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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? 3.6.-3.9., 4.1.-4.5.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.5., 3.1.
E.  Will the filming need to take place in multiple locations? Same building different rooms 
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 extracellular flux analysis is to assess the metabolic characteristics of naïve, M1 and M2 polarized bone marrow-derived macrophages. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Jan Van den Bossche: This method can serve as a framework for investigating how particular cytokines, pharmacological compounds or gene knockouts can affect the metabolic phenotype of macrophages.
1.2. Jan Van den Bossche: The main advantages of this technique are that it requires only small numbers of macrophages and that it measures all relevant glycolysis parameters and mitochondrial functional characteristics in a single assay.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Jeroen Baardman: Though this method provides insight into the metabolic phenotype of bone marrow-derived macrophages, it can also be applied to other types of macrophages or immune cells.

1.4. Menno de Winther: We had the idea to publish this method in JoVE as we frequently receive requests from other scientists to assist them with their metabolic extracellular flux assays.
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 at the Academic Medical Center in Amsterdam.
Protocol (read by voice talent at JoVE):
2. Bone marrow-derived macrophage polarization
2.1. On day 8 of culture [2.1.1.-WIDE-TXT], verify the presence of mature macrophages by visual inspection [2.3.1.-MED-over the shoulder-TXT], and incubate the mature bone marrow-derived macrophages in 10 ml of citrate saline for 5 minutes at 37°C [2.1.2.-MED-TXT].
2.1.1. Talent removing culture from incubator (TEXT: See text for macrophage isolation/culture details)
2.3.1
[moved] Few seconds Talent at microscope, looking for macrophages (TEXT: Alternatively: Verify macrophages by flow cytometry)
2.1.2. Few seconds Talent adding citrate saline to cells, with citrate saline container label visible in frame if possible (TEXT: See text for all media/reagent preparation)
2.2. When the cells have detached, wash the culture with 10 ml of PBS [2.2.1.-MED] and count the number of viable cells [2.2.2.-CU].

2.2.1. Few seconds Talent washing cells with PBS

2.2.2. Few seconds counter being clicked

2.3. [moved] Verify the presence of mature macrophages by visual inspection [2.3.1.-MED-over the shoulder-TXT].
2.3.1. [moved] Few seconds Talent at microscope, looking for macrophages (TEXT: Alternatively: Verify macrophages by flow cytometry) 
2.4. Then seed 5x104 cells per well in an XFe96 (Pronounce: X-F-E-ninety-six) cell culture microplate in 100 microliters of culture medium per well [2.4.1.-MED-over the shoulder], holding the pipette at an angle about halfway down the side of each well to dispense the cells [2.4.2.-CU].

2.4.1. Few seconds Talent adding cells to at least one well/row, with culture medium container label visible in frame if possible

2.4.2. Few seconds cells being dispensed at an angle down the side of at least one well/row

2.5. Add medium alone to the background correction wells A1, A12, H1 and H12 [2.5.1.-CU]. Then allow the cells to settle at room temperature in a cell culture hood for 1 hour [2.5.2.-MED].
2.5.1. Medium being added to A12 well, with medium visible in A1 well and medium container label visible in frame (Video Editor: if possible/appropriate, please outline/indicate wells A1, A12, H1 and H12 when mentioned)
2.6. After confirming adherence [2.6.1.-MED], culture the cells in a 37°C, 5% CO2 incubator [2.6.2.-CU].
2.6.1. Few seconds Talent looking at plate at microscope

2.6.2. Plate being placed into incubator
2.7. Three hours after plating, stimulate between 4-6 wells of cells per condition as appropriate for 24 hours to polarize the bone-marrow-derived macrophages [2.7.1.-CU-TXT].

2.7.1. LPS being added to at least one well, with LPS and IL4 container labels visible in frame (TEXT: i.e., control M0: no treatment; M1: 10 ng/ml LPS; M2: 20 ng/ml rmIL-4) (Video Editor: if possible/appropriate, please outline/indicate 4-6 wells including well receiving treatment)
3. Extracellular flux assay preparation
3.1. On the day before the extracellular flux assay, place the sensor cartridge upside down next to the utility plate [3.1.1.-WIDE] and fill each plate well with 200 microliters of calibrant solution [3.1.2.-MED].
3.1.1. Talent placing cartridge upside down, with extracellular flux assay device visible in frame if possible
3.1.2. Few seconds Talent adding calibrant to at least one well, with calibrant solution container label visible in frame if possible

3.2. Next, lower the sensor cartridge onto the utility plate to submerge the sensors in the calibrant solution [3.2.1.-MED] and verify that the calibrant solution level is high enough to keep the sensors submerged [3.2.2.-CU].
3.2.1. Few seconds Talent lowering plate, with extracellular flux assay device visible in frame if possible
3.2.2. Shot of submerged sensors  
3.3. Then place the cartridge in a non-CO2 37°C incubator overnight [3.3.1.-MED].
3.3.1. Talent placing cartridge in incubator, with 0% CO2 or similar readout visible if possible 
3.4. The next day, gently remove the supernatant from the polarized macrophages [3.4.1.-MED-TXT] and wash the cells with 100 microliters of freshly prepared assay medium per well [3.4.2.-CU].
3.4.1. Talent adding supernatant to tube(s) for storage, with plate visible in frame (TEXT: Store supernatant -20°C for downstream analysis)
3.4.2. Few seconds at least one well/row being washed with medium, with assay medium container label visible in frame if possible
3.5. Add 180 microliters of assay medium to each well [3.5.1.-CU] and use the microscope to verify that the cells were not washed away [3.5.1.-CU].
3.5.1. Assay medium being added to at least one well, with assay medium container label visible in frame if possible TEXT: see text for assay medium preparation
3.5.2. Plate being placed onto microscope stage
3.6. If the cells are still attached, place the plate in the 37°C, non-CO2 incubator for 1 hour prior to the assay run [3.6.1.-CU].
3.6.1. *Film as written
3.7. While the cells are incubating, prepare 10x injection compound mixtures as designated in the Table [3.7.1.-LM] and warm the mixtures to 37°C [3.7.2.-MED].
3.7.1. Table 1. – Injection Mixtures.xls
3.7.2. Talent placing mixture(s) at 37°C
3.8. Then load the sensor cartridge with the appropriate volumes of compound [3.8.1.-MED] into ports A, B, C, and D using the provided loading guides [3.8.2.-CU].

3.8.1. Few seconds Talent loading at least one port

3.8.2. Few seconds one port being loaded (Video Editor: please indicate ports A, B, C, and D as possible/appropriate when mentioned)

4. Bioenergetic characterization of polarized M1 and M2 macrophages 
4.1. To characterize the bioenergy of the polarized macrophages by extracellular flux assay [4.1.1.-WIDE], use the assay wizard to create an assay template with 2 minute “mix” and 3 minute “measure” times [4.1.2.-SCREEN] and at least 3 mix and rate measurement loops before each of the 4 injections, and after the last injection [4.1.3.-SCREEN].
4.1.1. Talent at computer, opening program

4.1.2. *To be provided by Authors

4.1.3. *To be provided by Authors  

4.2. Then start the assay and follow the instructions as indicated by the apparatus [4.2.1.-SCREEN], loading the cartridge plate with the hydrated probes to allow calibration by the apparatus [4.2.2.-CU] and the cell plate when instructed [4.2.3.-SCREEN].
4.2.1. *To be provided by Authors 

4.2.2. Plate being loaded with probes

4.2.3. *To be provided by Authors  

4.3. At the end of the assay, carefully discard all of the assay medium [4.3.1.-MED] and store the analyzed cell culture microplate at -20°C until normalization [4.3.2.-CU].

4.3.1. Few seconds Talent discarding assay medium

4.3.2. Plate being placed at -20°C

4.4. To normalize the cells using the cell proliferation assay kit, thaw the plate [4.4.1.-MED] and incubate the cells in 200 microliters of freshly prepared cell-lysis buffer per well for 5 minutes at room temperature [4.4.2.-MED].
4.4.1. Talent placing plate to thaw

4.4.2. Few seconds Talent adding lysis buffer to at least one well/row, with lysis buffer container label visible in frame if possible

4.5. Finally, measure the fluorescence with ~480 nm excitation and ~520 nm emission maxima [4.5.1.-MED-over the shoulder], using the acquired fluorescence measurements to calculate the ratio in which the average cell count of all naïve macrophage wells is set at 1 [4.5.2.-SCREEN]. 
4.5.1. Few seconds Talent at computer, measuring fluorescence  

4.5.2. *To be provided by Authors  
4.6. Then export these ratios into the Seahorse Wave analysis software to normalize the data [4.6.1.-SCREEN].
4.6.1. *To be provided by Authors  
5. Results: Metabolic characteristics of control M0 and M1- and M2-polarized macrophages
5.1. An extracellular flux assay will typically yield extracellular acidification rate, or ECAR (Pronounce: E-car [as in “bar”]) [5.1.1.-LM], and oxygen consumption rate, or OCR (Pronounce: O-C-R), plots as demonstrated in this representative figure [5.1.2.-LM].
5.1.1. Figure 1.pdf: please highlight/indicate left graph
5.1.2. Figure 1.pdf: please highlight/indicate right graph

5.2. After the injection of glucose [5.2.1.-LM], the observed increase in ECAR represents the glycolysis rate [5.2.2.-LM]. The additional increase observed in the ECAR after ATP synthase inhibition with oligomycin [5.2.3.-LM] provides further information about the glycolytic reserve and capacity [5.2.4.-LM].
5.2.1. 1A.TIF: please indicate dotted line and Gluc text
5.2.2. 1A.TIF: please add/indicate blue “glycolysis” data box and or data line between Gluc and OM dotted lines

5.2.3. 1A.TIF: please indicate dotted line and OM text

5.2.4. 1A.TIF: please add/indicate green “maximum glycolytic capacity” data box and or data line between OM and FCCP dotted lines
5.3. When analysing the OCR values, oligomycin injection [5.3.1.-LM] facilitates the calculation of the oxygen consumption used for mitochondrial ATP synthesis [5.3.2.-LM]. 
5.3.1. 1B.TIF: please indicate dotted line and OM text

5.3.2. 1B.TIF: please add/indicate peach “ATP production” data box and or data line between OM and FCCP dotted lines
5.4. FCCP (Pronounce: F-C-C-P) [5.4.1.-LM] uncouples mitochondrial respiration; the corresponding OCR measurements yield data about the maximal and spare respiratory capacity [5.4.2.-LM]. 
5.4.1. 1B.TIF: please indicate dotted line and FCCP text

5.4.2. 1B.TIF: please add/indicate green “maximum” data box and or data line between FCCP and Rot/AA dotted lines

5.5. Rotenone and antimycin A injection [5.4.3.-LM], however, block mitochondrial complexes I and III, with the residual OCR representing the non-mitochondrial oxygen consumption [5.4.4.-LM].
5.5.1. 1B.TIF: please indicate Rot/AA dotted line

5.5.2. 1B.TIF: please add/indicate pink “non-mitochondrial respiration” box

5.6. Macrophage activation with LPS induces an increased glycolytic metabolism [5.5.1.-LM] with the differences between LPS and IL-4-treated macrophages becoming even more apparent when the oxygen consumption rates are observed [5.6.1.-LM].
5.6.1. 2A.TIF: please highlight/indicate red data line
5.6.2. 2B.TIF: no animation
5.7. Indeed, while the maximal oxidative metabolism is highly suppressed in LPS-treated macrophages [5.7.1.-LM], IL-4 induces a robust respiration in M2 macrophages [5.7.2.-LM]. 
5.7.1. 2B.TIF: please highlight/indicate red data line

5.7.2. 2B.TIF: please highlight/indicate green data line
6. Conclusion (said by authors on camera)
6.1. Jeroen Baardman: Once mastered, the extracellular flux assay can be completed in two hours if it is performed properly.

6.2. Jan Van den Bossche: While attempting this procedure, it’s important to remember to inject pyruvate together with the FCCP to fuel the maximum respiration upon uncoupling.
6.3. Jan Van den Bossche: Following this procedure, other methods like ELISA, can be performed to assess the efficiency of the macrophage polarization.

6.4. Menno de Winther: After its development, this technique paved the way for researchers in the immunology field to explore the metabolic characteristics of a wide variety of immune cells.
6.5. Menno de Winther: After watching this video, you should have a good understanding of how to perform an extracellular flux analysis to assess the metabolic phenotype of macrophages.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  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.  
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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.
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