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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.1.2., 2.7.2., 2.3.1., 2.3.2., 3.1.3., 3.4.1., 3.9.1., 3.10.2.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.1.2. lavage of peritoneum
E. Will the filming need to take place in multiple locations? Y, different rooms same building

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 assay is to prepare a macrophage and opsonized red blood cell co-culture for the visualization of phagocytosis by three-dimensional time-lapse microscopy. (Intro)	Comment by Bridget Colvin: Authors: The protocol that is demonstrated only shows the cell preparation and co-culture setup steps.

B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Peter J. Hanley: This method can help answer key questions in the immunology field, such as how do phagocytes capture and ingest particles? 
1.2. Author Name: This technique allows the visualization of particle uptake in real-time, unlike more traditional end-point assays that only allow assessment of whether - but not how - particles have been ingested.  	Comment by Bridget Colvin: Authors: Please provide the full name of the Author who will be giving this statement.

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Anne C. Bachg: Generally, individuals new to this method may struggle until they become accustomed to the cell isolation procedures. 	Comment by Bridget Colvin: Authors: You do not demonstrate the imaging steps.
1.4. Markus Horsthemke: We first had the idea for this method, when we realized the advantages of spinning disk confocal microscopy for 3D time-lapse imaging of phagocytosis.
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) at Westfaelische Wilhelms-Universitaet, Münster, Germany.

Protocol: (read by voice talent at JoVE)
2. Resident Mouse Peritoneal Macrophage and Human Red Blood Cell Isolation
2.1. To isolate peritoneal macrophages, place a 24-gauge plastic catheter into the peritoneum of a 3-4-month old mouse [1-WIDE-TXT] and use a plastic 5-mL syringe to lavage the cavity two times with 4.5 mL of ice-cold HBSS without calcium and magnesium per lavage [2-CU-TXT], transferring the aspirated suspension into a 15-mL polypropylene round-bottom tube as it is collected [3-MED].
2.1.1. Talent placing catheter into mouse (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: anesthesia overdose + cervical dislocation)
2.1.2. Peritoneum being lavaged (TEXT: Leave 0.5 mL HBSS in syringe in case tissue gets sucked into catheter/needs to be expelled)
2.1.3. Talent adding suspension to tube
2.2. When both samples have been harvested, centrifuge the aspirate [1-MED-over the shoulder-TXT] and resuspend the peritoneal cells in 1 mL of complete, bicarbonate-free RPMI 1640 (R-P-M-I sixteen-forty) medium to achieve about a 6 x 106 cells/mL concentration [2-CU-TXT].
2.2.1. Talent adding tube(s) to centrifuge (TEXT: 5 min, 300 x g, RT)  
2.2.2. Shot of pellet if visible, then cells being resuspended, with medium container label visible in frame (TEXT: See text for all medium/reagent preparation details)
2.3. Next, add 1 mL of complete, HEPES (hee-pees)-supplemented medium to one reservoir of a fibronectin-coated channel slide [1-ECU] and tilt the slide to allow the medium to be aspirated from the downstream reservoir [2-CU].
2.3.1. Medium being added to reservoir
2.3.2. Slide being tilted/medium being aspirated
2.4. Add 1-2 mL of fresh medium to one of the reservoirs [1-MED-over the shoulder] and tightly apply a reservoir cap [2-CU].
2.4.1. Talent adding medium to reservoir
2.4.2. Cap being applied
2.5. Then apply rhythmic thumb pressure to the cap to pump any air out of the slide, tilting the slide as necessary [1-CU].
2.5.1. Slide being tilted/air being pumped
2.6. When all of the air has been expelled, tilt the slide toward the uncapped, medium-containing reservoir [1-CU] and remove the cap to avoid air being sucked back into the channel [2-MED].
2.6.1. Slide being tipped toward uncapped reservoir
2.6.2. Talent removing cap
2.7. Now pipette the cell solution a few times to reduce clumping [1-CU] and add 100 microliters of the cells into one channel of the slide [2-ECU] for a 2-hour incubation in a moist chamber at 37 °C in the absence of CO2 [3-MED-TXT].
2.7.1. Cells being pipetted
2.7.2. Cells being added to slide 
2.7.3. Talent placing slide into chamber (TEXT: Repeat for ≤10 slides)
2.8. At the end of the incubation, replace the HEPES-containing medium in each slide with complete, bicarbonate-supplemented medium as just demonstrated [1-CU].
2.8.1. Medium being added/slide being tilted
2.9. Then place the cells in a 37 °C, humid incubator with 5% CO2 for their overnight culture [1-MED].
2.9.1. Talent placing slide into incubator  
2.10. The next morning, transfer 1 mL of freshly-obtained, healthy donor blood into a 2-mL round-bottom, polypropylene [1-CU] microcentrifuge tube and centrifuge the sample [2-MED-TXT].
2.10.1.  Blood being added to tube, with heparin collection tube visible in frame
2.10.2.  Talent placing tube(s) into centrifuge (TEXT: 5 min, 300 x g)
2.11. Remove the plasma- and buffy coat-containing supernatant [1-CU] and carefully transfer 100 microliters of the sedimented red blood cells into a 2-mL microcentrifuge tube containing 100 microliters of complete, HEPES-supplemented medium [2-MED].
2.11.1.  Supernatant being removed
2.11.2.  Talent adding cells to tube, with HEPES-supplemented medium container visible in frame
2.12. Label the tube “1:1” [1-CU] and transfer 4 microliters of the diluted red blood cells into a new 2-mL microcentrifuge tube containing 2 mL of complete, HEPES-supplemented medium [2-MED].
2.12.1.  Shot of labeled tube
2.12.2.  Talent adding cells to tube, with HEPES-supplemented medium container visible in frame
2.13. Then label this tube “4:2000” [1-CU] and place both diluted red blood cell sample tubes on ice [2-MED].
2.13.1.  Shot of labeled tube
2.13.2.  Talent placing tubes on ice 
3. Macrophage Plasma Membrane Labeling and Human Red Blood Cell-Mouse Immunoglobulin (IgG) Opsonization and Imaging
3.1. To label the peritoneal macrophages, replace the bicarbonate medium in each channel slide with complete medium supplemented with HEPES [1-WIDE] and tilt the slide to allow 100 microliters of the fluorescently-tagged, mouse macrophage-specific antibody [2-MED] of interest to be added drop-wise to the opening of the 100-microliter channel of the slide [3-CU].
3.1.1. Talent adding medium to slide, with medium container visible in frame
3.1.2. Talent tilting slide, with antibody container visible in frame
3.1.3. Antibody being added dropwise to channel opening
3.2. Aspirate the medium that flows into the downstream reservoir [1-CU] and incubate the cells for 20 minutes in a moist chamber at 37 °C in the absence of CO2 [2-MED].
3.2.1. Medium being aspirated
3.2.2. Talent placing slide into chamber 
3.3. While the peritoneal cells are being labeled, gently mix the 4:2000 red blood cell sample [1-CU] and transfer 400 microliters of the cells into a new 2-mL microcentrifuge tube in a heated aluminum block inside a laminar flow hood for about 5-8 minutes [2-MED].
3.3.1. Cells being mixed, with 4:2000 label visible in frame
3.3.2. Talent adding cells to tube in heat block
3.4. When the cells have warmed to 37 °C, mix 0.4 microliters of an appropriate contrasting plasma membrane stain [1-CU] with the cells and place the cells back in the heat block [2-MED].
3.4.1. Stain being mixed with cells, with stain container label visible in frame
3.4.2. Talent placing cells at 37 °C
3.5. After 5 minutes, wash the cells by adding 1.6 mL of fresh HEPES-supplemented complete medium [1-MED-TXT] and centrifuge. Rotate the tube to identify the red blood cell pellet [2-ECU].
3.5.1. Talent placing tube(s) into microcentrifuge, with medium container visible in frame as possible (TEXT: 5 min, 300 x g)
3.5.2. Shot of tube, showing the red pellet.
3.6. Using 1-1.5-mL pipette tip, carefully remove the supernatant in two volumes without disturbing the pellet [1-CU] and mix 2000 microliters of fresh HEPES-supplemented, complete medium with the cells [2-MED]. Centrifuge and resuspend pellet in 400 microliters of medium.
3.6.1. Supernatant being removed
3.6.2. Talent adding medium to cells, with medium container visible in frame
3.6.3. Added shot: Supernatant being removed and cells being resuspended in 400 microliters of medium. 
3.7. Then label the tube “PMS” for “plasma membrane stain” [1-CU].
3.7.1. Shot of tube labeled “PMS”
3.8. At the end of the 20-minute peritoneal cell-labeling incubation, wash the slide with 1 mL of fresh, complete HEPES-supplemented medium [1-MED].
3.8.1. Talent adding medium to slide, with medium container visible in frame  
3.9. To opsonize the red blood cells, add 1 microliter of mouse IgG2b (I-G-G-two-B) monoclonal anti-human CD235a (C-D-two-thirty-five-A) antibody to the PMS sample tube [1-CU].
3.9.1. Antibody being added to cells, with antibody container label visible in frame
3.10. After 8 minutes at 37 °C with mixing once per minute [1-MED], transfer 100 microliters of the plasma membrane-stained, IgG-opsonized human red blood cells to the peritoneal macrophage-containing channel slide [2-CU].
3.10.1.  Talent mixing cells
3.10.2.  RBC being added to channel slide
3.11. As soon as the human red blood cells have been added, mount the slide on a spinning disk confocal microscope [1-MED] with the stage incubator set to 37 °C and immediately begin imaging the cells [2-MED-TXT].
3.11.1.  Talent placing slide onto stage
3.11.2.  Talent imaging cells (TEXT: Particles begin to settle w/in 1 min) 
4. Results: Representative Time-Lapse, 3D-Imaging of Phagocytosis 

4.1. Time-lapse 3D-imaging of green fluorescent macrophages [1-LM] presented with red fluorescent human red blood cells [2-LM] enables the visualization of single particle phagocytic events [3-LM].

4.1.1. Review-fig2c-4_1.ai: please emphasize at least one green cell in left/top image	Comment by Bridget Colvin: Authors: A movie of this figure would be great if you have one available!
4.1.2. Review-fig2c-4_1.ai: please emphasize at least one red cell in left/top image
4.1.3. Review-fig2c-4_1.ai: please sequentially add/emphasize 2nd-5th images

4.2. For example, the capture of a mouse IgG-opsonized human red blood cell by a macrophage filopodium can be observed [1-LM] as well as the squeezing of a human red blood cell during phagocytic cup formation [2-LM].

4.2.1. Review-fig3-4_2_1 and 4_2_2.ai: please add arrows as in original top row of Figure 3	Comment by Bridget Colvin: Authors: A movie of this figure would be great if you have one available!
4.2.2. Review-fig3-4_2_1 and 4_2_2.ai: please add arrows as in original bottom row of Figure 3

5. Conclusion (said by authors on camera):
5.1. Peter J. Hanley: After watching this video, you should have a good understanding of how to isolate mouse resident peritoneal macrophages, fluorescently label cells, and opsonize particles.   	Comment by Bridget Colvin: Authors: You do not demonstrate how to perform time-lapse imaging.

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 
3.1.2. 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. 

Review-fig2c-4_1.ai
Review-fig3-4_2_1 and 4_2_2.ai
Both of the above uploaded figures can additionally supplied as movie files, e.g. in .avi format.

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 in the email accompanying the finalized script.
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