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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No  
Can you record movies/images using your own microscope camera? NA
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? Yes
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.)
2.2., 4.1., 4.2., 5.2., 5.3.

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.)
Step 4.1. is crucial, not for technical difficulty, but because its biological effect. 
Indeed only blocking efflux pumps drugs by using Verapamil HSC’s mitochondrial membrane potential can be compared to more mature population’ s one.

5. Will the filming need to take place in multiple locations? Yes
If yes, how far apart are the locations? Very close, same floor 


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. Claudia Morganti: Mitochondrial function is critical to hematopoietic stem cell self-renewal. Mitochondrial activity levels are reflected in their membrane potentials, which can be measured by TMRM, a fluorescent cell-permeant cationic dye.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Claudia Morganti: Xenobiotic efflux pumps are highly active in HSC and cause TMRM extrusion. The major advantage of this protocol is the correction of this effect utilizing Verapamil, an efflux pump inhibitor.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




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

1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of the Albert Einstein College of Medicine. 

Section - Protocol
2. Bone Marrow Isolation 
2.1. Begin by isolating bone marrow from mouse femurs [1]. Use a pair of forceps and sharp scissors to cut the two posterior paws, than make a small snip in the ventral skin of the mouse and stretch it [2]. Extract the femur and tibia while taking care not to dislodge the heads of the femur and place the bones in a 6-well plate filled with 1.5 milliliters of staining buffer [3].
2.1.1. WIDE: Establishing shot of talent at the lab bench. 
2.1.2. [bookmark: _GoBack]Talent cutting the paws, the skin and stretching it.
2.1.3. Talent extracting bones and putting them in a 6-well plate. 
2.2. Remove the muscles from the bones and cut the ends of the bones, allowing bone marrow to exit [1]. Place the cleaned bones in new wells with 1.5 milliliters of staining buffer [2]. Then, flush out the bone marrow with a 3-milliliter syringe and a 25-gauge needle until the bone becomes white [3]. Videographer: This step is important!
2.2.1. Talent removing muscles from bones, cutting the ends and draining bone marrow. 
2.2.2. Talent placing the cleaned bones in new wells. 
2.2.3. Talent flushing out bone marrow.

2.3. Collect all the cells in a 1.5 milliliter tube and centrifuge them for 5 minutes at 180 x g, then discard the supernatant [1]. Carefully resuspend the pellet in 300 microliters of ice-cold ACK lysing buffer and put the cells on ice for 1 minute [2]. Then, immediately deactivate lysis by adding 1 milliliter of staining buffer [3].

2.3.1. Cells finishing centrifuging, talent taking them out of the centrifuge and removing the supernatant. 
2.3.2. Talent resuspending cells and putting them on ice.
2.3.3. Talent adding staining buffer.
2.4. Centrifuge the cells for 5 minutes at 180 x g [1]. Resuspend the cell pellet, which should appear white, in 1 milliliter of staining buffer [2]. Filter the cells using a cell-strainer cap with a 35-micrometer nylon mesh to obtain mononuclear cells [3-TXT].

2.4.1. Cells centrifuging. 
2.4.2. Talent resuspending the cell pellet. 
2.4.3. Talent filtering the cells. TEXT: Keep sample of ice
3. Immunostaining for Detection of Hematopoietic Stem Cells
3.1. Start by preparing the lineage cocktail and fluorophore conjugated-antibodies according to manuscript directions [1]. Keep the antibodies on ice and protected from light [2]. Then, centrifuge the sample for 5 minutes at 180 x g and discard the supernatant [3]. 
3.1.1. Talent at the bench preparing lineage cocktail and antibodies. 
3.1.2. Antibodies on ice. 
3.1.3. Talent taking the sample out of the centrifuge and removing supernatant. 
3.2. Add 400 microliters of the lineage cocktail and 4 microliters of CD135-biotynilated antibodies to the cell pellet and vortex the mixture [1]. Then, incubate it on ice for 30 minutes [2]. 
3.2.1. Talent adding lineage cocktail and antibodies to cell pellet and vortexing it. 
3.2.2. Talent putting the mixture on ice. 
3.3. After the incubation, wash the sample by adding 3 milliliters of staining buffer [1], spinning it down for 5 minutes at 180 x g [2], and discarding the supernatant [3]. Then, add 400 microliters of antibodies solution and vortex the mixture [4]. Incubate it on ice for another 30 minutes and repeat the wash with the staining buffer [5]. 
3.3.1. Talent adding staining buffer. 
3.3.2. Talent putting the sample in the centrifuge. 
3.3.3. Talent discarding the supernatant.
3.3.4. Talent adding antibodies and vortexing.
3.3.5. Talent putting mixture on ice.
4. TMRM Staining 
4.1. To prepare the TMRM (pronounce ‘T-M-R-M’) staining solution, add 2.2 microliters of TMRM stock solution and 1.1 microliters of Verapamil to 1.1 milliliters of serum-free hematopoietic culture medium with thrombopoietin and stem cell factor [1]. Videographer: This step is important and difficult!
4.1.1. Talent adding TMRM and Verapamil to medium.
4.2. Resuspend the bone marrow in 1 milliliter of the TMRM staining solution, vortex quickly [1], and incubate for 1 hour at 37 C [2]. Filter the sample using a cell-strainer cap with a 35-micrometer nylon mesh to avoid clogging the flow cytometer [3]. Then, add 1 microliter of DAPI and proceed with flow cytometry [4]. Videographer: This step is important!
4.2.1. Talent resuspending the bone marrow and vortexing it. 
4.2.2. Talent putting sample to incubate.
4.2.3. Talent filtering sample. 
4.2.4. Talent adding DAPI to sample. 

5. Flow Cytometry
Videographer: Film the screen as talent performs the flow cytometry data analysis in steps 5.1 – 5.4. 
5.1. Run the bone marrow sample and acquire at least one million events [1]. Then, display the live bone marrow mono-nuclear cells in a plot for Pacific Blue to identify CD135 Lin-negative and Lin-positive fractions [2]. 

5.1.1. Talent at the flow cytometer acquiring data. 
5.1.2. LAB MEDIA: Figure 2, 1st plot from the left.

5.2. Plot the Lin-negative fraction for APC/Cy7 (pronounce ‘A-P- C- C-Y-7’) versus PE/Cy7 (pronounce ‘P-E-C-Y-7’) to identify the multipotent progenitor, or MPP, fraction [1]. Then, plot the MPP fraction for APC versus PerCP/Cy5.5 (pronounce ‘Per-C-P-C-Y-5-point-5’) to identify the hematopoietic stem cell, or HSC, fraction [2]. 

5.2.1. LAB MEDIA: Figure 2, 2nd plot from left. Video Editor: Emphasize the MPP area when VO says ‘multipotent progenitor fraction’. 
5.2.2. LAB MEDIA: Figure 2, 3rd plot from left. Video Editor: Emphasize the HSC area when VO says ‘hematopoietic stem cell’.

5.3. Display the HSC fraction for FITC (pronounce ‘fit-C’), or CD34, to divide it into CD34-negative HSC and CD34-positive HSC fractions [1]. Finally, acquire the TMRM intensity in each population [2]. 

5.3.1. LAB MEDIA: Figure 2, last plot from left.
5.3.2. LAB MEDIA: screenshot for jove.pdf. Video Editor: Emphasize the plots and table encased in red on the last page of the .pdf. 

5.4. To ensure that TMRM staining worked correctly, add 1 microliter of FCCP to the sample for a final concentration of 1 millimolar and incubate it at 37 C for 5 minutes [1]. Then, acquire one million events. After FCCP addition TMRM intensity should be drastically decreased [2]. 

5.4.1. Talent adding FCCP to sample. 
5.4.2. Talent using the flow cytometer. 










Section – Results
6. Results: Flow Cytometry Analysis of Mitochondrial Membrane Potential 
6.1. This protocol has been successfully used to quantify mitochondrial membrane potential in various cell populations with TMRM dye [1].  
6.1.1. Figure 3 C. 
6.2. It has been demonstrated that the presence of PBS and FBS in the culture medium affects TMRM signal intensity [1], so it is important to perform TMRM staining in serum-free expansion medium [2].
6.2.1. Figure 3 A. Video Editor: Emphasize the green curve (PBS + 2% FBS)
6.2.2. Figure 3 A.
6.3. Hematopoietic stem cells express high activity levels of xenobiotic efflux pumps that extrude TMRM dye, so TMRM profiles also vary in the presence of Verapamil or Cyclosporine H, which block the pumps [1].
6.3.1. Figure 3 B.
6.4. To verify the accuracy of TMRM staining, FCCP can be used to depolarize the mitochondria and reduce TMRM intensity [1].
6.4.1. Figure 3 D.



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

7.1. Claudia Morganti: This protocol can be easily adapted for studying HSCs with different mitochondrial membrane potential dyes, including TMRE or JC-1, as well as other mitochondrial dyes, such as MitoTracker and MitoSOX.

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.2. Claudia Morganti: The critical issue generated by the different efflux pumps activity among bone morrow population was pointed out only recently. This protocol is aimed to reduce the discrepancies between previously finding.

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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