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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)   
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _2.10, 2.14, 2.15, 2.16, 4.10, 4.11_
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)       2.14, 4.11  
E.  Will the filming need to take place in multiple locations? (Y/N) No 


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):
 
The overall goal of this video is to demonstrate protocols to assess the interaction of anaerobic bacteria with host cells. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Janina Lewis: The conditions used to cultivate eukaryotic cells are toxic to anaerobic bacteria and vice versa. This poses a challenge in studying their interactions, and conditions optimal for both must be achieved for them to remain metabolically active during the period of study.
1.2. Janina Lewis: This method can help answer key questions in host-pathogen interactions of anaerobic bacteria during infection, such as defining the molecular mechanisms involved in internalization of bacterial cells.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Christopher Wunsch: Generally, individuals new to this method will struggle because working with anaerobic bacteria requires the knowledge of an anaerobic chamber and good aseptic techniques.
1.4. Chris Wunsch: Visual demonstration of this method is critical as the steps involving the use of an anaerobic chamber are difficult to learn. Also, caution needs to be applied when experimenting within anaerobic chambers.   

*Note to the Authors: Goal and interview statements were edited to conform to the specified number and length restrictions. Please remember to memorize all of your lines before filming takes place.



Protocol (read by voice talent at JoVE):
2. Anaerobic bacteria infection assay 
2.1. For culture and experimentation with P. gingivalis (Pronounce: jin-jai-va-lis; https://www.wordkiwi.com/pronounce-gingivalis) a vinyl anaerobic chamber [2.1.1-WIDE] is maintained with an artificial atmosphere containing 80% nitrogen, 10% hydrogen, and 10% carbon dioxide. [2.1.2-MED/CU]
2.1.1. *Film as written
2.1.2.  Show the monitor readings of the chamber.
2.2. Place 30 blood agar plates, 500 milliliters of PBS and 30 milliliters of Vascular Endothelial Growth Factor or VEGF (Pronounce as V-E-G-F) medium inside the anaerobic chamber, 24 hours in advance to equilibrate the reagents. [2.2.1 MED-TXT]
2.2.1. *Film as written. TEXT: See text protocol for reagent details.
2.3. Seed 4 times 105 Human Umbilical Vein Endothelial Cells, or HUVECs (Pronounced: Hue-vec; https://www.howtopronounce.com/huvec/), per well in 6 well plates in VEGF medium [2.3.1-CU] and leave them in the cell culture incubator overnight for attachment. [2.3.2-WIDE-TXT]
2.3.1. *Film as written
2.3.2. *Film as written, TEXT: 37 0C, 5% CO2
2.4. Prepare P. gingivalis cultures in brain heart infusion, or BHI, medium as described in the accompanying text [2.4.1-CU], and allow the cultures to reach log phase, when the Optical Density of the culture at 660 nm ranges between 0.5 to 0.7 [2.4.2-MED]. 
2.4.1. Show talent working inside anaerobic hood, taking any step of the culture for the shot- e.g. – plate streaking or picking a colony from plate.
2.4.2.  Show talent taking O.D. in spectrophotometer.
2.5. Transfer the bacteria to a 15 ml tube [2.5.1-CU] and wrap a piece of Parafilm around the cap to prevent aerobic exposure [2.5.2-CU]. Then centrifuge the bacteria at 5,000 times g for 10 minutes. [2.5.3–MED]
2.5.1. *Film as written
2.5.2. *Film as written
2.5.3. Please make sure that the transferring procedure out of the anaerobic chamber and into an outside centrifuge is well captured. If possible, also show talent using the centrifuge.
2.6. Inside the anaerobic chamber, wash the pelleted bacteria with anaerobic PBS [2.6.1-CU], and spin down again at 5,000 times g for 10 minutes [2.6.2-MED]. Resuspend the bacteria in VEGF medium. [2.6.3-CU]
2.6.1. Show addition of PBS.
2.6.2. Show talent removing tube from centrifuge.
2.6.3. *Film as written
2.7. To infect the HUVECs with P. gingivalis, transfer the 6-well plates from the incubator to the anaerobic chamber [2.7.1-MED]. Aspirate the medium from the test wells and wash three times with anaerobic PBS [2.7.2-CU]. 
2.7.1. *Film as written
2.7.2. Show only one wash.
2.8. Determine the cell number from one representative well by Trypan blue exclusion assay. [2.8.1-CU] 
2.8.1. Show the pipetting of trypan blue-cell suspension mixture into the notch of the hemocytometer. 
2.9. Then add 2 ml per well of anaerobic VEGF medium and place the plates at 37 0C in the anaerobic incubator for 20 minutes to equilibrate [2.9.1-MED]
2.9.1. *Film as written
2.10. Determine the O.D of the bacteria and resuspend them in an adequate volume of VEGF medium to infect cells at a Multiplicity Of Infection of 100:1 bacteria:cells ratio. [2.10.1-CU] Add the bacterial suspension to the cells and incubate for 30 minutes at 37 0C for infection. [2.10.2-CU]
2.10.1. Show bacterial resuspension
2.10.2. Show addition of the bacteria to cells
2.11. For cell lysis, inside the anaerobic chamber, prepare a 1% weight per volume saponin solution in BHI medium, and filter through a 0.2 micron filter [2.11.1-CU]
2.11.1. *Film as written
2.12. To study bacterial interaction with host cells, remove the 6 well plate from the incubator [2.12.1-WIDE/MED] and aspirate the infection medium. Wash three times with anaerobic PBS [2.12.2-MED/CU]. 
2.12.1. *Film as written; please get multiple usable takes as this shot will be repeated later.
2.12.2. Show only one wash; please get multiple usable takes as this shot will be repeated later.
2.13. Then add 2 ml of saponin solution to each well, and incubate for 15 minutes to allow cell lysis. [2.13.1-CU/MED] 
2.13.1. Talent adds saponin to 1 well and sets timer; please get multiple usable takes as this shot will be repeated later.
2.14. Next, scrape the cells from the bottom of the well [2.14.1-CU], and dilute the cell lysate 1:1 with BHI medium. Then make serial dilutions, starting at 1 to 100. [2.14.2-MED]
2.14.1. Talent scrapes cells and puts them in a centrifuge tube; please get multiple usable takes as this shot will be repeated later.
2.14.2. Show a single dilution after diluting the lysate 1:1, with other tubes ready in the background; please get multiple usable takes as this shot will be repeated later.
2.15. Plate 200 microliters of a suitable dilution on blood agar plates, [2.15.1-CU/MED], wrap the plates with Parafilm, and incubate them in a 37 0C anaerobic incubator for seven days to allow colony formation [2.15.2-MED].
2.15.1. *Film as written; please get multiple usable takes as this shot will be repeated later.
2.15.2. Talent finishes wrapping a plate and puts a stack of wrapped plates in the incubator.
2.16. Then using a light box, count the colony forming units, or CFUs, on each plate. [2.16.1-CU/MED]
2.16.1. *Film as written; please get multiple usable takes as this shot will be repeated later.
3. Survival of internalized bacteria 
3.1. Following infection of HUVEC cells [3.1.1], wash the cells three times with anaerobic PBS. [3.1.2]
3.1.1. Use shot 2.12.1
3.1.2. Use shot 2.12.2
3.2. Next, add 2 ml of VEGF medium supplemented with pre-optimized concentrations of antibiotics to the HUVEC cells. [3.2.1-CU-TXT] Incubate the cells for 1 hour. [3.2.2-MED]
3.2.1. *Film as written; TEXT: 300 g/ml gentamycin, 400 g /ml metronidazole; See text protocol for optimization of antibiotic concentrations.
3.2.2.  *Film as written 
3.3. Aspirate the medium…, [3.3.1-CU] and add 2 ml of 1% saponin solution in BHI to each well. Incubate for 15 minutes. [3.3.2] 
3.3.1. *Film as written.
3.3.2. Use shot 2.13.1.
3.4. Next, scrape the lysed cells and collect the lysate in a centrifuge tube. [3.4.1] Dilute the lysate 1 to 1 with BHI medium, and then prepare serial dilutions starting at 1 to 100. [3.4.2]
3.4.1. Use shot 2.14.1
3.4.2. Use shot 2.14.2
3.5. Plate 200 microliters of the suitable concentrations on blood agar plates. [3.5.1] Allow the bacteria to grow for seven days in an anaerobic chamber, and then count the colonies. [3.5.2]
3.5.1. Use shot 2.15.1
3.5.2. Use shot 2.16.1
4. Fluorescence microscopy of internalized bacteria 
4.1. Janina Lewis: The plating method described accounts for only the live bacteria that interact with the cells. In order to overcome this drawback, we use microscopy where both live and dead bacteria in association with a cell can be visualized. [4.1.1- MED]
4.1.1. Talent speaks towards camera, interview style. 
4.2. To visualize internalized bacteria, first aseptically transfer autoclaved glass cover slips inside each well of a 12 well plate. [4.2.1-CU] Plate 5 times 104 HUVECs per well on the cover slip and incubate for 24 hours. [4.2.2-CU]
4.2.1. *Film as written
4.2.2. Show plating only.
4.3. To label bacteria, centrifuge mid-log phase bacteria and resuspend the pellet with anaerobic PBS [4.3.1-CU]. Centrifuge again and repeat the washing step. [4.3.2-MED]
4.3.1. Show talent resuspending bacteria.
4.3.2. Show talent placing tube in centrifuge.
4.4. Add 20 microliters of 0.2 millimolar BCECF-AM (Pronounced: B-C-E-C-F-A-M) to 2 ml of anaerobic PBS containing 5 to 7 times 108 bacteria/ml. [4.4.1-CU-TXT] Incubate at 37 0C for 30 minutes in the dark. [4.4.2-MED] 
4.4.1. *Film as written; TEXT: BCECF-AM: 2',7'-Bis-(2-Carboxyethyl)-5-(and-6)-Carboxyfluorescein-Acetoxymethyl Ester
4.4.2. *Film as written
4.5. Christopher Wunsch: The dye we use can fluorescently stain most anaerobic bacteria and thus, no prior reagents, such as specific antibodies are required. [4.5.1-MED]
4.5.1. Talent speaks towards camera, interview style. 
4.6. Centrifuge the bacterial suspension at 5,000 times g for 10 minutes to remove the unbound labeling reagent, [4.6.1-CU] and resuspend the bacteria in VEGF medium. [4.6.2-CU]
4.6.1. Show centrifuge settings.
4.6.2. Show breaking up the pellet with added VEGF media.
4.7. Then infect the HUVEC cells at a ratio of 100 to 1 bacteria:cells [4.7.1-CU] and incubate at 37 0C for 30 minutes. [4.7.2: MED]
4.7.1. Show talent pipetting bacteria over cells
4.7.2.  Talent placing plate inside incubator.
4.8. Following incubation, remove the infection medium and wash the cells three times with PBS. [4.8.1-MED] Then add 4% paraformaldehyde and incubate at room temperature for 10 minutes to fix the cells in the anaerobic chamber. [4.8.2-CU]
4.8.1. Show aspiration.
4.8.2. Show addition of paraformaldehyde to a well and the plate being placed inside the anaerobic chamber.
4.9. Remove the fixed cells from the chamber, and then wash the coverslips with PBS three times. [4.9.1-CU]
4.9.1. Show washing only once.
4.10. Incubate the coverslips in 1 ml of 0.2% Triton X-100 for 10 minutes to permeabilize the cells. [4.10.1-CU]. Then wash the coverslips with PBS three times. [4.10.2-MED/CU]
4.10.1. *Film as written.
4.10.2. Show washing coverslip only once; please get multiple usable takes as this shot will be repeated later.
4.11. Now add 50 microliters of 50 micrograms/ml of TRITC phalloidin to each coverslip [4.11.1-CU-TXT] and incubate for 45 minutes at room temperature to stain cellular oligomeric actin. [4.11.2- MED] 
4.11.1. Capture the addition of 50 microliters, showing how the small volume covers the surface. TEXT: TRITC : Tetramethylrhodamine conjugate
4.11.2. Talent sets timer for 45 min.
4.12. After the incubation, wash the coverslip with PBS three times [4.12.1]. 
4.12.1. Use shot 4.10.2
4.13. Invert the coverslip on a glass slide with soft-set mounting medium containing 1 microgram/ml DAPI for nuclear staining. [4.13.1-CU] Then seal the periphery of the coverslip with nail polish…, [4.13.2-CU], and observe under confocal microscopy. [4.13.3-CU]
4.13.1. *Film as written
4.13.2. *Film as written
4.13.3. Show placing the slide on the stage of the microscope.

5. Results: Infection of HUVECs with Porphyromonas gingivalis.
5.1. Interaction of the anaerobic bacterium P. gingivalis with HUVECs is shown in these results. Serial dilutions of the cell lysate containing cell-attached or internalized bacteria to 100 times yielded a countable number of CFUs on blood agar plates 7 days after incubation.
5.1.1. LABMEDIA_JoVE 53408_Figure 3C alone. (Editor, Please remove panel label “C”.)
5.2. Comparison of CFU yield on agar plates between infection with wild type P. gingivalis W83 and deletion mutant V3150 infections is shown here. The mutation affects the ability of the bacterium to infect HUVECs.
5.2.1. LABMEDIA_JoVE 53408_Figure 3C and 3D. (Editor, Please remove panel labels “C” and “D”.)
5.3. Shown here is a graphical representation of the bacterial colonies obtained from infected cells. When interaction was assessed, fewer mutant bacteria were recovered from infected cells compared to the wild type strain.
5.3.1 LABMEDIA_JoVE 53408_Figure 4. [Editor, please highlight the columns for interaction on the left, and highlight the light gray bar with an arrow or a rectangle around it at mention of “fewer mutant bacteria”].
5.4. Results obtained after killing the extracellular bacteria by antibiotic treatment are shown in the right hand columns. Again, the mutant strain was inefficient at invading HUVEC cells. 
5.4.1 LABMEDIA_JoVE 53408_Figure 4. [Editor, please highlight the columns for invasion on the right, and then highlight the light gray bar with an arrow or a rectangle around it at mention of “the mutant strain”].
5.5. Live bacteria are observed upon labeling with BCECF-AM. Additional staining of the actin filaments and cellular nucleus are visible in red and blue fluorescence respectively. 
5.5.1 LABMEDIA_JoVE_53408_Figure 5. [Editor: Please remove the panel labels. Then place small white arrows on the green bacteria on Figure 5D with the narration cue].

Note to the Authors: Please upload all original figures listed above as directed under “Provided Media.”
6. Conclusion (said by authors on camera)

6.1. Chris Wunsch: Once mastered, each of the techniques can be done in 6 hours if it is performed properly.
6.2. Chris Wunsch: While attempting this procedure, it’s important to remember to maintain the bacteria under anaerobic conditions as well as to equilibrate all media and supplies in the anaerobic chamber for up to 24 hours before experimentation.
[Moved from 6.8] Christopher Wunsch: Don't forget that working with anaerobic pathogens can be extremely hazardous and precautions such wearing gloves, washing hands, and using aseptic techniques, should always be taken while performing this procedure.   
6.3. Janina Lewis: Though this method can provide insight into periodontal pathogens, it can also be applied to other systems, such as aspiration pneumonia, intra-abdominal infections, gynecological infections, and many more anaerobic infections found at various sites of the human body
6.4. [bookmark: _GoBack]Christopher Wunsch: Following this procedure, other methods like flow cytometry can be performed in order to answer additional questions like which inhibitory strategies affect internalization and at what magnitude. 
6.5. Janina Lewis: The implications of this technique extend toward drug therapy for various anaerobic pathogens, because inhibitory measures can easily be added to the protocol and internalization directly measured following treatment.  
6.6. Janina Lewis: After watching this video, you should have a good understanding of how to culture anaerobic bacteria and assess their ability to interact with host cells.
6.7. Christopher Wunsch: Don't forget that working with anaerobic pathogens can be extremely hazardous and precautions such wearing gloves, washing hands, and using aseptic techniques, should always be taken while performing this procedure.   
*Note to the Authors: Interview statements were edited to conform to the length restrictions. Please memorize your lines prior to filming.
   

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 are included in the email accompanying the finalized script.
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