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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? 
2.6., 2.10., 2.11., 4.2., 4.4., 4.5.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.2. It is important to have an optimum and consistent confluence of cells in each well of the extracellular flux plate 
E.  Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to accurately measure glycolysis and mitochondrial respiration in lymphocytes using an extracellular flux assay. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Pietro Miozzo: This method can help answer key questions in the immunometabolism field, such as what metabolic changes occur in immune cells upon activation, differentiation or during disease? 

1.2. Javier Traba: The main advantage of this technique is that it allows the efficient and real-time analysis of metabolic profiles of over 90 samples at a time.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Munir Akkaya: Though this method can provide insight into lymphocyte metabolism, it can also be applied to other cells, including non-adherent cells that require plate adhesion with minimal disruption to their functionality.
1.4. Billur Akkaya: Generally, individuals new to this method will struggle because lymphocytes are fragile and require gentle handling to maintain their functionality and viability.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name).

Protocol (read by voice talent at JoVE):
(Erin Note: Author indicated that videographer may have verbally noted some changes while filming…)
2. Tissue processing
2.1. The day before the experiment, lift the sensor cartridge of the extracellular flux analyzer [1-WIDE] and fill each well of the utility plate with 200 microliters of calibrant solution [2-MED-over the shoulder-TXT].

2.1.1. Talent lifting up cartridge

2.1.2. Few seconds Talent filling at least one well (TEXT: See text for all medium/reagent preparation details)
2.2. Next, lower the cartridge onto the plate, submerging the sensors in the calibrant solution [1-CU], and incubate the cartridge in a 37 °C incubator without CO2 or nitrogen overnight [2-MED].
2.2.1. Few seconds cartridge being placed into plate/sensors being submerged, with calibrant solution container label visible in frame if possible

2.2.2. Talent placing cartridge in incubator

2.3. The next morning, coat each well of a 96 well assay plate with 25 microliters of adhesive solution [1-CU] and incubate the plate at room temperature for 20 minutes [2-CU].
2.3.1. Few seconds at least one well being coated, with adhesive solution container label visible in frame

2.3.2. Plate being place onto bench
2.4. At the end of the incubation, aspirate the adhesive [1-CU] and wash each well two times with 200 microliters of sterile water [2-CU].
2.4.1. Few seconds adhesive being aspirated

2.4.2. Few seconds at least one well being washed, with water container label visible in frame 
2.5. While the plate is air drying, place a 70 micron cell strainer over a 50 mL conical tube [1-CU] and transfer the harvested organs onto the strainer [2-CU-TXT].

2.5.1. Strainer being placed onto tube

2.5.2. Few seconds spleen being placed onto strainer (TEXT: See text for tissue harvest details)
2.6. Using the plunger from a sterile 3 mL syringe, mash the tissue through the strainer [1-CU-TXT], keeping the filter and organs moist throughout the maceration process with the addition of MS buffer as necessary [2-CU].
2.6.1. Few seconds tissues being mashed (TEXT: T cells: spleen + LN; B cells: spleen only)

2.6.2. Few seconds buffer being added to tissue, with buffer container label visible in frame if possible
2.7. Next, rinse the strainer with 5-10 mL of MS buffer [1-CU] followed by centrifugation of the resulting cell suspension [2-MED-TXT].

2.7.1. Few seconds strainer being rinsed with buffer, with buffer container visible in frame

2.7.2. Talent placing tube(s) into centrifuge (TEXT: 5 min, 400 x g, 4 °C)
2.8. Resuspend the pellet in 5 mL of ACK red blood cell lysis buffer [1-CU]. After 5 minutes on ice, restore the tonicity with 10-20 mL of MS buffer [2-MED] and centrifuge the cells again [3-MED].

2.8.1. Shot of pellet if visible, then few seconds ACK being added to cells, with ACK container label visible in possible

2.8.2. Few seconds Talent adding buffer to cells, with buffer container visible in frame

2.8.3. Talent placing tube(s) into centrifuge 

2.9. At the end of the centrifugation, place a 30 micron cell strainer over a 15 mL conical tube [1-MED] and prime the strainer with 1 mL of MS buffer [2-MED].

2.9.1. Talent placing strainer onto tube

2.9.2. Few seconds talent adding buffer to strainer, with buffer container visible in frame

2.10. Resuspend the cells in 5 mL of fresh MS buffer [1-CU] and filter the cell suspension through the strainer to remove the lysed red blood cell aggregates [2-CU].
2.10.1. Shot of pellet, then few seconds cells being resuspended

2.10.2. Few seconds cells being filtered 
2.11. Add 4 mL of fresh MS buffer to rinse the empty lysis tube [1-CU] and pass the wash through the strainer [2-CU].
2.11.1. Few seconds tube being rinsed, with buffer container visible in frame

2.11.2. Few seconds wash being poured through strainer

2.12. Count the cells [1-MED] and aliquot an appropriate number of splenocytes for the extracellular flux assay [2-MED].

2.12.1. Shot of Talent counting cells

2.12.2. Few seconds Talent adding cells to tube

2.13. Then pellet both sets of cells [1-MED], resuspending the splenocyte sample for the extracellular flux assay in 5 mL of RF10 medium on ice [2-MED].
2.13.1. Talent placing tube(s) into centrifuge

2.13.2. Few seconds Talent adding medium to splenocytes on ice, with medium container visible in frame

3. Magnetic B cell and naïve CD4+ T cell separation

3.1. Resuspend the cells for bead isolation in the appropriate volumes of biotin-antibody cocktail, anti-biotin microbeads, and MS buffer for the indicated incubation times at 2-8 °C [1-WIDE-TXT].

3.1.1. Few seconds Talent adding cocktail and/or beads and/or buffer to cells (TEXT: See Tables 1 and 2 for buffer concentration/incubation details) (Video Editor: Only as much action as necessary for narrative)
3.2. At the end of the second incubation, collect the cells by centrifugation [1-MED] and resuspend the pellet in 500 microliters of fresh MS buffer per 1x108 cells [2-MED].
3.2.1. Talent placing tube(s) into centrifuge 

3.2.2. Few seconds Talent adding buffer to pellet, with buffer container visible in frame

3.3. Next, load the appropriate column onto the separation magnet [1-MED] and prime the column with 3 mL of MS buffer [2-MED], discarding the flow through [3-CU].
3.3.1. Talent placing column onto magnet

3.3.2. Talent adding buffer to column

3.3.3. Few seconds flow through dripping into container labeled “waste” or Few seconds flow through being discarded or similar appropriate action

3.4. Place a sterile 15 mL conical tube under the column [1-CU] and load the column with the entire cell sample volume [2-CU].
3.4.1. Tube being placed under column

3.4.2. Few seconds cells being loaded onto column

3.5. Then rinse the cell incubation tube with 3 mL of fresh MS buffer [1-MED], collecting the wash in the conical tube [2-CU-TXT].

3.5.1. Few seconds Talent adding buffer to column, with buffer container visible in frame

3.5.2. Few seconds wash dripping into column (TEXT: Pass B cells through column x2)
3.6. After the last eluate has been collected, fill the tube to a final volume of 15 mL of MS buffer [1-MED] and centrifuge the negatively-isolated cells [2-MED].

3.6.1. Few seconds Talent adding buffer to tube

3.6.2. Talent placing tube(s) into centrifuge

3.7. Then resuspend the pellet in 5 mL of fresh RF10 medium on ice [1-CU].

3.7.1. Shot of pellet if visible, then few seconds cells being resuspended in medium, with medium container label visible in frame

4. Extracellular flux assay 
4.1. No more than 3 hours after the isolation, centrifuge all of the cell samples [1-WIDE-TXT] and resuspend the pellets in 5 mL of the appropriate assay medium for another centrifugation [2-MED].

4.1.1. Talent placing tube(s) into centrifuge (TEXT: 5 min, 200 x g, RT)
4.1.2. Few seconds Talent adding medium to at least one tube

4.2. After the second centrifugation, resuspend the pellets at the appropriate experimental concentration to achieve a final volume of 180 microliters of cells per well in fresh assay medium [1-CU] and plate 180 microliters of cells into each well of the plate [2-CU].
4.2.1. Shot of pellets if visible, then few seconds at least one pellet being resuspended in medium, with medium container label visible in frame

4.2.2. Few seconds cells being added to at least one well, with tube labeled with cell type visible in frame

4.3. Incubate the cells at 37 °C for 25 minutes [1-MED]. Then centrifuge the plate to securely adhere the cells to the bottoms of the wells [2-MED-TXT] and return the plate to the incubator [3-CU-TXT].

4.3.1. Talent placing plate into incubator

4.3.2. Talent placing plate into centrifuge (TEXT: 5 min, 200 x g, RT, no brake)

4.3.3. Plate being placed into incubator (TEXT: Confirm adhesion/monolayer by light microscopy)

4.4. After 30 minutes, use a micropipette to load the freshly prepared, 37 °C compounds of interest into the appropriate injector ports of the extracellular flux analyzer sensor cartridge [1-CU-TXT], loading any control background and non-experimental ports with medium alone [2-CU].
4.4.1. Few seconds compound being added to at least one port, with compound container label(s) visible in frame (TEXT: See Table 3 for compound loading details)

4.4.2. Few seconds medium being added to at least one port, with medium container label visible in frame if possible
4.5. Return the loaded cartridge to the incubator [1-MED] and set up the extracellular flux assay program [2-MED-TXT].

4.5.1. Talent placing cartridge into incubator

4.5.2. Few seconds Talent setting up program (TEXT: See Table 4)

4.6. Then load the cartridge [1-MED] and begin the program [2-MED-over the shoulder], replacing the calibrant plate with the assay plate after the calibration as prompted [3-CU].
4.6.1. Few seconds Talent loading cartridge

4.6.2. Talent beginning program

4.6.3. Few seconds assay plate being loaded

4.7. After the extracellular flux assay, proceed with the protein content measurements [1-SCREEN].

4.7.1. *To be provided by Authors: Few seconds protein content being measured

5. Results: Representative oxygen consumption rate (OCR) and extracellular acidification rate (ECAR) analyses
5.1. Over 90% of all the cell populations are viable [1-LM], with a 98-99% purity observed for the lymphocytes [2-LM].

5.1.1. 54918_Akkaya_Figure2A.tif: please outline/indicate all three red gates

5.1.2. 54918_Akkaya_Figure2B.tif: please highlight/indicate bottom right quadrant/cells in bottom right quadrant of left graph and top right quadrant/cells in top right quadrant of right graph
5.2. The confluence of each cell type correlates with the initial plating densities.
5.2.1. 54918_Akkaya_Figure3A.tif: please sequentially highlight/indicate rows of images from top to bottom, including density texts in left column/”y-axis”
5.3. The lysate protein concentrations linearly correlate with the plating densities [1-LM], confirming that protein concentrations can be used to accurately normalize extracellular flux data [2-LM]. 
5.3.1. 54918_Akkaya_Figure3B.tif: please trace/indicate each solid data line in each graph
5.3.2. 54918_Akkaya_Figure3B.tif: no animation
5.4. Higher cell numbers correlate with a higher measured oxygen consumption rate [1-LM], as well as with more dramatic responses to ATP inhibitors [2-LM]. 
5.4.1. 54918_Akkaya_Figure4A.tif: please outline/indicate black data line in each graph
5.4.2. 54918_Akkaya_Figure4A.tif: please indicate arrows in each graph or similar appropriate animation
5.5. Higher plating densities result in similar normalized oxygen consumption rate measurements in T cells and splenocytes [1-LM], while 5 [2-LM] and 1.25 x 105 cells/well result in similar normalized oxygen consumption rate measurements in B cells [3-LM].
5.5.1. 54918_Akkaya_Figure4B.tif: please outline/indicate black data line in each T cells graph
5.5.2. 54918_Akkaya_Figure4B.tif: please outline/indicate black data line in each B cells graph
5.5.3. 54918_Akkaya_Figure4B.tif: please outline/indicate red data line in each B cells graph
5.6. Mitochondrial respiration parameters also linearly correlate with the plating densities [1-LM]. Additionally, the low proton leak indicates that most of the baseline respiration is used toward ATP synthesis [2-LM].
5.6.1. 54918_Akkaya_Figure4C.tif: please indicate red data line in each graph
5.6.2. 54918_Akkaya_Figure4C.tif: please indicate blue data line in each graph
5.7. Higher plating densities result in higher extracellular acidification rates [1-LM] and greater responses to ATP inhibitors [2-LM].
5.7.1. 54918_Akkaya_Figure4D.tif: please indicate black data line in each graph
5.7.2. 54918_Akkaya_Figure4D.tif: please indicate arrows in each graph or similar appropriate animation
5.8. Glycolysis parameters linearly correlate with the cell plating densities [1-LM], with a high plating density determined to be the most optimal for a successful glycolysis stress assay [2-LM].
5.8.1. 54918_Akkaya_Figure5C.tif: please indicate blue data line in each graph
5.8.2. 54918_Akkaya_Figure5A.tif: please indicate black data line in each graph
5.9. Glucose slightly stimulates mitochondrial respiration [1-LM], which is inhibited by oligomycin [2-LM], while 2-DG does not significantly affect the oxygen consumption [3-LM].
5.9.1. 54918_Akkaya_Figure5D.tif: please indicate G arrow in each graph
5.9.2. 54918_Akkaya_Figure5D.tif: please indicate O arrow in each graph
5.9.3. 54918_Akkaya_Figure5D.tif: please indicate 2-DG arrow in each graph
6. Conclusion (said by authors on camera)
6.1. Javier Traba: Once mastered, this technique can be completed in 6-8 hours if it is performed properly.

6.2. Pietro Miozzo: While attempting this procedure, it’s important to remember to keep the cells on ice prior to the extracellular flux analysis and to accurately count and plate the cells.
6.3. Billur Akkaya: Following this procedure, other methods, like measuring the mitochondrial potential and glucose uptake, can be performed to answer additional questions regarding the metabolic state of the cells.
6.4. Munir Akkaya: After watching this video, you should have a good understanding of how to isolate lymphocytes and to perform an extracellular flux assay.
Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations to be included in the video. 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.  

5.1 54918_Akkaya_Figure2A.tif live-dead density plots
5.1 54918_Akkaya_Figure2B.tif CD4 vs CD44 and B220 vs CD19 density plots
5.2 54918_Akkaya_Figure3A.tif confluence of each cell type
5.3 54918_Akkaya_Figure3B.tif lysate protein concentrations vs cell number
5.4 54918_Akkaya_Figure4A.tif OCR plots, non-normalized
5.5, 5.7 54918_Akkaya_Figure4B.tif OCR plots, normalized
5.7 54918_Akkaya_Figure4C.tif mitochondrial respiration parameters
5.8 54918_Akkaya_Figure4D.tif mito stress ECAR plots
5.9 54918_Akkaya_Figure5A.tif ECAR plots, non-normalized
5.10 54918_Akkaya_Figure5C.tif glycolysis parameters
5.11 54918_Akkaya_Figure5D.tif glycol stress OCR plots
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 are included in the email accompanying the finalized script.

�Authors: please fill out this statement as appropriate to your institution(s)
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