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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. 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 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.

3. 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.

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 

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:  20
Number of Shots:  46  

Introduction 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer up to 2 introduction and up to 3 conclusion 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.
· Answer in full sentences, the questions will not be displayed in the video. 
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

INTRODUCTION:

What is the scope of your research? What questions are you trying 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.

What are the most recent developments in your field of research?
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.
What technologies are currently used to advance research in your field?
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.
What are the current experimental challenges?
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.

CONCLUSION:

What significant findings have you established in your field?
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.

What research gap are you addressing with your protocol?
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.

What advantage does your protocol offer compared to other techniques?
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.
How will your findings advance research in your field?
1.8. 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.
What new scientific questions have your results paved the way for?
1.9. 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.
What questions will future research focus on?
1.10. 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.




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.) 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 you/your videographer will capture. 

2. Preparation of the Biofilms
Demonstrator: Click here to enter name of demonstrator(s)


2.1. To begin, grow Leptospira cells in EMJH medium in flat-bottomed, screw-cap glass tubes [1-TXT]. Incubate the cultures under aerobic conditions at 30 degrees Celsius without shaking until they reach mid-logarithmic phase [2].
2.1.1. WIDE: Talent inoculating Leptospira cells into EMJH medium in screw-cap glass tubes. TXT: EMJH: Ellinghausen-McCullough-Johnson-Harris
2.1.2. Talent placing the inoculated tubes in an incubator set to 30 degrees Celsius.

2.2. Ensure the cultures reach an optical density between 0.2 and 0.4 at 405 nanometers, which corresponds to 2 to 5 x 108 cells per milliliter [1]. Using a dark-field microscope at 20x magnification, verify that the cells are motile and not clumped [2].
2.2.1. Talent placing the sample in a spectrophotometer.
2.2.2. Talent examining the sample under dark-field microscope.

2.3. Dilute the verified mid-logarithmic phase culture at a 1 to 100 ratio in fresh EMJH medium to obtain approximately 1 x 106 cells per milliliter [1] and mix gently by inversion without vortexing [2].
2.3.1. Talent preparing a 1 to 100 dilution of culture in fresh EMJH medium.
2.3.2. Talent gently inverting the tube to mix without vortexing.

2.4. Now, inside a biosafety level 2 hood, use sterile forceps to place one 12-millimeter sterile glass coverslip or one 0.1 micrometer sterile hydrophilic polycarbonate membrane flat at the bottom of each well in a sterile 24-well plate with lid [1]. Add 1 milliliter of sterile EMJH medium to each well [2] and pre-soak the coverslip or membrane for 2 hours at 30 degrees Celsius [3].
2.4.1. Talent placing sterile coverslips or membranes into the wells of a 24-well plate using sterile forceps inside the biosafety hood. Authors: Will you be using coverslip or membrane during the shoot? The narration will be edited accordingly in this and the following steps
2.4.2. Talent pipetting 1 milliliter of sterile EMJH into each well.
2.4.3. Talent placing the plate into a 30 degrees Celsius incubator.

2.5. Next, remove the soaking solution from each well without displacing the coverslip or membrane [1] and add 1.5 milliliters of diluted bacterial suspension, ensuring the coverslip or membrane remains firmly in place at the bottom [2].
2.5.1. Talent aspirating the soaking solution from the wells carefully.
2.5.2. Talent adding 1.5 milliliters of diluted bacterial suspension to each well and adjusting the coverslip or membrane to ensure it lies flat.

2.6. Then, place a water-filled tray inside the incubator to maintain humidity [1]. Incubate the plate at 30 degrees Celsius under static conditions to allow biofilm formation, leaving the plate for up to 3 weeks for slow-growing strains [2].
2.6.1. Talent placing a tray of water inside the incubator.
2.6.2. Talent placing the 24-well plate in the incubator and closing the lid.

2.7. At the desired timepoint, carefully aspirate as much culture medium as possible without disturbing the biofilm [1]. Rinse each well gently with 1 milliliter of sterile PBS while keeping the coverslip flat against the bottom [2].
2.7.1. Talent aspirating the culture medium slowly from each well.
2.7.2. Talent rinsing each well with PBS while holding the plate steady to avoid disturbing the biofilm.


3. Crystal Violet–Based Quantification of Biofilms on Coverslips or Membranes
Demonstrator: Click here to enter name of demonstrator(s)

3.1. Add 1 milliliter of 4 percent paraformaldehyde in PBS to each well [1] and incubate at 37 degrees Celsius for 30 minutes to fix the biofilm samples [2]. After incubation, remove the fixative and gently rinse twice with 1 milliliter PBS [3].
3.1.1. Talent adding paraformaldehyde to each well.
3.1.2. Talent placing the plate into a 37 degrees Celsius incubator.
3.1.3. Talent removing the fixative from the well.
3.1.4. Talent adding PBS to each well.

3.2. Add 1 milliliter of 0.1 percent weight by volume crystal violet solution to each well [1] and incubate at room temperature for 15 minutes, making sure the coverslip or membrane is fully submerged [2].
3.2.1. Talent pipetting crystal violet solution into each well.
3.2.2. Talent setting a timer for incubation.

3.3. Then, discard the crystal violet dye from each well [1] and rinse twice with 1 milliliter PBS [2].
3.3.1. Talent discarding the crystal violet dye from the wells.
3.3.2. Talent adding PBS to each well.

3.4. Tilt the plate and drain all remaining liquid [1]. Leave the plate at room temperature to air-dry until the substrate appears completely dry, preferably overnight [2].
3.4.1. Talent tilting the plate over a waste container to drain liquid.
3.4.2. Talent placing the plate on a bench top to dry completely.

3.5. Next, add 500 microliters of elution buffer, composed of 50 percent ethanol and 50 percent glacial acetic acid by volume, to each well [1]. After 15 minutes, pipette up and down to fully dissolve the crystal violet stain bound to the biofilm [2].
3.5.1. Talent pipetting elution buffer into each well.
3.5.2. Talent pipetting the contents up and down to dissolve the stain.

3.6. Now, transfer 200 microliters of each sample to an optically clear 96-well microplate [1]. Measure absorbance at 570 nanometers and subtract background values from uninoculated controls processed through all steps [2]. Record the mean and standard deviation for at least three technical replicates [3-TXT].
3.6.1. Talent transferring 200 microliters of sample into wells of a 96-well plate.
3.6.2. Show the spectrophotometer interface measuring absorbance at 570 nanometers.
3.6.3. Talent making entries on a computer. TXT: Dilute the samples with elution buffer if absorbance exceeds the spectrophotometer’s linear range




4. Biofilm Visualization Using Scanning Electron Microscopy (SEM)
Demonstrator: Click here to enter name of demonstrator(s)

4.1. Obtain the biofilms in welled-plates as demonstrated earlier [1]. Add a solution of 4 percent paraformaldehyde and 1 percent glutaraldehyde in 0.2 molar sodium cacodylate buffer at pH 7.4 into the wells [2].
4.1.1. Talent placing the plate with biofilms on the bench.
4.1.2. Talent pipetting the fixative solution into each well.

4.2. Incubate the fixed samples for 30 minutes at 37 degrees Celsius [1]. Remove the fixative [2] and rinse the coverslip or membrane twice with PBS to preserve the surface-attached biofilm while minimizing detachment [3].
4.2.1. Talent placing the plate into a 37 degrees Celsius incubator.
4.2.2. Talent aspirating the fixative.
4.2.3. Talent rinsing the wells with PBS.

4.3. Now, immerse the coverslip or membrane in 1 percent osmium tetroxide diluted in PBS [1] and incubate for 1 hour to enhance scanning electron microscopy contrast [2]. Then, rinse the substrate twice with PBS [3].
4.3.1. Talent transferring the coverslip or membrane into a container with 1 percent osmium tetroxide solution.
4.3.2. Talent placing the sample in an incubator. Authors: Is this incubation at RT or at 37°C?
4.3.3. Talent rinsing the substrate twice with PBS.

4.4. Dehydrate the samples by immersing them sequentially for 10 minutes each in graded ethanol series [1-TXT].
4.4.1. Talent immersing the samples into ethanol solution containing jar, beside which a series of jars are kept. TXT: Ethanol concentrations: 25, 50, 70, 90, and 100% (v/v)

4.5. Next, add 500 microliters of hexamethyldisilazane and incubate for 5 minutes [1]. Then, replace with fresh hexamethyldisilazane and incubate for an additional 5 minutes [2]. Afterward, remove the excess solution and let the sample air-dry completely under a fume hood [3].
4.5.1. Talent pipetting hexamethyldisilazane onto the sample and setting a timer.
4.5.2. Talent replacing the liquid with fresh hexamethyldisilazane and incubating again.
4.5.3. Talent draining the excess and leaving the sample uncovered in the fume hood to dry.

4.6. Now, mount the dried samples onto scanning electron microscopy stubs using double-sided conductive carbon tape [1]. Sputter-coat the samples with a thin layer, approximately 10 nanometers, of gold or platinum to enhance electron contrast for imaging [2].
4.6.1. Talent affixing the dried samples to SEM stubs with carbon tape.
4.6.2. Talent sputter-coating the samples in the coating chamber.

4.7. Finally, load the prepared stubs into the scanning electron microscope using the appropriate sample holder [1]. Evacuate the chamber overnight if possible to improve imaging quality [2], then acquire secondary electron images at 5 to 15 kilovolts using suitable magnifications to visualize the ultrastructure of the biofilm [3].
4.7.1. Talent loading the stubs into the SEM and securing the sample holder.
4.7.2. Talent working at the computer attached to SEM.
4.7.3. SEM software interface showing secondary electron imaging at selected voltages and magnifications.

Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. 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: 110.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. After 21 days of incubation, crystal violet staining revealed visible biofilm patterns on both polycarbonate filters and glass coverslips for Leptospira interrogans and Leptospira biflexa, with each species displaying distinct architectural footprints such as dot-like, branching, or reticulated forms [1].
5.1.1. LAB MEDIA: Revised Figure 2A. Video editor: Sequentially highlight the images

5.2. Absorbance measurements at 570 nanometers confirmed greater crystal violet retention in Leptospira biflexa biofilms compared to Leptospira interrogans across all time points, indicating higher biomass accumulation in the saprophytic strain [1].
5.2.1. LAB MEDIA: Revised Figure 2B. Video editor: Highlight the green line representing L. biflexa

5.3. Scanning electron microscopy of Leptospira interrogans biofilms captured early extracellular matrix deposits in 3-day-old biofilms [1], a mature and channeled basal face with three-dimensional structure at 14 days [2], and fully developed matrix consolidation with dense architecture by 21 days [3].
5.3.1. LAB MEDIA: Revised Figure 2C. 
5.3.2. LAB MEDIA: Revised Figure 2D. .
5.3.3. LAB MEDIA: Revised Figure 2E and F
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