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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.2.- 2.5., 2.8., 3.1.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.3., Manipulation of coverslips for mounting on slides is technically very challenging and requires careful handling.
5.4., Microscopic quantification of intracellular Leishmania is probably the most critical step in the process. To ensure its proper execution, one has to learn to identify smaller DAPI stained parasite nuclei in the background of large brightly stained host macrophage nuclei. Proper DAPI staining and subsequent counting techniques are critical for a successful experimental outcome. 
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 experiment is to assess the virulence of various Leishmania strains through the infection of murine, bone marrow-derived macrophages in vitro and the subsequent quantification of parasite intracellular growth kinetics. (Intro)

B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Bidyottam Mittra: This method can help answer key questions about the factors from both the host macrophage and the pathogen that determine the virulence of the infective Leishmania parasites. 
1.2. Bidyottam Mittra: The main advantage of this technique is that it is a fast, economic, and reliable method that requires significantly fewer animals compared to in vivo infection studies.  

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Amrita Sarkar: The implications of this technique extend toward the therapy of leishmaniasis, as it can be used to assess the infectivity of mutated Leishmania strains or the efficacy of therapeutic compounds. 
1.4. Yousuf A. Khan: Visual demonstration of this method is critical, as the bone marrow-derived macrophage isolation and intracellular parasite quantification steps are difficult to learn from written protocols alone.
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 at University of Maryland.

Protocol: (read by voice talent at JoVE)
2. Bone Marrow-Derived Macrophage (BMM) Isolation and Differentiation
2.1. Begin by securing a 4-6-week-old female mouse to a dissection board [1-WIDE-TXT] and disinfecting the animal with 70% ethanol [2-CU].
2.1.1. Few seconds Talent securing mouse to board (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: CO2 asphyxiation + cervical dislocation)
2.1.2. Few seconds fur being disinfected
2.2. Use scissors to make a 1-cm incision near one hip joint [1-ECU] and cut the skin all the way around the joint [2-CU].
2.2.1. Few seconds incision being made
2.2.2. Few seconds skin being cut
2.3. Pull the skin from the leg toward the ankle to carefully deglove the limb [1-CU] and cut off the foot at or below the ankle joint to leave the tibia intact [2-ECU].
2.3.1. Few seconds skin being pulled/leg being degloved
2.3.2. Few seconds foot being cut 
2.4. To locate the hip joint, manipulate the femur to identify the point of rotation [1-CU] and use the scissors to sever the leg above the hip joint [2-CU], leaving the proximal head of the femur intact [3-ECU].
2.4.1. Few seconds femur being manipulated
2.4.2. Few seconds leg being severed
2.4.3. Shot of intact femur head
2.5. Remove as much muscle and connective tissue from the leg as possible [1-CU] and place the cleaned bones in a Petri dish containing sterile RPMI supplemented with antibiotics on ice [2-MED-TXT].
2.5.1. Few seconds tissue being removed
2.5.2. Talent placing bone(s) into dish, with medium container visible in frame (TEXT: See text for all medium/reagent preparation details)
2.6. After harvesting the second set of leg bones, use sterilized forceps and a sterile #10 blade to remove any remaining muscle and connective tissue [1-MED-over the shoulder-TXT].
2.6.1. Few seconds Talent removing muscle/tissue (TEXT: Repeat for each animal)
2.7. Transfer the cleaned bones to an empty Petri dish lid [1-MED] and use the scalpel to remove both ends of each tibia to access the marrow [2-CU].
2.7.1. Few seconds Talent placing bones into lid
2.7.2. Few seconds one bone being cut
2.8. Using forceps, place one tibia over the mouth of a 50-mL conical tube on ice [1-MED] and insert the tip of a 25-gauge needle attached to a 10-mL syringe filled with medium supplemented with antibiotics into one end of the tibia [2-CU].
2.8.1. Talent placing bone over tube
2.8.2. Shot of needle/syringe, then few seconds needle being inserted into bone
2.9. Flush approximately 5-10 mL of medium through bone into the conical tube until all of the red bone marrow tissue [1-CU] has been harvested and the bone appears white [2-ECU-TXT].
2.9.1. Few seconds bone being flushed
2.9.2. Shot of white bone (TEXT: Repeat for each tibia/femur)
2.10. When all of the marrow has been collected, centrifuge the pooled bone marrow [1-MED-TXT] and resuspend the bone marrow cell pellet in 5 mL of bone marrow-derived macrophage medium [2-CU].
2.10.1.  Talent adding tube(s) to centrifuge (TEXT: 10 min, 300 x g, 4 °C)
2.10.2.  Shot of pellet, then few seconds pellet being resuspended, with medium container label visible in frame
2.11. Transfer the bone marrow cell suspension into a 175 cm2 cell culture flask containing 60-mL of sterile bone marrow-derived macrophage medium [1-MED] and rinse the tube two times with medium from the culture flask to ensure maximal cell recovery [2-CU].
2.11.1.  Few seconds Talent adding cells to flask, with medium container visible in frame
2.11.2.  Few seconds tube being rinsed
2.12. After the second wash, transfer a 30-mL aliquot of cells into a second 175 cm2 cell culture flask [1-MED] and close each flask with a filter cap [2-CU].
2.12.1.  Few seconds Talent adding cells to flask
2.12.2.  Few seconds flask being closed
2.13. Then incubate both cultures overnight at 37 °C and 5% CO2 to allow separation of the resident macrophages from any contaminating fibroblasts or other adherent cells [1-MED].
2.13.1.  Talent placing flask(s) into incubator
2.14. The next morning, transfer 10 mL of undifferentiated bone marrow cell-containing supernatant from each flask into individual 100 mm x 15 mm non-tissue culture-treated polystyrene Petri dishes [1-MED-over the shoulder] and return the cells to the cell culture incubator for 2-3 more days [2-CU].
2.14.1.  Few seconds Talent adding cells to plate(s)
2.14.2.  Plate(s) being placed into incubator
2.15. Then feed the cultures with 5 mL of fresh, 37 °C bone marrow-derived macrophage medium per dish [1-MED] and return the plates to the incubator [2-CU].
2.15.1.  Few seconds Talent adding medium to dish(s), with medium container visible in frame
2.15.2.  Plate(s) being placed into incubator
3. BMM Coverslip Plating

3.1. On day 7 or 8 after culture, use an aspirating tip fitted to a vacuum line to transfer [1-WIDE-TXT] four autoclave-sterilized, 12-mm, glass coverslips to the bottom of each well of a 6-well culture plate without overlapping [2-CU].

3.1.1. Few seconds Talent picking up one coverslip (TEXT: Pinch tube to interrupt vacuum/place coverslip)
3.1.2. Few seconds 4th coverslip being placed/shot of 4 coverslips at the bottom of one will without overlapping 

3.2. Next, wash the bone marrow-derived macrophage cultures two times with fresh 37 °C PBS [1-MED] and 5 mL of PBS without calcium and magnesium supplemented with 1 mM EDTA to each plate [2-CU].

3.2.1. Few seconds Talent washing one plate with PBS, with PBS container visible in frame
3.2.2. Few seconds PBS + EDTA being added to one plate, with PBS + EDTA container label visible in frame

3.3. After 5 minutes at 37 °C, pool the detached cells in a 50-mL conical tube [1-MED], rinsing each plate two times with an additional 5 mL of PBS without calcium and magnesium [2-CU].

3.3.1. Few seconds Talent adding cells to tube
3.3.2. Few seconds one plate being rinsed, with PBS container label visible in frame

3.4. After centrifugation, resuspend the macrophages in 5-10 mL of fresh bone marrow-derived macrophage medium on ice [1-CU].

3.4.1. Few seconds macrophages being resuspended in tube on ice

3.5. After counting, dilute the cells to 5x105/mL concentration in fresh bone marrow-derived macrophage medium [1-MED] and add 2 mL of cells per well to the 6-well plate [2-CU].

3.5.1. Few seconds Talent adding medium to cells, with medium container visible in frame
3.5.2. Few seconds cells being added to well

3.6. Then incubate the cells overnight in the cell culture incubator [1-MED].

3.6.1. Talent placing plate into incubator
4. L. amazonensis Infection and Parasite Quantification

4.1. To infect the cells with L. amazonensis, dilute the parasite suspension to the appropriate experimental multiplicity of infection [1-WIDE-TXT] and add 50-100 microliters of parasites to each well of the 6-well plate [2-MED-over the shoulder].

4.1.1. Few seconds Talent diluting parasites (TEXT: See text for L. amazonesis preparation/MOI details)
4.1.2. Few seconds Talent adding parasites to at least one well

4.2. Incubate the bone marrow-derived macrophages for the appropriate infection period and temperature [1-MED].

4.2.1. Talent placing plate(s) incubator

4.3. Then wash the wells three times with 2 mL of fresh, 37 °C PBS without calcium or magnesium per well [1-CU] and fix the samples with 1.5-2 mL of 2% paraformaldehyde for 10 minutes [2-MED-over the shoulder].

4.3.1. Few seconds one well being washed
4.3.2. Few seconds Talent fixing at least one well, with PFA container visible in frame
[bookmark: _GoBack]
4.4. After three more washes, add 2 mL of fresh bone marrow-derived macrophage medium to each well [1-CU] and return the plates to the appropriate incubator [2-MED].

4.4.1. Few seconds medium being added to at least one well
4.4.2. Talent placing plate into incubator

4.5. Then fix and wash the cells as just demonstrated [1-CU] and store the samples at 4 °C in fresh PBS [2-MED].

4.5.1. Few seconds PFA being added to at least one well, with PFA container label visible in frame
4.5.2. Talent placing plate(s) at 4 °C

4.6. To stain the cells with DAPI (pronounce phonetically, so that it rhymes with “happy”), replace the supernatant with 1.5 mL of fresh PBS without calcium and magnesium supplemented with 0.1% non-ionic detergent [1-WIDE] for 10 minutes at room temperature followed by three 2-mL washes with PBS without calcium or magnesium [2-MED].

4.6.1. Few seconds Talent adding detergent to well(s), with detergent container visible in frame
4.6.2. Few seconds Talent washing well(s) with PBS, with PBS container visible in frame

4.7. Next, stain the cells with 2 microgram/mL of DAPI in 1 mL of PBS for 1 hour at room temperature [1-CU].

4.7.1. DAPI being added to at least one well, with DAPI container label visible in frame

4.8. After three washes, place the coverslips cell side-down onto individual glass microscope slides mounted with a commercially available anti-fade mounting reagent [1-CU].

4.8.1. Few seconds at least one coverslip being placed

4.9. Then, to quantify the number of infected cells, use the 100X immersion oil objective of a fluorescence microscope [1-MED] and a manual counter to identify the number of smaller amastigote nuclei [2-LM] clustered around each large, DAPI-stained macrophage nucleus [3-LM-TXT].

4.9.1. Talent at microscope, selecting objective
4.9.2. Authors: Please submit 1 h DAPI image from Figure 2A as its own unflattened .ai or .psd (or without the arrowheads) through the submission link and without the DAPI label: please sequentially add/indicate arrowheads as in original Figure 2A
4.9.3. Figure 2A DAPI 1 h image: please add arrow to indicate large DAPI-stained nucleus (TEXT: Quantify 200 macrophages/coverslip)
5. Results: Representative BMM Infection Analyses

5.1. Leishmania has two infective forms - metacyclic promastigotes [1-LM], which differentiate from procyclic promastigotes at the stationary phase of culture [2-LM], and amastigotes, the intracellular, infective form found within the vertebrate host [3-LM].

5.1.1. Sarkar et. Al_Figure 1.pdf: please indicate middle image
5.1.2. Sarkar et. Al_Figure 1.pdf: please indicate left image
5.1.3. Sarkar et. Al_Figure 1.pdf: please indicate right image

5.2. Here axenically differentiated amastigotes [1-LM-TXT] can be visualized within a bone marrow-derived macrophage 1 hour after the initial infection and before the formation of parasitophorous vacuoles via phago-lysosomal fusion [2-LM].

5.2.1. Authors: please upload the images from Figure 2A ONLY together in one .ai or .psd file without the A label through the submission link: please indicate red staining in 1 h merge image (TEXT: Quantify amastigotes by DAPI staining only)
5.2.2. Figure 2A: no animation

5.3. At 48 hours, distinct, large parasitophorous vacuoles harboring multiple parasites can be observed, characteristic of a virulent Leishmania infection [1-LM]. 

5.3.1. Figure 2A: please indicate 48 h merge image/vacuoles within 48 h merge image

5.4. Non-virulent log-phase promastigotes, in contrast, are unable to initiate parasitophorous vacuole development, fail to replicate, and are eventually killed within host macrophages [1-LM].

5.4.1. Figure 2B.ai: please outline/indicate 1 and 48 h merge images

5.5. In this experiment, a steady increase in the number of intracellular wild-type metacyclic Leishmania parasites was observed up to 72 hours after infection [1-LM], while little to no intracellular growth for mutant parasites with impaired mitochondrial iron import was measured, suggesting that mitochondrial activity is required for parasite growth within macrophages [2-LM].

5.5.1. Figure 3 (metacyclic).ai: please indicate blue 72 h data bar
5.5.2. Figure 3 (metacyclic).ai: please indicate red 72 h data bar

5.6. Macrophage infections carried out with wild type [1-LM] and mutant axenic amastigotes showed an intracellular growth pattern similar to that observed with metacyclic promastigotes [2-LM] but with an even higher wild type parasite infectivity than seen for metacyclic promastigotes [3-LM].

5.6.1. Figure 3 (amastigote).ai: please indicate blue 72 h data bar
5.6.2. Figure 3 (amastigote).ai: please indicate red 72 h data bar
5.6.3. Figure 3 (amastigote).ai: no animation

5.7. In is important to note that there is an initial 24-hour delay for metacyclic promastigote infections [1-LM], representing the time required for internalized metacyclic promastigotes to first differentiate into amastigotes before beginning to replicate [2-LM].

5.7.1. Figure 3 (metacyclic).ai: please indicate blue and red 24 h data bars
Figure 3 (metacyclic).ai: no animation OR please indicate blue and red 48 h data bars

6. Conclusion (said by authors on camera):
6.1. Amrita Sarkar: Once mastered, this technique can be completed in 15 days if it is performed properly.
6.2. Amrita Sarkar: While attempting this procedure, it’s important to use the appropriate mouse strains and to perform careful quantification of both the macrophage and parasite cells to ensure consistent MOIs across all experiments.
6.3. Bidyottam Mittra: After watching this video, you should have a good understanding of how to culture bone marrow-derived macrophages and to infect them with Leishmania for quantification of their intracellular parasite growth following nuclear staining with DAPI. 
6.4. Yousuf A. Khan: Don't forget that working with Leishmania can be extremely hazardous and that precautions, such as using a biological safety cabinet and personal protective equipment and avoiding sharp instruments, should always be taken while performing this procedure.  


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. 

Sarkar et. al_Figure 1.pdf- Scanning Electron micrograph of metacyclic promastigotes
Authors: Please submit 1h DAPI image through the submission link as requested above
Authors: Please submit file containing images from Figure 2A only through the submission link as requested above - Bonemarrow-derived macrophage infection with axenically derived amastigotes.
Figure 2B.ai- Bonemarrow-derived macrophage infection with non-virulent log-phase promastigotes.
Figure 3 (metacyclic).ai- Bonemarrow-derived macrophage infection with metacyclic promastigotes.
Figure 3 (amastigote).ai- Bonemarrow-derived macrophage infection with amastigotes.


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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