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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)__Y______ 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. 2.3, 2.4, 2.6, 2.7, 3.1-3.6, 4.6, 5.7
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._ 2.6, 2.7  Assess the optimal bacterial dilution to facilitate the isolation of clonal colonies. 

E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? Different rooms (sometimes on different floors) of the same building.

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:

The overall goal of this procedure is to identify, at a large-scale, the Coxiella factors implicated in the key steps of the infectious cycle including entry into host cells, generation of a bacterial replicative niche and persistence. (Intro)
This is accomplished by first generating a GFP-tagged Coxiella mutant library by transposon mutagenesis. (P1, Editor, use Figure 1A here.  Begin with the gray bars on either side of the red and green segment.  Place them together, then split them apart and bring in the green bar and the red LTR pieces and place them in between the gray as shown. )
Next, the host cells are infected with every isolated mutant. (P2, Editor, bring in Figure 1B here.)
Then, the intracellular replication of every mutant is followed in real-time using a microplate reader in order to identify the mutations that are most detrimental to Coxiella infection. (P3, Editor, bring in Figure 2B and then Figure 2C here.)
Finally, the Coxiella infected cells are analyzed by automated microscopy. (P4, Editor, use step 5.8-Cy3, Cy5, GFP, and Hoechst here.)
Ultimately, automated image analysis allows the morphological characterization of every phenotype obtained, to associate each mutated gene with a putative function in the Coxiella infectious cycle, (P5, Editor, begin with Figure 3 A-D here then add in the brackets and arrows and add in panels E, F, and G.)
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. Author name Matteo Bonazzi: This method can help address key issues in the host/pathogen interactions field, such as the rapid and unbiased identification of the essential genes required by a given bacterial pathogen to interact with the host cell and hijack its molecular machineries to its benefit.  

1.2. Author name Martinez Eric: Visual demonstration of this method is critical as the plating and isolation of Coxiella colonies are difficult to learn, because Coxiella forms very small colonies that need to be carefully extracted from soft ACCM-2 agarose.   
1.3. Author name Franck Cantet: Though this method can provide insight into Coxiella burnetii infection, it can also be applied to other intracellular pathogenic bacteria, such as Mycobacterium, Brucella, Salmonella...
Protocol (read by voice talent at JoVE):

2. Isolation of Individual Transposon Mutants
2.1. After transforming competent Coxiella with transposon-and transposase-encoding plasmids according to the text protocol, to isolate individual mutants, prepare bottom agarose by mixing 10 ml of melted 0.5% agarose with 10 ml of 2X ACCM-2 in a microbial safety cabinet, or MSC, and add the appropriate antibiotics (TEXT: 375 (g/ml kanamycin or 3 (g/ml chloramphenicol).

2.1.1. WIDE Talent at bench places plate of colonies on bench

2.1.2. CU of plate of transformed Coxiella colonies
2.1.3. MED/CU Talent mixes melted agarose with ACCM-2

2.1.4. CU Talent adds antibiotics

2.2. Immediately pour into a Petri dish and allow it to cool uncovered for 30 minutes and then air-dry for 20 minutes.  

2.2.1. MED/CU Talent pours Petri dish and places cover near dish for it to cool
2.3. To prepare top agarose, mix 1.25 ml of 2X ACCM-2 with 0.75 ml of water in a 15 ml polystyrene tube. Add the appropriate antibiotics and incubate at 37(C. Then add 1 to 100 μl of bacterial culture and vortex for 5 seconds.  

2.3.1. MED/CU Talent adds ACCM-2 and water to 15 ml tube

2.3.2. CU Talent adds antibiotics

2.3.3. WIDE/CU Talent places at 37 degrees C 

2.3.4. CU Talent adds bacterial culture to tube

2.3.5. MED Talent vortexes

2.4. Next, add 0.5 ml of melted agarose, mix, and immediately pour over the bottom agarose.  Allow the plate to cool for 20 minutes, place the lid on top and incubate at 4(C for 20 minutes to help solidify.  

2.4.1. CU Talent adds melted agarose and mixes and pours over bottom agarose

2.4.2. CU Talent places lid on top of cooled plate

2.4.3. WIDE Talent places plate in fridge

2.5. Then remove the lid and air dry the plate for 20 minutes before transferring to a 37(C humidified incubator with 5% CO2 and 2.5% O2 for 6 to 7 days.

2.5.1. MED/CU Talent places plate in MSC and removes lid

2.5.2. WIDE Talent places plate into incubator; B need another version for the 24-well plate for 2.7.1 below; C need another version for 4.2.2 below; D need a version of talent removing plate from incubator for 4.5.3 below; E need another version of talent placing covered plate into incubator for 5.1.3 below

2.6. Once colonies are detectable, collect them by cutting the end of a 1 ml pipette tip and using it to isolate plugs containing single colonies, then transferring them into the wells of a 24-well plate containing 1.5 ml of ACCM-2. 

2.6.1. MED Talent checking plate for colonies

2.6.2. CU Talent cuts end of pipette

2.6.3. CU Talent collects colony 
2.6.4. [split shot] and places into the well of a 24 well plate with ACCM-2

2.7. Amplify the individual colonies by incubating for 6 days (TEXT: 37(C, 5% CO2, 2.5% O2).  On day three of the incubation, disperse the bacterial clumps by agitating each plate using a plate shaker.

2.7.1. Use 2.5.2B here

2.7.2. CU Talent pipettes one or two cultures in the plate agitates one plate using a plate shaker.
3. Evaluation of Bacterial Concentration and Single Primer Colony PCR
3.1. After preparing a standard curve according to the text protocol, quantitate each bacterial suspension by dispensing 5 (l of 10% Triton X-100 per well in a 96-well microplate with black walls and bottom. Add 50 μl of the bacterial suspensions to each well and incubate on a plate shaker for 10 minutes at room temperature. 

3.1.1. LAB MEDIA Quantification tableur – Editor, use graph at bottom for standard curve

3.1.2. CU Talent pipettes Triton X-100 into the wells of a 96-well plate with black wells

3.1.3. CU Talent adds bacterial suspensions to wells

3.1.4. MED Talent places plate on shaker and starts shaking

3.2. Use 1X TE buffer to dilute dsDNA quantitation reagent 1:200 and add 55 μl of the diluted reagent to each sample in the 96-well microplate.  With a plate shaker, mix well before incubating in the dark at room temperature for 2 to 5 minutes.  

3.2.1. CU Talent uses TE to dilute dsDNA quantitation reagent

3.2.2. CU Talent adds diluted reagent to wells of plate

3.2.3. MED Talent places plate on shaker to mix

3.2.4. MED Talent covers plate on bench and walks away

3.3. Measure the fluorescence of the samples using a fluorescence microplate reader and filters for standard fluorescein wavelengths (TEXT:  480 nm excitation; 520 nm emission).

3.3.1. MED Talent places plate into reader; B need another version for 4.6.1 below

3.3.2. MED/CU Readout on plate shows fluorescence also captured a screen video that I will upload on the JoVE website as 3.3.2 file
3.4. To obtain the bacterial DNA concentration, plot the fluorescence readings in the standard curve previously prepared. Divide the DNA concentration by the mass of the Coxiella genome (TEXT: 2.2 fg) to obtain bacterial concentrations.  Express the results in Genome Equivalents/ml.

3.4.1. LAB MEDIA Quantification tableur, Editor, show the section highlighted in orange and the standard curve as an inset to the table.
3.4.2. LAB MEDIA Quantification tableur, Editor, use this section highlighted in green for the last 1.5 sentences.
3.5. After carrying out single primer colony PCR and DNA sequencing according to the text protocol, using sequence analysis software, load the complete annotated genome of Coxiella burnetii 493 NMI.  

3.5.1. LAB MEDIA Figure 1B, Editor, use for the first portion of the sentence
3.5.2. LAB MEDIA Figure 1D, Editor, place this next to the panel in 1B with ‘load the complete annotated…’
3.6. With the ‘align to reference’ function, load and align the sequence results using blastn and determine the site of transposition (TEXT: discard non-matching mutants).
3.6.1. LAB MEDIA Step 3.6.mov Talent uses align to reference function to carry out blastn; Authors will provide screen shots or a video screen capture for this step; Editor, begin with the 4 or 5 files being chosen and then the sequences appearing one under the other.  Then after mutant 2789 is entered, show the wheel with the green balls, and finally after the author chooses a sequence, show the green and blue arrows and then the cursor pointing out the green ball at the end.
4. Eukaryotic Cell Challenge with Coxiella Mutants and Monitoring of Intracellular Growth
4.1. After preparing a Vero cell suspension of 105 cells/ml in RPMI medium according to the text protocol, dispense 100 μl of the suspension in each well of a black 96-well plate with a flat, transparent bottom.

4.1.1. WIDE/MED Talent sits down at hood and places Vero suspension down on bench

4.1.2. CU Talent adds 100 ul of suspension to each well of 96 well black plate with transparent bottom
4.2. Centrifuge the plate at 400 x g and RT for 5 minutes and incubate at 37(C and 5% CO2 overnight.  

4.2.1. MED/CU Talent places plate into centrifuge; B need another version for 4.5.2 below using the aerosol-tight plate holder

4.2.2. Use 2.5.2C here

4.3. The following day, thaw at room temperature 96-well plates containing the Coxiella mutants and dilute 150 μl of bacterial suspensions in 300 μl of RPMI without phenol red and FBS in a deep well 96-well plate.

4.3.1. MED/CU Talent places frozen plates on bench to thaw Think this part has been named 4.2.2/1 and 4.2.2/2
4.3.2. CU Talent adds 150 ul of a bacterial suspension into a well of 96-well plate containing RPMI Error in naming: 4.3.1/1, 4.3.1/2 and 4.3.1/3
4.4. Next, remove the medium from the Vero cells and dispense 100 μl/well of diluted Coxiella mutants (TEXT: MOI of 100).  Use the ‘A1’ well as a negative control and wells A2 and A3 as positive controls.

4.4.1. MED/CU Talent removes medium from Vero cells

4.4.2. CU Talent dispenses 100 ul of Coxiella into each well

4.4.3. CU of plate and have talent point out the A1, A2, and A3 wells; Editor, point out these wells

4.5. Using an aerosol-tight centrifuge plate holder, centrifuge the plate at 400 x g and room temperature for 10 minutes. Then, after incubating the plate at 37(C in a humidified atmosphere of 5% CO2 for 2 hours, replace the bacteria-containing medium with 100 μl/well of fresh, complete RPMI medium.

4.5.1. CU Talent places plate on aerosol-tight plate holder

4.5.2. Use 4.2.1B here

4.5.3. Use 2.5.2D here

4.5.4. CU Talent replaces bacteria containing medium with RPMI medium

4.6. With a fluorescence microplate reader and filters for fluorescein (TEXT: 480 nm excitation; 520 nm emission), measure GFP fluorescence every day for 7 days.

4.6.1. Use 3.3.1B here

5. Preparation of Samples for Automated Image Acquisition
5.1. On day 7 post-infection, remove the medium from the plate and replace it with 50 μl/well of fresh, complete medium containing a 1:1000 dilution of cell permeable fluorescent dye.  Incubate the cells for 30-60 minutes (TEXT: 37(C, 5% CO2, humidified).

5.1.1. CU Talent removes medium from plate

5.1.2. CU Talent adds medium containing fluorescent dye to wells

5.1.3. Use 2.5.2E here

5.2. After the incubation, replace the medium with 50 μl/well of 4% PFA in PBS, incubate at room temperature for 30 minutes, then remove the PFA-containing buffer before using PBS to wash the wells three times.

5.2.1. CU Talent finishes removing medium and adds PFA/PBS

5.2.2. MED Talent covers plate to incubate

5.2.3. CU Talent removes buffer and adds PBS from labeled container

5.3. After removing the final wash, dispense 50 μl of blocking solution (TEXT: 0.5% BSA, 50 mM NH4Cl in PBS, pH 7.4, 0.05% saponin) to each well and incubate at RT for 30 minutes.

5.3.1. CU Talent adds blocking solution to each well

5.3.2. FREEZE FRAME from 5.2.2; Editor, place next to 5.3.1 for the incubation portion of the VO

5.4. Then, replace the blocking solution with 40 μl/well of fresh blocking solution and a 1:500 dilution of anti-LAMP1 antibody.

5.4.1. CU Talent uncovers plate and removes blocking solution

5.4.2. CU Talent adds fresh blocking solution with anti-LAMP1 antibody

5.5. After incubating at room temperature for 30 minutes, remove the solution and use a plate washer to wash the wells 5 times by applying 100 μl/well of PBS.  Then add 40 μl/well of blocking solution containing the appropriate fluorescent secondary antibody (TEXT: 1:1000) and Hoechst 33258 at 5 μg/ml. Incubate at room temperature for 30 minutes.

5.5.1. CU Talent uncovers plate and begins to remove solution places plate under a plate washer
5.5.2. FREEZE FRAME from 5.2.3 of talent adding PBS to plate

5.5.3. CU Talent adds fluorescent secondary antibody in blocking solution to wells

5.5.4. MED Talent covers plate and walks away

5.6. Wash the samples five times and leave the final PBS wash in the wells to keep them from drying out.

5.6.1. Use 5.5.1 here

5.6.2. CU/ECU shot of plate with wells containing PBS Second take in ECU has no clap. I named footage 5.6.2 Take 2
5.7. To carry out image acquisition, use an epifluorescence automated microscope equipped with a 20X objective and 350, 488, 555, and 615 nm channels. 
5.7.1. WIDE/MED of Epifluorescence microscope 

5.7.2. CU of 20x objective  the 20X objective was inaccessible. Several shots of the microscope have been acquired instead
5.8. Acquire 21 independent fields per well in order to image a minimum of 5000 cells per sample.  Apply autofocusing using the host cell nuclei channel as a reference. 
5.8.1. LAB MEDIA Step 5.8-Cy3, Step 5.8-Cy5, Step 5.8-Hoechst, and step 5.8 Merged. Editor, bring these in one at a time and point out the Hoechst image for the  host cell nuclei channel
5.9. Finally, use automated image analysis to extrapolate a number of relevant features from the acquired images.

5.9.1. LAB MEDIA Authors will provide screen capture video for this step

6. Results:  Viability and Infectivity of Coxiella transposon mutants 
6.1. This figure illustrates 38 transposon mutants in 16 dot/icm Coxiella genes. Axenic growth curves that assess the viability of mutants are shown here.  
6.1.1. LAB MEDIA Figure 2A, Editor, bring this in for the first sentence and then bring in B underneath it for the second sentence
6.1.2. LAB MEDIA Figure 2B
6.2. Here intracellular growth curves for Coxiella mutants incubated with epithelial cells, provide quantitative analysis of the phenotypes associated with transposon insertions in the Coxiella genome.
6.2.1. LAB MEDIA Figure 2C, Editor, remove 2A, shrink 2B, and bring in 2C next to 2B
6.2.2. In this figure, automated image acquisition was performed to identify and characterize host cell nuclei, cell contours, lysosomes, and Coxiella colonies.

6.2.3. LAB MEDIA Figure 3 top panels, Editor, bring in each panel with the VO
6.3. Correlating Coxiella colonies with cells and lysosomes allows the morphological analysis of Coxiella-containing vacuoles. Correlating Coxiella colonies with host cell contours allows the morphological analysis of infected cells.  Finally, the four channels are merged.
6.3.1. LAB MEDIA Figure 3, bottom panels, Editor, for the first sentence, add in the green lines and arrow and Figure 3E.  For the second sentence, add in the red lines and arrows and then Figure 3F.  For the last sentence, add in the blue lines and arrow and Figure 3G.
6.4. The average area of Coxiella colonies is plotted against the number of colonies per cell in order to identify mutations that affect intracellular replication of Coxiella and/or the capacity of bacteria to invade host cells.
6.4.1. LAB MEDIA Figure 4A, Editor, bring in the graph without the X and Y axis labels, then add in the X axis label and then the Y axis label with the VO
6.5. Mutants were observed in three clusters: mutations that affected the intracellular growth of Coxiella, Coxiella internalization in cells, and non-significant phenotypes.  
6.5.1. LAB MEDIA Figure 4A, Editor, add in the arrow for b for intracellular growth; add in the c arrow for internalization, and the ‘a’ arrow for non significant phenotypes.  Also bring in the corresponding panels in 4C (a, b, and c) underneath the graph with each arrow and letter brought in.
6.6. Here, the average area of Coxiella colonies are plotted against the number of host cells surviving infection to identify mutations that confer cytotoxicity to Coxiella. 
6.6.1. LAB MEDIA Figure 4B, Editor, add in the arrow and the ‘d’ for a mutant that confers cytotoxicity and add in 4C, panel ‘d’ next to the graph or underneath it.
7. Conclusion (said by authors on camera)
7.1. Author name Matteo Bonazzi: After its development, this technique paved the way for researchers in the field of bacterial infections to explore host pathogen interactions at a large-scale and rapidly identify bacterial and host targets for the development of new therapies to counter infectious diseases.

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.

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


