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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? No  
If Yes, can you record movies/images using your own microscope camera?
N/A  
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.



2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. 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 section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  17
Number of Shots:  37

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· 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: Why is your protocol significant? OR What key questions can this method help answer? 
: Nandini Mani: Cellular microtubule arrays contain sub-populations of microtubules with distinct dynamic properties, as required for function. This protocol addresses how collective activity of regulators bestows proximal microtubule sub-populations with distinct properties.
1.1. 

REQUIRED: What is the main advantage of this technique?
1.2. Michelle F. Marchan:  This “bottom-up” reconstitution assay enables us to simultaneously visualize the organization and dynamics of proximal microtubule populations, such as single microtubules and bundles, and to decipher the mechanisms underlying their self-organization.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. : 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.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. : 
1.5. 
OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.6. Nandini Mani:  Multi-component reconstitutions require optimizing experimental parameters, like pH, ionic strength, and protein concentration, while preserving the activity of each.  Systematic analysis of individual components prior to multi-protein assays is extremely helpful.

 
Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.7.1. INTERVIEW: Author saying the above. 
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.8. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Microtubules Visualization via TIRF Microscopy
2.1. To begin, pipette a mixture of 4.5 microliters of BRB80-DTT (B-R-B-80-D-T-T) and 1 microliter of microtubule solution onto a microscope slide [1]. Cover with an 18 x 18 (18 by 18)-millimeter coverslip [2] and seal the edges with either clear nail polish or a valap sealant. [3-TXT].
2.1.1. WIDE: Shot of the talent pipetting the solution mixture onto a microscope slide.
2.1.2. Talent covering the slide with a coverslip.
2.1.3. Talent sealing the edges of the coverslip.TEXT:1:1:1 mixture of petrolatum, lanolin, and paraffin. 
2.2. Position the TIRF (T-I-R-Fpronounced like “turf”) objective beneath the coverslip [1]. Visualize the newly polymerized microtubules at a wavelength appropriate for the fluorescently labeled tubulin in the Bright mix to determine what dilution of microtubules to use in the upcoming experiments [2]. Determine the Laser intensity for the experiment empirically, such that all fluorescent proteins are illuminated but do not undergo significant photobleaching over the time course of the experiment [3].
2.2.1. Talent positioning the TIRF objective.
2.2.2. SCREEN: Talent vVisualizing the microtubules.
2.2.3. SCREEN: Laser intensity is being determined.
3. Microscope Settings
3.1. Set the microscope temperature to 28 degrees Celsius to view dynamic microtubules [1]. Use the best combination of filter cubes and emission filters, depending on the fluorescent channels to be imaged [2-TXT]. 
3.1.1. Talent setting the microscope temperature OR SCREEN: The microscope temperature is being set at 28 °C.
3.2. Use lens paper to clean a 100x objective with 70 percent ethanol [1]
3.2.1. Talent cleaning the objective.

3.3. [bookmark: _Hlk93928950]Use the best combination of filter cubes and emission filters, depending on the fluorescent channels to be imaged [1-TXT]. Set up the imaging sequence. For an experiment with 647 nanometer fluorophore-labeled biotinylated microtubules, 560 nanometer fluorophore-labeled non-biotinylated microtubules and soluble tubulin, and GFP-labeled protein of interest, image the 488-nanometer, 560-nanometer, 647-nanometer channels every 10 seconds, for 20 minutes [2]. To capture a reference image of bundles before the addition of soluble tubulin and Microtubule Associate Protein set up a sequence with one image each in 560 nanometers and 647 nanometers wavelengths [3].




3.3.1. Talent arranging the filter combination OR SCREEN: Filter combinations are being arranged. TEXT: Refer to the text for filter combination.
3.3.2. SCREEN: Imaging sequence for mentioned parameters being set.
3.3.3. SCREEN: Imaging sequence for reference image is being set up. 


Authors: Please verify whether 3.1.1, 3.1.2, 3.2.1, and 3.2.2 are operated using software or not? If they are operated using software, please provide screen capture videos for these shots as well.  
3.4. Ensure that the TIRF LASER illuminator is aligned [1]. Determine the Laser intensity for the experiment empirically, such that all fluorescent proteins are illuminated but do not undergo significant photobleaching over the time course of the experiment [2].
3.4.1. Talent aligning the TIRF LASER illuminator OR AND SCREEN: TIRF Illuminator is being aligned.

3.4.2. Talent determining the laser intensity OR SCREEN: Laser intensity is being determined.
3.5. Use lens paper to clean a 100x objective with 70 percent ethanol [1]. Prior to imaging, add a drop of microscope immersion oil to the objective [2]. 
3.5.1. Talent cleaning the objective.
3.5.2. Talent adding immersion oil to the objective.
3.6. Set up the imaging sequence. For an experiment with 647 nanometers fluorophore-labeled biotinylated microtubules, 560 nanometers fluorophore-labeled non-biotinylated microtubules and soluble tubulin, and GFP-labeled protein of interest, image for 20 minutes [1]. 
3.7. 
3.7.1. SCREEN: Imaging sequence for mentioned parameters being set.
Authors: Please create screen capture videos for the shots labeled as SCREEN and upload the files to your project page as soon as possible: https://www.jove.com/account/file-uploader?src=19330033
3.8. Image the 560-nanometer and 488-nanometer channel every 10 seconds, and the 647-nanometer channel every 30 seconds [2].
3.8.1. SCREEN: Imaging sequence for mentioned channels being set.
3.9. To capture a reference image of bundles before the addition of soluble tubulin and Microtubule Associate Protein set up a sequence with one image each in 560 nanometers and 647 nanometers wavelengths [1].

3.9.1. SCREEN: Imaging sequence is being set up. 
4. Generation of Surface-Immobilized Microtubule Bundles
4.1. Prepare soluble tubulin mixture [1-TXT] and keep it on ice [2]. To immobilize microtubules via a biotin-neutravidin-biotin linkage, first, flow in approximately 7.5 microliters of Neutravidin solution until the chamber is filled and incubate for 5 minutes [2].	Comment by Swati Madhu: Are you incubating the solutions at RT or under any specific condition?	Comment by Nandini: At RT, but shielded from light.
4.1.1. Representative shot of the talent preparing the tubulin mixture. TEXT: Refer to the text for solution preparation details.
4.1.2. Talent placing the mixture on ice.
4.1.3. Talent adding Neutravidin solution in the chamber and incubating it. 
4.2. Wash with 10 microliters of MB-cold [1-TXT]. Flow in 7.5 microliters of the blocking protein KC and incubate for 2 minutes [2-TXT]. Wash with 10 microliters of MB-warm to prepare the chamber for the introduction of microtubules [3].
4.2.1. Talent washing the chamber with cold buffer. TEXT: MB: Master Buffer.
4.2.2. Talent adding the blocking protein solution in the chamber and incubating it. TEXT: KC: -casein
4.2.3. Talent washing the chamber with warm buffer.
4.3. Dilute the stock of biotinylated microtubules in BRB80-DTT [1] and add 1 microliter of this dilution to 9 microliters of MB-warm [2]. Flow the mixture into the chamber and incubate for 10 minutes [3-TXT]. Authors: How would you like JoVE’s voiceover talent to pronounce BRB80-DTT (B-R-B-80 D-T-T)?
4.3.1. Talent diluting the microtubule stock solution.
4.3.2. Talent adding the dilute solution to warm buffer.
4.3.3. Talent adding the mixture in the chamber and incubating it. TEXT: Use a higher concentration of microtubules for more bundles.
4.4. Wash away non-immobilized microtubules with 10 microliters of MB-warm [1]. Flow 7.5 microliters of warm KC into the chamber and incubate for 2 minutes [2].
4.4.1. Talent washing the non-immobilized microtubules with buffer.
4.4.2. Talent adding the blocking protein solution in the chamber and incubating it.
4.5. During the incubation, prepare a 2 nanomolar solution of the cross-linker protein PRC1 (P-R-C-1) in KC [1]. Flow 10 microliters of this solution into the imaging chamber and incubate for 5 minutes [2].
4.5.1. Talent preparing a protein solution.
4.5.2. Talent adding the protein solution in the chamber and incubating it.
4.6. To make bundles, flow 10 microliters of non-biotinylated microtubules into the chamber and incubate for 10 minutes [1]. Wash the chamber twice with 10 microliters of MB-warm [2-TXT].
4.6.1. Talent adding the microtubules in the chamber and incubating it. 
4.6.2. Talent washing the chamber with buffer. TEXT: Attached microtubules are stable for around 20 min. 
5. Image Microtubule Dynamics
5.1. During the 10 minutes incubation time, prepare 10 microliters of assay mixture containing proteins of interest, soluble tubulin, nucleotides, oxygen scavengers, and antioxidants [1]. Keep the mixture on ice [2].
5.1.1. Talent preparing assay mixture.
5.1.2. Talent placing the mixture on ice.
5.2. Load the prepared imaging chamber, taped to slide holder, on the 100x TIRF objective [1]. Use the 560-nanometer and 647-nanometer channels to find a field of view that contains an optimum number and density of single microtubules and bundles [2].
5.2.1. Talent loading the imaging chamber on objective. 
5.2.2. SCREEN: Channels are being used to find a field of view. 

5.3. Once a field of view is identified, take a reference image [1]. Carefully flow in the assay mixture without disturbing the imaging chamber [2]. Seal the open ends of the chamber with valap sealant [3]. Start the imaging sequence as mentioned earlier [4]. 
5.3.1. SCREEN: Capturing a Talent capturing a rreference image.
5.3.2. Talent adding the assay mixture.
5.3.3. Talent sealing the ends of the chamber.
5.3.4. Talent starting the imaging sequence.


















Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.2.2, 4.1, 5.2, 5.3

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.N/A     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 70. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Results: Representative Results for Crosslinked and Single Microtubules by TIRF Microscopy
6.1. After performing the fluorescence labelling of bundles and singleimmobilizing microtubule seeds and generating bundles, microtubules, fluorescence images were obtained [1]. Single microtubules revealed were identified by fluorescence signal in the 647-nanometre nanometer channel, whereas microtubules were identified as pre-formed bundles with when they displayed fluorescence signals in both channels [2].  
6.1.1. LAB MEDIA: FIGURE 4. 
6.1.2. LAB MEDIA: Figure 4 Video Editor: Emphasize the yellow arrowheads and white arrowheads in the right column. 
6.2. The dynamics of single microtubules and PRC1-crosslinked bundles were studied, which revealed that the single microtubules elongate over the course of the assay, whereas the growth of crosslinked microtubules is stalled [1].
6.2.1. LAB MEDIA: VIDEO 2. 	Comment by siffeenzehra@hotmail.com: Authors: The resolution of the video is low. As per our guidelines, the video should be 1920x1080 pixels or higher. 

Please upload the video without arrows in high resolution to your submission folder on the JoVE website: https://www.jove.com/account/file-uploader?src=19330033. 

Otherwise, it will impact the quality of entire video.

If you can not provide it, please let us know.	Comment by Nandini: New video at 1920x1080 uploaded as Video2_big.avi



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Michelle F. Marchan: (2.1) Polymerized microtubules must be kept at or above room temperature. They depolymerize in the cold. 
(4.1) Meanwhile, the soluble tubulin mix must be kept on ice to prevent the polymerization of free tubulin.
(4.3) The imaging chamber and all fluorescently labeled microtubules and proteins must be protected from light to minimize photobleaching.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Nandini Mani: These assays provided mechanistic insight into how a protein module found at the mitotic spindle could differentially regulate the dynamics of two different microtubule populations that coexist in the spindle.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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