[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 67932
Scriptwriter Name: Debopriya Sadhukhan
Project Page Link: https://review.jove.com/account/file-uploader?src=20719308 

Title: Super-Resolution Imaging of Proteus mirabilis Biofilm by Expansion Microscopy

Authors and Affiliations: 

Dante Castagnini1,2, Karina Palma1,2,3, Jorge Jara-Wilde1,2,3, Nicolás Navarro4,5, María José González5, Jorge Toledo6, Nicole Canales-Huerta1,2, Paola Scavone5, Steffen Härtel1,2,3,6,7

1Laboratory for Scientific Image Analysis SCIAN-Lab, Integrative Biology Program, Centro de Informática Médica y Telemedicina CIMT, Institute of Biomedical Sciences ICBM, Faculty of Medicine, University of Chile
2Biomedical Neuroscience Institute BNI
3Centro de Modelamiento Matemático (CNRS IRL2807), Universidad de Chile
4Advanced Center for Chronic Diseases ACCDiS
5Laboratorio de Biofilms Microbianos, Departamento de Microbiología, Instituto de Investigaciones Biológicas Clemente Estable
6Red de Equipamiento Científico Avanzado REDECA, Institute of Biomedical Sciences ICBM, Faculty of Medicine, University of Chile
7National Center for Health Information Systems CENS


☒   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]
Steffen Härtel			(shartel@uchile.cl)

Email Addresses for All Authors: 

Dante Castagnini		(drcastagnini@uc.cl)
Karina Palma			(kpalmag@u.uchile.cl)
Jorge Jara-Wilde		(jjaraw@uchile.cl)
Nicolás Navarro		(nicolas.navarro@ug.uchile.cl)
María José González		(mgonzalez.iibce@gmail.com)
Jorge Toledo			(jtoledo@redeca.cl)
Nicole Canales-Huerta	(nicole.canales.huerta@gmail.com)
Paola Scavone			(pscavone@gmail.com)
Steffen Härtel			(shartel@uchile.cl)


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?  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?  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?   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 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:  19
Number of Shots:  32 

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.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· 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: What is the scope of your research? What questions are you trying to answer? 
1.1. Steffen Härtel / Paola Scavone: The scope of our research is to provide the scientific community with an accessible Super-Resolution method for studying Proteus mirabilis biofilm architecture, assembly and intracellular features beyond the diffraction limit.

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 30 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 30 or fewer words.
What are the current experimental challenges?
1.4. Joge Jara-Wilde: Biofilm quantitative microscopy is challenging because it deals at the optical resolution limit. PmbExM will contribute towards an improved morphological and topological description and analysis of these complex microbial communities.

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 30 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 30 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Dante Castagnini: Two main advantages of PmbExM is that it allows the super-resolution visualization of P. mirabilis biofilms using conventional, diffraction-limited microscopes and does not rely on complex post-acquisition data processing routines.
How will your findings advance research in your field?
1.8. Karina Palma: Our method facilitates the nanoscale study of biofilm structure and organization to researchers lacking access to specialized super resolution equipment and/or without vast experience in digital image processing and analysis.
What new scientific questions have your results paved the way for?
1.9. [bookmark: _GoBack]Steffen Härtel/Paola Scavone: PmbExM will allow the interrogation of P. mirabilis biofilm architecture, assembly, cellular, and intracellular features at the nanoscale. Moreover, its malleability supports adaptation and modification for other biofilm species. 
What research questions will your laboratory focus on in the future?
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 30 or fewer words.


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

Testimonial Questions (OPTIONAL): 

Answers to these questions will not appear in the video but may be featured in our journal's promotional materials.
· Enter the full name of the author who will deliver the statement.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Answers will be mildly edited for clarity.
· Limit the length of each statement to 50 words or fewer.


How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.11. 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 50 or fewer words.
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.12. 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 50 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 the videographer will capture. 

2. MA-NHS Anchoring and Acrylamide-Acrylate Polymerization for PmbExM Procedure
Demonstrator: Dante Castagnini 

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 400 microliters of 1 millimolar methacrylic acid N-hydroxysuccinimidyl ester or MA-NHS (M-A N-H-S) in PBS to the stained biofilm samples and incubate them at room temperature for 1 hour with mild agitation [1].
2.1.1. WIDE: Talent pipetting 400 microliters of 1 millimolar MA-NHS solution into the container with stained biofilm samples.

2.2. After one hour, gently wash the stained biofilm samples three times with 300 microliters of PBS at room temperature for 10 minutes each [1].
2.2.1. Talent pipetting 300 microliters of PBS over the sample and gently shaking it during each wash.

2.3. Remove the PBS [1] and add 300 microliters of monomer solution to the samples [2]. Incubate overnight at 4 degrees Celsius [3].
2.3.1. Talent aspirating PBS.
2.3.2. Talent pipetting 300 microliters of monomer solution onto the sample.
2.3.3. Talent placing the sample container in a refrigerator.

2.4. To construct the gelation pre-chambers, use a glass slide as a base [1] and attach two pieces of folded-over double-sided tape on the slide to act as 400-micrometer spacers [2-TXT].
2.4.1. WIDE: Talent placing a glass slide on the work surface.
2.4.2. Talent attaching and positioning folded double-sided tape on the slide with precise spacing. TXT: Arrange the spacers 8 – 10 mm from each other

2.5. Arrange wet chambers to protect samples from desiccation during polymerization [1].
2.5.1. A shot of the wet chamber.

2.6. Now, prepare a fresh stock volume of gelling solution by mixing monomer solution, 10% tetramethylethylenediamine, 0.5% 4-hydroxy-TEMPO, and 10% ammonium persulfate in a 47:1:1:1 (forty-seven to one to one to one) ratio [1]. Authors: How do you want to pronounce TEMPO? “Tempo” or “T-E-M-P-O”? “T-E-M-P-O”
2.6.1. Talent mixing the specified reagents in the specified ratio in a beaker or tube. Authors: Please make sure all the reagents are properly labeled. Understood

2.7. Immediately after preparing the gelling solution, remove the monomer solution from the samples [1] and replace it with 300 microliters of the gelling solution [2]. Incubate the samples at 4 degrees Celsius for 5 minutes [2].
2.7.1. Talent aspirating the monomer solution from the samples.
2.7.2. Talent pipetting 300 microliters of gelling solution onto the samples.
2.7.3. Talent placing the samples in the refrigerator for incubation.

2.8. Meanwhile, remove the remaining protective cover from the double-sided tape strips arranged on the glass slides [1]. Pipette 40 microliters of gelling solution between the spacers [2].
2.8.1. Talent peeling off the remaining protective cover from the tape strips on the glass slides.
2.8.2. Talent pipetting 40 microliters of gelling solution between the spacers.

2.9. Once the incubation of the sample is complete, use tweezers to lift each biofilm-bearing coverslip and place it on top of the 40-microliter drop of gelling solution on the slide [1]. Orient the coverslip so that the biofilm on its surface contacts the gelling solution [2].
2.9.1. Talent removing a coverslip from the well using tweezers and placing it on top of the 40-microliter drop of gelling solution on the slide.

2.9.2. ECU: Talent orienting the coverslip and the biofilm contacts the gelling solution.

2.10. Finish constructing the gelation chamber by gently pressing the biofilm-bearing coverslip with tweezers to ensure adhesion to the tape spacers [1].
2.10.1. Talent pressing the coverslip onto the tape using tweezers.

2.11. Place the assembled gelation chamber inside a wet chamber to allow polymerization [1] and incubate at 37 degrees Celsius without agitation for 2 hours [2].
2.11.1. Talent placing the assembled gelation chamber inside a wet chamber.
2.11.2. Talent placing the setup in an incubator.

2.12. After 2 hours, disassemble the gelation chambers [1] and use a surgical blade to trim the excess gel around the biofilm sample’s region of interest [2].
2.12.1. Talent disassembling the gelation chambers.
2.12.2. Talent trimming the excess gel around the biofilm sample’s region of interest using a surgical blade.

2.13. Place the coverslips carrying the trimmed gels into a new 24-well plate with the gel side facing upwards [1].
2.13.1. Talent placing the coverslips carrying the trimmed gels into a new 24-well plate with the gel side facing upwards.

2.14. After enzymatic digestion of the gelled samples with proteinase K solution [1], remove the proteinase solution [2], and transfer each gel to a separate 60-millimeter Petri dish for the expansion of the samples [3].
2.14.1. A shot of the gelled samples with proteinase K solution after enzymatic digestion.
2.14.2. Talent aspirating the solution from the sample.
2.14.3. Talent transferring one gel into each individual Petri dish.

2.15. Fill each Petri dish with excess deionized water so the gel is fully submerged [1] and incubate under gentle agitation at room temperature for 20 minutes [2-TXT].
2.15.1. Talent adding deionized water into the Petri dish until the gel is fully submerged.

2.15.2. Talent placing the Petri dish on a shaker. TXT: Exchange the water 4 – 5 times

3. Procedure for Mounting the Expanded Samples

3.1. After completing the fifth water exchange, remove the deionized water covering the gel [1]. Use a small flat brush to gently push the sample onto a 24 by 50 millimeter glass coverslip [2].
3.1.1. Talent aspirating the water covering the gel.
3.1.2. Talent pushing the sample onto a glass coverslip with a small flat brush.

3.2. Remove the excess water from the gel using tissue paper [1].
3.2.1. Talent carefully blotting the gel with tissue paper to absorb excess water.

3.3. Carefully place the gel onto the glass surface of the imaging chamber, ensuring no air bubbles are trapped between the gel and the glass [1].
3.3.1. Talent placing the gel onto the glass surface of the imaging chamber, ensuring no air bubbles.

3.4. Finally, add deionized water to the imaging chamber until the gel is fully submerged [1].
3.4.1. Talent adding deionized water into the imaging chamber until the gel is completely covered.




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: 126.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Representative Results 

4.1. Quantitative and spatial analyses were used to evaluate the expansion fidelity and morphological preservation of Proteus mirabilis biofilms following PmbExM treatment [1]. The PmbExM technique expanded the biofilm structures by approximately 4.3-fold [2], while maintaining both cellular morphology and topological organization [3]. Authors: How do you want to pronounce PmbExM? When addressing it for the first time, pronounce the full name: “Proteus mirabilis Biofilm Expansion Microscopy”. Afterwards, pronounce it as “P-M-B E-X-M”.
4.1.1. LAB MEDIA: Figure 3E, 3F.
4.1.2. LAB MEDIA: Figure 3E, 3F. Video Editor: Highlight 3E.
4.1.3. LAB MEDIA: Figure 3E, 3F. Video Editor: Highlight 3F.
4.2. This expansion significantly increased the visual resolution of bacterial cells [1], making individual cell structures sharper and more defined [2].
4.2.1. LAB MEDIA: Figure 3B, 3C.
4.2.2. LAB MEDIA: Figure 3B, 3C. Video Editor: Highlight 3C.
4.3. With the enhanced resolution, PmbExM also enabled the clear identification of multilayered bacterial arrangements within the biofilm that were previously unresolved [1].
4.3.1. LAB MEDIA: Figure 3G, 3H.
4.4. PmbExM also facilitated the visualization of previously unresolvable subcellular structures, including distinct patterns of DNA organization [1].
4.4.1. LAB MEDIA: Figure 4A, 4C, 4E.
4.5. These organizational patterns were confirmed by line intensity profiles [1], which revealed multiple distinct fluorescence peaks in expanded samples [2] compared to the single peak observed in non-expanded cells [3].
4.5.1. LAB MEDIA: Figure 4. Video Editor: Highlight 4B, 4D, 4F.
4.5.2. LAB MEDIA: Figure 4. Video Editor: Emphasize 4C-4F.
4.5.3. LAB MEDIA: Figure 4. Video Editor: Emphasize 4A, 4B.
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