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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to 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: 
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:
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  extraction of bone marrow from mouse bones and cells differentiation 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to generate macrophages from murine bone marrow-derived cell cultures. (Intro) This is accomplished first by extracting the bone marrow from mouse hindlegs. (P1) In the second step, the bone marrow resident macrophages are removed (P2) and then the bone marrow cells are further cultured under macrophage differentiating conditions. (P3) Then, when the bone marrow cells have differentiated into macrophages, they can be collected for experimental analysis. (P4) Ultimately, confocal microscopy can be used to demonstrate the localization of bacterial LPS within bone marrow-derived macrophage endocytic compartments. (P5)
From graphic overview.ai

(P1) Show mouse then have leg bone graphics (if possible) appear on hind leg/foot and move away from mouse, with “extracting” have blue and red “cells” come out of the end of the bone graphics (if no bone graphics, have blue and red cells “extract” from the mouse hind foot OR 3.5.2. (mashing bones with pestle)
(P2) show blue and red cells, then have red cells move away from blue cells OR 3.9.2. with TEXT (collecting supernatant) 
(P3) have “L929 supernatant” text appear with arrow pointing onto blue cells and then “7 days, 37°C, 5% CO2” text appears OR 3.10.1. (L292 supernatant being added to cells)
(P4) have blue cells “differentiate” (transition/shimmer into?) green “cells” OR JOVE Fig1A.ai
(P5) JOVE Fig2C.ai
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please also use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Giovanna Mottola: The main advantage of this technique over existing methods, like growing macrophage cell lines, is that large numbers of primary macrophages can be obtained. Movie 2407 folder bob 2
1.2. Nicolas Boucherit: Visual demonstration of this method is critical, as the bone marrow cell production steps are difficult to learn and require practice and manual dexterity to achieve success. Movie 2419 folder bob 2
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Preparation of L929 cell supernatants

2.1. To generate the L929 supernatant, culture L929 cells at 37°C and 5% CO2 until the cultures reach confluence. Then replace the culture media with fresh complete DMEM and transfer the flasks to 32°C and 5% CO2.
2.1.1. WIDE: Talent removing L929 cells from 37°C incubator (TEXT: 37°C, 5% CO2)
2.1.2. MED: Few seconds Talent adding culture media to culture to at least one flask
2.1.3. MED: Talent placing flask(s) into incubator (TEXT: 32°C, 5% CO2)
2.2. After 10 days, pool and centrifuge the supernatants for 10 minutes at 750 x g and room temperature. Store the supernatant in 15 ml tubes at -20°C.

2.2.1. MED: Talent adding supernatant to a centrifuge tube, with full tubes/empty flasks also in frame

2.2.2. MED: Talent placing tube(s) into centrifuge (TEXT: 10 min, 750 x g, RT)

2.2.3. MED: Talent placing tube(s) at -20°C (TEXT: Discard pellets)

3. Bone marrow-derived macrophage (BMDM) preparation 
3.1. Disinfect the skin of a euthanized mouse with 70% ethanol. Make an incision at the top of each hind leg and pull the skin down towards the foot to expose the muscle.
3.1.1. WIDE: Few seconds Talent disinfecting skin with ethanol (TEXT: Euthanasia: cervical dislocation) Movie 2447 folder bob1
3.1.2. CU (shot of lower abdomen/hind legs only): Shot of incision being made at top of at least one hind leg MOVIE 2368 folder bob2
3.1.3. CU (shot of lower abdomen/hind legs only): Shot of skin being pulled down one foot to expose leg muscle MOVIE 2369 folder bob2
3.2. Next, cut off the hind legs and use sterile scissors and forceps to remove the skin. Place the legs in a sterile 35 mm Petri dish containing 5 ml of sterile, ice-cold PBS. 

3.2.1. CU (shot of lower abdomen/hind legs only): One hind leg being cut off

MOVIE 2370 folder bob2
3.2.2. CU/ECU: Few seconds of skin being removed with forceps/scissors MOVIE 2371 folder bob2
3.2.3. MED: Talent adding last leg to dish with PBS and possibly other legs MOVIE 2372 folder bob2
3.3. Remove any skin and muscle attached to the bones and then transfer the bones into a new, sterile Petri dish containing 5 ml of ice cold, sterile PBS. 
3.3.1. ECU: Few seconds skin and muscle being dissected from at least one bone MOVIE 2373 folder bob2
3.3.2. CU: Last leg bone being added to dish of PBS/bones MOVIE 2377 folder bob2
3.4. Wash the bones twice with 5 more ml of PBS and then transfer them into a sterile mortar containing 5 ml of ice cold, sterile PBS. 
3.4.1. MED: Talent Washing the bones twice with 5 more ml and adding PBS to bones MOVIE 2382 folder bob2
3.4.2. MED: Talent transfers at least one bone to mortar containing PBS MOVIE 2383 folder bob2
3.5. Now cut the tibia from the femur at the joint and use a pestle to gently smash the bones.
3.5.1. CU: Shot of one tibia and femur being separated at joint (Text: tibia and femur are separated at joint)
3.5.2. CU: Few seconds of bone(s) being smashed with pestle MOVIE 2384 folder bob2
3.6. Collect the supernatant in ice cold 15 ml tubes three times. Then filter the tissue suspension through a 70 (m nylon cell strainer to remove the solid fragments. 

3.6.1. MED: Few seconds Talent collecting supernatant into at least one 15 ml tube MOVIE 2386 folder bob2
3.6.2. [combined with 3.6.1] CU: Few seconds tissue being filtered through strainer
3.7. Spin down the filtrate and gently discard the supernatant. Dissociate the pellet with red blood cell lysis buffer, adding 20 ml of ice-cold, complete DMEM after 30 seconds to stop the reaction.

3.7.1. CU: Tube(s) being placed into centrifuge (TEXT: 10 min, 450 x g, 4°C) Movie 2391 folder bob2 

3.7.2. CU: Supernatant being discarded from at least one tube Movie 2394 folder bob2
3.7.3. CU: Few seconds pellet being dissociated with lysis buffer Movie 2395 folder bob2
3.7.4. MED: Talent adding DMEM to tube Movie 2396 folder bob2
3.8. After centrifuging the cells, resuspend the pellet in 20 ml of 37°C complete DMEM and then split the cell suspension between two 100 mm Petri dishes. 
3.8.1. CU: (TEXT: 10 min, 450 x g, 4°C); Shot of pellet if visible Movie 2397 folder bob2, then DMEM being added to tube Movie 2398 + 2399 folder bob2
3.8.2. MED – over the shoulder: Talent adding cell suspension to at least one Petri dish, both visible in frame Movie 2403 folder bob2
3.9. Incubate the dishes for 4 hours at 37°C (TEXT: Incubate the dishes for 4 hours at 37°C) and then collect the supernatants into 50 ml tubes at room temperature. 
3.9.1. MED: Talent placing dish(es) into incubator Movie 2403 folder bob2
3.9.2. MED: Few seconds talent adding supernatant to at least one 50 ml tube (TEXT: Discard resident M(-containing dishes) Movie 2422 folder bob2
3.10. After spinning down the supernatants, resuspend the pellet in 10 ml of complete DMEM supplemented with the previously prepared L929 cell supernatant, and then filter the cells through a 40 (m nylon cell strainer.
3.10.1. MED: Shot of tube w/ pellet (TEXT: 10 min, 450 x g, 4°C), then Talent adding DMEM + L929 supernatant, with L929 supernatant tube with label visible in frame Movie 2442 folder bob1 
3.10.2. MED: Few seconds Talent filtering cell suspension through strainer Movie 2443 folder bob1
3.11. Add the filtrate to 140 ml of complete DMEM and L929 cell media and then distribute 10 ml of the cell suspension per dish into fifteen 100 mm Petri dishes.

3.11.1. MED: Few seconds Talent adding filtrate to DMEM/L929 media Movie 2444 folder bob1
3.11.1.1 (added step) talent annotating the flask  Movie 2445 folder bob1
3.11.2. MED – over the shoulder: Talent adding cell suspension to at least one Petri dish, with other dishes visible in frame Movie 2446 folder bob1
3.12. After incubating the cells for 3 days at 37°C and 5% CO2, add 10 ml of complete DMEM + L929 supernatant and incubate the cells for an additional 4 days, monitoring the cell growth periodically with an inverted microscope. 

3.12.1. MED: Talent adding DMEM/L929 to at least one Petri dish, with L929 supernatant tube with label visible in frame 2434 folder bob1
3.12.2. CU: Petri dish(es) being placed into incubator 2436 folder bob1
3.12.3. MED: Talent at microscope, looking at least one Petri dish (TEXT: Adherent M( appear ~3 d) 2435 folder bob1 
4. Harvesting BMDMs

4.1. To harvest the bone marrow-derived macrophages, first aspirate and discard the supernatant, then wash the Petri dishes 2 times with complete DMEM.

4.1.1. WIDE: Few seconds Talent aspirating supernatant from at least one Petri dish Movie 2423 folder bob2
4.1.2. MED: Few seconds Talent discarding supernatant

4.1.3. CU: Few seconds DMEM being washed up and down side of Petri dish Movie 2424 folder bob2
4.2. Next, add 5 ml of 37°C complete DMEM and use a rubber policeman to gently detach the cells.
4.2.1. MED: Talent adding 5 ml DMEM to at least one Petri dish Movie 2425 folder bob2
4.2.2. CU: Few seconds of rubber policemen being scrubbed against dish surface to detach cells Movie 2427 folder bob2
4.3. Collect the bone marrow-derived macrophages in 50 ml tubes… and then spin down the cells, resuspending the pellets in 20 ml of complete DMEM.
4.3.1. MED: Few seconds Talent transferring cell solution from at least one Petri dish to at least one 50 ml tube Movie 2428 folder bob2
4.3.1.1: (added step) Talent adding 25 ml of complete DMEM to cells Movie 2430 folder bob1 
4.3.2. MED: Talent placing tube(s) into centrifuge (TEXT: 10 min, 450 x g, 4°C) Movie 2433 folder bob1
4.3.2.1 (added step)TALENT REMOVED THE SUPERNATANT AND SHOW THE PELLET OF CELLS (note for the editor at second 33 the pellet is very nice) Movie 2437 folder bob1
4.3.3. MED: Talent adding DMEM to at least one tube with other tubes in frame with just pellets (supernatant has been removed) Movie 2438 folder bob1
4.4. Finally, count the cells by trypan blue exclusion.

4.4.1. ECU: Shot of trypan blue being added to one side of hemacytometer (TEXT: ~4-5x106 M(/Petri dish = ~6-7.5x107 total) Movie 2441 folder bob1
5. Storing BMDMs

5.1. To store the bone marrow-derived macrophages, spin down the cells again and then resuspend the pellets in freezing media at a 4 x 106 cells/ml concentration.

5.1.1. WIDE: Talent placing tube(s) into centrifuge (TEXT: 10 min, 450 x g, 4°C)

5.1.2. CU: Shot of pellet if visible, then freezing media being added to tube (TEXT: 10% DMSO + 90% FCS) 

5.2. Next, pipette 1 ml aliquots into ampoules and freeze the cells at a cooling rate of 1°C/min. After 24 h, transfer the ampoules to a liquid nitrogen tank for long-term storage.

5.2.1. MED – over the shoulder: Talent adding cell suspension to at least one ampoule

5.2.2. MED: Talent adding cells to freezer/freezing cells

5.2.3. MED: Talent placing at least one ampoule into LN2
6. Results: BMDMs are phenotypic and functional macrophages
6.1. Using this method, large numbers of macrophages can be obtained in just a few days. After isolating and plating the round, non-adherent, bone marrow cells minus the bone marrow resident macrophages, as just demonstrated, these representative BMDM-precursor cells were incubated with GM-CSF. After 3 days, the cells began to adhere and differentiate into macrophages. After 7 days, a confluent monolayer of bone marrow-derived macrophages was observed.

6.1.1. LAB MEDIA: JOVE Fig1A.ai (Video Editor: with “BMDM-precursor … GM-CSF” please highlight the top left day 0 image; with “After 3 days … into macrophages” please highlight the top right day 3 image; with “After 7 days … observed” please highlight the bottom left day 7 image)

6.2. Flow cytometric analysis for F4/80 and HLA-DR revealed that the bone marrow-derived macrophages expressed both markers, confirming the differentiaton of the bone marrow cells into macrophages. 
6.2.1. LAB MEDIA: JOVE Fig1B.pdf (Video Editor: with “F4/80” please highlight the white/empty histogram in the right graph; with “HLA-DR” please highlight the white/empty histogram in the left graph)
6.3. To assess the phagocytic capabilities of the bone marrow-derived macrophages, the ability of the cells to internalize latex beads was monitored. As expected, the number of beads per cell was determined to increase over time.

6.3.1.  LAB MEDIA: JOVE Fig2A.pdf (Video Editor: with “ability … monitored” please highlight the y-axis and legend; with “As expected … over time” please stretch a diagonal arrow from above the top left corner of the 2 h data bar up to above the top right corner of the 6 h data to emphasize how the x- and y-axis data increase in correlation to each other)

6.4. To evaluate their endocytic potential, the bone marrow-derived macrophages were also co-cultured with Coxiella burnetii. LPS, in red, was observed to be localized to a compartment that harbors lysosomal-associated membrane protein-1, in blue, but not cathepsin D, in green, demonstrating that the LPS was present in the late endosomes, which are unable to fuse with lysosomes, as expected. 
6.4.1.  LAB MEDIA: JOVE Fig2B.pdf (Video Editor: with “LPS, in red” as possible, please highlight/indicate the red and purple parts of the center part of the image; with “lysosomal-associated membrane protein-1, in blue” please highlight/indicate the blue and purple parts of the center part of the image as possible; with “cathepsin D, in green” please highlight/indicate the green parts of the center part of the image as possible)

6.5. Bone marrow-derived macrophage bacterial pathogen interactions were further analyzed via their infection by Tropheryma whipplei. As expected, the bacteria, in red, were not localized in the compartment that harbors cathepsin D, which appears again in green. 
6.5.1. LAB MEDIA: JOVE Fig2C.pdf (Video Editor: with “the bacteria, in red” please highlight/indicate the red parts of the image; with “cathepsin D, which appears again in green” please highlight/indicate the green parts of the image)

6.6. In this representative immunoblot, bone marrow-derived macrophage signal transduction pathways were assessed, demonstrating that bone marrow-derived macrophages, like tissue isolated macrophages, upregulate phosphorylated p38( MAP kinase levels in response to Escherichia coli LPS-stimulation.
6.6.1. LAB MEDIA: JOVE Fig2D.pdf (Video Editor: with “upregulate … LPS-stimulation” please highlight/indicate the data bars at the 15, 30, 60, and 90 min marks)
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
1.1. Giovanna Mottola: This method can help answer key questions in the cellular microbiology field, such as into which intracellular compartment microbes localized? Movie 2415 folder bob2 
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.ai
JOVE Fig1A.ai

JOVE Fig1B.ai
JOVE Fig2A.ai
JOVE Fig2B.ai
JOVE Fig2C.ai
JOVE Fig2D.ai

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


