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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:  34
Number of Shots:  59 

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. Bacterial Culture for Microfluidic Reactor Inoculation
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, add 10 milliliters of LB medium to a 50-milliliter conical tube [1]. Inoculate the medium using a single colony of Pseudomonas putida GB-1 obtained from a plate that was streaked 20 hours earlier [2]. Incubate the LB preculture in a shaker incubator at 30 degrees Celsius and 180 revolutions per minute for 16 hours to reach the stationary phase [3].
2.1.1. Talent adding lysogeny broth medium into a 50 milliliter conical tube.
2.1.2. Talent picking a colony and inoculating the tube.
2.1.3. Talent placing the conical tube into a shaker incubator.
2.2. After incubation, pellet the cells by centrifugation three times at 8,000 g for 1 minute [1] and resuspend the final pellet in 1 milliliter of salt solution [2].
2.2.1. Talent placing the tube into a centrifuge.
2.2.2. Talent resuspending the final pellet in SS0.
2.3. Then, measure the optical density at 600 nanometers of the washed cell suspension in a nonsterile cuvette using a cell density meter [1]. 
2.3.1. Talent measuring optical density using a cuvette in a cell density meter.
2.4. After diluting the suspension fivefold, inoculate 20 milliliters of growth medium with the washed cell suspension to an optical density at 600 nanometers of 0.01 in a 50 milliliter Erlenmeyer flask [1]. Incubate at 30 degrees Celsius and 180 revolutions per minute for 6 hours to reach mid-exponential phase [2].
2.4.1. Talent adding washed cell suspension into a 50 milliliter Erlenmeyer flask containing GM0.
2.4.2. Talent placing the flask into a shaker incubator.

3. Biomineralization Experiment
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. First, prime the flow control system by pre-heating the microscope incubator to 30 degrees Celsius [1].
3.1.1. Talent setting the microscope incubator to 30 degrees Celsius.
3.2. Pour 10 milliliters of growth medium and salt solution containing manganese into a 15-milliliter conical tube [1] and connect both tubes to the fluid reservoir rack [2]. Flush the system with a manganese-containing salt solution, followed by a manganese-supplemented growth medium, each for approximately three times the system volume [3]. 
3.2.1. Talent pouring GMMn into a 15-milliliter conical tube.
3.2.2. Talent connecting both conical tubes to the fluid reservoir rack.
3.2.3. Talent placing the SSMn line for flushing through the system.
3.3. Then, saturate the prepared microfluidic reactor 5 hours after inoculating the mid-exponential culture [1].
3.3.1. Talent handling the prepared microfluidic reactor for saturation.
3.4. Degas the reactor in a vacuum desiccator for 20 minutes [1].
3.4.1. Talent placing the reactor in a vacuum desiccator.
3.5. Draw 1 to 2 milliliters of salt solution into a 3-milliliter plastic syringe [1]. Attach a blunt-tip needle and 20 centimeters of 0.02-inch inner diameter Tygon tubing [2]. Press the syringe plunger until the tubing is fully saturated [3].
3.5.1. Talent drawing SS0 into a 3-milliliter plastic syringe.
3.5.2. Talent attaching a blunt-tip needle and 20 centimeters of 0.02-inch inner diameter Tygon tubing to the syringe.
3.5.3. Talent pressing the syringe plunger to fully saturate the tubing.
3.6. After removing the reactor from the dessicator, use angled tweezers to attach the tubing to the reactor outlet hole [1]. Manually saturate the reactor with the syringe until a droplet forms at the reactor inlet hole [2].
3.6.1. Talent attaching the tubing to the reactor outlet hole with angled tweezers.
3.6.2. Talent manually saturating the reactor with the syringe until a droplet forms at the reactor inlet hole.
3.7. Next, attach 20 centimeters of 0.02-inch inner diameter Tygon tubing to the reactor inlet hole [1]. Continue dispensing salt solution into the reactor until all air bubbles are removed [2].
3.7.1. Talent attaching 20 centimeters of 0.02-inch inner diameter Tygon tubing to the reactor inlet hole.
3.7.2. Talent dispensing SS0 into the reactor until all air bubbles are removed.
3.8. To prepare the reactor inoculum, remove the mid-exponential culture from the shaker incubator 6 hours after inoculation [1] and measure the optical density at 600 nanometers [2]. 
3.8.1. Talent removing the mid-exponential culture from the shaker incubator.
3.8.2. Talent measuring the optical density at 600 nanometers.
3.9. Then, dilute the mid-exponential culture in 2 milliliters of manganese-containing salt solution to an initial optical density at 600 nanometers of 0.005 in a 2-milliliter microcentrifuge tube [1]. Invert the tube several times to mix [2].
3.9.1. Talent diluting the mid-exponential culture in 2 milliliters of SSMn in a 2-milliliter microcentrifuge tube.
3.9.2. Talent inverting the microcentrifuge tube several times to mix.
3.10. Now, place the reactor inlet tubing in the microcentrifuge tube, ensuring that a droplet of fluid contacts the inoculum to prevent air introduction in the tubing [1]. Partially close the microcentrifuge tube and secure the lid with tape to prevent contamination [2].
3.10.1. Talent placing the reactor inlet tubing in the microcentrifuge tube while maintaining contact between the droplet and the inoculum.
3.10.2. Talent partially closing the microcentrifuge tube and securing the lid with tape.
3.11. Next, withdraw 4 to 5 milliliters of manganese-containing salt solution into a 5-milliliter glass gas-tight syringe to wet the barrel [1]. Dispense the solution until 0.5 milliliters remain in the syringe [2] and load the syringe into a syringe pump [3].
3.11.1. Talent withdrawing SSMn into a 5-milliliter glass gas-tight syringe.
3.11.2. Talent dispensing solution from the syringe until 0.5 milliliters remains.
3.11.3. Talent loading the glass syringe into a syringe pump.
3.12. After removing the needle from the plastic syringe, attach it to the glass syringe while avoiding air in the needle hub [1]. Inoculate the reactor by withdrawing the inoculum into the reactor for 20 minutes at a flow rate of 8.33 microliters per minute [2].
3.12.1. Talent attaching the needle to the glass syringe.
3.12.2. Talent placing the syringe in the syringe pump for inoculation.
3.13. Turn off the syringe pump following inoculation and allow the bacteria to settle and attach for 1 hour with no flow [1].
3.13.1. Talent turning off the syringe pump.
3.14. Then, remove the syringe from the syringe pump while leaving it connected to the outlet tubing [1].
3.14.1. Talent removing the syringe from the syringe pump while keeping it connected to the outlet tubing.
3.15. Next, connect the inoculated microfluidic reactor to the flow control system [1]. Move the reactor and syringe from the benchtop to the microscope incubator [2].
3.15.1. Talent preparing to connect the inoculated microfluidic reactor to the flow control system.
3.15.2. Talent transferring the reactor and syringe to the microscope incubator.
3.16. On the microscope stage, remove the inlet tubing from the reactor [1] and push gently on the syringe plunger to create a droplet at the reactor inlet hole [2].
3.16.1. Talent removing the inlet tubing from the reactor on the microscope stage.
3.16.2. Talent gently pressing the syringe plunger to form a droplet at the reactor inlet hole.
3.17. Now, manually bend the PTFE tubing from the flow control system at a right angle so that it interfaces perpendicular to the PDMS surface, minimizing lateral forces and air intrusion into the reactor inlet hole [1].
3.17.1. Talent bending the PTFE tubing near its end to form a right angle for perpendicular alignment with the reactor inlet.
3.18. Dip the end of the PTFE tubing into a 1 percent polyethylene glycol diacrylate solution to wet the hydrophobic tubing exterior [1]. Ensure a droplet of manganese-containing growth medium is present at the end of the PTFE tubing and attach the tubing to the reactor inlet hole [2].
3.18.1. Talent dipping the end of the PTFE tubing into the polyethylene glycol diacrylate solution.
3.18.2. Talent checking for a droplet of GMMn at the tubing tip and attaching the PTFE tubing to the reactor inlet hole.
3.19. After disconnecting the syringe, place the outlet tubing into a nonsterile 5-milliliter microcentrifuge tube to collect the reactor effluent [1].
3.19.1. Talent placing the outlet tubing into a 5-milliliter microcentrifuge tube.
3.20. Set the flow rate to 1.33 microliters per minute in the flow control system software [1]. Program the system to supply manganese-containing growth medium for 15 hours, followed by manganese-containing salt solution for 28.5 hours to promote biofilm formation and induce manganese biomineralization [2].
3.20.1. Adjust the flow control system software to set the flow rate to 1.33 microliters per minute.
3.20.2. Program the software to deliver GMMn for 15 hours, then switch to SSMn for 28.5 hours.
3.21. Next, mount the microfluidic reactor in the microscope stage insert [1].
3.21.1. Talent positioning the microfluidic reactor into the microscope stage insert.
3.22. Place a sample frame underneath the reactor for stability [1]. Rigidly mount the frame and reactor in the stage insert, ensuring full immobilization [2].
3.22.1. Talent placing a sample frame underneath the reactor.
3.22.2. Talent securing the frame and reactor firmly in the stage insert.
3.23. Affix the PTFE tubing to the stage inserts with a piece of tape to prevent detachment from the reactor inlet hole [1]. Align the ultraviolet C arms to 3 millimeters from the pore space edge on the inlet side and 2 millimeters on the outlet side to minimize scattering and biofilm damage [2].
3.23.1. Talent taping the PTFE tubing to the stage insert.
3.23.2. Talent adjusting the ultraviolet C arms to specified distances from the pore space edges.
3.24. Set up a program for reactor irradiation to treat the inlet and outlet regions for 5 minutes at time 0 hours, then treat only the outlet region for 5 minutes at time 17.5 hours to inactivate remaining biofilms [1].
3.24.1. Configure the irradiation program timing and regions in the control interface.

4. Optical Time-lapse Microscopy 
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Manually adjust the Köhler alignment following the manufacturer's instructions to ensure even sample illumination [1].
4.1.1. Talent adjusting the microscope controls to achieve Köhler alignment.
4.2. Optimize the brightfield illumination to prevent image under- or over-saturation by selecting Fusion Pad, choosing Color, and applying Auto Brightness and Auto White [1]. Apply a shading correction to prevent quilting artifacts by selecting Acquire and choosing the Shading Correction Panel [2].
4.2.1. SCREEN: Open Fusion Pad > Color and select Auto Brightness and Auto White.
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=21669383
4.2.2. SCREEN: Open Acquire > Shading Correction Panel and apply shading correction.
4.3. Then, set the center coordinate of the stitched image by selecting ND Acquisition (N-D-Acquisition) and choosing XY [1].
4.3.1. SCREEN: Open ND Acquisition > XY and set the center coordinate of the stitched image.
4.4. Set up the stitched image scan area as 5 by 4 fields of view. Apply a 1 percent overlap by selecting ND Acquisition and choosing Large Image [1].
4.4.1. SCREEN: Open ND Acquisition > Large Image and define a 5 by 4 field scan area.Adjust the overlap setting to 1 percent.
4.5. Next, set up acquisition of color brightfield images with the 4 times objective by selecting ND Acquisition and choosing Lambda [1]. Set the imaging frequency with intervals of 1 hour for 15 hours and 0.5 hours for 28.5 hours by selecting ND Acquisition and choosing Time, then run the time-lapse program [2].
4.5.1. SCREEN: Open ND Acquisition > Lambda and configure color brightfield imaging with the 4 times objective.
4.5.2. SCREEN: Open ND Acquisition > Time and set intervals of 1 hour for 15 hours and 0.5 hours for 28.5 hours. Start the time-lapse acquisition program
4.6. Export the images as Tagged Image File Format by selecting Macro Panel and choosing Export Images to TIFF [1]. Afterward, perform image analysis using appropriate software [2].
4.6.1. SCREEN: Open Macro Panel > Export Images to TIFF and export the acquired images.
4.6.2. Talent at the computer screen loading images in the image analysis software.


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: 152.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Color brightfield images demonstrated that Pseudomonas putida GB-1 biofilms were uniformly distributed throughout the microfluidic pore space at 18.5 hours before the onset of manganese oxide precipitation [1].
5.1.1. LAB MEDIA: Figure 5A. 
5.2. Subsequently, manganese oxides preferentially accumulated on the inlet side of the pore space closest to the influent manganese source [1].
5.2.1. LAB MEDIA: Figure 5B. Video editor: Highlight the left side of the image where the darker brown mineral signal is concentrated
5.3. The difference between the reference image and subsequent image timepoints revealed the isolated contribution of manganese oxide precipitates to the overall image intensity [1].
5.3.1. LAB MEDIA: Figure 5C. 
5.4. Quantification of the observed reactor-scale gradient in mineral accumulation was enabled across the pore space [1].
5.4.1. LAB MEDIA: Figure 5D. Video editor: Highlight the line plot showing a higher signal near the left side that decreases across the distance axis
5.5. At the biofilm scale, this image subtraction approach captured the gradual precipitation of manganese oxides on biofilm surfaces [1] and accumulation of minerals at the edges of biofilms in contact with pore fluid [2].
5.5.1. LAB MEDIA: Figure 6A. Video editor: Show the time series and highlight the growing dark mineral coating on the biofilm surfaces from 19 hours to 43 hours
5.5.2. LAB MEDIA: Figure 6B. Video editor: Highlight the outer edges of the biofilm shapes where the colored signal becomes strongest along the borders touching the surrounding fluid
5.6. The resulting estimated rate of manganese oxide precipitation was non-monotonic, increasing steeply between 19.5 hours and 21 hours [1], peaking at 0.29 microgram per hour [2], and decelerating gradually until 43.5 hours [3].
5.6.1. LAB MEDIA: Figure 7. Video editor: Highlight the steep rise in the curve between about 19.5 hours and 21 hours
5.6.2. LAB MEDIA: Figure 7. Video editor: Mark the highest point of the curve near 0.29 microgram per hour
5.6.3. LAB MEDIA: Figure 7. Video editor: Highlight the gradual downward trend in the curve from after the peak to 43.5 hours
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