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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) Addition of probenecid and its continuous usage 2)  Infection of cells 3) Microscopy settings 4) Analysis post acquistion

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Difficult to say- it’s a complex workflow combining cell biology, infection and imaging. Probably most important is the proper preparation of the reagents and pathogens.
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.  
Conceptual Narrative:

This experiment monitors vacuolar rupture elicited by intracellular pathogens in single cells. (Intro) First, load the cells with CCF-4AM dye which is cleaved by cellular esterases (P1, add the green dye – can you make the cell shape a little less like a curved rectangle?).  Then prepare and apply the Shigella flexneri bacteria to the CCF-4 loaded cells (P2, the red bars (bacteria) descend, the grey starburst appears, the red bacteria go into the cell, the white circles start connected to the cell membrane and engulf the red bar). Incubate the cells at 37°C for bacterial invasion of the host cells (P3, the white circles with the red bars move down into the cell). Then determine the ratio of intensities emitted in the 450 nm and 535 nm channels (P4, the green turns blue and the white disappears).  Results show the presence of pathogens in the cytosol  (LAB MEDIA: Figure 3 and 4).
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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 use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. A. Bobard: Because of its adaptibility to high throughput/high content analysis, this technique facilitates the identification  of novel antibiotics  by addressing a key problem of bacteria subcellular localization during host-pathogen interactions. 

1.2. J. Enninga:  We first had the idea for this method, when we wanted to analyse intracellular localization of invasive bacteria with high temporal resolution in collaboration with Guy Tran Van Nhieu.

1.3. ** J. Enninga: Demonstrating the procedure will be done by Nora Mellouk and Charlotte Keller, graduate students from our laboratory. (Comment: the 3rd take is the best but needs to be cut before panning)
1.3.1. Interview style: Author saying the above (Comment: this was shot with take 1.2) 

1.3.2. 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):

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. CCF Assay on fixed samples using Shigella flexneri (96 well plates)
2.1. Inoculate the wild-type and mutant bacterial strains [Text over video: wild type M90T AfaI and mutant BS176 AfaI] in 8 ml of TCSB containing 50 µg/ml ampicillin. Place the cultures in a  37°C shaker.
2.1.1. CU: Talent inoculates the wild-type and mutant bacterial strains in 8 ml of TCSB containing 50 µg/ml ampicillin (show labels on cultures). 
2.1.2. MED: Talent places cultures in a  37°C shaker.
2.2. Now seed 5 x 103 HeLa cells per well in 100 µl  of DMEM containing 10% Fetal Calf Serum 1% penicillin-streptomycin.  Culture the cells in a 5% CO2 incubator [Text over video: see text protocol for using THP1 cells].
2.2.1. ECU: Talent seeds 100 µl  of 5 x 103 HeLa cells per well in a 96-well plate.  
2.2.2. MED: Talent places a 96-well  plate of cells in a 5% CO2 incubator 
2.3. The next day, subculture the bacteria at a 1/100 dilution in TCSB supplemented and with 50 µg/ml ampicillin. Grow in a shaker at 37°C for two and a half hours. [Text over video:  OD600 = 0.3 to 0.4).
2.3.1. CU: Talent subcultures the bacteria at a 1/100 dilution in TCSB supplemented and with 50 µg/ml ampicillin. 
2.3.2. MED: Talent places the cultures in a bacterial shaker.
2.4. Now for loading the HeLa cells, prepare CCF4-AM dye in EM buffer. Wash the cells once with PBS. Then add 25 µl of CCF4-AM loading mix per well, at room temperature in the dark for 2 hours and 30 minutes.. 
2.4.1. CU: Talent prepares CCF4-AM dye in EM buffer (show reagent of LiveBlazer Loading Kit).
2.4.2. ECU: Talent aspirates  PBS wash from cells.
2.4.3. ECU: Talent adds 25 µl of  CCF4-AM in EM buffer  to several wells.
2.4.4. CU: Talent places the samples at room temperature, in the dark.
2.5. To prepare the bacteria for infection, pellet 1ml  of culture by centrifugation. After one wash with 500 µl PBS, resuspend the bacteria in 500 µl PBS supplemented with 10 µg/ml poly-L-lysine  and 40 μg/ml β-lactamase. 
2.5.1. MED: Talent starts centrifuge at 9000 rpm for 1 minute. 
2.5.2. ECU: Talent resuspends the bacteria in 500 µl PBS supplemented with 10 µg/ml poly-L-lysine  and 40 μg/ml β-lactamase (show reagent label). 
2.6. Incubate for 10 minutes on a rotating wheel at room temperature. Then wash once with 500 µl of PBS,  and resuspend each bacterial pellet in 500 µl  of 1mM probenecid in EM buffer. Wash the cells once with 150 µl 1mM probenecid in EM  buffer.
2.6.1. MED: Talent places samples on a rotating wheel at room temperature. 
2.6.2. CU: Talent removes 500 µl PBS wash (get shot of pellet size)
2.6.3. ECU: Talent resuspends a bacterial pellet in 500 µl  of 1mM probenecid in EM buffer (get reagent label)
2.6.4. CU: Talent adds 150 µl 1mM probenecid in EM  buffer to wash cells.
2.7. Next, dilute 10 µl of bacteria in 100 µl of 1 mM probenecid solution, and distribute it to each well of HeLa cells. After 15 minutes incubation in the dark at room temperature, transfer the plate to 37°C for 1 hour.
2.7.1. CU: Talent dilutes 10 µl of bacteria in 100 µl of 1 mM probenecid solution. Multiple takes – shots used later.
2.7.2.  ECU: Talent distributes bacteria to several wells of HeLa cells. 
2.7.3. MED: Talent places the plate at 37°C.
2.8. Wash once with 150 µl  of 1 mM probenecid solution. Then fix samples with 50 µl  of 4% paraformaldehyde in 1 mM probenecid solution, for 10 minutes in the dark. 
2.8.1. CU: Talent removes 150 µl 1 mM probenecid wash. 
2.8.2. ECU: Talent adds 50 µl  of 4% paraformaldehyde in 1 mM probenecid solution.
2.8.3. CU: Talent places samples in the dark. 
2.9. After one wash with probenecid solution, add 30 µl of 10 µM nuclei dye Draq5. Incubate the cells  for 30 minutes, wash once, and add 100 µl of 1mM probenecid solution. 
2.9.1. ECU: Talent adds 30 µl of 10 µM nuclei dye Draq5 to washed cells. 
2.9.2. MED-over-the-shoulder: Talent places the cells  for 30 minutes incubation in the dark.
2.9.3. ECU: Talent removes wash.
2.9.4. ECU: Talent adds 100 µl of 1mM probenecid solution. 
2.10. To acquire images  using  an inverted epifluorescence microscope, use  an excitation wavelength at 405 nm.  Detect emission via 450 nm and 535 nm filters using exposure times of 5 ms for transmitted light, 1000 ms for 535 nm and 500 ms for 450 nm.
2.10.1. WIDE: Talent approaches inverted epifluorescence microscope (get shot of instrument set-up).
2.10.2.  SCREEN: 50116_BOBARD_SCREEN8: Talent sets an excitation wavelength at 405 nm and detection of emission via 450 nm and 535 nm filters using exposure times of 5 ms for transmitted light, 1000 ms for 535 nm and 500 ms for 450 nm. (perform steps in order of voice-over). 
2.10.3. Added shot: CU: Automated acquisition of dozens of position in multiple wells
2.11. If using a confocal microscope with a 10x objective then use exposure times of  240 ms at 450 nm,  360 ms at 535 nm for the 405 nm laser,  and 640 ms for the 640 nm laser.
2.11.1. SCREEN: 50116_BOBARD_SCREEN7: Talent sets parameters for confocal microscope: 10x objective with exposure times of  240 ms at 450 nm,  360 ms at 535 nm for the 405 nm laser,  and 640 ms for the 640 nm laser.
2.12. Analyze data by a computer algorithm that allows automated scoring of the fluorescence signal for each individual cell. For example, use software such as Metamorph and Acapella to create a script for measuring the ratio between the 450nm and 535nm emission signals [Text over video: available upon request]. 
2.12.1. WIDE/MED: Talent starts automated scoring of the fluorescence signal for each individual cell.  (Comment: this was not shot)
2.12.2. SCREEN: 50116_BOBARD_SCREEN9: Talent measures the ratio between the 450nm and 535nm emission signals 
2.13. Voice talent at JoVE: The use of a focus calibration device coupled to automated microscopy allows for simultaneous acquisition of dozens of different positions in multiple wells. 
2.13.1. Interview style. (Comment: this was not shot)
3. CCF4 assay on live samples using Shigella flexneri (35 mm glass-bottom format, MatTek)
3.1. For this assay, start a HeLa culture with 2 x 105 cells  in a final volume of 2 ml. Prepare the bacteria for infection, and load the HeLa cells with CCF4-AM.
3.1.1. CU: Talent adds 2ml containing 2 x 105 HeLa cells into a 35 mm glass bottom culture dish. 
3.1.2. Repeat 2.5.1. to 2.6.3.
3.1.3. ECU: Talent loads HeLa cells in culture dish with CCF4-AM.
3.2. Arrange a confocal microscope with a N-Plan air objective inside a 37°C heating chamber. Set the 405 nm laser and emission via 450 nm and 535 nm filters. 
3.2.1. WIDE: Talent arrange a confocal microscope with a N-Plan air objective inside a 37°C heating chamber. 
3.2.2. SCREEN: 50116_BOBARD_SCREEN2: Talent sets the 405 nm laser and emission via 450 nm and 535 nm filters. 
3.3. Also enter exposure times of 5 ms for transmitted light, 200 ms for 535 nm, and 100 ms  for 450 nm. Set  data acquisition for every 90 seconds over 60 minutes.
3.3.1. SCREEN: 50116_BOBARD_SCREEN1:  Talent enters exposure times of 5 ms for transmitted light, 200 ms for 535 nm, and 100 ms  for 450 nm. 
3.3.2. SCREEN: 50116_BOBARD_SCREEN3: Talent sets  data acquisition for every 90 seconds over 60 minutes.
3.4. Now wash the cells once with 2 ml of 1mM probenecid solution. Add 2 ml of 1 mM probenecid in EM buffer. 
3.4.1. CU: Talent washes the cells once with 2 ml of 1mM probenecid solution. 
3.4.2. ECU: Talent adds 2 ml of 1 mM probenecid in EM buffer. 
3.5. Then mount the dish on the stage of the microscope and start the acquisition. After 6 minutes [Text over video: Time-point 4], put the acquisition on hold, add 250 µl of bacteria resuspension on top of the cells and restart the acquisition. 
3.5.1. CU: Talent mounts the dish on the stage of the microscope.
3.5.2. SCREEN: 50116_BOBARD_SCREEN4:  Talent starts the acquisition.
3.5.3. MED-over-the-shoulder:  Talent puts the acquisition on hold.(Comment: this shot was not filmed)
3.5.3.  Added SCREEN: 50116_BOBARD_SCREEN5: Talent puts the acquisition on hold.
3.5.4. CU: Talent adds 250 µl of bacteria resuspension on top of the cells. (Comment: this shot was divided in 2 shots named 3.5.4.1. and 3.5.4.2.)
3.5.5. SCREEN: 50116_BOBARD_SCREEN6: restarts the acquisition. 
3.6. For the post-acquisition analysis, visualize movies using Volocity, Metamorph or ImageJ.  Obtain 450/535 nm intensity ratios for each individual cell (note: Volocity or ImageJ). 
3.6.1. SCREEN: 50116_BOBARD_SCREEN10: Talents opens movie in Metamorph or ImageJ (Comment: full length movies of CCF4-AM loaded cells invaded by M90T Shigella flexneri)  
3.6.2. SCREEN: 50116_BOBARD_SCREEN11: Talent obtains 450/535 nm intensity ratios for an individual cell. 
4. Results: The CCF4-AM/β-lactamase approach to pathogens
4.1. The CCF4-AM/β-lactamase approach is a robust and sensitive method for tracking vacuolar rupture of intracellular pathogens such as Shigella flexneri 
4.1.1. LAB MEDIA: 50116_BOBARD_Figure 1.
4.2. Upon HeLa cell infection with the non-invasive BS176 AfaI strain for 1 hour, the CCF4 FRET probe remains intact and emits a green signal. 
4.2.1. LAB MEDIA: 50116_BOBARD_Figure 2A left side.
4.3. By contrast,  the virulent M90T AfaI strain switches the signal towards blue, consistent with probe cleavage in the cytosol.
4.3.1. LAB MEDIA: 50116_BOBARD_Figure 2A right side.
4.4. For the determination of the ratiometric signal, we developed a script for the Metamorph and Acapella software to automate detection of the cells and measurements in the 535 and 450 nm  channels. 
4.4.1. LAB MEDIA: 50116_BOBARD_Figure 2B
4.5. Nuclei and cytosol of cells are segmented using the Draq5 channel. Then, the algorithm is capable to detect and quantify the 450 nm and the 535 nm positive cell populations. 
4.5.1. 50116_BOBARD_Figure 2B upper , then add remainder.
4.6. The calculated mean ratios are low for the mutant strain and high the virulent strain. 
4.6.1. LAB MEDIA: 50116_BOBARD_Figure 2C.
4.7. Experiments can be performed on different human cell types, like  HeLa epithelial cells and THP-1 macrophage-like cells. 
4.7.1. LAB MEDIA: 50116_BOBARD_Figure 3 and 50116_BOBARD_Figure 4.
4.8. Both cell types respond to the virulent M90T AfaI Shigella strain by switching emitted signal from green to blue. Under infection with the  non-invasive strain, the green signal persists. 
4.8.1. LAB MEDIA: 50116_BOBARD_Figures 3A lower panel and 50116_BOBARD_Figure 4A lower panel
4.8.2. LAB MEDIA: 50116_BOBARD_Figure 3A and 50116_BOBARD_Figure 4A
4.9. Quantification using a  script developed on MetaMorph software and a macro developed in Excel presents histograms of vacuolar rupture as a function of cell distribution. 
4.9.1. LAB MEDIA: 50116_BOBARD_Figure 3B and 50116_BOBARD_Figure 4B. 
4.10. The method can be successfully adapted to understand infectivity of different bacteria. For instance, this data set show Mycobacterium bovis BCG resides in the phagosome for the whole course of the experiment.
4.10.1. 50116_BOBARD_Figure 5A left panel.

4.11.  In contrast, Mycobacterium tuberculosis elicits phagosomal membrane rupture in THP-1 macrophages after 7 days of infection as highlighted by the apparition of a 450 nm signal after 7 days of infection.
4.11.1. 50116_BOBARD_FIGURE 5B. 
4.12. Using the same algorithm as for studying vacuolar rupture by Shigella, we found that Mycobacterium tuberculosis infected cells display higher 450/535 nm ratios ratios than Mycobacterium bovis BCG after 7 days of infection 
4.12.1. LAB MEDIA: 50116_BOBARD_Figure 5C and 50116_BOBARD_Figure 5D.    
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
5. 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.
5.1. J. Enninga: After watching this video, you should have a good understanding of how to study pathogens escape in the cytosol using the CCF4-AM/beta-lactamase system.
5.2. Nora: Once mastered, this technique can be performed properly  in 4 hours. Remember to add probenecid in each buffer used all during the protocol.
5.3. A. Bobard: The main advantage of this technique over existing methods, like electron microscopy or membrane fractionation, is that it can be performed in real time without any biochemical treatments.   
5.4. Charlotte: Futher analyses, like actin labelling or gentamycin protection assay, can be performed to evaluate the uptake and proliferation of the bacteria in 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, 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.

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.
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