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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy, but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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. Please upload all screen-captured video files to your project page as soon as possible.

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When the take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

4. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  20
Number of Shots:  55

Introduction
1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

REQUIRED: What is the main advantage of this technique?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.



Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.7. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Biofilm Preparation
2.1. Begin by adding the bacterial growth medium in the wells of 24-well and 96-well plates [1]. Place the glass optic coverslips in a Petri dish [2-TXT], then add ethanol to submerge the coverslips [3]. Remove the coverslips from ethanol using forceps [4] and burn the excess alcohol by lightning the coverslips and cool for 10 to 20 seconds [5-TXT].
2.1.1. WIDE: Talent adding growth medium in the wells.
2.1.2. Talent placing the coverslips in an empty Petri plate. TEXT: Coverslip size: 12 mm, thickness- 1.5 mm
2.1.3. Talent adding ethanol in the Petri plate.
2.1.4. Talent removing the coverslip from ethanol.
2.1.5. Talent lightening the coverslips. TEXT: Coverslip breaks if held in a flame.

2.2. Place the coverslips in the wells at an angle to prevent them from lying on top of the medium [1]. Use a sterile pipette tip to carefully push the coverslip to the bottom of the well [2] and incubate the plate under appropriate conditions for biofilm growth [3].
2.2.1. Talent placing the coverslip in the well.
2.2.2. Talent pushing coverslip down with pipette tip.
2.2.3. Talent placing the plate in the incubator.
3. Biofilm Mount Preparation for 4D (4-Dimensional) Imaging
3.1. Dilute 1-micrometer crimson carboxylate beads at 1 to 50 in PBS [1-TXT]. When using the optic bottom chambers, add 1 microliter of Syto9 (syto-nine) in 300 microliters of diluted bead solution [2]. 
3.1.1. Talent diluting beads in PBS. TEXT: 2 x 107 beads in 1 mL of PBS
3.1.2. Talent adding Syto9 in diluted bead solution.

3.2. In order to remove the traces of autofluorescent growth medium, place the plate in a slanting position [1], place the pipette tip near the bottom edge of the well, and slowly draw the medium [2]. Next, add PBS by placing the tip near the bottom edge, slowly fill the well, and repeat the wash with PBS one more time [3].
3.2.1. Talent Placing the plate in the slanting position.
3.2.2. Talent placing the tip near the bottom edge and drawing the medium.
3.2.3. Talent placing the tip near the bottom edge and adding PBS.

3.3. After removing the media or PBS, add 1 milliliter of diluted beads to the coverslips [1-TXT] and 0.2 milliliters of diluted beads and Syto9 to 96-well optic bottom plates, and incubate for 1 minute at room temperature for bead association [2-TXT]. 
3.3.1. Talent adding diluted beads to the coverslips. TEXT: 1 ml diluted beads = 2x107 beads
3.3.2. Talent adding diluted beads and syto9 to 96-well optic bottom plates. TEXT: 0.2 ml diluted beads = 4x106 beads

3.4. After 1 minute, remove the beads [1], gently wash the biofilm present on the coverslip once with 1 milliliter PBS to remove unassociated beads [2], and refill the wells with 1 milliliter PBS [3]. For the 96-well optic bottom plates, gently wash the biofilm with 0.2 milliliters of PBS [4] and refill the well with 0.2 milliliters of PBS [5].
3.4.1. Talent removing the beads.
3.4.2. Talent washing the coverslip with PBS.
3.4.3. Talent adding PBS in the wells.
3.4.4. Talent washing the plate with PBS.
3.4.5. Talent adding PBS in the wells.

3.5. To prepare the biofilm grown on the coverslip for imaging, add 1 microliter of Syto9 in the center of a well on a coated 10-well multitest slide [1]. Use the sterilized forceps to carefully remove the coverslip from the well of the plate [2] and invert onto the well containing the Syto9 drop [3].
3.5.1. Talent adding syto9 in the center of a well on a coated 10-well multitest slide.
3.5.2. Talent removing coverslip from the well.
3.5.3. Talent placing the coverslip over the Syto9 drop on the multitest slide.

3.6. Carefully seal the coverslip using nail polish [1]. Once the nail polish dries, wipe the surface with 70% ethanol without applying pressure on the coverslip [2].
3.6.1. Talent applying nail polish to seal the coverslip and slide.
3.6.2. Talent wiping the surface of the coverslip with ethanol.
4. Confocal Imaging
4.1. Set the excitation and emission wavelengths to capture the fluorophores and select the xyzt (X-Y-Z-T) imaging mode [1]. Identify a biofilm region with a mixture of higher and lower density regions to capture the differences in viscoelastic properties in thick and thin biofilm regions [2].
4.1.1. SCREEN: Excitation and emission wavelengths being selected and the xyzt imaging mode being selected.
Authors: Please create screen capture videos of the shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19048518 
4.1.2. SCREEN: Biofilm region with high and low density being located.

4.2. Set the Z-stack thickness at 18 to 20 micrometers [1]. In a coverslip mounted biofilm, avoid the top and bottom edges of the biofilm touching against the glass to avoid bead trapping artifacts [2].
4.2.1. SCREEN: The Z-stack thickness being set.
4.2.2. SCREEN: The biofilm region at the edges being removed from the field of view.

4.3. Adjust the gain and offset to use the entire dynamic range of the intensity in the brightest spot of the biofilm for minimizing the signal overlap from lower layers of the biofilm [1]. Set the slice thickness to 0.5 micrometers for rapid imaging without losing the bead information [2].
4.3.1. SCREEN: The gain and offset being adjusted.
4.3.2. SCREEN: The slice thickness being adjusted.

4.4. For rapid imaging with sufficient resolution to see the biofilm structure and bead movement details, set the resolution to 512 by 512 pixels [1]. Minimize the imaging time and adjust the setting to capture 20 stacks [2]. Save the images as .lif (dot-L-I-F) files [3].
4.4.1. Talent at the computer, setting the resolution with monitor visible in the frame.
4.4.2. SCREEN: Imaging time being minimized and the setting to capture 20 stacks being adjusted.
4.4.3. SCREEN: Images being saved as .lif files.
5. 4D (4-Dimensional) Biofilm Video Generation
5.1. Open the .lif file in the image analysis software [1-TXT]. Select hyperstack to view the stack, set the stack order to XYCZT, and the color mode to colorized autoscale, then press OK [2]. Go to Image, from the submenu, select Color, and then select the Split Channels [3].
5.1.1. SCREEN: The file is opened in the software. TEXT: ImageJ is used here.
5.1.2. SCREEN: Hyperstack, stack order, and color mode being adjusted.
5.1.3. SCREEN: Image, color, and split channels being selected.

5.2. Go to Image, select Color from the submenu, select Merge Channels, click on the Create Composite, and then click on OK [1]. Go to Plugins, select 3D viewer, select Channels uncheck blue, and click on OK [2]. Select Edit, then select Show content checked and Show bounding box checked [3].
5.2.1. SCREEN: Image, color, merge channels, create composite, and ok being clicked.
5.2.2. SCREEN: Plugins, 3D viewer, channels uncheck blue and ok being clicked.
5.2.3. SCREEN: Edit, show content checked, and show bounding box checked being clicked.

5.3. Click the mouse button and hold [1] to select and rotate the image to adjust the bottom of the biofilm to the lower side on the screen, creating the angle for visualizing the beads then release the image [2]. 
5.3.1. Talent clicking the mouse button.
5.3.2. SCREEN: Image being selected and rotated.

5.4. Click on the red Record icon at the bottom of the window to record a video and save the video as .avi (dot-A-V-I)-file using jpeg (J-P-E-G) as the compression [1].
5.4.1. SCREEN: Record icon is clicked, and the video is saved as a .avi file.
6. Trajectory Data Generation and Analysis
6.1. For generating the trajectories, import the .lif file containing two channels for the beads and bacteria [1-TXT]. Split the channels and save the files separately [2]. Store the image voxel size and the time step size into a text file in the image analysis software [3].
6.1.1. SCREEN: File is imported. TEXT: Mosaic plugin is used here.
6.1.2. SCREEN: Channels being split, and files are saved separately.
6.1.3. SCREEN: Data is saved as a text file.

6.2. Go to Plugins, select Mosaic and launch the particle tracker 2D/3D (2D-3D) [1]. Set the radius at 3, cutoff at 0.003, Per/Abs at 0.12, link range at 2, displacement at 10.00, and the dynamics at Brownian [2]. Generate the trajectories [3] and export the trajectory list as .csv (dot-C-V-S) file [4]. Authors: How would you like JoVE’s voiceover talent to pronounce Per/Abs?
6.2.1. SCREEN: Plugin and mosaic being selected, and the particle tracker 2D/3D is launched.
6.2.2. SCREEN: Parameters being set.
6.2.3. SCREEN: The trajectories being generated 
6.2.4. Talent at the computer, exporting the trajectory list as a .csv file with monitor visible in the frame.

6.3. For analyzing the trajectories, load the trajectory file in import data in the analysis software [1-TXT]. Specify the x, y, and z pixel size in process trajectories, specify the frame interval in compute velocity [2]. Load the bacterial tiff (T-I-F-F)-file in comdensity [3].
6.3.1. SCREEN: The trajectory file being imported. TEXT: VRL studio is used here.
6.3.2. SCREEN: The pixel size and frame interval being specified.
6.3.3. SCREEN: Bacterial tiff file being loaded.

6.4. Set the output paths for velocity data in save velocity data to file, and trajectory data in save trajectory data to file [1]. Invoke save velocity data to file and save trajectory data to file [2].
6.4.1. SCREEN: The output paths for velocity data and trajectory data being set.
6.4.2. SCREEN: Save velocity data to file and save trajectory data to file being invoked.


Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the question below. Please do not include steps that will be screen-captured and do not list entire sections.

Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 213. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

7. Results: Biofilm Analysis
7.1. In the current study, Enterococcus faecalis, Salmonella enterica serotype Typhimurium, E. coli, and their respective isogenic curli mutants were studied [1]. The analysis of trajectories indicated diffusive bead movement [2]. 
7.1.1. LAB MEDIA: Figure 2
7.1.2. LAB MEDIA: Figure 2A to 2F Video editor: Please emphasize the red lines in the graphs.

7.2. The elliptical bead movement was observed in E. coli biofilm [1]. Large changes in the bead patterns between the frames were observed in E. faecalis optic bottom well biofilm [2].
7.2.1. LAB MEDIA: Figure 2G Video editor: Please emphasize the red dots indicated with white arrows.
7.2.2. LAB MEDIA: Figure 2H

7.3. The trajectories lifespan was short in E. faecalis biofilms [1] and long in S. typhimurium [2]. The bead trajectories of S. typhimurium and E. coli had smaller bounding box volumes [3] compared to isogenic curli mutants demonstrating larger bead mobility [4].
7.3.1. LAB MEDIA: Figure 3A Video editor: Please emphasize the Ef and Ef bottom bars in the graph.
7.3.2. LAB MEDIA: Figure 3A Video editor: Please emphasize the St and St bottom bars in the graph.
7.3.3. LAB MEDIA: Figure 3A, B, E, and F
7.3.4. LAB MEDIA: Figure 3A, B, G, and H

7.4. The average mean square displacements of the E. faecalis on a mounted coverslip were slightly higher [1] than optic bottom plate biofilm [2]. The glass coverslip mounted on the coated slide changed the surface tension at the top of the biofilm, which decreased the mobility of some beads in less viscous biofilm regions [3]. 
7.4.1. LAB MEDIA: Figure 3C 
7.4.2. LAB MEDIA: Figure 3D
7.4.3. LAB MEDIA: Figure 3B and I

7.5. In the biofilms [1] of E. faecalis, the beads had longer trajectories [2] and higher velocities [3], while the curli mutant biofilms had lower velocities [4] and shorter trajectories [5].
7.5.1. LAB MEDIA: Figure 4
7.5.2. LAB MEDIA: Figure 4 Video editor: Please emphasize the Ef and Ef bottom bars in figure 4A
7.5.3. LAB MEDIA: Figure 4 Video editor: Please emphasize the Ef and Ef bottom bars in figure 4B
7.5.4. LAB MEDIA: Figure 4 Video editor: Please emphasize the ST and Ec bars in figure 4B
7.5.5. LAB MEDIA: Figure 4 Video editor: Please emphasize the ST and Ec bars in figure 4A

7.6. The density-dependent biofilm growth [1] was observed when E. faecalis biofilms were grown on a glass coverslip [2] but not on the bottom of a 96 well plate [3]. Both the Salmonella and E. coli biofilms [4] and their isogenic mutants showed minor to no cellular density dependency [5].
7.6.1. LAB MEDIA: Figure 6
7.6.2. LAB MEDIA: Figure 6A
7.6.3. LAB MEDIA: Figure 6B
7.6.4. LAB MEDIA: Figure 6C and 6D
7.6.5. LAB MEDIA: Figure 6E and 6F


Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
8.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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