eight-negative -L-S-K) and myeloid progenitors shows [1] that myeloid progenitors display significantly higher levels of mitochondrial ROS staining [2]. 
5.3.1. Figure 3A – Video editor: Use the Revised Figure 3. Emphasize the red and blue in both left and right images.
5.3.2. Figure 3A – Video editor: emphasize the blue trace with regard to the x axis in the left image and emphasize the blue bar in the right image.
5.4. Moreover, cKit-high (pronounce as C–kit-high) leukemia progenitors display significantly higher levels of mitochondrial ROS staining compared to cKitint-low (pronounce as C–kit-intermediate-low) leukemia cells, healthy CD48- LSK, and myeloid progenitors [1].
5.4.1. Figure 3A – Video editor: emphasize orange trace with regard to the x axis in the left image, and the orange bar in the right image.
5.5. cKitInt-low leukemia cells also displayed a significantly higher value [1] compared to CD48- LSK cells [2] but not to myeloid progenitors [3]. 
5.5.1. Figure 3A – Video editor: emphasize the green trace with regard to the x axis in the left image, and green bar in the right image.
5.5.2. 
Figure 3A – Video editor: emphasize the red with regard to the x axis in the left image, and the red bar in the right image.
5.5.3. Figure 3A – Video editor: emphasize the blue with regard to the x axis in the left image, and the blue bar in the right image.



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Stephen M. Sykes: Mitochondrial ROS dyes are highly reactive and appropriate wash steps are needed to ensure that any excess of the dye has been removed before starting the following steps [1] [2].
6.1.1. Use 2.9.3
6.1.2. INTERVIEW
6.2. Daniela Di Marcantonio: There are several chemically distinct ROS fluorogenic dyes that can be used in this protocol to achieve a deeper knowledge of the redox status in live hematopoietic cells [1].
6.2.1. INTERVIEW
6.3. Stephen M. Sykes: This technique has been extensively used in literature, providing useful insight on metabolic and signaling pathways that are differentially regulated in leukemia cells if compared with their normal counterpart [1].
6.3.1. INTERVIEW
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