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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) No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:

   (1): Step 2.2 in Murine Macrophage RAW264.7 Cell Culture

(2): Step 3.5 in Preparation of Salmonella Wild type and Mutants
(3): Each washing steps between each time point (Step 4.4, 4.12 and 4.15) in Invasion Assay in a 96-well Culture Plate.

(4): Each serial dilution plating between each time point (Step 4.8, 4.13 and 4.16) in Invasion Assay in a 96-well Culture Plate
(5): Step 4.11 for infected Macrophage cell count in Invasion Assay in a 96-well Culture Plate. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Consistent results depend not only on the status of macrophage cells and bacterial culture at any given time, but also on the operators, therefore, the internal controls must be included for each experiment and at least three repeats must be performed before any conclusion can be drawn for any genes.
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 screen and evaluate genes required for invasion and/or survival inside macrophage cells in vitro in a high throughput fashion, and identify mechanistic genes of Salmonella pathogenesis. (Intro)
This is achieved by adding wild type or mutant Salmonella strains to macrophage cell cultures in 96 well plates for 30 minutes as an in vitro infection. (P1: Display the images from Slide 2 in the graphic overview powerpoint file. The authors have already added animations to each slide to display the graphic. When the cell culture flask appears add the label “Macrophage Cells” inside the flask and when the tubes with yellow liquid appear have the label “Salmonella strains” appear to the right of the tubes. Have the first pipette appear when the words “adding” are read then have the 96 well plate appear and change color when the words “macrophage cell cultures in 96 well plates” are read. Have the second pipette appear when the words “30 minutes” are read.)
As a second step, after the 30 minute incubation, Salmonella that have not attached to the macrophage cells are washed away and fresh medium containing a high concentration of gentamicin antibiotic is added for one hour, which kills all the extracellular bacteria that are internalized. (P2: Display the images from Slide 3 and use the animations that the authors have already incorporated into the powerpoint file. The timing of the transitions should be as follows: have the two bacteria that move in to interact with the cell appear when the words “after the 30 minute incubation, Salmonella that have not attached” are read. Then have the pipette appear when the word “washed” is read and have the unattached bacteria disappear when the word “away” is read. Do not show the arrow and the yellow plate that appear at the end of the slide. When the words “and fresh medium containing a high concentration of gentamicin antibiotic is added for one hour” are read display the images and transitions from Slide 4 up to the point when the label “100 ug/mL gentamicin” appears on the screen. Then have the bacteria disappear when the words “kills all the extracellular bacteria” are read. Do not show the arrow and the yellow plate that appear at the end of the slide.)  

Next, the macrophage cell culture is washed again and fresh medium containing a low concentration of gentamicin is added for an additional 22.5 hour incubation in order to maintain a bacteria free extracellular environment and allow only the intracellular Salmonella to survive and proliferate. (P3: Display the images from Slide 5 along with the animations that the authors have already incorporated into the powerpoint file. Have the pipette and the label “10 ug/mL Gentamicin” appear when the words “fresh medium containing a low concentration of gentamicin” are read. Then show the animation that displays the replication of the bacteria during the remainder of this statement. Do not show the arrow and the yellow plate that appear at the end of the slide.)  
The results show that by comparing the mutant Salmonella with the wild type stain, the in vitro phenotype of the mutant strains for association, invasion and proliferation is determined based on the measurement of colony formation units per macrophage cells obtained by the serial dilution plating assay for each time point. (P4: Display the image from Slide 6. Highlight the words “association”, “invasion” and “replication” one at a time on the graph as they are read. Then highlight the y-axis label when the words “colony formation units per macrophage cells” are read.)
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). 
LABMEDIA: JoVE 51759 powerpoint 26ii2014.ppt
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. L. Garry Adams: The main advantage of this technique over existing methods, like some conventional invasion assays, is that our in vitro assay measures association, internalization and replication of Salmonella in phagocytic cells to phenotype mutant strains with high-throughput capacity. 
1.2. L. Garry Adams: Demonstrating the procedure will be Dr. Jing Wu, a Post-Doctoral-fellow and Roberta Pugh, a research associate from my laboratory. 
1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Murine Macrophage RAW264.7 Cell Culture
2.1. To begin, grow low passage number murine macrophage cells, RAW264.7, in a T-75 cell culture flask with a vented filter cap in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 0.5% Sodium Bicarbonate, and 1% 100X Nonessential amino acids (NEAA) at 37°C in a 5% CO2 incubator.
2.1.1. WIDE: Talent works in a tissue culture hood and passages cells into a T-75 cell culture flask in DMEM supplemented with 10% fetal bovine serum (FBS), 0.5% NaHCO3, and 1% 100X Nonessential amino acids (NEAA).
2.1.2. MED: Talent places the cell culture flask into a 5% CO2 incubator at 37°C.
2.2. When the cells reach a 60 to 80% confluence, harvest the cells in DMEM with a cell scraper. Then, count the cells in a hemocytometer and calculate the cell concentration.
2.2.1. MED: Talent checks the confluency of the cells by looking at the cells under a microscope.
2.2.2. CU: Talents harvests the cells in DMEM with a cell scraper.

2.2.3. MED over the shoulder: Talent counts the cells on a hemocytometer.

2.3. Dilute the cell suspension to a concentration of 2.5 x 105 cells per mL of fresh DMEM cell culture medium.  Plate 200 μL of the diluted cell suspension using a multichannel pipette into each well of a 96-well cell culture plate. 
2.3.1. MED: Talent dilutes the cell suspension in fresh DMEM cell culture medium. 

2.3.2. CU: Talent plates the cell suspension using a multi-channel pipette into a 96-well cell culture plate. (TEXT: Plate 5 x 104 cells per well.)
2.4. Plate cells into three separate 96-well plates for one set of the phagocytic cell invasion assay and label each plate with “association”, “invasion” and “replication.” Four wells per plate are used for each Salmonella strain.

2.4.1. MED: Talent plates the cell suspension using a multi-channel pipette into three 96-well cell culture plates and labels each plate with “association”, “invasion” and “replication.”

2.5. Place the plates in a 5% CO2 incubator at 37°C overnight to allow the macrophage cells to attach to the bottom of the wells.
2.5.1. WIDE: Talent places the plates in a 5% CO2 incubator at 37°C.
3. Preparation of Salmonella Wild-Type and Mutants
3.1. On the same day the macrophage RAW264.7 cells are plated into 96-well plates, pick single colonies of wild-type Salmonella enterica serotype Typhimurium 14028s, ΔinvA mutant, ΔphoP mutant, and the desired test mutant strains. (TEXT: Each set of phagocytic cell invasion assays test up to 10 mutant strains.)
3.1.1. MED: Talent looks at the plates for each Salmonella strain to identify a single colony.

3.1.2. CU: Talent picks a single colony off the plate to be cultured. 
3.2. Culture each of the Salmonella strains in 5 mL of LB broth and supplement the LB broth for the mutant strains with 50 μg/mL of Kanamycin. Grow the bacteria for 14 hours at 37°C with shaking at 220 rpm in loosely capped 14 mL polypropylene round bottom tubes.
3.2.1. MED: Talent places each single colony into 5 mL of LB broth and supplements the mutant strains with 50 μg/mL of Kanamycin.

3.2.2. WIDE: Talent places the bacteria cultures in an incubator at 37°C with shaking at 220 rpm.

3.3. After the overnight incubation at 37°C, sub-culture each of the Salmonella strains at a ratio of 1:50 into 5 mL of the respective LB broth. Grow the cultures for an additional 4 hours at 37°C with shaking at 220 rpm.
3.3.1. MED: Talent sub-cultures each Salmonella strain at a ratio of 1:50 into 5 mL of the respective LB broth

3.3.2. WIDE: Talent places the bacteria sub-cultures in an incubator at 37°C with shaking at 220 rpm.
3.4. Read the OD600 values of each bacterial culture on a spectrometer. Each culture should have an OD600 value between 0.6 and 1.2 to optimize Salmonella pathogenicity island-1 type III secretion system (SPI-1 TTSS) gene expression for invasion.
3.4.1. MED: Talent reads the OD600 values of each bacterial culture on a spectrometer
3.5. Calculate the bacterial concentration using the formula 1 OD600 = 7.5 x 108 colony formation units per mL (CFU). Then, dilute the bacteria to a concentration of 5 x 106 CFU/mL in 3 mL of fresh DMEM cell culture medium. 
3.5.1. MED: Talent uses a calculator to calculate the bacterial concentration. (TEXT: 1 OD600 = 7.5 x 108 CFU/mL)
3.5.2. CU: Talent dilutes the bacteria in 1mL of fresh DMEM cell culture medium.

4. Invasion Assay in a 96-well Culture Plate
4.1. Remove three 96-well cell culture plates containing macrophages from the CO2 incubator and wash each well once with 200 μL of 1X PBS.
4.1.1. WIDE: Talent removes three 96-well cell culture plates containing macrophages from the CO2 incubator

4.1.2. MED: Talent washes each well once with 200 μL of 1X PBS
4.2. After the PBS wash is completely removed from each well, add 200 μL of bacteria in DMEM medium into each well. This results in 1×106 Salmonella cells in each well and a multiplicity of infection (MOI) of 20. (TEXT: Set up four duplicate wells for each bacterial strain.)
4.2.1. CU: Talent removes the PBS wash from each well and then adds 200 μL of bacteria in DMEM medium into each well.
4.3. Centrifuge the plates in a sealed container at 1,000 x g for 10 minutes. Then, place the plates in a 5% CO2 incubator at 37°C for 30 minutes. 
4.3.1. MED: Talent places the plates in a centrifuge and presses start.
4.3.2. WIDE: Talent removes the plates from the centrifuge and places them in a 5% CO2 incubator at 37°C.

4.4. Once the 30 minute incubation is complete, remove the plates from the incubator and wash each well three times with 200 μL of 1X PBS to remove unassociated bacteria.
4.4.1. MED: Talent removes the plates from the incubator.
4.4.2. CU: Talent washes each well three times with 200 μL of 1X PBS.

4.5. Next, add 200(l of DMEM medium containing 100 μg/ml of gentamicin to each well of the plates marked with “invasion” and “replication” in order to kill the extracellular Salmonella. Then, return the plates to a 5% CO2 incubator at 37(C for an additional hour.
4.5.1. CU: Talent adds 200(l of DMEM medium containing 100 μg/ml of gentamicin to each well of the plates marked with “invasion” and “replication”.
4.5.2. MED: Talent places the plates in a 5% CO2 incubator at 37(C.
4.6. For the “association” plate, save one well from each infected strain for recording macrophage cell count and treat the remaining wells with 200 μL of 1X PBS containing 1% Triton X-100 for 10 minutes to lyse the cells.
4.6.1. CU: Talent holds the “association” plate on bench and then treats three wells from each infected strain with 200 μL of 1X PBS containing 1% Triton X-100.
4.7. Harvest the Salmonella from each well and place them into 1.5 mL Eppendorf tubes. Make three 10-fold serial dilutions with 900 μL of 1X PBS on the harvested samples from each well and vortex between each dilution.
4.7.1. CU: Talent harvests the Salmonella from each well and places them into 1.5 mL Eppendorf tubes.
4.7.2. MED: Talent makes three 10-fold serial dilutions with 900 μL of 1X PBS on the harvested samples from each well and vortexes between each dilution

4.8. Vortex the third dilution, 10-3, for each bacteria and plate 10 μL of the sample onto either LB plates for wild-type, or LB plates with kanamycin for the mutant strains.  Repeat this step 4 times for a total of five 10 μL drops spaced evenly on the plates. (TEXT: Label the plates with the appropriate Salmonella strain name, dilution number, time point and date.)
4.8.1. MED: Talent vortexes the third dilution, 10-3, for each bacteria and plates 10 μL of the sample onto either LB plates for wild-type or LB plates with kanamycin for the mutant strains.
4.9. After the drops soak into the agar, turn the plates over and incubate overnight in a 5% CO2 incubator at 37(C.
4.9.1. MED: Talent turns the plates over and places the places in a 5% CO2 incubator at 37(C.
4.10. Treat the remaining wells saved for counting the macrophages with 150 μL of 1xPBS containing 0.25% Trypsin-EDTA for 10 minutes.
4.10.1. MED over the shoulder: Talent treats the remaining wells saved for counting the macrophages with 150 μL of 1xPBS containing 0.25% Trypsin-EDTA.
4.11. After trypsinization, transfer macrophages into 1.5 mL Eppendorf tubes and treat with 50 μL of FBS to neutralize the Trypsin/EDTA solution. Then, remove 10uL of the cell suspension from one Eppendorf tube into a new tube, add 10 μL of 0.4% Trypan blue to stain the cells, and count them in a hemocytometer.
4.11.1. CU: Talent transfers macrophages into 1.5 mL Eppendorf tubes and adds 50 μL of FBS to each tube.

4.11.2. MED: Talent removes 10uL of the cell suspension from one Eppendorf tube into a new tube, adds 10 μL of 0.4% Trypan blue to stain the cells and counts them in a hemocytometer.
4.12. When the “invasion” and “replication” plates have completed the one hour incubation in the CO2 incubator, remove the plates from the incubator and wash each well three times with 200 μL of 1xPBS.
4.12.1. MED: Talent removes the “invasion” and “replication” plates from the incubator.
4.12.2. CU: Talent washes each well of the “invasion” and “replication” plates three times with 200 μL of 1xPBS.

[Switch order of 4.14 and 4.13]
4.13. Then harvest and replate the Salmonella from the “invasion” plate onto agar plates and count the macrophages from one well from each infected strain following the steps described for the “association” plate.

4.13.1. CU: Talent harvests and replates the Salmonella from the “invasion” plate onto agar plates

4.14. MED/MED over the shoulder: Multiple takes of talent counting the macrophages on a hemocytometer. Shot to be used again later.
4.15. Next, add 200 μL of DMEM medium containing 10 μg/mL of gentamicin to the “replication” plate to maintain clearance of extracellular Salmonella in the medium. Then, place the plate in a 5% CO2 incubator at 37(C for an additional 22.5 hours.
4.15.1. MED: Talent adds 200 μL of DMEM medium containing 10 μg/mL of gentamicin to the “replication” plate

4.15.2. WIDE: Talent places the plate in a 5% CO2 incubator at 37(C.
4.16. On the next day, remove the “replication” plate from the incubator and wash each well three times with 200 μL of 1xPBS. 
4.16.1. WIDE: Talent removes the “replication” plate from the incubator.
4.16.2. MED: Talent washes each well three times with 200 μL of 1xPBS.

4.17. Then, harvest and replate the Salmonella from the “replication” plate onto agar plates and count the macrophages from one well from each infected strain following the steps described for the “association” plate.
4.17.1. CU: Talent harvests and replates the Salmonella from the “replication” plate onto agar plates.

4.17.2. Reuse shot 4.13.2.
4.18. After the agar plates have incubated overnight in a 37(C incubator, remove the plates from the incubator and score the number of bacterial colonies per plate.
4.18.1. WIDE: Talent removes the plates from the incubator.
4.18.2. MED: Talent scores the number of bacterial colonies per plate.
4.19. When counting each plate, colony distributions should fall between 10 and 100 colonies. If the count is too high or too low, then replate the sample with 10-fold higher or lower dilutions as needed. (TEXT: Review the accompanying text protocol for instructions on data analysis.)
4.19.1. MED: Talent counts a plate that does not fall between 10 and 100 colonies. Then, talent replates the sample.
5. Results: Identification of the Phenotype of Salmonella Mutants
5.1. The phagocytic cell invasion assay appropriately identifies the phenotype of Salmonella deletion mutants as is shown for the ΔinvA strain, a known invasion defective mutant, and the ΔphoP strain, a known replication defective mutant. Mutant A and mutant B are two representative strains assayed using this protocol that display altered phenotypes for replication in macrophages.
5.1.1. LABMEDIA: Figure 2 (Video editors: The authors have already added the animations described to Figure 2 on Slide 12 of this file (JoVE 51759 PowerPoint 26ii2014.ppt). Display Figure 2 in the middle of the screen. When “ΔinvA strain, a known invasion defective mutant” is read highlight the ΔinvA bar on the graph above the word invasion and the ΔinvA label in the figure legend. When “ΔphoP strain, a known replication defective mutant” is read highlight the ΔphoP bar on the graph above the word replication and the ΔphoP label in the figure legend. When the second sentence is read highlight mutant A and mutant B in the figure legend and the corresponding mutant A and mutant B bars on the graph above the word replication.)

5.2. Twenty of 38 Salmonella mutants tested so far in the phagocytic cell invasion assay display variable but significant defects in association, invasion, and/or replication in RAW264.7 macrophages.
5.2.1. LABMEDIA: Table 1 (Video editors: The authors have already added the animations described to Table 1 on Slide 13 of this file (JoVE 51759 PowerPoint 26ii2014.ppt). Display Table 1 in the middle of the screen without the check marks. Then have the check marks appear when the words “Twenty of 38 Salmonella mutants” are read. Then highlight the association column when “association” is read, highlight the invasion column when “invasion” is read, and highlight the replication column when “replication” is read.)
6. Conclusion (said by authors on camera)
6.1. L. Garry Adams and Jing Wu: While attempting this procedure, it’s important to remember to always use the positive and negative controls and the standardized protocol optimized for 96-well culture dishes to phenotype Salmonella mutants.  This protocol was only tested for Salmonella and host phagocytic cells, thus modifications and optimization will be necessary with other bacteria or host cells.
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.  

1A - JoVE 51759 powerpoint 26ii2014.ppt – graphic overview (Slides 2 – 6)
6.1. - JoVE 51759 powerpoint 26ii2014.ppt – Authors have added animations to Figure 2 on Slide 12 of this powerpoint file 

6.2. - JoVE 51759 powerpoint 26ii2014.ppt – Authors have added animations to Table on Slide 13 of this powerpoint file
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


