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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_No_  (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)_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. Section 4 is the most beneficial, we think. 

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._ Protocol step 4.3-4.8 (includes sub-steps). To ensure success and reproducibility, we think it is important to acquire images with brightly illuminated cells.

E.  Will the filming need to take place in multiple locations? (Y/N)  Yes, 2 locations. If yes, how far apart are the locations? Just a short hallway, ~30 yards.

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 visualize and quantitate chlamydial inclusion growth dynamics in living cells. (Intro)
This is accomplished by first generating fluorescent host cells that stably express a fluorescent protein such as GFP in their cytoplasm.  (P1, Editor, begin with the top left gray host cell with the blue ‘N’ circle.  Then transform it to the green host cell with stable cytosolic GFP expression to the right of the arrow.)
Next, the host cells are infected with Chlamydia and allowed to incubate (P2, Editor, bring in the small red Chlamydia cell and place it inside the large green cells, then for ‘allowed to incubate,’, transition the small red circle to the large white inclusion with the multiple red circles.).
Then, the infected cells are visualized by live fluorescence microscopy (P3, Editor, zoom out on the cell and add additional cells, remove the red circles, and then convert the white inclusions to black and make the background black.)
Finally, chlamydial inclusion characteristics are quantified through microscope analysis software. (P4, Editor, zoom back in on the original cell, and convert it to the off-white cell with the orange inclusion (bottom center).)
Ultimately, live fluorescence microscopy is used to visualize chlamydial inclusions within the host cell, and to measure biological parameters of inclusions for quantitative results. (P5, Editor, move the cell to the top center, then add another cell to the below it and to the left with the cross and the word ‘Area’, then add in a second cell next to the ‘area’ cell for the ‘perimeter length,’ then a third to the right for the ‘number per cell.’)
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 Meghan: The main advantages of this technique over existing methods, like antibody-based enumeration, are that this reverse imaging strategy can be used on live cells and also in collaboration with other fluorescent labels to quantitate inclusion dynamics of all chlamydial species. 
1.2. Author name Meghan:  Furthermore, unlike routine methods that label bacteria in cells, this approach illuminates the inclusion membrane in living cells and can thus reveal important dynamic properties of this pathogen-containing compartment. 

Protocol (read by voice talent at JoVE):

2. Infecting Cells with Chlamydia
2.1. After generating fluorescent HeLa cells according to the text protocol [2.1.1-WIDE], plate GFP-HeLa cells on a desired culture vessel, such as glass bottom dishes, for high resolution imaging [2.1.2-MED/CU], or 24-well plates for IFU determination and multi-well screening [2.1.3-CU].  

2.1.1. Talent removes cells from incubator; B need another version of talent placing cells in to incubator for 2.3.5 below; C need another version of talent removing infected cells from incubator for 3.1.1 below

2.1.2. Talent plates cells in glass-bottom dishes

2.1.3. Talent plates cells in 24-well plates

2.2. Thaw a frozen tube containing C. trachomatis, or any other desired chlamydial strain on ice [2.2.1-MED/CU] and dilute in HBSS to the desired multiplicity of infection [2.2.2-CU].  

2.2.1. Talent places frozen tube of cells on ice

2.2.2. Talent adds HBSS to cells from labeled container Both the HBSS and the cells go into a tube, rather than one into the other.
2.3. To perform a static infection with C. trachomatis LGV serovar L2, aspirate the media from the wells, and use HBSS to wash the GFP-HeLa cells [2.3.1-CU]. Add diluted bacteria to the wells [2.3.2-CU] and incubate at 25(C for two hours [2.3.3-WIDE].  Aspirate the cells and wash with HBSS [2.3.4-CU], then after adding growth medium, incubate the cells at 37(C in a CO2 incubator [2.3.5-WIDE].
2.3.1. Talent adds HBSS to wash cells Each stage of washing the cells also includes removing the existing liquid by aspiration.
2.3.2. Film as written

2.3.3. Talent places cells at 25 degrees C the shot shows the dish being placed in an out-of-the-way corner of the hood
2.3.4. Talent aspirates cells, and washes them with HBSS, and adds growth medium
2.3.5. Use 2.1.1B here

2.4. To perform a centrifugation-aided infection with C. trachomatis serovar D or any other chlamydial strain, use HBSS to wash the GFP-HeLa cells [2.4.1-FF] and add diluted bacteria to the cells [2.4.2-FF]. Then place the dish of infected cells in a multi-well plate holder of a swinging bucket rotor in a bench top centrifuge [2.4.3-MED/CU].

2.4.1. FREEZE FRAME from 2.3.1

2.4.2. FREEZE FRAME from 2.3.2, Editor, place side by side with 2.4.1 as a split screen when mentioned

2.4.3. Film as written 

2.5. Centrifuge the cells at 900 x g and 25(C for one hour [2.5.1-MED/CU].  Then place the culture vessels in a 37(C CO2 incubator for one hour [2.5.2-FF].
2.5.1. Talent sets and starts the centrifuge

2.5.2. FREEZE FRAME from 2.1.1 

2.6. In a biosafety cabinet, aspirate the cells, wash twice with HBSS [2.6.1-MED], and add growth medium [2.6.2-CU]. Incubate the dish of infected cells at 37(C [2.6.3-MED].
2.6.1. Talent finishes aspirating cells and adds HBSS

2.6.2. Talent add growth medium

2.6.3. FREEZE FRAME from 2.1.1B
3. Live Cell Visualization of Chlamydia Inclusions (Authors will be providing screen shots as images or video for sections 3 and 4)
3.1. To visualize Chlamydia inclusions, remove Chlamydia infected GFP-HeLa cells from the CO2 incubator [3.1.1-WIDE] and use RPMI without phenol red and 5% FBS to replace the medium [3.1.2-MED/CU].
3.1.1. Use 2.1.1C here

3.1.2. Film as written
3.2. Place the dish or multi-well plate on an inverted fluorescence microscope with a 20x or higher oil objective [3.2.1-MED/CU].
3.2.1. Film as written

3.3. Using imaging software, identify Chlamydia-infected GFP-HeLa cells that appear as green cells containing large black holes [3.3.1-SCREEN/LM].

3.3.1. LAB MEDIA Image (screen shot) to be provided by authors of GFP HeLa cells that appear as green cells with large black holes

3.4. In the Acquisition Setup dialog box, configure the software to acquire the green channel, and any other channel added in the sample [3.4.1-SCREEN]. Use the ‘Capture/Record’ button to acquire the image [3.4.2-SCREEN/LM].
3.4.1. LAB MEDIA Screen shots to be provided by authors of software configured to acquire green and other channels
3.4.2. [added] LAB MEDIA Screen shots to be provided by authors of authors using ‘capture/record’ button to acquire image and resulting images
4. Quantitation of Inclusion Growth Parameters in Live Cells
4.1. At the desired times post-infection, remove Chlamydia infected GFP-HeLa cells from the incubator [4.1.1-FF] and place the dish on an inverted fluorescence microscope [4.1.2-FF-TXT]. 

4.1.1. FREEZE FRAME from 2.1.1C

4.1.2. FREEZE FRAME from 3.2.1 (TEXT: refer to the text protocol for add’l details)
4.2. Focus on the midplanes of the cells, where inclusions are at their maximum diameter and yield crisp edges [4.2.1-SCREEN/LM].  Acquire images in at least 10 fields per well - wells typically represent replicates or experimental variables [4.2.2-SCREEN/LM].
4.2.1. LAB MEDIA Screen shot of max diameter cell with crisp edges
4.2.2. LAB MEDIA Talent captures multiple images in a well
4.3. To find GFP-HeLa cells, under the “measurements” tab, use the ‘Find Objects’ command and select the green channel. Adjust the threshold intensity based on relative intensities of cells [4.3.1-SCREEN/LM].  

4.3.1. LAB MEDIA Talent clicks on ‘measurements’ tab then ‘find objects’ and selects green channel.  Then talent adjusts threshold intensity.
4.4. Manually count the number of inclusions or black compartments in GFP-HeLa cells by eye [4.4.1-MED OVER SHOULDER], or use imaging software algorithms to automatically identify and count inclusions [4.4.2-SCREEN/LM].  
4.4.1. LAB MEDIA Talent counts inclusions
4.4.2. LAB MEDIA Talent uses imaging software to automatically identify and count inclusions
4.5. Filter the selected objects by keeping only those greater than 5 um2.  Refer to this as ‘population 1’ [4.5.1-SCREEN/LM].  Using this population, apply the ‘Fill Holes in Objects’ command as the input.  This step generates ‘population 2’ [4.5.2-SCREEN/LM].
4.5.1. LAB MEDIA Talent filters objects to keep only those  greater than 5 um2 and names population 1`
4.5.2. LAB MEDIA Talent chooses ‘Fill Holes in Objects’ on population 1 to generate population 2
4.6. Subtract ‘population 1’ from ‘population 2’ to yield positively marked Chlamydia inclusions, designated as ‘population 3’ [4.6.1-SCREEN/LM].
4.6.1. LAB MEDIA Talent subtracts population 1 from population 2 to yield positively marked Chlamydia inclusions.
4.7. Use the ‘Filter Population’ command to apply a size filter to ‘population 3,’ for example, keeping objects greater than 25 um2 for inclusions in cells infected for 24 hours or longer [4.7.1-SCREEN/LM].  

4.7.1. LAB MEDIA Talent uses ‘Filter Population’ command to apply a size filter to a population keeping objects greater than 25 um2 for inclusions in cells infected for 24 hours or longer.
4.8. For early infection times, set the size filter to keep objects greater than 4 um2 as these inclusions are much smaller [4.8.1-SCREEN/LM-TXT].  The size filter results in a population of objects designated as ‘inclusions’ [4.8.1-SCREEN/LM-TXT].
4.8.1. LAB MEDIA Talent sets filter size to keep objects greater than 4 um2 (TEXT: < 18 hrs), Editor, place the text at the beginning of this step.
4.8.2. LAB MEDIA

4.9. Use the imaging software to calculate quantitative data from the images, such as inclusion number, inclusion size, and inclusion circumference [4.9.1-SCREEN/LM].
4.9.1. LAB MEDIA Talent generates report with inclusion number, size, and circumference
5. Results: Chlamydia Vacuole Growth Dynamics in GFP-HeLa Cells
5.1. Upon infection with Chlamydia, inclusions are readily visible as black spots in the host cells, or fluorescent protein expressing chlamydia within host cells, and their clarity can be exploited for automated identification across numerous fields of view and/or treatments [5.1.1-LM]. 
5.1.1. LAB MEDIA Figure 1, Editor, point out the black spots in A that correspond to the red spots in B and C and overlaid in D. Figure 1 has red fluorescent chlamydia, so this might be a bit confusing, since we are asking to find black holes then showing an image of red “holes”.
5.2. As demonstrated in this graph, one major application is the determination of Chlamydia inclusion forming units in live, infected cells, which obviates the need for immunofluorescence procedures, which are both time consuming and costly [5.2.1-LM].

5.2.1. LAB MEDIA Figure 2
5.3. Another key feature of this imaging approach is that it can be readily applied to any Chlamydia species or strain.  In this example, a time course analysis of GFP-HeLa cells infected with one of four chlamydial species or strains was performed [5.3.1-LM].  
5.3.1. LAB MEDIA Figure 3, Editor, begin by bringing in just the 4 Chlamydia strains at the left as shown for the beginning of the first sentence, then bring in the 16 hpi column, followed by the 24 hpi column and finally the 48 hpi column. 
5.4. For each of these species and strains, inclusions were marked and analyzed to calculate their average area, perimeter length, and number per cell at times indicated. These attributes provide important information about the biology of chlamydial inclusions, including how they interact with the host cell [5.4.1-LM].
5.4.1. LAB MEDIA Figure 4, Editor, point out the left column of graphs for average area, the middle column for perimeter length, and the right column for number per cell.
5.5. Shown here is a video of mCherry-HeLa cells infected with GFP C. trachomatis L2 composed of time-lapse images taken at 5-minute intervals for 125 minutes beginning at 48 hours post-infection [5.5.1-LM].  
5.5.1. Movie 1, Editor, begin with a freeze frame of the beginning of the movie for the first sentence and then beginning with the second sentence, run the movie.

6. Conclusion (said by authors on camera)
6.1. Author name Meghan: After watching this video, you should have a good understanding of how to use this reverse imaging technique to not only visualize chlamydial inclusions, but to quantitate inclusion dynamics such as inclusion area, perimeter, and number of inclusions per cell. This technique is not only cost effective compared to more traditional visualization techniques, but works with all Chlamydia species and strains.

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


