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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.)
2.2, 2.5, 3.2 and 3.3
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.)
2.2 and 2.5
5. Will the filming need to take place in multiple locations? N


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. Mukul Girotra: This protocol is a simple flow cytometry-based assay allowing reliable measurement of mitochondrial membrane potential and mitochondrial mass in living cells [1]. 
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Mukul Girotra: Standard metabolic assays fail when working with rare populations such as Hematopoietic Stem cells. This method enables mitochondrial metabolism profiling even with very low cell numbers and can be exploited to identify novel metabolic modulators capable to improve hematopoietic stem cell function. Moreover, it can be combined with downstream functional assays such as bone marrow transplantation or CFUs to determine the fitness of your stem cells [1]. 
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

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

1.3. Nicola Vannini: Our technique can be exploited for the identification of novel molecules capable to improve HSC function in the context of bone marrow transplantation and hematopoietic/immune recovery post chemo or ablative therapies [1]. 
1.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.4. Nicola Vannini: As we describe in our protocol, our method can be applied to evaluate metabolic fitness of immune T-cells [1].
1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.5. Nicola Vannini: It is very important that post staining the cells have minimum exposure to light. Moreover, the pump inhibitor Verapamil has to be included as control in order to evaluate the pump efflux contribution. However, users have to be aware that Verapamil profoundly perturbs mitochondrial membrane potential by hampering intracellular ionic equilibrium and cannot be used to evaluate the effect of a metabolic modulator on mitochondrial membrane potential [1].
1.5.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.6. Mukul Girotra: Visual demonstration of this method is extremely critical because working with low number of cells require some careful steps that are often not found in the methods section of regular papers [1]. 
1.6.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
















Section - Protocol
All experiments described in the manuscript follow the guidelines of our institution and were carried out in accordance with Swiss law for animal experimentation (Authorization: VD3194) and for research involving human samples (Protocol: 235/14; CER-VD 2017-00490)
2. Ex Vivo Culture of FACS Sorted Hematopoietic Stem Cells
2.1. For FACS sorting, the LKS (pronounce as L-K-S) population, defined by lineage- Sca1+cKit+ (pronounce as Lineage-negative-sca-one-positive-c-kit-positive), is identified [1-LM]. Hematopoietic stem cells form around 5–10% of the cells in the LKS (pronounce as L-K-S) population and are identified by gating for CD150+CD48- (pronounce as C-D-one-hundred-fifty-positive-C-D-forty-eight-negative) population. Labelled as HSCs (pronounce as H-S-Ceez) [2-LM].
2.1.1. LAB MEDIA: Figure 1A – Video editor: emphasize the bottom middle image.
2.1.2. LAB MEDIA: Figure 1A – Video editor: emphasize the bottom left image.
2.2. After Hematopoietic stem cell sorting, centrifuge the tubes at 300 times g for 5 minutes at 4 degrees Celsius [1]. Gently remove most of the supernatant without dislodging the pellet and leave 50–80 microliters on top of the cell pellet [2].
2.2.1. Talent places the tubes into centrifuge. Important Step
2.2.2. CU: Talent discards the supernatant. Important Step
2.3. Resuspend the cell pellet in stem cell expansion medium to a final volume of 200 microliters [1]. Prepare a sterile tissue culture treated 96 U-bottom well plate [2] and identify the wells where the cells will be cultured [3-LM-TXT].
2.3.1. CU: Talent adds medium to resuspend the cell pellet.
2.3.2. Talent shows a plate.
2.3.3. LAB MEDIA: Figure 1B – Video editor: Show the right part only. TEXT: Avoid marginal wells.
2.4. Transfer 100 microliters of 2x basal medium previously prepared in these wells [1]. In the NR marked well add 2 microliters of a 100x NR (pronounce as nicotinamide riboside) solution [2]. Transfer 100 microliters of 2x basal medium into wells for staining control [3].
2.4.1. CU: Talent adds medium into wells.
2.4.2. CU: Talent adds another solution into a marked well.
2.4.3. Talent adds medium into staining control wells.
2.5. Seed 100 microliters of prepared hematopoietic stem cells on top of the wells containing 2x basal medium [1]. Seed 100 microliters of whole bone marrow cells on wells marked as staining controls [2]. Add 200 microliters of autoclaved water in all surrounding wells to reduce evaporation from wells containing cells [3].
2.5.1. CU: Talent adds cell culture on top of some wells. Important Step
2.5.2. Talent adds cells into control wells. Important Step
2.5.3. CU: Talent adds water in surrounding wells. Important Step
2.6. Place the plate undisturbed in an incubator at 37 degrees Celsius and 5% carbon dioxide for 72 hours [1]. Take out the plate to replenish NR every 24 hours [2] and put it back into the incubator [3].
2.6.1. Talent places the plate into an incubator.
2.6.2. Talent takes out the plate and adds solution. (Video Editor: The videographer noted that this shot was split. I’m unsure of how)
2.6.3. Talent places the plate into an incubator.
3. Measurement of Mitochondrial Mass and Membrane Potential
3.1. At the end of the culture period add 2 microliters of 100x TMRM (pronounce as T-M-R-M) solution and 2 microliters of 100x green fluorescent stain solution in each of the test wells [1]. Add 2 microliters of 100x TMRM in the TMRM staining control well. Add 2 microliters of 100x green fluorescent stain in the Mitotracker staining control well [2]. 
3.1.1. CU: Talent adds two solutions into each well.
3.1.2. CU: Talent adds solution into control wells.
3.2. Cover the top of the plate with aluminum foil [1], and place the plate back in an incubator at 37 degrees Celsius and 5% carbon dioxide for 45 minutes [2].
3.2.1. Talent covers the plate with foil. Important Step
3.2.2. Talent places the plate into an incubator. Important Step
3.3. Remove the plate from the incubator and centrifuge it at 300 times g for 5 minutes [1]. Invert the plate to remove the supernatant, and add 200 microliters of standard FACS (pronounce as fax) buffer to resuspend [2]. Cover the plate with foil [3].
3.3.1. WIDE: Talent transfers the plate from the incubator into a centrifuge. Important Step
3.3.2. Talent inverts the plate to remove supernatant, and adds solution. Videographer: Take multiple shots, as this will be used later. Important Step
3.3.3. Talent covers the plate with foil.
3.4. Centrifuge the plate at 300 times g for 5 minutes [1]. Repeat this washing step 3 times [2-TXT]. Resuspend the cells in 200 microliters of FACS buffer and transfer to FACS tubes [3].
3.4.1. Talent places the plate into a centrifuge.
3.4.2. Use 3.3.2. TEXT: Wash 3x
3.4.3. Talent adds buffer into the wells, and transfers into tubes.
3.5. To run the samples on the flow cytometer, first load the single-color controls into the machine and record at least 5000 events in each one by one [1].
3.5.1. Talent loads controls in the flow cytometer.
3.6. In the software, press “acquire” and then “record” on the dashboard to acquire and record single-color controls [1]. Press compensation setup and click “calculate compensation” to calculate the compensation [2]. Once the compensation has been applied, acquire the hematopoietic stem cells sample and record as many events as possible [3].
3.6.1. SCREEN: Acquisition and recording of single-color controls. 60475_Screenshot_1; 00:00-02:45
3.6.2. SCREEN: Calculation of compensation. 60475_Screenshot_1; 02:45-02:56
3.6.3. SCREEN: Talent acquires the sample and records. 60475_Screenshot_2; 00:00-02:06
3.7. Export the FACS files from the cytometer [1], and open the file on the analysis software. On Flowjo, select FSC-A (pronounce as forward scatter) and SSC-A (pronounce as side scatter) gating, identify the cell population [1].
3.7.1. SCREEN: Talent exports. 60475_Screenshot_2; 02:06-02:31
3.7.2. SCREEN: Talent opens on analysis software. 60475_Screenshot_3; 00:00-00:11
3.7.3. SCREEN: Talent identifies cell population. 60475_Screenshot_3; 00:11-00:25
3.8. Identify singlets in the next gates and then plot the DAPI negative fraction representing live cells [1]. In the live cell gate make a contour plot in the TMRM and green fluorescent stain channel to measure mitochondrial membrane potential and mass, respectively [2].
3.8.1. SCREEN: Talent points to singlets, and plot live cells. 60475_Screenshot_3; 00:26-01:05
3.8.2. SCREEN: Talent makes two plots. 60475_Screenshot_4; 00:00-00:39
3.9. Export the mean fluorescence intensity of these two channels in the live cell gate. Then, export the proportion of live cells in the TMRM low gate in the control [1].
3.9.1. SCREEN: Talent exports fluorescence intensity of two channels, and exports the proportion of live cells for control. 60475_Screenshot_5; 00:00-00:48


Section – Results
4. Results: Mitochondrial Profiles
4.1. The NR (pronounce as nicotinamide riboside) treatment showed a clear increase in the TMRM (pronounce as T-M-R-M) low population [1]. It also significantly increased the proportion of cells in the TMRM low gate [2] and showed a significant lowering of TMRM fluorescence intensity [3]. Mitochondrial mass did not change upon NR supplementation [4].
4.1.1. LAB MEDIA: Figure 2A – Video editor: emphasize Figure 2A and the top right image, and emphasize the square shape.
4.1.2. LAB MEDIA: Figure 2A&B – Video editor: emphasize Figure 2B and the top left image.
4.1.3. LAB MEDIA: Figure 2A&B – Video editor: emphasize Figure 2B and the top right image.
4.1.4. LAB MEDIA: Figure 2A&B – Video editor: emphasize Figure 2B and the bottom left image.
4.2. Additionally, stem cell marker staining was combined with mitochondrial staining post culture. With the gating strategy to identify hematopoietic stem cells [1], exposure to NR showed a significant increase in the TMRM low population [2] and a significant decrease in the TMRM fluorescence intensity in gated HSCs [3].
4.2.1. LAB MEDIA: Figure 2C
4.2.2. LAB MEDIA: Figure 2D – Video editor: emphasize the top middle two images.
4.2.3. LAB MEDIA: Figure 2D – Video editor: emphasize the top fourth image.
4.3. The green fluorescent mitochondrial stain green signal remained unchanged in the two conditions [1].
4.3.1. LAB MEDIA: Figure 2D – Video editor: emphasize the bottom third image.


[bookmark: _GoBack]Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Mukul Girotra: It is important to cover the staining plate with aluminium foil to minimize exposure to light post staining [1].
5.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
5.2. Mukul Girotra: This method can be combined with downstream functional assays such as colony forming unit or bone marrow transplantation to measure the functionality of your cells [1].
5.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
5.3. Mukul Girotra: this technique allows a simple screening method for identification of novel metabolic modulators of HSCs [1].	
5.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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