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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? [Y/N]___N______  [If you can record images/videos using your own camera/software, then mark No]   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? [Y/N]__N______ 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? Please list 4-6 steps by their protocol number. ___2.2-2.3, 2.6-2.7, 2.13-2.14 and 3.1_____________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.__________ 2.13-2.14 ____________

E.  Will the filming need to take place in multiple locations? [Y/N] ___N___ If yes, how far apart are the locations? ___________________________________

1. Introduction [Schematic Overview and Interview]
A. Schematic Overview [read by voice talent at JoVE]:

Conceptual Narrative:
The overall goal of the following experiment is to determine the percentage of cytosolic and vacuolar (pronounced as “vak-yoo-oh-lar”) Salmonella typhimurium (pronounced as “Sall-moh-nell-ah Tye-fah-mur-ee-um”) in infected bone-marrow derived macrophages. (Intro)
This is achieved by infecting macrophages with mCherry-expressing Salmonella typhimurium. (P1)
Editors, please use C1 of “conceptual.pdf” for the schematic graphic.  To animate, move 2 of the red rod bacterial cells labeled “Salmonella typhimurium” into macrophage.  Then animate a membrane surrounding them (this process is shown happening in the right side of the macrophage) to result in the membrane bound bacterial cell (this is shown to the left side of the macrophage cell).
As a second step, cells are treated with the detergent digitonin (pronounced as “dij-ih-tone-in”), which permeabilizes the plasma membrane, but not vacuolar membranes. (P2)  

Editors, please use C2 of “conceptual.pdf” for the schematic graphic.  Animate a drop of clear liquid dripping down onto the macrophage and then fade the membrane to a permeabilized membrane as shown in C2.
Next, cells are stained with an anti-Salmonella antibody coupled to the fluorophore, FITC (pronounced “fit-c”), in order to label cytosolic Salmonella typhimurium. (P3)
Editors, please use C3 of “conceptual.pdf” for the schematic graphic.  Modify the label to say “anti-Salmonella-Fluorescein isothiocyanate [FITC].”  To animate, move the antibodies through the permeabilization holes and into the macrophage.  Then have 6-8 molecules bind onto the membrane bound bacteria.  
The results show the percentage of cytosolic bacteria among total bacteria based on fluorescence activated cell sorting, or FACS. (P4)
Editors, please show figure “52960_Broz_Figure 5A” as this point is narrated.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator [preferred] or PowerPoint [see instructions] and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file [i.e., do not flatten the file].   
B.  Interview: [Said by you on camera. Don’t forget to smile!]  
1.1. ETIENNE MEUNIER: This method can help answer key questions in the field of host-pathogen interaction, such as: does an intracellular pathogen replicate in a vacuole or in the cytosol [1.1.1 – MED]?  
1.1.1. Talent speaks toward the camera, interview style.
Protocol [read by voice talent at JoVE]:
2. Preparation for digitonin assay with mCherry-expressing Salmonella 
2.1. Inoculate the bacterial strain one day before the infection in 3 milliliters of Luria-Bertani medium supplemented with Streptomycin and Ampicillin in a shaker at 37 degrees Celsius overnight [2.1.1 – MED-over the shoulder]. 
Added shot: Talent inoculates bacteria from plate into culture tube.
2.1.1. Talent places the sample culture into the incubator and shuts the lid.  TEXT Overlay:  90 µg mL-1 Streptomycin, 100 µg mL-1 Ampicillin
2.2. To account for the individual conditions, add coverslips to the wells of a 24-well plate that will be used as controls [2.2.1 – MED].  
2.2.1. 24-well plate as talent plates the cells.  Continue action in next shot.  TEXT Overlay:  see text for primary macrophage medium Talent adds coverslips to the control wells.  TEXT Overlay:  see Table 1 in text
2.3. To plate the cells for infection, seed wild-type bone-marrow derived macrophages, or BMDMs, at a density of 0.125 million cells per well in 1 milliliter of primary macrophage medium [2.3.1 – CU]. Then, incubate the cells overnight in an incubator at 37 degrees Celsius and 5% CO2 [2.3.2 – MED-over the shoulder].
2.3.1. Talent continues to seed the cells and adds coverslips to the control wells.  TEXT Overlay:  see Table 1 in text 24-well plate as talent plates the cells.  Continue action in next shot.  TEXT Overlay:  see text for primary macrophage medium
2.3.2. Talent places the 24 well plate into the incubator.
2.4. The next day, determine the concentration of Salmonella in the overnight culture by measuring the optical density at 600 nanometers, or OD600, of the diluted culture against phosphate buffered saline [2.4.1 – MED].  This ensures that the OD600 is measured in the linear range of the spectrophotometer [2.4.2 – MED-over the shoulder].
2.4.1. Talent places the diluted sample into the spectrophotometer.  TEXT overlay:  Dilute 1 to 10 in PBS
2.4.2. Screen as talent measures the OD600.
2.5. Calculate the concentration of Salmonella per milliliter; an OD600 of 1 corresponds to 1 billion bacteria [2.5.1 – CU].  Dilute the bacteria in macrophage medium to reach a Salmonella concentration of 1.25 million cells per milliliter [2.5.2 – MED].
2.5.1. Lab notebook as talent calculates the concentration of Salmonella per milliliter.
2.5.2. Film as written.
2.6. To infect the cells with Salmonella, remove the medium from the BMDMs [2.6.1 – MED-over the shoulder].  Add 1 milliliter of macrophage medium to the uninfected control wells: B1 through B3 and C1 through C3 [2.6.2 – CU].  Then, add 1 milliliter of Salmonella suspension to wells A1 through A5 to reach a multiplicity of infection of 10 bacteria per cell [2.6.3 – CU]. 
2.6.1. Talent removes the medium from the BMDMs.
2.6.2. 24-well plate/bench as talent adds 1 milliliter of macrophage medium to wells B1 through B3 and C1 through C3.  Use labeled containers.
2.6.3. Same shot of the 24-well plate as talent adds 1 milliliter of Salmonella suspension to wells A1 through A5 to reach a multiplicity of infection of 10 bacteria per cell.  Use labeled containers.
2.7. Centrifuge the plate for 15 minutes at 300 x g and 37 degrees Celsius to synchronize the infection before transferring the plate to incubate at 37 degrees Celsius and 5% CO2 [2.7.1 – MED].
2.7.1. Talent places the plate into the centrifuge, shuts lid and starts the run.  
2.8. At 1 hour post infection, remove the plate from the incubator to add 0.1 milliliter of macrophage medium containing Gentamicin to kill extracellular bacteria [2.8.1 – MED-over the shoulder].  
2.8.1. Talent removes the plate from the incubator.  
2.9. Add Gentamicin to all the wells, even the uninfected controls, to ensure that all cells are treated the same way [2.9.1 – CU].  Then, transfer the plate to an incubator at 37 degrees Celsius and 5% CO2 [2.9.2 – MED].
2.9.1. Plate/labeled container of Gentamicin medium as talent adds it to the wells.  TEXT Overlay:  0.1 mg mL-1 Gentamicin
2.9.2. Talent places the plate into the incubator.
2.10. At 2 hours post infection, remove the plate from the incubator and wash all wells 2 times with 1 milliliter of pre-warmed Dulbecco's modiﬁed Eagle's medium, or DMEM [2.10.1 – MED-over the shoulder].  
2.10.1. Talent washes the plate with pre-warmed DMEM from a labeled container.
2.11. Replace the DMEM with pre-warmed macrophage medium containing Gentamycin to prevent growth of any remaining extracellular bacteria before transferring the plate back to the incubator [2.11.1 – CU].
2.11.1. Plate as talent adds the macrophage medium containing Gentamycin from a labeled container.  TEXT Overlay:  10 µg mL-1 Gentamycin
2.12. Just before the desired time point of analysis, prepare fresh solutions of KHM buffer, KHM Buffer with digitonin, and KHM Buffer with saponin, in addition to antibody solutions as described in the text protocol [2.12.1 – MED].
2.12.1. Talent prepares the buffers.
2.12.2. Added Shot: Talent vortexes tube to mix

2.13. To perform cell permeabilization, remove the plate from the incubator and wash the wells 3 times with 0.5 milliliters of pre-warmed KHM Buffer [2.13.1 – MED-over the shoulder].  
2.13.1. Talent washes the wells from a labeled container.
2.13.2. Added shot: Talents adds KHM Buffer to wells
2.14. Then, remove the KHM Buffer and add 0.25 milliliters of plain KHM Buffer to wells: A4, B1, and C1; KHM Buffer with digitonin to wells: A1 through A3, B2 and C2; and KHM Buffer with saponin to wells: A5, B3, and C3 [2.14.1 – CU].
2.14.1. 24 well plate as talent removes the buffer and then hold the shot for a moment.  TEXT Overlay:  see Table 1 in text.  Editors, please freeze the shot at the end of the action please overlay a highlighted circle over each well as narrated, in groups of 3 (remove the highlight from each group of 3 before moving to the next group).  Group 1: A4 is the 4th well in the top row (from left); B1 is the 1st well in 2nd row; C1 is the 1st well in the 3rd row.  Group 2: A1 – A3 are the first 3 wells in the top row, B2 is the 2nd well in the 2nd row, and C2 is the 2nd well in the 3rd row.  Group 3:  A5 is the 5th well in the top row, B3 is the 3rd well in the 2nd row, C3 is the 3rd well in the 3rd row.   
2.14.2. Added shot: Talent adds plain KHM Buffer to wells A4, B1 and C1
2.14.3. Added shot: Talents adds KHM Buffer with Digitonin to wells A1-A3, B2 and C2
2.14.4. Added shot: Talent adds KHM Buffer with Saponin to wells A5, B3 and C3
2.15. Incubate for exactly 1 minute at room temperature before immediately washing all wells 3 times with 0.5 milliliters of pre-warmed KHM Buffer [2.15.1 – MED-over the shoulder].
2.15.1. Talent starts a timer to countdown from 1 minute.
2.16. Finally, remove the KHM Buffer and add the primary antibody solutions to the appropriate wells before incubating the plate for 15 minutes at 37 degrees Celsius and 5% CO2 [2.16.1 – CU].  Following incubation, wash the cells once with 1 milliliter of PBS [2.16.2 – MED].
2.16.1. Added shot: Plate as talent removes medium and adds the primary antibody solutions to the appropriate wells.  TEXT Overlay “as primary antibody solutions is narrated”:  Goat anti Salmonella-FITC, 250 µL/well, 0.1 µg/mL.  TEXT Overlay “appropriate wells” is narrated:  see Table 1 in text.
2.16.2. Film as narrated using labeled container.  
3. Infected Cells: FACS analysis
3.1. For the infected cells in wells A1 through A5, prepare for FACS analysis by washing the cells three times with PBS [3.1.1 – MED].  Then add 0.5 milliliters of ice-cold PBS containing 0.1% Triton [3.1.2 – MED-over the shoulder].  
3.1.1. Film as written.  Use labeled containers.
3.1.2. Film as written.  Use labeled containers.
3.2. Next, transfer the cell suspension to a 5 milliliter FACS tube with a cell strainer cap to break up cell aggregates while keeping samples on ice [3.2.1 – CU].
3.2.1. FACS tube with cell strainer on ice as talent transfers the cell suspension there.
3.2.2. Added shot: Close-up of tubes in ice bucket
3.3. Analyze the samples on a FACS machine.  Using the fully permeabilized controls, set the gate for total bacteria based on forward and side scatter, and the mCherry signal [3.3.1 – SCREEN].
3.3.1. *To be submitted by Author - 52960_Bronz_SCREEN_3.3.1:  Screen capture movie as talent uses the fully permeabilized controls to set the gate for the total bacteria based on forward and side scatter, and the mCherry signal.  TEXT Overlay:  610 nm ± 20 nm filter
3.4. Next, analyze the FITC signal in the total bacterial population using the fully permeabilized and not permeabilized controls to set the gates for cytosolic bacteria and vacuolar bacteria [3.4.1 – SCREEN].
3.4.1. *To be submitted by Author - 52960_Bronz_SCREEN_3.4.1:  Screen capture movie as talent analyzes the FITC signal in the total bacterial population using the fully permeabilized and not permeabilized controls to set the gates for cytosolic bacteria and vacuolar bacteria.  TEXT Overlay:  cytosolic bacteria: FITC+, mCherry+, vacuolar bacteria: FITC-, mCherry+ 
3.5. With the gates set, analyze the samples and determine the percentage of cytosolic versus vacuolar bacteria using FlowJo software according to the manufacturer’s protocol [3.4.1 – MED-over the shoulder].
3.5.1. Talent uses FlowJo software to analyze the samples.
4. Uninfected permeabilization controls: Microscopy
4.1. For the uninfected permeabilization controls in wells B1 through B3 and C1 through C3, prepare for microscopy by removing the PBS and adding 250 microliters of 4% paraformaldehyde in PBS [4.1.1 – CU].  Incubate for 10 minutes at 37 degrees Celsius [4.1.2 – MED-over the shoulder].
4.1.1. Plate as talent removes PBS from well B1-B3 and C1-C3 and then adds 250 microliters of 4% paraformaldehyde in PBS from a labeled container.
4.1.2. Plate as talent places into the incubator.
4.2. Following incubation, wash the wells 2 times with 1 milliliter of PBS and add 250 microliters of 0.1 Molar glycine in PBS for 10 minutes to quench the fixative [4.2.1 – MED-over the shoulder].  Then, wash the wells 2 times with 1 milliliter of PBS [4.2.2 – CU].
4.2.1. Film as written, use labeled containers.
4.2.2. Plate as talent washes the wells from a labeled container of PBS.
4.3. To perform secondary antibody staining, stain the permeabilization controls for 1 hour at room temperature with appropriate secondary antibodies coupled to fluorophores in PBS that is supplemented with 0.1% Saponin and 3% BSA to fully permeabilize the cells [4.3.1 – MED-over the shoulder]. 
4.3.1. Talent adds appropriate secondary antibodies coupled to fluorophores in PBS supplemented with 0.1% Saponin and 3% BSA to the cells from labeled containers.
4.4. Wash the coverslips 3 times with 1 milliliter of PBS and mount the coverslips for analysis in mounting medium with DAPI [4.4.1 – CU].
4.4.1. Coverslips as talent finishes up washing them with then mounts them in mounting medium with DAPI.  TEXT Overlay:  1.5 µg mL-1 DAPI
4.5. Analyze the coverslips with the controls at a 40x or 63x magnification using a confocal fluorescence microscope [4.5.1 – WIDE or MED].  
4.5.1. Talent places the coverslips under the microscope and begins to look at the cells.
5. Results: Quantification of cytosolic Salmonella typhimurium
5.1. Shown here are typical FACS results.  Positive and negative controls are used to set the gates for mCherry-positive/FITC-positive bacteria, which is cytosolic Salmonella [5.1.1 – LM] and mCherry-positive/FITC-negative, which is vacuolar Salmonella [5.1.2 – LM]
5.1.1. 52960_Broz_Figure 3_control.  Editors, please highlight the leftmost image as this is narrated.
5.1.2. 52960_Broz_Figure 3_control.  Editors, please highlight the rightmost image as this is narrated.
5.2. Based on these gates the percentage of cytosolic and vacuolar bacteria is determined in the experimental samples.  In this example mCherry positive Salmonella typhimurium wild-type is compared to a sifA deletion mutant in bone marrow-derived murine macrophages [5.2.1 – LM]. 
5.2.1. 52960_Broz_Figure 3_experiment.  Editors, please highlight the leftmost panel as “mCherry positive Salmonella typhimurium wild-type” is narrated and the rightmost panel as “sifA deletion mutant in bone marrow-derived murine macrophages” is narrated.
5.3. Shown here is Calnexin… and PDI staining that is obtained in permeabilization controls treated with digitonin… or saponin [5.3.1 – LM].  
5.3.1. 52960_Broz_Figure 4.  Editors, please highlight the left set of panels as “Calnexin” is narrated, and the right set of panels as “PDI” is narrated.  Then highlight the +Digitonin label or row of panels and the +Saponin label or row of panels as narrated. 
5.4. Since Calnexin is an ER membrane protein, Calnexin staining can be seen throughout the cytosol and around the nucleus in both digitonin- and saponin-permeabilized cells [5.4.1 – LM].  In digitonin permeabilized controls no PDI staining is visible, while staining can be observed in saponin-permeabilized cells [5.4.2 – LM].
5.4.1. 52960_Broz_Figure 4.  Editors, please zoom into the left-most panel.
5.4.2. 52960_Broz_Figure 4.  Editors, please zoom into the right-most panel.
5.5. An anti-Salmonella staining result in cells that have been permeabilized with digitonin is shown here.  Total bacteria are in red, while cytosolic bacteria are in green.  The FITC-positive population is Salmonella with access to the cytosol, while the FITC-negative population is bacteria that were residing in an intact Salmonella-containing vacuole, or SCV, and were therefore protected from Salmonella-FITC labeling [5.5.1 – LM].  
5.5.1. 52960_Broz_Figure 5A.  Editors, please highlight the 3rd column as “total bacteria are in red” is narrated and highlight the 2nd column as “cytosolic bacteria are in green” is narrated.
5.6. Here, wild-type Salmonella is compared to a sifA deletion mutant strain.  Since sifA is necessary for Salmonella to maintain SCV integrity, an increased percentage of Salmonella is cytosolic [5.6.1 – LM]. 
5.6.1. 52960_Broz_Figure 5A.  Editors, please highlight the top row as “Wild-type Salmonella” is narrated and highlight the bottom row as “a sifA deletion mutant strain” is narrated.
6. Conclusion [said by authors on camera]
6.1. ETIENNE MEUNIER:  After watching this video, you should have a good understanding of how to determine the percentage of vacuolar and cytosolic bacteria [6.1.1 – MED].
6.1.1. Talent speaks toward the camera, interview style.
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.  

Insert your media filenames here.

52960_Broz_Figure 3_control – Authors, please provide a version of figure 3 for the video with the top 2 control panels (include the mCherry and FITC increasing arrows).
52960_Broz_Figure 3_experiment – Authors, please provide a version of figure 3 for the video with the bottom 2 panels (include the mCherry and FITC increasing arrows).
52960_Broz_Figure 4 – Authors, please provide a version of figure 4 for the video without the A and B labels.

52960_Broz_Figure 5A – Authors, please provide a separate version of figure 5A for the video without the A label. 
SCREEN Capture Movies (Authors, please provide)
52960_Bronz_SCREEN_3.3.1:  Screen capture movie as talent uses the fully permeabilized controls to set the gate for the total bacteria based on forward and side scatter, and the mCherry signal.  
52960_Bronz_SCREEN_3.4.1:  Screen capture movie as talent analyzes the FITC signal in the total bacterial population using the fully permeabilized and not permeabilized controls to set the gates for cytosolic bacteria and vacuolar bacteria.  
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.
( 2013, Journal of Visualized Experiments


