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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done.

3. Filming location: Will the filming need to take place in multiple locations?   No



Current Protocol Length

Number of Steps:  19
Number of Shots:  49

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Olga Anton: This method allows for the determination of Natural Killer cell metabolism, a key parameter in their activation, by measuring oxygen consumption and pH changes in the extracellular medium.  

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

1.2. Javier Traba: The advantage of the extracellular flux analyzer is that it is fully automated and able to test up to 92 samples in real time with low quantities of cells, thus allowing high throughput screenings.

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


OPTIONAL: 
1.3. Olga Anton: A valid method to determine glycolysis and respiration in NK cells is important in the clinic, since there are many diseases, including obesity and cancer, where NK cell metabolism is impaired.

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



Ethics Title Card
1.4. Peripheral blood samples from donors were obtained from the NIH Department of Transfusion Medicine under the 99-CC-0168 IRB approved protocol, with patient written informed consent.

Protocol
2. NK Cells Isolation from Peripheral Blood
2.1. Begin by pipetting 20 milliliters of lymphocyte Separation Medium into a 50-milliliter conical tube [1]. While keeping the tube at a 30-degree angle, gently pipette 20 milliliters of blood over the medium, creating a visible and well-defined interphase between the two fluids [2]. Videographer: This step is difficult and important!
2.1.1. WIDE: Establishing shot of talent adding LSM to a tube. 
2.1.2. Talent gently pipetting blood over the LSM.
2.2. Centrifuge the tubes for 25 minutes at 1000 x g [1]. Then, carefully take the tubes out of the centrifuge and place them in a rack [2]. Check for the presence of a conspicuous layer of cells at the interphase between LSM and plasma [3]. Videographer: This step is important!
2.2.1. Talent putting the tube in the centrifuge and closing the lid. 
2.2.2. Talent carefully transferring the tube from the centrifuge to the rack.
2.2.3. Tube with separated blood, with the conspicuous layer visible.
2.3. Gently aspirate the mononuclear cell layer with a 10-milliliter plastic pipette [1] and place it in a new 50-milliliter conical tube [2]. Wash the mononuclear cells twice with 45 milliliters of PBS [3] and centrifuge them at 800 x g for 5 minutes [4].
2.3.1. Talent aspirating the mononuclear cell layer. NOTE: 2.3.1 and 2.3.2 in the same shot and slated as 2.2.3.
2.3.2. Talent putting the cells in a new tube. 
2.3.3. Talent washing the cells with PBS. 
2.3.4. Talent putting the tube in the centrifuge and closing the lid 
2.4. To isolate the Natural Killer cells, or NKs, count the PBMCs and resuspend them in NK Separation Buffer at 1 X 108 cells per milliliter [1]. Then, transfer 10 milliliters of the cell suspension into a new 50-milliliter tube [2].
2.4.1. Talent counting the cells. 
2.4.2. Talent transferring 10 mL of cell suspension into a new tube.
2.5. Add 500 microliters of NK cell isolation antibody mix [1] and 10 microliters of anti-CD3 positive isolation antibody mix to the PBMCs and incubate them at room temperature for 10 minutes [2].
2.5.1. Talent adding NK cell isolation antibody mix to the cells. NOTE: 2.5.1 and 2.5.2 in one shot
2.5.2. Talent adding the anti-CD3 antibodies and leaving the cells to incubate. 
2.6. Vortex magnetic beads and add 1 milliliter to the PBMCs and antibodies [1], then incubate the mix for 10 minutes at room temperature with occasionally stirring [2]. Add 35 milliliters of NK isolation buffer [3] and place the tube on the magnet for 15 minutes [4].
2.6.1. Talent adding magnetic beads to the PBMCs. 
2.6.2. Sample incubating and talent stirring the sample.
2.6.3. Talent adding NK isolation buffer to the sample. NOTE: 2.6.3 and 2.6.4 in one shot
2.6.4. Talent putting the sample on a magnet.
2.7. Carefully collect the supernatant with a 50-milliliter plastic pipette without touching the sides or the bottom of the tube [1]. Count the cells and centrifuge them at 800 x g for 5 minutes [2].
2.7.1. Talent collecting the supernatant. 
2.7.2. Talent placing the tube with the cells in the centrifuge and closing the lid.  Videographer: Obtain multiple usable takes because this shot will be reused in 3.5.1.
2.8. To stimulate the NK cells with soluble IL-15 (spell out ‘I-L-fifteen’), resuspend 750,000 cells in 100 microliters of IMDM containing 10% HS in a well of a 96 well-plate [1]. Dilute human IL-15 to 1 microgram per milliliter in IMDM with 10% HS [2] and add 100 microliters of the diluted human IL-15 to the cells [3]. 
2.8.1. Talent resuspending the NKs with IMDM.
2.8.2. Talent diluting the IL-15. 
2.8.3. Talent adding the IL-15 to the cells.
2.9. Prepare a control sample with unstimulated cells [1] and place both samples in the incubator at 37 degrees Celsius. Stimulate the cells for 48 hours, then perform the extracellular flux assay [2]. 
2.9.1. Talent adding a control sample to the plate.
2.9.2. Talent putting the plate in the incubator and closing the door.
3. Extracellular Flux Assay
3.1. The day before the experiment, turn on the analyzer and let it warm up to 37 degrees Celsius [1]. 
3.1.1. Talent turning on the analyzer.
3.2. Open the sensor cartridge package and separate the cartridge from the utility plate [1], then add 200 microliters of the calibrant solution to each well of the utility plate [2] and put the sensor cartridge back in, making sure that the sensors are completely submerged [3]. 
3.2.1. Talent opening the sensor cartridge package and separating it from the utility plate.
3.2.2. Talent adding calibrant to the utility plate. 
3.2.3. Talent putting the cartridge back in the plate.
3.3. For optimum results, incubate the cartridge overnight at 37 degrees Celsius in a Carbon dioxide-free incubator that is properly humidified [1].
3.3.1. Talent putting the cartridge in the incubator and closing the door. Videographer: Obtain multiple usable takes because this shot will be reused in 3.8.3.
3.4. To prepare an adhesive coated plate, pipette 25 microliters of the cell adhesive solution to each well of the plate [1] and incubate it at room temperature for 20 minutes [2]. 
3.4.1. Talent pipetting adhesive solution into a few wells on the plate. 
3.4.2. Talent putting the plate on the bench and wait for 20 minutes. 
3.5. Then, remove the solution and wash the plate twice with 200 microliters of sterile water per well [1]. Keep the plate open for 15 minutes inside a cell culture hood to allow the wells to dry [2].
3.5.1. Talent washing a well with water.
3.5.2. Open plate in the cell culture hood.
3.6. Centrifuge the previously isolated NK cells at 200 x g for 5 minutes [1], then remove supernatants and wash the cells in warmed mitochondrial stress test medium or glycolysis stress test medium [2]. Pellet the cells again and resuspend them to the preferred cell concentration in the same medium [3].
3.6.1. Talent spinning down the cells. 
3.6.2. Talent washing the cells in medium. 
3.6.3. Talent taking the pelleted cells out of the centrifuge. 
3.7. Plate 180 microliters of cell suspension per well into the assay plate [1-assay wells]. Use wells A1, A12, H1, and H12 as control wells for background correction, adding 180 microliters of the assay medium to these wells [1-control wells].  Incubate the plate for 30 minutes at 37 degrees Celsius in a carbon dioxide-free incubator [2]. Videographer: This step is important!
3.7.1. Talent pipetting cells and controls into the assay plate. NOTE: There is a take here where talent is adding medium to wells A1, a12, H1 and H12 as controls. Please show the takes as indicated above. 
3.7.2. Talent putting the plate in the incubator and closing the door. Videographer: Obtain multiple usable takes because this shot will be reused in 3.7.3.
3.8. Centrifuge the plate at 200 x g for 5 minutes [1], then observe the cells under the microscope to check that they form a monolayer at the bottom of the well [2]. Incubate the cells for another 25 minutes [3].
3.8.1. Talent putting the plate in the centrifuge. 
3.8.2. Talent observing the cells. 
3.8.3. Talent putting the plate in the incubator and closing the door.
3.9. Warm working solutions to 37 degrees Celsius and readjust their pH to 7.4 if needed [1]. Load the previously prepared compounds for a mitochondrial stress test or for a glycolysis stress test into ports A, B and C of the hydrated sensor cartridge [2]. Put the loaded sensor cartridge back in the incubator while setting up the program [3]. Videographer: This step is difficult and important!
3.9.1. Talent warming the working solutions. 
3.9.2. Talent loading the compounds into ports of the cartridge.
3.9.3. Talent putting the cartridge in the incubator and closing the door 
3.10. To set up the extracellular flux assay protocol, open the software and use Group Definitions to define the pretreatment conditions. Use the Plate Map tab to indicate the groups of wells that have similar conditions. Also, indicate the background correction and empty wells. Then, set the program in the Protocols tab [1].
3.10.1. SCREEN: 61466_3.9_t1.mp4. 0:02 – 1:02.
3.11. Start the program and [1] place the sensor cartridge and utility plate onto the tray [2]. After the calibration step, replace the calibrant plate for the assay plate with the attached cells [3]. Once the run has completed, retrieve the data and analyze it [4].
3.11.1. Talent starting the program.
3.11.2. Talent placing the cartridge and the plate onto the tray. 
3.11.3. Talent replacing the calibrant plate for the assay plate.
3.11.4. Talent retrieving data at the computer.




Results
4. Results: NK Cell Function and Metabolism 
4.1. In order to assess the purity and viability of the NK cells, small aliquots from PMBCs and the isolated NK cell population were stained and analyzed by flow cytometry [1]. The purity of the NK cell population was established by double staining against CD3 and CD56 or NKp46 [2].
4.1.1. LAB MEDIA: Figure 2 A.
4.1.2. LAB MEDIA: Figure 2 B.
4.2. Plots of mitochondrial oxygen consumption rate of the human NK cells are shown here. As expected, high cell numbers displayed higher OCR values [1]. Cell numbers also correlated linearly with the amount of DNA or protein in the well [2].
4.2.1. LAB MEDIA: Figure 3 A. 
4.2.2. LAB MEDIA: Figure 3 B. 
4.3. On the other hand, higher cell numbers were not optimal [1], because upon addition of DNP the oxygen concentration in the well was totally depleted in each cycle, which prevented the accurate calculation of the OCR [2]. In human NK cells, 100 micromolar DNP was found to be the optimal dose [3].
4.3.1. LAB MEDIA: Figure 3 C. 
4.3.2. LAB MEDIA: Figure 3 C. Video Editor: Emphasize the section of the plot between the DNP and Ant + Rot. 
4.3.3. LAB MEDIA: Figure 3 D. 
4.4. A typical mitochondrial stress test experiment with 750,000 NK cells per well is shown here [1]. In this test, oligomycin leads to a dramatic decrease in oxygen consumption [2] and an increase in ECAR, which represents a switch to glycolysis in an effort to maintain cellular ATP levels [3].
4.4.1. LAB MEDIA: Figure 4 A and B.
4.4.2. LAB MEDIA: Figure 4 A. 
4.4.3. LAB MEDIA: Figure 4 B. 
4.5. Activation of the NK cells by IL-15 caused an increase in both mitochondrial oxygen consumption and extracellular acidification [1]. Basal, maximal and ATP-linked respiration increased [2], but not proton leak or non-mitochondrial respiration [3]. 
4.5.1. LAB MEDIA: Figure 4 C. 
4.5.2. LAB MEDIA: Figure 4 C and D. Video Editor: Emphasize the data for basal, maximal and ATP-linked respiration in C and D.
4.5.3. LAB MEDIA: Figure 4 C and D. Video Editor: Emphasize the proton leak or non-mitochondrial respiration in D.
4.6. Furthermore, the OCR-ECAR rate decreased, indicating a shift to a glycolytic metabolism after IL-15 stimulation [1].
4.6.1. LAB MEDIA: Figure 4 E. 





Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Javier Traba: When performing this protocol, it is very important to obtain a pure and healthy cell population, to determine the optimal cell number, and to titrate the concentration of uncouplers.

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.7.1, 3.5.3.
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