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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)Yes 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 using the step numbers listed in this document. 3.3/3.4/3.5/3.6/4.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. 3.6 to 4.4
E.  Will the filming need to take place in multiple locations? (Y/N) Yes  If yes, how far apart are the locations? Different rooms on the same floor.
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 measure effector protein translocation into host cells via the Yersinia type 3 secretion system. (Intro)
This is achieved by incubating HeLa cells with Yersinia mutants expressing effector TEM-1 beta-lactamase fusions to allow for translocation of effector fusions into the Hela cells. (P1: Show the bacteria cell (small rectangular shaped cell) appear next to the empty HeLa cell.  With the word “translocation” form the bridge between the two cells and have the protein move into the HeLa cell and become the YopE-TEM orange oval.)
As a second step, the infected HeLa cells are loaded with a cell-permeant FRET reporter compound, which is processed by cellular esterases to the charged and fluorescent CCF4 and thereby trapped within the cell. (P2: Start with the “Donor Coumarin”, “Cephalosporin Core”, and “Acceptor Fluorescein” proteins outside the cell.  Then, have them move inside with the word “loaded”. Then, move the CCF4 in contact with the 3 proteins with the word “processed”.  With the word “fluorescent” add the incoming 405nm and outgoing 530nm light waves.)  

Next, cleavage of CCF4 by the translocated beta-lactamase results in disruption of FRET, which is recorded by laser scanning microscopy in order to analyze donor and acceptor fluorescence intensities. (P3: Bring the “YopE-TEM” graphic in contact with the “Cephalosporin Core” and then have the “Acceptor Fluorescein” fall off the complex.  Change the outgoing wavelength to 460 nm as shown when the “Acceptor Fluorescein” falls off.)
The results show different amounts of translocated effector TEM-1 beta-lactamase fusion based on different kinetics of rise of donor fluorescence. (P4: Show part of Figure 1b as described in C4.)
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).   
Author Submitted file as “schematic overview.ai” to their server page.

Authors: Please review the suggested animations above during post-shoot edits.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. Manuel Wolters: One of the main advantages of this technique over existing methods, is that the intracellular processing of the CCF4 compound provides a highly sensitive and specific tool for measuring translocation.  This method can help answer key questions in the field of bacterial pathogenesis, such as how translocation is fine-tuned during the interaction of bacteria and host cells.  
1.2. -deleted- (text is moved to 1.1.)
Protocol (read by voice talent at JoVE):  
2. Preparation of Y. enterocolitica Strains for Cell Culture Infection
2.1. One day before infection, inoculate 3 separate vials containing 3 ml of LB-medium and the required antibiotics [2.1.1 - MED], with one colony from each of the transformed strains of Y. enterocolitica, prepared as described in the accompanying text protocol. [2.1.2 - CU - TXT]
2.1.1. Talent brings 3 vials containing LB + antibiotics (clearly labeled) and sets them on bench under hood.

2.1.2. Talent picks colonies from plates and adds them to the correct vials. (TEXT: Y. enterocolitica strains: WA-314 pMK-ova, WA-314 pMK-bla, WA-314ΔE pMK-bla)

2.2. Also, prepare plates containing HeLa cells the day before infection by [2.2.1 - MED] seeding 15,000 cells in 200 microliters of culture medium into 9 wells of a 96 well plate. [2.2.2 - CU] Incubate the cells in a 5% CO2 incubator at 37 °C. [2.2.3 - MED]
2.2.1. Talent sets media/cells/plates into hood.

2.2.2. Talent seeds cells into the wells of a 96-well plate

2.2.3. Talent places plate into incubator.

2.3. On the day of infection, inoculate 2 ml of the overnight culture into 40 ml of fresh LB-medium without antibiotics. [2.3.1 - CU] Incubate the bacteria for 90 minutes at 37 °C in a shaker at 180 rpms. This will induce expression of the type III secretion system. [2.3.2 - MED]
2.3.1. *Film as written

2.3.2. Talent places culture in the shaker incubator.

2.4. After 90 minutes, transfer the cultures into a fresh tube and keep the cultures on ice from this point forward. [2.4.1 - MED] Centrifuge the cultures for 10 min at 5000 g and 4 °C to pellet the bacteria. [2.4.2 – MED CU]
2.4.1. *Film as written

2.4.2. Talent places culture in centrifuge and starts with conditions listed.

2.5. Next, resuspend the pellet in 2 to 3 ml of ice cold PBS. [2.5.1 – MED CU] Dilute the bacterial suspension to a concentration of 8 x 108 colony forming units per milliliter and then place the cultures on ice. [2.5.2 – MED + CU] Then, determine the corresponding optical density of each culture [2.5.3 – MED + CU]
2.5.1. *Film as written

2.5.2. *Film as written

2.5.3. Talent checks OD of sample at spectrophotometer
3. Infection of HeLa Cells and Loading with CCF4
3.1. Add 3.5 µl of the bacterial suspension from each strain to different wells of the prepared 96-well plate [3.1.1 - MED] and mix by gently pipetting the medium twice. Allow the bacteria to sediment onto the cells at a moiety of infection of about 100 bacteria per cell. [3.1.2 - CU]
3.1.1. *Film as written

3.1.2. Talent mixes the well and then adds sample to the next well.

3.2. Perform a time course by starting infections at 30 minute intervals [3.2.1 - MED] and keeping the cells in a 5% CO2 incubator at 37 °C after each infection. [3.2.2 – MED CU]
3.2.1. added shot: Multiple infections in one shot (timewarp) 
3.3. 90 minutes after the first infection, carefully aspirate the medium without removing any of the HeLa cells.  [3.3.1 - CU] Then, add 50 µl of PBS containing 20 µg/ml chloramphenicol and 2.5 mM probenecid.  This will stop the expression of effectors and reduce the export of CCF4. [3.3.2 - MED]
3.3.1. *Film as written

3.3.2. *Film as written

3.4. To prepare microscopy, ensure continuous immersion by spreading immersion medium to the bottom of the wells using a 1 ml syringe.  Avoid trapping any air bubbles at the edges of the well. [4.4.1 – CU]. Then transfer the 96-well plate onto the microscope stage [3.4.1 - MED] and locate suitable spots for later analysis in each well. Finish this step within 10 minutes. [3.4.2 – CU]
4.4.1 [moved] Talent spreads immersion medium to the bottom of the wells.
3.4.1. *Film as written

3.4.2. Talent focuses on sample and moves the plate to various wells while looking through optics.

3.5. Then, add 70 µl of CCF4 - AM loading solution into each well  [3.5.1 - CU] Incubate the plate for 5 min at room temperature. [3.5.2 - MED]
3.5.1. *Film as written

3.5.2. Talent places a cover on the plate and sets it aside.

3.6. Next, aspirate the loading solution [3.6.1 – CU] and add 100 µl of PBS containing 20 µg/ml chloramphenicol and 2.5 mM probenecid. [3.6.2 - CU] Then, rapidly start microscopy. [3.6.3 - MED]
3.6.1. added shot: *Film as written

3.6.2. *Film as written

3.6.3. *Film as written
4. Laser Scanning Microscopy 
Video Editor: The authors were unable to install screen capture software on this computer.  Instead, they will provide “print-screen” images to show the steps involved. Try to highlight the area of the screen that undergoes the change between each print-screen image.
Authors: For the SCREEN shots in this section, please take up to 5 print screen images for each shot showing the result of each change you make on the screen.  For example, label section 4.2.1 as 4.2.1.1, 4.2.1.2, 4.2.1.3, etc… to cover all of the individual images.
4.1. Place a 20 x, high numerical aperture immersion objective into place and open the detector pinhole to 2.5 Airy units. [4.1.1 – CU] [4.1.1.1 – SCREEN] and transfer the 96-well plate into the confocal laser scanning stage.

4.1.1. *Film as written

4.1.1.1. Set Airy Unit SCREEN
4.1.2. added shot: re-use 3.4.2.

4.2. Next, choose high sensitivity gallium arsenide phosphide detectors with simultaneously active donor and acceptor channels, 8 bit depth…3-fold frame averaging… and excite with 10 % of a 405 nm diode laser. [4.2.1 - SCREEN]
4.2.1. Screen capture images of the above steps.

4.2.1.1. activate detector HyD1 SCREEN
4.2.1.2. activate detector HyD3 SCREEN
4.2.1.3. set 8bit SCREEN
4.2.1.4. set frame average SCREEN
4.2.1.5. set 405 laser intensity SCREEN
4.3. To ensure correct quantification, set the detector gain of both channels to the same value and avoid any saturated pixels. [4.3.1 - SCREEN]
4.3.1. Screen capture images of the above steps.

4.3.1.1. set gain HyD1 SCREEN
4.3.1.2. set gain HyD3 SCREEN
4.4. [moved] Ensure continuous immersion by spreading immersion medium to the bottom of the wells using a 1 ml syringe.  Avoid trapping any air bubbles at the edges of the well. [4.4.1 - CU]
4.4.1. [moved] Talent spreads immersion medium to the bottom of the wells.
4.5. Next, activate the transmitted light and recheck the representative fields of view in every well. [4.5.1 - CU] Adjust and resave the positions as needed using a calibrated automatic stage. [4.5.2 - SCREEN]
4.5.1. Talent activates the light and focuses on the sample.

4.5.2. Screen capture images of the plate positions being saved.

4.5.2.1. set positions SCREEN
4.5.2.2. redefine position SCREEN
4.6. Finally, set the time lapse to 2 minutes, the duration to 2 hours, and begin acquiring images. [4.6.1 - SCREEN]
4.6.1. Screen capture images of the above steps.
4.6.1.1. final settings before start SCREEN
5. Image Quantification 
5.1. Following image acquisition, import the dataset into software that allows arithmetic calculations of pixel matrices. [5.1.1 – SCREEN  00:00- 00:05]
5.1.1. Screen capture as talent drags and drops the source file containing both the donor and the acceptor channel on the software icon.

5.2. Subtract the background in both channels using the same offset by first clicking on “Menu” and then go to “Image Processing”… and select “Baseline Subtraction”. Then, select each channel and enter the baseline value. [5.2.1 – SCREEN 00:05-00:43]
5.2.1. Screen capture video showing above step in the order described.  

5.3. Correct the bleed-through of the donor channel, channel 1, into the acceptor channel, channel 2, with the pre-determined correction factor, creating a new channel, channel 2 prime. To this end click on the menu, and then select “Image Processing” followed by “Channel Arithmetics” and enter the absolute value of channel 2 subtracted by .33 times channel 1. Afterwards delete Channel 2 and ensure that the bleed-through corrected acceptor channel remains as the new Channel 2 [5.3.1 - SCREEN – TXT 00:43-01:30 ]
5.3.1. Screen capture video showing above step in the order described. (TEXT: Ch2’ = Ch2 – Ch1 * f) (Video Editor: Highlight the portions of the equation when they are spoken.  “f = correction factor”, rest are self-explanatory.)

5.4. [moved] Next, click on the menu again, and then select “Image Processing” followed by “Channel Arithmetics” and enter the absolute value of channel 2 subtracted by .33 times channel 1. [5.4.1 - SCREEN]
5.4.1. [combined with 5.3.1] Screen capture video showing above step in the order described.

5.5. Then, create a new channel with the operation shown here to determine the relative FRET coefficient [5.5.1 - SCREEN – TXT 01:30-01:57]
5.5.1. Screen capture video showing above step in the order described. (TEXT: Ch3 = Ch2’ / (Ch1 + Ch2’))

5.6. Next, go back into the “Channel Arithmetics” menu and enter channel 2 divided by channel 1 plus channel 2. For proper visualization of the FRET channel in an 8 bit image, create a fourth channel, channel 4, which is equal to 255 times channel 3. [5.6.1 – SCREEN 01:57-02:26]
5.6.1. Screen capture video showing above step in the order described.

5.7. Change the channel color by going to the “Image Properties” menu. Select “Channel 4”, then “Mapped Color”, followed by “Color Table File” and select “Jet”. [5.7.1 – SCREEN 02:26-02:41]
5.7.1. Screen capture video showing above step in the order described.

5.8. Next, apply a 3 by 3 median filter to channels 3 and 4 that will reduce the noise in the images by entering the “Image Processing” menu and selecting “Smoothing” followed by “Median Filter”. Select both channels and apply a filter size “3 by 3 by 1”. [5.8.1 – SCREEN 02:41-02:59]
5.8.1. Screen capture video showing above step in the order described.

5.9. For quantification of cellular signals, detect the cells in channel 4 by selecting “Surpass View” and clicking on the icon “Add new Surfaces”. Define the detection algorithm parameters in the Surface window and activate the two checkboxes, “Segment only a Region of Interest” and “Process entire Image finally”. [5.9.1 - SCREEN 02:59-03:15]
5.9.1. Screen capture video showing above step in the order described.

5.10. Next, define the region of interest by editing its dimensions. [5.10.1 - SCREEN 03:15-03:21]
5.10.1. Screen capture video showing above step.

5.11. Select Channel 4 as the source channel and set the threshold by going to the “Thresholding Menu” and selecting on “Background Subtraction”.  Set diameter to 10 µm, the minimum intensity threshold manually to 0, and the maximum threshold to the maximum intensity. [5.11.1 - SCREEN 03:21-03:44]
5.11.1. Screen capture video showing above step in the order described.

5.12. Filter the structures by area and set the minimum value to 187 µm². Then, finish the surface detection. [5.12.1 - SCREEN 03:44-04:21]
5.12.1. Screen capture video showing above step in the order described.

5.13. Finally, extract the mean values for donor fluorescence intensity in channel 1 and relative FRET coefficient in channel 3 along with their standard deviations in the cellular entity. [5.13.1 - SCREEN 04:21-END]
5.13.1. Screen capture video showing above step in the order described.
6. Results:  Analysis of Yersinia enterocolitica Effector Translocation
6.1. To show the capability of this method to quantitatively analyze effector translocation into target cells, two Yersinia strains with different translocation kinetics were studied using both donor fluorescence and relative FRET coefficients. [6.1.1 - LM]
6.1.1. Figure 1b-c (Videographer: Show graphs and legend)

6.2. The wild type infected cells show an increase of fluorescence intensity over time.  As expected the maximum slope of fluorescence intensity is positively correlated with the length of infection, indicating that different concentrations of translocated beta-lactamase can be distinguished. [6.1.1 - LM]
6.2.1. Figure 1b-c and the WA-314-pMK-bla line of Figure 1d (Videographer: Highlight the green lines on the graphs with this entire statement.  Draw straight lines along the initial slopes of the green lines in Figure 1b with the words “Maximum slope…distinguished”.

6.3. In accordance with previous studies the Yersinia outer protein mutant cells exhibit more rapid increase of fluorescence intensity compared to the wild type strain. Interestingly, expanding infection to 90 min did not further accelerate the rise of donor fluorescence compared to 60 min of infection. [6.3.1 - LM]
6.3.1. Figure 1b-c and the WA-314 ΔE -pMK-bla line of Figure 1d (Videographer: Highlight the red lines on the graphs at the start, then emphasize only the 90 min line and 60 min line when mentioned.)

7. Conclusion (said by authors on camera) 

7.1. Manuel Wolters: While attempting this procedure, it’s important to keep in mind that processing of the CCF4 substrate starts immediately after its addition. Therefore image acquisition must be initiated in time. 
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.

1A – schematic overview.ai  - schematic overview 

6 – figure1.ai – figure 1 of results

Optional: 

MovieS1.avi – movie from which the figure 1D was prepared

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


