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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  

Can you record movies/images using your own microscope camera? (Y/N)__Y_______  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: 

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 

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.) 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
The following steps should be filmed: 2.4., 2.6., 2.7., 3.4., 4.3., 4.4.
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.) ___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
The critical individual steps within the protocol are gentle washing to not disturb the EPS matrix (step 2.4) and allowing complete drying of the samples (step 2.7)
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

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 biofilm formation and assessment protocol is to determine the ability of enteric bacterial pathogens to form a biofilm, especially in conditions that mimic gastrointestinal transit and exposure to bile salts. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Christina Faherty: The methods can help answer key questions in the bacterial pathogenesis field, such as the ability of enteric pathogens to survive the harsh bile salt conditions in the gastrointestinal tract [1-MED].
1.1.1. Christina speaks towards the camera, looking slightly off frame, interview style. 
1.2. Christina Faherty: The main advantage of the technique is that the combined results from the three assays support in-depth characterization of biofilm formation in response to bile salt exposure for each pathogen [1-MED].
1.2.1.  Christina speaks towards the camera, looking slightly off frame, interview style.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Kourtney Nickerson: We first had the idea for the combined methods given the need to fully quantify bile salt-induced biofilm formation in Shigella flexneri [1-MED]. 
1.3.1. Kourtney speaks towards the camera, looking slightly off frame, interview style. 
1.4. Kourtney Nickerson: Generally, individuals new to this method will struggle because aspects of the assay can be limited to reproducibility. So please pay attention to the critical steps to ensure reproducibility [1-MED].
1.4.1. 1.4.1. Kourtney speaks towards the camera, looking slightly off frame, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. ** Christina Faherty: Demonstrating the procedure will be members from my laboratory: Kourtney Nickerson, postdoctoral fellow, and Alejandro Llanos, a clinical research fellow from  
1.5.1. Interview style: Christina saying the above 

1.5.2. Kourtney and Alejandro wave from behind Christina and acknowledge the camera.

Protocol: (read by voice talent at JoVE)
2. Solid-phase Adherence Assay
2.1. First, label two 1.5 milliliter tubes as TSB and TSB + BS [1-CU-TXT]… Then add 1 milliliter of TSB or TSB + BS to the respective tubes [2-CU]. Next, inoculate the tubes with 20 microliters of overnight culture at 1:50 dilution [3-CU].
2.1.1. Talent labels two 1.5 milliliter tubes. The tube labels should be in the shot, if possible. Text Overlay: TSB: Tryptic soy broth; BS: Bile Salts. Use fresh TSB + BS media. 
2.1.2.  Talent adds the media and the bile salts to the respectively marked tubes.

2.1.3.  Talent adds overnight culture to the tubes. 
2.2. Then, add 130 microliters of uninoculated control media to each of the three wells in a sterile, clear, flat bottomed tissue culture-treated 96 well plate [1-CU-TXT]. This will be the blank control. Next, add 130 microliters of inoculated culture into each of the three wells [2-CU-TXT]. (Note from VO talent: I can’t tell from the video notes what is actually supposed to be happening here, but the way it’s written makes no sense.)
2.2.1. Talent starts adding control media to the wells in a 96 well plate. Tube label with the uninoculated control media should be in the shot, if possible. Text Overlay: Set up 3 control wells for each TSB and TSB+BS media type
2.2.2. Talent starts adding culture in other wells in the 96 well plate. Tube label with the culture should be in the shot, if possible. Text Overlay: Plate the inoculated and uninoculated media in triplicates.

2.3. After adding the control and the inoculated culture in the respective wells, incubate the 96 well plate for 4-24 hours at 37 degrees Celsius statically [1-MED-TXT]. Once the incubation is over, set the control well as blank on the plate reader [2-MED over the shoulder-TXT].
2.3.1. Talent leaves the 96 well plate in the incubator at 37 degrees Celsius. Text Overlay: Discard the experiment, if there is any trace of turbidity in the control medium

2.3.2. Talent reads the control well on the plate reader. Text Overlay: OD600 value can be used to normalize the data, if a significant difference in growth rate between the two bacterial strains is observed. Videographer: Use multiple takes as this shot will be reused later.
2.4. Next, aspirate the culture medium from each well [1-MED over the shoulder-TXT]. Then gently wash the wells once with 200 microliters of sterile PBS [2-CU-TXT]. After washing, aspirate the PBS [3-MED over the shoulder-TXT] and then invert the plate to dry for about 20 minutes [4-MED-TXT].
2.4.1. Talent aspirates the culture medium from the well. Text Overlay: Expel the culture medium without disrupting the adherent bacterial population

2.4.2. Talent starts washing the wells with the buffer. Tube label with the buffer should be in the shot, if possible. Text Overlay: Do not disturb the EPS matrix, which if formed will be visible as a white precipitate. Videographer: Use multiple takes, as this shot will be reused later.
2.4.3.  Talent aspirates the buffer from the wells. Text Overlay: PBS: phosphate buffered saline Videographer: Use multiple takes, as this shot will be reused later.
2.4.4.  Talent inverts the plate and starts the timer. Timer should be in the shot, if possible. Text Overlay: The biofilm must be thoroughly dried before the staining procedure
2.5. Christina Faherty: It is very important to ensure gentle removal of the media and gentle washing to ensure that the EPS matrix is not disturbed [1-MED].
2.5.1. Christina speaks towards the camera, looking slightly off frame, interview style.

2.6. Next add 150 microliters of 0.5 percent crystal violet to each of the experimental and the control wells [1-CU]. Then incubate the plate for 5 minutes at room temperature [2-MED]. After 5 minutes, wash the wells once with 400 microliters of distilled water [3-CU-TXT].
2.6.1. Talent starts adding crystal violet to the wells in the plate. Tube label with crystal violet should be in the shot, if possible. 

2.6.2.  Talent leaves the plate on the bench space and starts the timer. Timer should be in the shot, if possible.

2.6.3.  Talent starts adding distilled water to start washing the wells. Tube label with the distilled water should be in the shot, if possible. Text Overlay: Increased water content removes the residual crystal violet stain from the side of the well. Videographer: Use multiple takes as this shot will be reused later.
2.7. Then, add 200 microliters of distilled water to wash the well 5 times [1]. After all the 5 washes, invert the plate and let it dry completely, away from the light [2-MED]. 
2.7.1. Use shot 2.5.3.
2.7.2. Talent inverts the plate and leaves it inside an empty drawer in the lab.

2.8. Kourtney Nickerson: In order to obtain consistent results, it is important that the samples are thoroughly dried before proceeding [1-MED].
2.8.1. Kourtney speaks towards the camera, looking slightly off frame, interview style
2.9. After the plate is completely dried up, use 200 microliters of 95 percent ethanol to de-stain the wells [1-CU]. Then leave the plate on the shaker for 30 minutes at 4 degrees Celsius in order to avoid evaporation [2-MED]. After 30 minutes, record the OD540 on the plate reader [3-MED]. 
2.9.1. Talent adds ethanol to the wells. Tube label with the ethanol should be in the shot, if possible.

2.9.2.  Talent leaves the plate on the shaker at 4 degrees Celsius and starts the timer. The timer should be in the shot, if possible.
2.9.3.  Talent records the reading on a plate reader.

3. Extracellular Polymeric Substance Matrix Detection 

3.1. For semi-quantitative detection of EPS, use a multichannel pipette to transfer the culture medium to a clear 96 well plate [1-CU-TXT]. Then, use 200 microliters of fixing reagent to fix the black plate for 15 minutes at room temperature [2-CU-TXT].
3.1.1. Talent uses a multichannel pipette to transfer the culture medium to a 96 well plate. Text overlay: Transfer all the culture medium without disrupting the adherent population or the EPS matrix

3.1.2. Talent starts adding fixing reagent to the wells and starts the timer. Text Overlay: Fixing reagent: Formaldehyde/glutaraldehyde in 1X PBS 
3.2. Now, record the OD600 reading by setting the control well as the blank for standardization [1]. Then record the reading of the culture medium while the adherent population is fixing [2].
3.2.1. Use shot 2.3.2.
3.2.2. Use shot 2.3.2.
3.3. Once the fixing is complete, remove the reagent [1-CU] and discard in the hazardous waste [2-WIDE]. Then, use 200 microliters of sterile PBS to gently wash the wells twice [3]. 
3.3.1. Talent pipettes the fixing reagent out.

3.3.2. Talent discards the reagent in the hazardous waste.

3.3.3.  Use shot 2.4.2. New shot was recorded given the use of a black 96-well plate
3.4. After washing, aspirate the PBS [1]. Next, add 150 microliters of 25 micrograms per milliliter of ConA-FITC [2-CU-TXT]. Then, incubate the plate at room temperature for 15 minutes [3-MED].
3.4.1. Use shot 2.4.3. A new shot was recorded given the use of a black 96-well plate.
3.4.2. Talent adds ConA-FITC to the wells. Tube label with the ConA-FITC should be in the shot, if possible. Text Overlay: ConA-FITC: Concanavalin A-FITC
3.4.3. Talent leaves the plate on the bench space and starts the timer. Timer should be in the shot, if possible.
3.5. Post incubation, gently wash the wells with 200 microliters of PBS [1]. Then, add 150 microliters of PBS to each well [2-CU] and record the fluorescence at 488 nanometers [3-MED-over the shoulder].

3.5.1. Use shot 2.4.2. A new shot was recorded given the use of a black 96-well plate. 
3.5.2. Talent adds the buffer to the wells.

3.5.3. Talent records the fluorescence on a fluorometer. The reading on the fluorometer should be in the shot, if possible.
4. Dispersion Assay
4.1. First warm the PBS, PBS with glucose, PBS with bile salts and PBS with bile salts and glucose at 37 degrees Celsius to prepare fresh reagents [1-MED over the shoulder]… Then, record the OD600 value on the plate reader by setting the control well as blank [2].
4.1.1. Talent warms up the bottles containing the buffers, bile salts and glucose. Tube labels with the reagents should be in the shot, if possible.
4.1.2. Use shot 2.3.2.
4.2. Next, aspirate the culture medium using a vacuum line without disturbing the adherent population on the plastic surface [1-CU]. Gently wash the wells twice with 200 microliters of sterile PBS [2].
4.2.1. Talent carefully aspirates the culture medium from the wells.

4.2.2. Use shot 2.4.2.
4.3. After washing with PBS, add 130 microliters of the pre-warmed PBS, PBS with glucose, PBS with bile salts and PBS with bile salts and glucose to each of the three wells [1-CU]…. Then incubate the plate at 37 degrees Celsius for 30 minutes [2-MED over the shoulder].
4.3.1. Talent adds the buffer and the reagents to each of the wells. Tube labels should be in the shot, if possible.
4.3.2. Talent leaves the plate in the incubator and starts the timer. Timer should be in the shot, if possible.
4.4. After 30 minutes, remove the plate from the incubator [1-WIDE]. Then pipette the supernatant out to a fresh sterile 96 well plate [2-CU].
4.4.1. Talent removes the plate from the incubator

4.4.2.  Talent adds the supernatant to a fresh 96 well plate.
4.5. Finally, prepare 1:10 serial dilutions of the supernatant with PBS in the 96 well plate or in a dilution block [1-CU-TXT]. Then use a multichannel pipette to transfer 5 microliters of each dilutions on LB agar plates [2-CU]… 
4.5.1. Talent prepares dilution of the supernatant with the buffer. Tube label with the buffer should be in the shot, if possible. Text Overlay: The dilution series should range from undiluted to 10-6 depending on the bacterial strain to be tested.
4.5.2.  Talent uses a multichannel pipette to transfer the dilutions on the LB agar plates. The dilution range on the agar plates should be visible in the shot, if possible.
4.6. Then incubate the plates at 37 degrees Celsius overnight [1-MED over the shoulder]. The next day, count the number of colonies [2-CU-TXT].
4.6.1.  Talent leaves the plates in the incubator.

4.6.2.  Talent counts the number of colonies. Text Overlay: Refer to the text protocol for determining the CFU and calculating the percent dispersion.

5. Results: Use of Solid-Phase Adherence and Extracellular Polymeric Substance Matrix Formation to Detect Biofilm Formation and Dispersion
5.1. The bar plot is obtained to quantify the bile salt dependent biofilm formation in enteric pathogens. This is done by plotting the OD540 values of the individual strains in the presence and absence of bile salts in the medium. The plot shows significant increase in the biofilm formation for most of the pathogen strains except enteroaggregative E. coli pathogen [1-LM]. 
LABMEDIA: 57322_Figure 1: Editors, highlight the y-axis and the x-axis to show the OD reading and the names of the pathogen strains tested respectively when the VO mentions, “plotting…medium”. Also, point an arrow on the white bar and caption “control” and another arrow on the black bar and caption “w/bile salt”. Then highlight the bar corresponding to enteroaggregative Escherichia coli pathogen when the VO mentions, “significant increase…pathogen”. The highlighted pathogen does not show increase in biofilm production as studied in this result and needs to be highlighted.
5.2. Next, the EPS produced during biofilm formation is detected by determining the amount of ConA-FITC retained by the EPS. The bar plot shows significantly increased fluorescence reading in the presence of bile salts. This confirms EPS production for pathogen Shigella flexneri. [1-LM].
LABMEDIA: 57322_Figure 2A: Editors, the black bar indicates the significant result, so highlight the black bar when the VO mentions, “significantly…bile salts”. 
5.3.  Here, ConA-FITC dependent staining of the EPS matrix is significantly high when exposed to the bile salts. This indicates the formation of bacterial biofilm characterized by the polysaccharide rich EPS matrix. 1X PBS and DAPI is used to show FITC dependent specificity and presence of the bacterial DNA respectively [1-LM].
LABMEDIA: 57322_Figure 2B: Editors, please highlight all the images in the second panel corresponding to TSB+Bile salts +ConA under composite, ConA-FITC and DAPI when the VO mentions, “ConA-FITC…bile salts”. These images show increased staining due to the effect of the bile salts on biofilm formation and should be highlighted from the rest. Then, show the first and the third panels of images when the VO mentions, “1X PBS…DNA respectively”. 
5.4. Finally, the number of colony forming units is counted to analyze the bile salt dependent dispersion of bacteria from the biofilm. The plot shows that the bacteria readily disperses from the biofilms in PBS and PBS with glucose. However, exposure of the bacteria to bile salts, drastically inhibits its dispersion from the biofilms [1-LM].
LABMEDIA: 57322_Figure 3: Editors, point arrows to show the bars corresponding to PBS and PBS + Glucose when the VO mentions, “bacteria readily…glucose”. Then highlight the next two bars when the VO mentions, “exposure…biofilms”. PBS + glucose + Bile Salts and PBS+ Bile salts are the bars which indicate dispersion of the bacteria. Editors, the last two bars corresponding to PBS + Glucose + Bile Salts and PBS + Bile Salts should be stressed upon as these results indicate the effect of bile salts on the bacterial dispersion.
6. Conclusion (said by authors on camera)
6.1. Christina Faherty: These assays were developed to capture and quantify the transient, virulent biofilms formed by enteric pathogens, particularly Shigella flexneri in response to bile salts exposure in the small intestine prior to infection in the colon [1-MED].
6.1.1. Christina speaks towards the camera, looking slightly off frame, interview style.  

6.2. Christina Faherty: Modifications to the assays; such as base media types, composition of the bile salts used, and bacterial growth conditions; may need to be adjusted for different pathogens depending on the site of infection within the gastrointestinal tract [1-MED].
6.2.1. Christina speaks towards the camera, looking slightly off frame, interview style. 
6.3. Christina Faherty: Nevertheless, after watching this video, you should have a good understanding of how to perform each of the assays to thoroughly evaluate biofilm formation in your bacterial or mutant strain of interest [1-MED].
6.3.1. Christina speaks towards the camera, looking slightly off frame, interview style.  

6.4. Kourtney Nickerson: Remember that working with the pathogens and some of the solutions can be extremely hazardous. Precautions such as appropriate handling and disposal methods should always be considered when performing these assays [1-MED].
6.4.1. Kourtney speaks towards the camera, looking slightly off frame, interview style.    

6.5. Kourtney Nickerson: Furthermore, fresh bile salt media preparation, proper controls, and ensuring that the experimental reproducibility is vital to the data analysis and confirmation of the bile salt-induced biofilm phenotype [1-MED].

6.5.1. Christina speaks towards the camera, looking slightly off frame, interview style. 
6.6. Christina Faherty: In all, the techniques, are unique and creative high-throughput applications of traditional methods, which will enable appropriate quantification of the multifaceted and dynamic process of bile salt-induced biofilm formation in enteric pathogens [1-MED].
6.6.1. Christina speaks towards the camera, looking slightly off frame, interview style.  

*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
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.
5.1 – 57322_Faherty_Figure1.tif – bar graph of quantification of crystal violet staining
5.2 – 57322_Faherty_Figure2A.tif – bar graph of quantification of ConA-FITC
5.3 – 57322_Faherty_Figure2B.tif – color imaging of confocal microscopy for ConA-FITC analysis
5.4 – 53722_Faherty_Figure3.tif – bar graph of quantification of dispersion
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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