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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:  45

Introduction 

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. 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 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. 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 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. 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.
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 30 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 30 or fewer words.
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.

Ethics Title Card

This research has been approved by the the Ethics Committee at the Facultad de Odontología, Universidad de Buenos Aires


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. Isolation of Microtubules
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 commercial bovine brain tubulin and prepare the BRB80 (B-R-B-eighty) buffer for all reactions [1]. Divide the commercial bovine brain tubulin into two microcentrifuge tubes, one for polymerization with Paclitaxel and one without [2]. Incubate the reactions as directed in the hybrid Mitchinson Lab protocol [3].
2.1.1. WIDE: Talent places a labelled bottle of bovine brain tubulin and prepared BRB80 buffer on the workspace. 
2.1.2. Talent pipetting commercial tubulin into two labelled microcentrifuge tubes.
2.1.3. Talent placing both tubes into the incubator. 

2.2. To perform polymerization without Paclitaxel, add 1 millimolar dithiothreitol and 1 millimolar guanosine triphosphate in equal volumes to the BRB80 and tubulin solution [1]. Incubate the mixture for 5 minutes at room temperature [2].
2.2.1. Talent pipetting dithiothreitol and guanosine triphosphate into the microcentrifuge tube containing tubulin.
2.2.2. Talent placing the tube on the bench with a timer set to 5 minutes.

2.3. To perform polymerization with Paclitaxel, first prepare a 10 millimolar Paclitaxel stock solution in dimethyl sulfoxide [1]. Dilute this stock to prepare 2 micromolar, 20 micromolar, and 200 micromolar working solutions [2]. Add these solutions sequentially every 5 minutes to the tubulin solution at a 1 to 10 dilution, increasing the concentration with each addition [3].
2.3.1. Talent using a pipette to prepare 10 millimolar Paclitaxel stock in a labelled tube.
2.3.2. Talent diluting the stock to obtain three labelled tubes with 2, 20, and 200 micromolar Paclitaxel solutions.
2.3.3. Talent sequentially adding the diluted Paclitaxel solutions to the tubulin tube with a timer marking 5-minute intervals.

3. Electrophysiological Data Acquisition and Analysis
Demonstrator: Click here to enter name of demonstrator(s)

3.1. Prepare the intracellular-like solution containing potassium chloride, sodium chloride, EGTA (E-G-T-A), and HEPES (He-pees) [1-TXT]. Adjust the pH to 7.2 to 7.4 using potassium hydroxide [2]. Then filter the solution through a 0.22-micrometer filter [3]. 
3.1.1. Talent preparing and mixing the intracellular-like solution in a beaker. TXT: Intracellular-like solution: KCl 140 mM, NaCl 5 mM, EGTA 1 mM, and HEPES 10 mM
3.1.2. Talent adjusting pH of the solution using KOH. 
3.1.3. Talent filtering the solution using a 0.22 µm syringe filter into a clean container.
3.2. Similarly, prepare the extracellular-like solution using sodium chloride, sodium chloride, EGTA, and HEPES at pH 7.2 to 7.4 using sodium hydroxide and filter it [1-TXT].
3.2.1. Talent preparing and filtering the extracellular-like solution in the same manner. TXT: Extracellular-like solution: NaCl 135 mM, NaCl 5 mM, EGTA 1 mM, and HEPES 10 mM
3.3. To prepare the sample, take the desired microtubule sample [1]. Dilute it in a 1 to 10 or upto 1 to 100 ratio using the intracellular-like solution [2]. Adjust the dilution to ensure only a few sheets are visible under the microscope [3].
Authors: Please create scope videos of the shots labeled as SCOPE and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20732118
3.3.1. Talent selecting and labeling the desired microtubule sample.
3.3.2. Talent pipetting and diluting the sample into intracellular-like solution.
3.3.3. SCOPE: MT sheets are being seen. 

3.4. Now pipette 10 microliters of the diluted sample onto a small glass coverslip, pre-treated or untreated with APTES (app-tess) [1]. Position the coverslip in the commercial patch-clamp chamber [2]. Mount the chamber on the stage of an inverted microscope set for patch-clamp imaging [3-TXT].
3.4.1. Talent pipetting the sample onto the coverslip with steady hands.
3.4.2. Talent placing the coverslip into the patch-clamp chamber carefully.
3.4.3. Talent mounting the chamber onto the microscope stage and adjusting magnification settings. TXT: Magnification: 20X: MT sheets and bundles; 60 -100X: isolated MTs

3.5. Observe the sample under the microscope to confirm that only a few microtubule sheets or structures are visible [1]. If the sample appears too concentrated, dilute it further by 1 to 10 and repeat the sample application process [2].
3.5.1. SCOPE: Microtubule sheets/structures are being seen. 
3.5.2. Talent preparing a further dilution and repeating the coverslip setup process.

3.6. Now add 300 to 400 microliters of the extracellular-like bath solution into the patch-clamp chamber, adjusting based on chamber volume [1].
3.6.1. Talent pipetting bath solution into the chamber slowly to avoid sample displacement.

3.7. To prepare a patch-clamp pipette, take a pre-washed glass capillary with a 1.4-millimeter outer diameter [1]. Lightly flame the ends with a Bunsen burner to remove sharp irregularities without sealing the opening [2]. 
3.7.1. Shot of a pre-washed glass capillary with 1.4 mm outer diameter. 
3.7.2. Talent flaming the glass capillary ends with a Bunsen burner.
3.8. Mount the capillary in a pipette puller [1] and produce two patch-clamp pipettes according to the manufacturer's guidelines [2-TXT]. Use a fire polisher to smooth the pipette tips until they are 2 to 4-micrometres in diameter [3].
3.8.1. Talent placing the capillary in the puller.
3.8.2. Talent retrieving two patch clamp pipettes. TXT: Handle with care to prevent breakage
3.8.3. Talent polishing pipette tips using a fire polisher while verifying under magnification.

3.9. Now attach a plastic tubing to the opposite end of each polished pipette [1] and connect it to a 10-milliliter syringe with the plunger set to 10 milliliters [2]. 
3.9.1. Talent connecting plastic tubing to a pipette.
3.9.2. Talent connecting the tubing to a 10 mL syringe with plunger set to 10 mL. 
3.10. Immerse the pipette tip in a transparent glass jar filled with methanol to two-thirds of its volume [1] and push the syringe plunger until bubbles emerge from the tip [2]. Record the plunger reading or the bubble number when bubble flow stops [3-TXT].
3.10.1. Talent immersing the pipette in methanol.
3.10.2. Talent applying pressure until bubbles appear.
3.10.3. Talent stopping the plunger and noting the bubble number on the syringe. TXT: Reading should be 4 - 10 mL (MT sheets) and 2 - 4 mL (isolated MTs or bundles)

3.11. Store the polished pipettes in a foam-lined box or grooved holder to prevent contact between the pipette tips and any surfaces [1].
3.11.1. Talent carefully placing finished pipettes into a foam support box.

3.12. To fill the pipette tip, pour the filtered intracellular-like solution into a clean, wide-mouthed container until it is nearly full [1]. Connect the tubing from the syringe at 0 milliliters to the blunt pipette end [2], then immerse the tip in solution and gently push the plunger up by 1 centimetre to draw fluid into the tip by vacuum [3]. 
3.12.1. Talent filling a wide container with filtered intracellular-like solution.
3.12.2. Talent connecting syringe tubing to the blunt pipette end.
3.12.3. Talent immersing pipette tip and applying vacuum using the syringe.
3.13. Remove the pipette from the container and disconnect the tubing [1]. Observe the liquid front at the pipette tip using a magnifier if necessary, to confirm that the thinnest part is filled [2].
3.13.1. Talent removes the pipette from the container and disconnects the tubing. 
3.13.2. Talent inspecting the tip under magnification to confirm filling.

3.14. Now, fill a 10-milliliter syringe with the same filtered solution [1]. Insert its needle into the blunt end of the pipette to fill the rest of the capillary, making sure no air bubbles remain [2]. Tap the pipette gently to release any trapped bubbles [3].
3.14.1. Talent fills 10 mL syringe with filtered solution.
3.14.2. Talent injecting solution into the pipette with a syringe.
3.14.3. Talent tapping the pipette to eliminate visible air bubbles.

3.15. Next, use macro and micromanipulators to position the pipette in the bath solution [1]. Apply various voltages to the control and ensure only the baseline signal is present and confirm stability [2].
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=20732118
3.15.1. Talent aligning pipette into position using manipulators.
3.15.2. SCREEN: Varied voltages are being applied with signal trace displaying clean baseline response.

3.16. Apply a square pulse of plus or minus 2 millivolts and record the signal using the acquisition software [1].
3.16.1. SCREEN: Display the square pulse settings being applied and live signal trace showing expected response.
3.17. Move the pipette tip toward the microtubule sheet surface using the micromanipulator until a high-resistance seal forms between the pipette and the membrane [1]. Monitor the data acquisition software for a seal resistance between 100 megaohms and 1 gigaohm, which confirms successful seal formation [2]. Confirm that the response to the square pulse shows a current near 0 picoamperes [3].
3.17.1. SCOPE/SCREEN: The pipette tip is being moved toward the MT sheet.
3.17.2. SCREEN: Show software interface displaying increasing resistance values reaching the target range.
3.17.3. SCREEN: Display square pulse signal trace showing current dropping near 0 picoamperes.
3.18. Apply increasing voltages from minus 400 to 400 millivolts or increasing currents from minus 10 to 10 nanoamperes in a progressive manner [1]. Continue applying these stimulations until stable oscillations are observed and recorded by the system [2].
3.18.1. SCREEN: Show incremental voltage and current ranges in the control software.
3.18.2. SCREEN: Display a stable oscillatory trace developing on the signal output panel.




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: 182.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 
AUTHORS: Please confirm that the results have been accurately summarized

4.1. Microtubule sheets and bundles spontaneously formed during brain tubulin isolation, and their structure was confirmed using microscopy and immunolabeling [1]. Patch-clamping of microtubule sheets revealed spontaneous, stimulus-responsive electrical oscillations that differed from classical ion channel behavior [2].
4.1.1. LAB MEDIA: Figure 2. Video editor: Highlight the inset images
4.1.2. LAB MEDIA: Figure 3F. Video editor: Highlight voltage-labeled regions (30–50 mV) with the blue curves

4.2. Sealed microtubule bundles exhibited similar oscillations with variable amplitude and frequency, even without changes in external driving force [1]. Fourier spectral analysis of time-series current output confirmed the microtubule bundles' intrinsic electrical activity [2].
4.2.1. LAB MEDIA: Figure 4D. Video editor: Highlight voltage-labeled regions with the blue curves
4.2.2. LAB MEDIA: Figure 3F

4.3. Isolated microtubules, under loose-patch conditions, showed frequency-specific oscillations in 69% of trials, mainly at 43 to 47 Hertz and 90 Hertz under negative potentials [1].
4.3.1. LAB MEDIA: Figure 5D. Video editor: Trace the labeled step-wise voltage changes and the corresponding waveforms 1–5.

4.4. Spontaneous electrical oscillations in microtubule sheets were detected at various holding potentials, except for 0 millivolt, where no electrochemical driving force was present [1]. Spontaneous single-channel activity was observed in primary cilia [2]. 
4.4.1. LAB MEDIA: Figure 7C
4.4.2. LAB MEDIA: Figure 8G (Top)

4.5. Microtubule sheets from renal epithelial cells and axonemal microtubule in primary cilia also demonstrated oscillatory currents, abolished by Paclitaxel [1]. The periodic oscillations identified within the noise of the open state of the recordings were corroborated by frequency domain analysis by Fourier transformation of the time series [2]. 
4.5.1. LAB MEDIA: Figure 9A. Video editor: highlight the top and bottom images
4.5.2. LAB MEDIA: Figure 9B
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