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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N) N If yes, please list make and model of your microscope: and specify the steps by number/short description: Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 1.4, 1.5, 1.7, 1.12, 1.16, 2.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The density gradient is the most difficult aspect of the procedure but is successfully performed with proper pipetting technique and optimized centrifugation speeds.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
In the following protocol the measurement of the bioenergetic profiles and oxidative burst responses of human blood monocytes, lymphocytes, neutrophils and platelets will be demonstrated. (Intro) This is achieved by first collecting the buffy coat and platelet rich plasma fractions from freshly drawn blood. (P1) As a second step, the heterogeneous white blood cell population is separated into mononuclear and polymorphonuclear cell layers by density gradient. (P2) Next, the pure monocyte, neutrophil, and lymphocyte populations are further isolated by MACS separation and then plated for extracellular flux, or XF, analysis. (P3) Ultimately, the sensitive and reproducible measurement of the mitochondrial function in monocytes, lymphocytes, and platelets, as well as the oxidative burst of monocyte and neutrophil oxygen consumption rates can be measured by XF technology. (P4)

From Graphic overview Krameretal.pptx
(P1) please show top left tube (possibly first coming out of the top of an open centrifuge), then have rectangle appear on top/highlight black rectangle and then have rectangle expand out to top left graphic and add/highlight text boxes when mentioned (esp, platelet rich plasma and buffy coat)
(P2) then please show left second tube (possibly coming out of top of open centrifuge), then have rectangle appear/highlight rectangle and have rectangle expand out to second right cell graphic and add/highlight text boxes when mentioned (esp, mononuclear cells and polymorphonuclear cells)
(P3) with “Next the … separation” please show left MACS separation column, have rectangle appear/highlight rectangle and expand out to 3rd image, having cells with antibodies attached move and stick onto grey half circles and have unlabeled cells (orange, purple, and tiny blue platelet) continue to move down through frame; with “plated … analysis” please show 2.16.2 figure 3A Krameretal.tif
(P4) with “sensitive … platelets” please show 4.3.1 Figure 4A Krameretal.tif; with “as well as … technology” please show 4.2.1 Table 1 Krameretal.tif

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

1.1. Victor Darley-Usmar: The main advantage of this technique over existing methods, like mitochondrial isolation or the use of mononuclear cells, is that with this technique the intact and viable cells are pure, unactivated, and represent the circulating cell populations in an individual donor.   
1.2. Philip Kramer: This method can help answer key questions concerning metabolism, such as what is the role of diet, lifestyle, or pathological stress on mitochondrial function?  
1.3.  Balu Chacko: This protocol combines multiple technologies for the isolation and determination of cellular bioenergetics in various leukocyte populations and platelets.
1.4. Tanecia Mitchell: Visual demonstration of this method is critical,  as the density gradient and magnetic separation steps require precise pipetting and awareness of the cell populations present during the different stages of fractionation.
1.5. Saranya Ravi: We will demonstrate the isolation of peripheral blood cells and the analysis of cellular bioenergetics on the 24 well extracellular flux analyzer, or XF24. However this protocol can also be performed using the XF96.


Protocol (read by voice talent at JoVE):
2. Cell isolation and plating

2.1. At least 2 hours before beginning the procedure, hydrate the XF sensor cartridge probes with XF calibrant solution. Then spin down the freshly drawn whole blood for 15 minutes at 500 x g and room temperature in a centrifuge with a swinging-bucket rotor.

2.1.1. LAB MEDIA: 2.1.1 figure 2 Krameretal.tif (Video Editor: Please highlight the blue column)

2.1.2. WIDE: Talent adding calibrant solution to at least one probe

2.1.3. MED: Talent placing tube(s) into centrifuge (TEXT: 15 min, 500 x g, RT, acceleration: 5-6, no brake)

2.2. Use a transfer pipette to remove the top layer containing the platelet rich plasma until 1 cm of plasma remains above the erythrocyte-buffy coat layer and set the plasma aside at room temperature for later processing.

2.2.1. MED: Few seconds Talent removing top/plasma layer

2.2.2. CU: Last few seconds of plasma being removed, then shot of tube with 1 cm of plasma above erythrocyte-buffy coat layer 

2.2.3. MED: Talent places plasma aside (Comment: This frame has been captured in 2.2.2 and 2.2.1)

2.3. Then transfer the buffy coat to a sterile 50 ml conical tube and dilute the white blood cells to 24 ml with basal RPMI. 

2.3.1. MED: Talent adding buffy coat to 50 ml tube

2.3.2. CU: Shot of buffy coat in tube, then RPMI being added to tube (TEXT: ~4x starting buffy coat volume)

2.4. Next add 3 ml of low density Histopaque 1.077 to each of three 15 ml conical tubes. Then place the tip of a 5 ml narrow pipette into the bottom of each tube in turn and slowly release 3 ml of high density Histopaque 1.119. 

2.4.1. MED: Talent adding histopaque to at least one tube, with other 2 tubes in frame

2.4.2. CU: Last few seconds of tip being placed into bottom of tube, then 1.119 being slowly released into bottom of tube

2.5. Now use an automated pipette on the low-power setting to carefully add 8 ml of the diluted blood to each gradient without disturbing the layers. Blue dye has been added to the low density gradient for visualization of all gradient layers.

2.5.1. CU: Shot of at least one tube with two clear layers. Added shot: CU: Frame 2.5.1a then few seconds of diluted blood being carefully added to tube

2.6. After separating the cells by centrifugation, separately collect the mononuclear and polymorphonuclear cells with sterile glass pipettes without disturbing the other cell bands.
 
2.6.1. MED: Talent placing tube(s) into centrifuge (TEXT: 30 min, 700 x g, RT, acceleration: 6, no brake)

2.6.2. CU: Shot of tube after density gradient separation with brackets indicating cell layers like Figure 1 OR LAB MEDIA: 2.6.1 Figure 1 density gradient Krameretal.tif

2.6.3. ECU: Few seconds one layer cells being collected

2.7. Pool the mononuclear and polymorphonuclear cell populations from each tube into single, sterile 50 ml conical tubes for each cell type and add 4 volumes of RPMI to both tubes. 

2.7.1. CU: MNC being added to “MNC” labeled tube 

2.7.2. CU: PMNC being added to “PMNC” labeled tube

2.7.3. MED: Talent adding media to at least one tube, with both MNC and PMNC tubes with labels visible in frame

2.8. After spinning down the cells, transfer pellets to a 1.5 ml tube, repellet and resuspend in 80 l of fresh RPMI supplemented with BSA. Then add 20 l of magnetic bead labeled-anti-CD14 and anti-CD15 antibodies to the mononuclear and polymorphonuclear cell fractions, respectively.

2.8.1. CU: Shot of pellet(s) if visible (TEXT: 510 min, 700 800 x g, RT). Added Shot: CU: 2.8.1a, aspirate media and then media being added to at least one tube. Added Shot: CU:  2.8.1b, transfer of pellet to 1.5 ml labeled tubes 

2.8.2. CU: CD14 magnetic beads being added to MNC tube, with CD14 container with label visible and MNC label visible in frame

2.8.3. CU: CD15 magnetic beads being added to PMNC tube, with CD15 container with label visible and PMNC label visible in frame

2.9. Incubate each cell suspension for 15 minutes at 4ºC and then wash each tube with 1 ml of RPMI-BSA media. Resuspend the pellets in 500 l of RPMI-BSA.

2.9.1. MED: Talent placing cells at 4°C

2.9.2. CU: Media being added to at least one tube (TEXT: 10 min, 700 x g, RT-30 seconds on bench-top picofuge)

2.9.3. CU: Shot of pellet(s) if visible, then media being added to at least one tube-this has been omitted from the frame.

2.10. Then apply the cell suspensions to individual RPMI-BSA-washed LS columns and wash each column three times with 3 ml of RPMI-BSA media. Collect the cell suspension flow-throughs and column washes into sterile tubes.  

2.10.1. LAB MEDIA: 2.1.1 figure 2 Krameretal.tif (Video Editor: Please highlight the salmon column)
Added shot: 2.13.1 of adding the column to the magnet has been moved here and also includes washing of the column.

2.10.2. MED: Talent adding cells to at least one LS column (this frame includes media being added to the cells).

2.10.3. CU: Media being added to at least one column (TEXT: Drain completely between washes)

2.10.4. CU: Shot of at least one labeled collection tube at bottom of column(s). This scene is tail slated.

2.11. To isolate the monocytes and neutrophils, remove the columns from the magnetic field after the final wash and elute the positively selected cells into a sterile tube with 5 ml of RPMI-BSA. 

2.11.1. MED: Talent removes column(s) 

2.11.2. CU: Shot of one column being eluted into tube with RPMI (TEXT: 8 ml whole blood ≈ 1-5 x 106 monocytes/ml, 5-20 x 106 neutrophils/ml)

2.12. To isolate the lymphocytes, pellet the flow-through-wash fraction of the mononuclear cell column. Resuspend the cell pellet in 80 l of RPMI-BSA and incubate the cells in 20 l of CD61 and CD235a antibodies for 15 minutes at 4 ºC. 

2.12.1. CU: Tube(s) being added to centrifuge (TEXT: 10 5 min, 300 x g, RT)
2.12.2. CU: Shot of pellet if visible, Added shot: CU: 2.12.2a then media being added to cells

2.12.3. CU: At least one antibody being added to tube, with labeled containers for both antibodies visible in frame

2.13. Then repeat the MACS separation as before and collect the flow through containing the lymphocytes. 

2.13.1. MED: Talent placing column onto magnet (this frame has been moved between 2.10.1 and 2.10.2).

2.13.2. CU: Shot of flow through being collected in tube under column

2.14. To isolate the platelets, centrifuge the reserved platelet rich plasma and then remove the plasma and wash the cell pellet once with 5 ml of sterile PBS supplemented with 1 g/ml of prostaglandin I-two.

2.14.1. MED: Talent placing tube(s) into centrifuge (TEXT: 8-10 min, 1500 x g, RT)

2.14.2. CU: Last few seconds plasma being removed, then PBS being added to cells

2.15. Resuspend the platelet pellet in 1 ml of fresh PBS-prostaglandin I-two buffer.

2.15.1. MED: Talent adding PBS to tube

2.16. To plate the isolated monocytes, lymphocytes, neutrophils and platelets, first count the cells and bring them to an appropriate volume in XF Assay Medium to allow a seeding density of 2.5x105 cells/well in a 200 l volume in a 24-well XF cell culture microplate coated with cell-tak. For platelets, seed 2.5x107 cells/well in a 200 l volume.

2.16.1. LAB MEDIA: 2.1.1 figure 2 Krameretal.tif (Video Editor: Please highlight the green column)

2.16.2. MED: Talent at microscope, counting cells
2.16.2a (Added shot: of the final pellet from all four cell types)
2.16.3. MED: Talent adding media to cells

2.16.4. MED – over the shoulder: Talent adding cells to 24 well XF plate

2.16.5. LAB MEDIA: 2.16.3 Figure 1B Krameretal.tif

2.17. After spinning the cells onto the plate, bring the final well volumes up to 660 l with XF media and incubate the plates at 37 ºC for 30 minutes prior to the XF assay. 

2.17.1. LAB MEDIA: 2.1.1 figure 2 Krameretal.tif (Video Editor: Please highlight the purple column)

2.17.2. CU: Media being added to at least 1 or 2 wells

2.17.3. MED: Talent placing plate at 37°C

2.18. During the incubation, load 75 l of the assay reagents in the listed order into the XF sensor cartridge injection ports. If oxidative burst measurements are to be obtained, PMA can be injected after the antimycin-A.

2.18.1. MED – over the shoulder: Talent loading a few injection ports (TEXT OVER ACTION: 0.5 g/ml oligomycin, 0.6 M FCCP, 10 M antimycin A)

2.18.2. CU: PMA being injected into cartridge
2.18.3 (Added shot: Loading of the cartridge onto the XF analyzer).

3. Results: Representative bioenergetic index analyses

3.1. The bioenergetic profiles of leukocytes and platelets can be determined using the Seahorse XF Extracellular Flux Analyzer, which measures real-time O2 consumption in cells non-invasively. Each cell type is plated on the XF24 microplate with five replicates as just demonstrated.

3.1.1. LAB MEDIA: 2.16.2 figure 3A Krameretal.tif (with “Each cell type” please highlight/indicate the colored text of cells names on the right of the figure; with “plated … demonstrated” please highlight the colored dots – but not blanks – in each well of the plate image)

3.2. In the Table, representative expected basal and oxidative burst values and the average protein concentrations per well as measured during the assay are demonstrated by cell type.

3.2.1. LAB MEDIA: 4.2.1 Table 1 Krameretal.tif 

(Video Editor: with “the expected basal” please highlight the avg basal burst data column; 

with “oxidative burst values” please highlight the avg oxidative burst data column; 

with “average … per well” please highlight the avg protein data column;

with “by cell type … assay” please highlight the column of cell names)

3.3. Oxygen consumption rate values are normalized to the total protein content in the corresponding wells and expressed as pmol/min/g of protein. The basal oxygen consumption rate is then established by the first 3 measurements. Oligomycin, an inhibitor of mitochondrial ATP-synthase is injected into the XF medium to estimate the oxygen consumption rate coupled to ATP synthesis and is represented as ATP-linked. 

3.3.1. LAB MEDIA: 4.3.1 Figure 4A Krameretal.tif (Video Editor: Please do best animation possible/use your judgment for Figure 4A animation, below are suggestions:

with “The oxygen consumption … pmol/min/g protein” please highlight the x-axis legend; 

with “basal … measurements” please add/highlight 1,2, and 3 circles/data points and draw the data line through the points and highlight/indicate/add the blue “basal” box; 

with “Oligomycin … medium” please add/highlight the O at the top of the graph and stretch down/flash the corresponding O arrow; 

with “estimate … ATP-linked” please highlight/indicate/add the red “ATP linked” box and text, draw the data line from 3 to 4, and add/highlight the 4 data circle)

3.4. The residual oxygen consumption rate minus the non-mitochondrial oxygen consumption rate can be attributed to proton leak. Addition of the uncoupler FCCP allows determination of the maximal oxygen consumption rate, followed by injection of antimycin-A, an inhibitor of mitochondrial respiration, to measure the non-mitochondrial sources of oxygen consumption. 

3.4.1. LAB MEDIA: 4.3.1 Figure 4A Krameretal.tif 

(Video Editor: with “residual … leak” please highlight/indicate/add the green “H+ leak” box and text; 

with “Addition of the … maximal oxygen consumption rate” please add/highlight the F at the top of the graph and stretch down/flash the corresponding F arrow, draw the line from 4 to 5, and add the 5 data circle; 

with “followed by … respiration” please add/highlight the A at the top of the graph and stretch down/flash the corresponding A arrow, draw the line from 5 to 6, add the 6 data circle and add/highlight/indicate the purple “maximal” box and data)

3.5. Reserve capacity is a measure of the amount of additional work that the mitochondria can perform under increased energy demand and can be calculated as the difference between the maximum rate of respiration and the basal. In order to determine the oxidative burst capacity of monocytes and neutrophils, PMA, a PKC agonist, is injected, and the increase in oxygen consumption rate is linked to oxidant production by NADPH oxidase.

3.5.1. LAB MEDIA: 4.3.1 Figure 4A Krameretal.tif 

(Video Editor: with “between the maximum rate” please highlight the purple box; 

with “and the basal” please highlight the blue box; 

with “PMA … injected” please add/highlight the P at the top of the graph and stretch down/flash the corresponding P arrow; 

with “increase … oxidase” please draw the line from 6 to 7 to 8, adding the 7 and 8 data circles, and add/highlight/indicate the orange “oxidative burst” box)

4. Conclusion (said by authors on camera)
4.1. Saranya Ravi: Once mastered, this technique can be done in as little as three hours following blood collection, not including the assay itself, if it is performed properly.
4.2. Philip Kramer: While attempting this procedure, it’s important to remember to maintain sterile conditions by performing each step in a biologic safety cabinet and using sterile room temperature buffers and media.
4.3. Balu Chacko: Following this procedure, other methods, like FACS analysis, can be performed to answer additional questions related to the purity and activation state of the cells or to further purify the cell subpopulations. 
4.4. Victor Darley-Usmar: After watching this video, you should have a good understanding of how to isolate monocytes, lymphocytes, neutrophils and platelets from human blood by density gradient and magnetic separation without activation for bioenergetic and oxidative burst analyses.
4.5. Tanecia Mitchell: Don't forget that working with human blood samples can be extremely hazardous, and precautions such as wearing personal protective equipment and using a biological safety cabinet, should always be taken while performing this procedure.   

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, 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.  

Graphic overview Krameretal.pptx
2.1.1 figure 2 Krameretal.tif
[bookmark: _GoBack]2.6.1 Figure 1 density gradient Krameretal.tif
2.16.2 figure 3A Krameretal.tif
2.16.3 Figure 1B Krameretal.tif
4.2.1 Table 1 Krameretal.tif   4.2.1 Table 1 Krameretal revision.tif
4.3.1 Figure 4A Krameretal.tif

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, as well as an introduction to your videographer, closer to your filming date.
 2011, Journal of Visualized Experiments

