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Author Questionnaire 
1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  Enter Yes or No.  
If you require a microscope but can record movies/images through your microscope with your own camera, please indicate Yes here: Enter Yes or No.  
If you require a microscope but you do not have a camera, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope here: Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Enter Yes or No.
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. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements outside of the filming date. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

☐ 	Author interview statement opt out (interview statements removed completely from paper). 

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.
 

· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Protocol Length
Number of Shots: 47

 

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. One optional statement may also be selected.
· Please 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? 
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.[1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: What is the main advantage of this technique?

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.[1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. 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.[1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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. 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.[1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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?

1.5. 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.[1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Why is visual demonstration of this method critical?

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.[1].

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Is each interview statement 30 words or fewer? ☐ Yes
Has any author been assigned more than two statements? ☐ No

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][2].

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. 

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. Optical Setup

2.1. To set up the optical system, mount one set of acousto-optic deflectors onto a linear translator with a micrometer drive [1] and displace the deflectors until the crystal edge gets close to the laser beam [2]. Replace the objective with an iris, centered on the threaded objective housing [3], and adjust the aperture to fit the objective back aperture size [4].

2.1.1. WIDE: Talent mounting AOD onto translator
2.1.2. Talent displacing deflectors
2.1.3. Talent replacing objective
2.1.4. Talent adjusting aperture

2.2. Move the translator toward the laser beam until the portion of the beam blocked by the piezo crystal is visible after the iris [1] and turn the translator slightly backward until the beam completely fills the iris aperture [2].

2.2.1. Translator being moved
2.2.2. Translator being turned

2.3. After repeating the setup for a second set of acousto-optic deflectors [1], measure the time lag from the quadrant photodiode detectors while rapidly moving a beam on a bead stuck on the surface of the coverslip to check the response time of the feedback loop [2].

2.3.1. Talent mounting AOD onto setup
2.3.2. Talent measuring time lag while moving beam

3. Bead Trap Setup

3.1. To set up a bead trap, first dilute 20 microlites of 1.2-micron, 10% solid silica beads in 1-1.5 milliliters of acetone with vortexing and 30 seconds of sonication [1]. After sonicating, collect the beads by centrifugation [2-TXT] and resuspend the bead pellet in 1 milliliter of fresh acetone for a second wash [3].

3.1.1. WIDE: Talent sonicating beads, with bead and acetone containers visible in frame
3.1.2. Talent placing tube into centrifuge TEXT: 2 min, 18,500 x g, RT
3.1.3. Shot of pellet, then acetone being added to pellet, with acetone container visible in frame

3.2. After the second acetone wash, wash the beads three times in 1 milliliter of fresh pentyl acetate per wash under the same centrifuge conditions [1] and resuspend the pellet in 100 microliters of 1% nitrocellulose in 900 microliters of pentyl acetate [2-TXT].

3.2.1. Talent adding pentyl acetate to beads, with pentyl acetate container visible in frame
3.2.2. Shot of pellet, then pentyl acetate being added to beads, with pentyl acetate and nitrocellulose containers visible in frame TEXT: Optional: Store beads at 4 °C ≤2 mo

3.3. Next, use a pure ethanol-soaked piece of lab tissue to carefully wipe a 24- x 24-millimeter glass coverslip [1] before using clean tweezers to rinse the glass directly in the ethanol [2] and allowing the coverslip to dry under gentle nitrogen flow [3-TXT].

3.3.1. Coverslip being wiped, with ethanol container visible in frame
3.3.2. Coverslip being dipped into ethanol
3.3.3. Coverslip being dried TEXT: Repeat until all visible residue removed

3.4. Vortex and sonicate the prepared silica bead stock for 30 seconds [1] and use an ethanol-cleaned, 24- x 60-millimeter coverslip to smear 2 microliters of silica bead solution onto the surface of the smaller coverslip [2].

3.4.1. Talent vortexing or sonicating beads
3.4.2. Beads being smeared onto coverslip

3.5. While the beads are drying, clean a 26- x 76-millimeter slide as demonstrated [1] and place two, 60-100-micron thick lines of 3-millimeter double-sided tape onto the long edges of the slide [2].

3.5.1. Talent cleaning slide
3.5.2. Tape being placed onto slide

3.6. Using clean tweezers, place the bead-coated coverslip onto the tape with the beads facing the inside of the slide chamber [1] and fill the chamber with 50-millimolar phosphate buffer [2]. Then seal the chamber with silicon grease [3].

3.6.1. Coverslip being placed
3.6.2. Chamber being filled
3.6.3. Chamber being sealed

4. Trap Position, Power, and Stiffness Calibration

4.1. To calibrate the trap position, focus on a silica bead on the coverslip surface approximately 5 microns from the center of the field of view [1] and acquire an image of the field of view before using the stage to move the bead 10 microns toward the center of the field of view [2]. 

4.1.1. WIDE: Talent focusing on bead, with monitor visible in frame
4.1.2. SCREEN: To be provided by Authors: Image being acquired, then bead being moved into FOV center

4.2. After acquiring a second image, trap a single floating particle in one trap and move the acousto-optic deflectors in 0.2 megahertz steps, acquiring an image of the particle and the corresponding frequency of the deflectors for each step [1].

4.2.1. SCREEN: To be provided by Authors: Image beng captured, particle being trapped, AOD being moved, then image being acquired for at least one step

4.3. Then repeat the calibration for the second trap in the same manner [1].

4.3.1. Talent trapping particle, with monitor visible in frame

4.4. To calibrate the trap power and stiffness, trap a single particle in one trap and displace both traps through the acousto-optic deflectors in 0.2-meghertz steps, recording a Brownian motion of the particle in both traps with quadrant photodiode detectors and the corresponding frequency of the acousto-optic deflectors [1].

4.4.1. SCREEN: To be provided by Authors: Particle being trapped, trap(s) being displaced and motion being recorded

4.5. Then image a single silica bead by brightfield microscopy at a greater than 200x magnification and use an appropriate feedback software program to move the piezo stage with a nanometer accuracy or better to compensate for thermal drifts [1].

4.5.1. SCREEN: To be provided by Authors: Bead being imaged and/or stage being moved 

5. Sample Assembly 

5.1. To assemble a sample for measurement, add 1 milligram/milliliter of biotinylated BSA (B-S-A) to a new chamber [1]. After 5 minutes, wash the chamber with AB (A-B) buffer [2-TXT] and add 1 milligram/milliliter of streptavidin to the chamber [3].

5.1.1. WIDE: Talent adding BSA to chamber, with BSA container visible in frame
5.1.2. Talent adding buffer to chamber, with buffer container visible in frame TEXT: See text for all buffer and solution preparation details
5.1.3. Talent adding SA to chamber, with SA container visible in frame

5.2. After 5 minutes, wash the chamber as demonstrated [1] and add 3-nanomolar biotinylated myosin-5B heavy meromyosin in M5B (M-five-B) buffer supplemented with 2-micromolar CaM (cam) [2]. 

5.2.1. Talent adding buffer to chamber, with buffer container visible in frame
5.2.2. Talent adding biotinylated myosin-5B heavy meromyosin, with biotinylated myosin-5B heavy meromyosin container visible in frame

5.3. After 5 minutes, wash the chamber three times with 1 milligram/milliliter of biotinylated BSA supplemented with 2-micromolar CaM in AB buffer for 3 minutes per wash [1] followed by one wash with reaction mixture [2].

5.3.1. Talent adding buffer to chamber, with buffer container visible in frame
5.3.2. Talent adding reaction mixture to chamber, with reaction mixture container visible in frame

5.4. Then sale the chamber with silicone grease [1].

5.4.1. Chamber being sealed

6. Sample Measurement and Actin-Myosin Contact Establishment

6.1. To measure the sample, place the chamber onto the optical setup [1] and use long-range translators to move the chamber until the floating alpha-actinin beads can be located [2].

6.1.1. WIDE: Talent loading sample onto setup
6.1.2. SCREEN: To be provided by Authors: Bead being located

6.2. Switch on one trap and trap one bead. Once the first trap is occupied, move the translator to position the trapped bead close to the coverslip surface to avoid the trapping of multiple beads and trap a bead in the second trap [1].

6.2.1. SCREEN: To be provided by Authors: Trap being switched on, bead being trapped, bead being positioned, second bead being trapped

6.3. Adjust the power of the acousto-optic deflector acoustic waves to adjust the traps to equal stiffnesses and flip the motorized mirror to switch to fluorescence microscopy. Displace the sample through the long-range translators to locate actin filaments of at least 5 microns in length within the solution [1-TXT].

6.3.1. SCREEN: To be provided by Authors: Power/trap stiffness being adjusted, mirror being flipped/fluorescence being selected, sample being displaced/filaments being located TEXT: < Stiffness = better sensitivity

6.4. When a filament has been located, move the sample to let a trapped bead approach one end of the filament. When the materials attach, adjust the bead distance to the approximate filament length and move the stage toward the second bead to create a flow in the unbound bead direction [1].

6.4.1. SCREEN: To be provided by Authors: Sample being moved, bead and filament attaching, bead distance being adjusted, then stage being moved toward second bead

6.5. The filament will become stretched by the flow and eventually bind to the second bead. The resulting complex is called a “dumbbell” [1].

6.5.1. SCREEN: To be provided by Authors: Filament stretching, then binding to second bead 

6.6. To establish actin-myosin contact, gently separate the two traps and set the filament to pre-tension levels up to about 3 piconewtons [1].

6.6.1. SCREEN: To be provided by Authors: Traps being separated

6.7. To probe the rigidity of the dumbbell, make one trap oscillate in a triangular wave by changing the frequency of one acousto-optic deflector and verifying the consequent transmission of the motion to the trailing bead through its position signal [1].

6.7.1. SCREEN: To be provided by Authors: Frequency being changed/trap oscillating, then transmission being verified

6.8. Move the stage to position the dumbbell in proximity of a pedestal silica bead and adjust the height of the trapped bead centers slightly below the silica bead diameter to facilitate contact between the filament and the protein attached to the bead surface. Then position the center of the silica bead between the trapped beads [1].

6.8.1. SCREEN: To be provided by Authors: Stage being moved/dumbbell being positioned, then height being adjusted and filament and protein making contact, then silica bead being centered between trapped beads 






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

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 individual steps, using the step numbers from the protocol section of the video script.



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: 172. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.

7. Results: Position Recording and Force Inversion 

7.1. As observed in this representative position record [1], when the myosin motor is not interacting with the actin filament, the trapped beads move at a constant velocity against the viscous drag force of the solution [2].

7.1.1. LAB MEDIA: Figure 4
7.1.2. LAB MEDIA: Figure 4 Video Editor: please emphasize black vertical data lines

7.2. Once the myosin motor begins interacting with the filament, the force carried by the moving filament is very rapidly transferred to the protein and the system velocity drops to zero, with the stepping events occurring under constant force till the end of the run [1].

7.2.1. LAB MEDIA: Figure 4 Video Editor: please (sequentially?) emphasize red data lines

7.3. The force is switched from the positive to the negative direction by the feedback system [1], which switches the force direction when the bead reaches the edge of the oscillation range set by the user [2].

7.3.1. LAB MEDIA: Figure 5
7.3.2. LAB MEDIA: Figure 5 Video Editor: please emphasize push, pull, and push data lines

7.4. When the myosin binds and displaces the filament toward the positive direction, it pushes the bead toward the upper edge of the oscillation range [1]. 

7.4.1. LAB MEDIA: Figure 5
7.5. If this happens under assistive force, the run of the myosin will be interrupted by the force direction inversion at the oscillation edge, limiting the length of the run to the amplitude of the dumbbell oscillation [1].

7.5.1.   LAB MEDIA: Figure 5 Video Editor: please add/emphasize arrows






Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give 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.
8.1. 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.[1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Enter step numbers referred to.) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. 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. [1].

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. 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. [1].

8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
Is each interview statement 30 words or fewer? ☐ Yes
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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