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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. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

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.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. 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.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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

Current Protocol Length
Number of Steps:  22
Number of Shots:  55 (40 SC + 3 TEXT ON PLAIN BACKGROUND) 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to 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 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
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 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. 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 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. 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 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
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 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. 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 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. 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 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Microfluidic System Setup and Experimental Run
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, obtain Pseudomonas aeruginosa cultures PAO1 and PA14 adjusted to 0.1 optical density at 600 nanometers following standard procedures [1].  Inoculate 5 milliliters of broth culture medium with each strain of P. aeruginosa to prepare an overnight culture [2-TXT]. 

2.1.1. WIDE: Show the experimental setup, then zoom in to show the two clearly labeled P. aeruginosa cultures, PAO1 and PA14, arranged neatly.
2.1.2. Talent inoculating broth culture medium with each strain of P. aeruginosa. TXT: Incubate 16–18 h at 37 °C
Authors: Please verify the opening shot, which is intended to provide sufficient context for viewers.

2.2. To set up the microfluidic system and the associated software, start by switching on the power supply [1]. Then, activate the microfluidic system controller and complementary metal-oxide-semiconductor camera, followed by the enclosure heaters, microscope, computer, and associated monitors [2].

2.2.1. Show the entire microfluidic system arrangement for 1-2 seconds and then show the talent switching on the power supply.
2.2.2. Talent turning on the microfluidic system controller, complementary metal-oxide-semiconductor camera, enclosure heaters and microscope computer, and associated monitors in this order.

2.3. Activate the microfluidic software and enter the 48-well 0 to 2 pascal multichannel plate barcode when prompted, to initiate the accompanying control module interface [1]. Adjust the optical density of the overnight culture to set the multichannel plate well inoculation procedure [2-TXT]. Inside a Class II safety cabinet, transfer 50 microliters of culture into the outlet wells of all six channels in parallel and close 48-well multichannel plate cover [3]. Transfer the plate to the movable stage inside the system incubator and secure it [4].

2.3.1. SCREEN: In the microfluidic software, enter the 48-well 0 to 2 pascal multichannel plate barcode into the prompted field of the control module interface.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21396103
2.3.2. Talent adjusting the overnight culture to 0.1 optical density at 600 nanometers. TXT: Adjust OD600 to 0.1
2.3.3. Show the Class II safety cabinet with the cultures and the multi-channel plate inside for 1-2 seconds and then show the talent transferring the bacterial suspension into the outlet wells of six channels and closing the plate cover.
2.3.4. Talent placing and securing the multichannel plate on the movable stage inside the incubator.

2.4. To initiate plate channel inoculation, seed the microfluidic channels using the system control module [1]. Select an outlet well in the 48-well 0 to 2 pascal multichannel plate diagram [2].

2.4.1. TEXT ON A PLAIN BACKGROUND:
To seed the channels, sequentially select:  
1. Manual  
2. Columns 1 - 4 
3. Fluid: TSB at 37 °C
4. Max Shear: 0.1 Pa
2.4.2. SCREEN: Select an outlet well on the 48-well 0 to 2 pascal multichannel plate diagram.

2.5. Select Abort to stop the flow after 2 to 4 seconds [1-TXT]. Start the continuous flow [2].

2.5.1. SCREEN: Show Abort being selected. TXT: Leave plate undisturbed - 30 min
2.5.2. SCREEN: Start the continuous flow.
Authors: Please clarify the duration of the continuous flow.

2.6. Remove the multichannel plate from the movable incubator stage [1]. Inside a class 2 safety cabinet, transfer 1 milliliter of fresh tryptic soy broth into the inlet well of each of the six channels [2]. Transfer the multichannel plate back to the movable stage inside the incubator and secure it in place [3].

2.6.1. Talent removing the multichannel plate from the incubator stage.
2.6.2. Show the class II safety cabinet with the cultures and the multi-channel plate inside for 1-2 seconds, and then show the talent adding fresh tryptic soy broth to the inlet well of each of the six channels.
2.6.3. Talent returning and securing the multichannel plate on the movable stage inside the incubator.

2.7. Configure AutoRun and imaging [1]. To start the experimental run, select AutoRun followed by Run Setup in the system control module [2]. Under Sequence, choose the 0.01 pascal sequence created and select Start [3]. 

2.7.1. TEXT ON A PLAIN BACKGROUND:
-     Configure AutoRun for a 24‑hour run
· Apply flow to channels 1 - 6
· Set up time‑lapse imaging for the experiment duration
Authors: This shot, taken from a non‑highlighted section of the manuscript, was added for continuity. Please review.
2.7.2. SCREEN: Show the system control module window with AutoRun > Run Setup selected.
2.7.3. SCREEN: Show the 0.01 Pa sequence being selected under Sequence and Start being clicked.

2.8. Immediately navigate to the Multi-Dimensional Acquisition window and select Acquire [1]. Acquire 18 images every 10 minutes across the 24-hour experimental run [2].

2.8.1. SCREEN: Show the Multi Dimensional Acquisition window and click Acquire.
2.8.2. SCREEN: Show acquisition of the first set of 18 images. 
Authors: How long will it take to collect one set of images?  

3. Z‑Stack Configuration and Image Acquisition

Demonstrator: Click here to enter name of demonstrator(s)

3.1. At the end the run, select three microfluidic channels for imaging [1]. Open Multi‑Dimensional Acquisition and Main and deselect all options except Z Series [2]. Acquire Z‑stacks of 3 sections along each selected channel at forty times magnification [3]. 

3.1.1. SCREEN: Display the microfluidic control or imaging interface as three channels are selected or highlighted for imaging.
3.1.2. SCREEN: Record the opening of the Multi‑Dimensional Acquisition window and Main and show the deselection of all options except Z Series.
3.1.3. SCREEN: Show the acquisition interface set to 40x magnification, capturing Z‑stacks of three sections along each selected channel as the scan begins or completes.
Authors: Please review the screen captures carefully for flow and accuracy of steps.

3.2. Navigate to Z-series after selecting a section along a channel within Multi Dimensional Acquisition [1]. Go to Alter and then to Interactive settings: Increment: 0.5 and untick both boxes [2].

3.2.1. SCREEN: Show Z-series being opened for a selected channel section.
3.2.2. SCREEN: Navigate to alter > Interactive settings: Increment: 0.5 and untick both boxes.
Authors: Please review the screen captures carefully for flow and accuracy of shots.

3.3. Use the microscope focusing knob and rotate it until the biofilm becomes out of focus [1]. Enter the z-distance by selecting Set Top To Current [2]. Repeat in the opposite direction and select Set Bottom To Current to define the z-stack range [3].

3.3.1. Talent rotating the microscope focusing knob until the biofilm becomes out of focus.
3.3.2. SCREEN: Show Set Top To Current being selected.
3.3.3. SCREEN: Show Set Bottom To Current being selected after focusing in the opposite direction.
Authors: Please specify whether shot 3.3.1 is a microscope image or a monitor view suitable for screen capture.

3.4. Select a folder in the Saving window to save the z-stack [1]. Select Acquire at the bottom right of the window to start acquisition [2].

3.4.1. SCREEN: Choose a folder in the Saving window for the z-stack.
3.4.2. SCREEN: Click Acquire to start z-stack acquisition.

4. Biofilm Image Processing and Data Analysis
  
Demonstrator: Click here to enter name of demonstrator(s)

4.1. To obtain biofilm surface area coverage, first load the acquired images into the system software [1]. Select Analysis Tools and Review Multi‑Dimensional Data and then Base File [2]. Choose Select Directory to load the image folder, then select View, choose Wavelength 1, and right‑click the gray box in the upper‑left of the image display [3].

4.1.1. SCREEN: Show the acquired images being loaded into the system software.
4.1.2. SCREEN: Show Analysis tools > Review Multi Dimensional Data > Base File 
4.1.3. SCREEN: Show Select Directory, go to the saved image folder, select View > Wavelength 1 and the gray box being right-clicked.
Authors: Please review the screen captures carefully for flow and accuracy of steps.

4.2. Load the images of each channel section one by one by selecting Stage position and choosing the position to view [1]. Select Load Images and save the image series as a TIFF file [2]. Select the Threshold Image and choose Auto Threshold for Dark Objects to highlight the biofilm [3]. Border the image with the Rectangular Region tool [4]. 

4.2.1. SCREEN: Show a channel section selected through Stage position.
4.2.2. SCREEN: Show Load Image(s) being selected and the image series being saved as a TIFF file.
4.2.3. SCREEN: Show Threshold Image > Auto Threshold for Dark Objects applied to the image.
4.2.4. SCREEN: Draw a rectangular border around the selected region 
Authors: Please review the screen captures carefully for flow and accuracy of steps.

4.3. To obtain percentage surface area coverage over 24 hours, select MM Standard, then choose Measure followed by Region Measurements [1]. Generate the results table and identify the Threshold Area percent value [2]. Select Open Log to open and save a log file, then select F9: Log Data to enter the measurements into the log file [3]. Open a spreadsheet and create a graph of biofilm percentage surface area coverage over 24 hours [4].

4.3.1. SCREEN: Show MM Standard > Measure > Region Measurements.
4.3.2. Shot of the resulting table with Threshold Area percent.
4.3.3. SCREEN: Show Open Log and F9: Log Data being used to save the measurements.
4.3.4. SCREEN: Show a spreadsheet graph of biofilm percentage surface area coverage over 24 hours being created from the channel section data.

4.4. To measure biofilm thickness and mean surface roughness, drag the z‑stack file into the Fiji ImageJ toolbar [1]. To convert the image to 8‑bit, select Image, then Type, and choose 8‑bit [2]. To increase contrast and reduce noise, select Image, then Adjust, and adjust the Brightness/Contrast [3].

4.4.1. SCREEN: Show the z-stack file dragged into the Fiji control bar.
4.4.2. SCREEN: Show Image > Type > 8-bit being selected.
4.4.3. SCREEN: Show Image > Adjust > Brightness/Contrast being used to increase image contrast.
Authors: Please review the screen captures carefully for flow and accuracy of steps.

4.5. Select the image, then adjust the threshold by choosing Image, followed by Adjust, and Threshold [1], so that biofilm pixels are set to white and background pixels to black [2]. Set the image scale by selecting Analyze and then Set Scale [1].

4.5.1. SCREEN: Select Image > Adjust > Threshold 
4.5.2. SCREEN: Show that the biofilm pixels are set to white and the background pixels to black.
Authors: Please review the shots and confirm if they are fine.
4.5.3. TEXT IN PLAIN BACKGROUND:
Set the scale using: 
Distance in Pixels: 2048
Known Distance: 332.8
Pixel Aspect Ratio: 1.0
Unit of Length: µm 

4.6. Analyze the z-stack with the custom macro to calculate and sum the biofilm surface area on each z-stack slice and calculate the series thickness from the input scale values [1]. Alternatively, calculate biofilm thickness by dividing the calculated volume by the surface area [2]. Install the SurfCharJ plugin in the ImageJ plugins folder to extract mean surface roughness values from each z‑series [3].
Authors: Please specify which method you intend to demonstrate [1] or [2].

4.6.1. SCREEN: Show the custom macro analyzing the z-stack slices.
4.6.2. SCREEN: Show the thickness calculation from volume divided by surface area.
4.6.3. SCREEN: Show the SurfCharJ plugin saved in the ImageJ plugins folder.

4.7. Upload the z-stack to ImageJ by dragging the saved stack to the control bar [1]. Convert the stack to a 32-bit image by selecting Image, Type and then 32-bit [2].

4.7.1. SCREEN: Show the z-stack dragged into the ImageJ control bar.
4.7.2. SCREEN: Show Image > Type > 32-bit being selected.

4.8. Select Analyze, then Plot Profile, choose More, and select High‑Resolution Plot to generate a surface plot of gray‑value variation across the stack [1]. Convert the high-resolution plot to 32-bit [2]. Select Plugins, then SurfCharJ, and choose Roughness Calculation, setting the mean sampling length to ten to obtain the mean surface roughness value [3].

4.8.1. SCREEN: Show Analyze > Plot Profile > More > High-Resolution Plot being used to generate the surface plot.
4.8.2. SCREEN: Show the high-resolution plot being converted to 32-bit.
4.8.3. SCREEN: Show Plugins > SurfCharJ > Roughness calculation with Mean sampling length: 10 entered.



Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 137
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. The P. aeruginosa PAO1 strain colonized a larger proportion of the substrate surface in the initial stage of the experiment than P. aeruginosa PA14 [1]. The surface area colonized by PA14 surpassed that of the PAO1 strain approximately 11 hours into the experiment [2], while the area of substrate colonized by the PAO1 strain started to decline [3]. Following this crossover, the PA14 strain substrate surface area colonization reached a plateau and did not decrease much afterwards [4].

5.1.1. LAB MEDIA: Figure 1. Video editor: Highlight the early part of the graph (0-11 h) where the blue line is above the red line
5.1.2. LAB MEDIA: Figure 1. Video editor: Emphasize the point near 11 hours where the red line crosses above the blue line
5.1.3. LAB MEDIA: Figure 1. Video editor: Highlight the blue line after about 11 hours as it trends downward
5.1.4. LAB MEDIA: Figure 1. Video editor: Highlight the red line after the crossover where it stays nearly flat near the top of the graph

5.2. After 24 hours, the substrate surface area colonized by the PAO1 biofilm was around 66% [1], and the substrate surface area colonized by the PA14 biofilm was around 83% [2].

5.2.1. LAB MEDIA: Figure 1. Video editor: Highlight the blue line at the 24-hour mark on the far-right side of the graph, then draw a horizontal line from that point to the y-axis to show the percentage.
5.2.2. LAB MEDIA: Figure 1. Video editor: Highlight the red line at the 24-hour mark on the far-right side of the graph, then draw a horizontal line from that point to the y-axis to show the percentage.

5.3. The PAO1 strain formed biofilms evenly across the substrate surface when grown in tryptic soy broth medium [1].

5.3.1. LAB MEDIA: Figure 7. Video editor: Highlight panel A showing a more uniform and even surface coverage

5.4. The PA14 strain formed interconnected, lattice-like structures when grown in tryptic soy broth medium [1].

5.4.1. LAB MEDIA: Figure 7. Video editor: Highlight panel B showing the network-like pattern across the image
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