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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Yes 
Can you record movies/images using your own microscope camera? Yes

2. Does your protocol include 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.7.1 - 2.8.2 - Preparation of parafilm channel
2.9.1 – loading sample to channel
3.1.1 – 3.2.1 – positioning slide on pelteir and combination on microscope stage

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Pipetting the active mixture sample to the channel on the slide. The pipette tip must be very close to the opening of the channel (~<1mm), at an angle away from the channel opening, and in contact with the glass slide surface next to the opening of the channel. The sample must be pipetted at an appropriate speed, and an appropriate amount must be pipetted as not to overfill or underfill the channel.
2.9.1

5. Will the filming need to take place in multiple locations? No


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Kun-Ta Wu: Active matter was used in miscellaneous applications like molecular shuttles. To bring the application to the next level, we need to develop the ability to control the active matter locally [1].
1.1.1. INTERVIEW 

1.2. Kun-Ta Wu: We provide an easy-to-use method that doesn’t require modification of active fluids nor the need to modify the optical path of microscope to achieve the local control of active fluid [1]. 
1.2.1. INTERVIEW 

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Kun-Ta Wu: Our method can be applied to a wide range of systems where the main reactions obey the Arrhenius law, such as the microtubule gliding assay or enzyme-based systems [1]. 
1.3.1. INTERVIEW 

1.4. Teagan: The setup involves a water circulation system. If leaks happen, the water can damage a microscope. Therefore before adopting our protocol, it is important to ensure the system is water-leak-proof [1]. 
1.4.1. INTERVIEW 

1.5. Teagan: Our protocol requires mounting the glass sample on a temperature stage. While the manuscript describes the mounting procedure, it lacks mechanical subtleties such as securing the sample to the stage [1].
1.5.1. INTERVIEW 

Introduction of Demonstrator: (Said by you on camera)

1.6. Kun-Ta Wu: Demonstrating the procedure will be Teagan Bate, Edward Jarvis and Megan Varney. Teagan and Edward are graduate students and Megan is an undergraduate student from my laboratory [1] [2]. 
1.6.1. Interview style: Author saying the above 
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



Section - Protocol
2. [bookmark: _Ref11682200]Prepare Kinesin-Driven, MT-based Active Fluids
2.1. [bookmark: _Ref11621888][bookmark: _Ref11619257]To prepare active fluids, in an Eppendorf tube, mix 16.7 microliters of 8 milligrams per milliliter microtubules with 6.7 microliters of 1.8 micromolar kinesin motor clusters, and 1.1 microliters of 500 millimolar DTT in high-salt M2B (pronounce as M two B) [1]. 
2.1.1. Talent mixes microtubules with two solutions.
2.2. Bundle microtubules by adding 11.4 microliters of 7% weight by weight polyethylene glycol. Then, activate kinesin motors by adding 2.8 microliters of 50 millimolar ATP [1]. 
2.2.1. Talent adds two solutions one by one into the tube.
2.3. Maintain the ATP concentrations by adding 2.8 microliters of stock pyruvate kinase or lactate dehydrogenase and 13.3 microliters of 200 millimolar phosphenol pyruvate [1]. 
2.3.1. Talent adds two solutions into the tube.
2.4. Reduce the photobleaching effect by adding 10 microliters of 20 millimolar Trolox, 1.1 microliters of 3.5 milligrams per milliliter catalase, 1.1 microliters of 20 milligrams per millliliter glucose oxidase, and 1.1 microliters of 300 milligrams per milliliter glucose [1]. 
2.4.1. Talent adds four solutions into the tube.
2.5. [bookmark: _Ref11619262]Track the motion of the fluid by adding 1.6 microliters of 0.025% volume by volume tracer particles [1]. Add high-salt M2B to achieve a total volume of 100 microliters [2]. 
2.5.1. Talent adds tracer particles into the tube.
2.5.2. CU: Talent adds solution to achieve 100 microliters. Focus on the graduation line on the tube.
2.6. Next, rinse a polyacrylamide-coated glass slide and coverslip with DI water [1]. Dry the glasses with pressurized air [2]. Place the glasses on a clean, flat surface [3]. 
2.6.1. Talent rinses glass slides and coverslips.
2.6.2. CU: Talent dries the glasses with air.
2.6.3. Talent places the glass slides and coverslips on a surface.
2.7. Cut two strips of wax films with a 3-millimeter width and the same length as the glass coverslip at 20 millimeters [1]. Insert the strips between the slide and coverslip as channel spacers [2].
2.7.1. CU: Talent cuts two strips of films. Important Step
2.7.2. CU: Talent inserts the strips between the slide and coverslip. Important Step
2.8. Adhere the glass to the wax film by placing the glass-wax complex on an 80 degrees Celsius hot plate to melt the wax [1]. During the melting, press the coverslip gently with a pipette tip to uniformly adhere the wax film to the glass surfaces [2]. After adhesion, cool the glass complex to room temperature [3].
2.8.1. [bookmark: _GoBack]Talent places the glasses onto a hot plate. Important Step [Shots 2.8.1, 2.8.2, and 2.8.3 combined]
2.8.2. CU: Talent presses the coverslip with a pipette tip. Shot of the wax melting. Important Step
2.8.3. Talent takes the glass complex away from the hot plate.
2.9. [bookmark: _Ref11678148]Promptly Load the prepared active fluids to the flow channel, with the pipette tip at an angle away from the channel opening, and in contact with the glass slide surface [1]. Seal the channel with UV glue [2].
2.9.1. CU: Talent loads fluids to the glass complex. Important Step
2.9.2. CU: Talent seals the channel.
3. [bookmark: _Ref11683103]Control Sample Temperature and Characterize the Active Fluid Activity
3.1. [bookmark: _Ref11682228]After building a temperature control setup, place the active fluid sample on the sapphire surface with the slide side contacting the surface. Secure the glass slide with paper tape [1]. Using copper tape, attach the thermosensor to the coverslip surface [2].
3.1.1. Talent places the sample on the surface, and uses paper tape to secure. Important Step
3.1.2. Talent attaches the thermosensor to the coverslip.
3.2. To mount the setup on a microscope stage, with the coverslip side facing toward the objectives [1], secure the setup with microscope stage needle clamps [2]. 
3.2.1. Talent positions the setup on a microscope stage. Important Step
3.2.2. CU: Talent secures with needle clamps.
3.3. Turn on the temperature controller and fish tank pump [1]. Follow the manufacturer's guide to set the target temperature, enable temperature control, and record the thermosensor temperature data [2]. 
3.3.1. Talent turns on the temperature controller and pump.
3.3.2. SCREEN: Talent sets up the temperature control, and shows the temperature change. 00:00 – 2:00
3.4. [bookmark: _Ref11681088]Image the sample with a constant time interval on a fluorescent microscopy equipped with a GFP (pronounce as G-F-P) filter cube to monitor the Alexa-488 (pronounce as uh-lek-suh four eighty eight) labeled tracer particles in the active mix [1-TXT]. 
3.4.1. SCREEN: Shot of the movement of the tracer particles. 00:25 – 00:59 TEXT: GFP: green fluorescent protein fluorescence
3.5. Adjust the time interval to allow the tracer displacement between frames to be within 9 pixels. For imaging tracers moving at 10 micrometers per second using a 4x objective, the time interval is recommended to be 1–5 seconds [1]. 
3.5.1. SCREEN: Talent adjusts the time interval to be 1-5 seconds. 00:04 – 00:23
3.6. Save the images as TIFF files, name the files based on frame number, and store them in a separate folder [1].
3.6.1. SCREEN: Talent saves the images, and names the files. 00:00 – 01:17



Section – Results
4. Results: Tuning Active Fluid Flows via Temperature
4.1. For this kinesin-driven, microtubule-based active fluids [1], the temperature was controlled at 10, 20, 30, and 40 degrees Celsius. The fluctuation in temperature was within 0.1–0.3 degrees Celsius for 4 hours, demonstrating the stability and reliability of this temperature control setup [2]. 
4.1.1. Figure 3B
4.1.2. Figure 3D
4.2. The tracers were imaged every 2 seconds, which the sequential images allowed for tracking tracer trajectories [1]. The mean speeds measured at 20–36 degrees Celsius appeared to be nearly time-independent at 0–2 hours [2].
4.2.1. Figure 4A
4.2.2. Figure 4B&C – Video editor: Emphasize Figure 4B, and emphasize the 20, 30, 36°C traces.
4.3. Whereas at 10 and 40 degrees Celsius the mean speeds decayed quickly [1], caused by microtubule depolymerization below 16 degrees Celsius [2] and the kinesin clusters malfunctioning above 36 degrees Celsius respectively [3].
4.3.1. Figure 4B&C – Video editor: Emphasize Figure 4B and emphasize the 10 and 40°C traces.
4.3.2. Figure 4B&C – Video editor: Emphasize Figure 4C and emphasize the first part left to the dash line.
4.3.3. Figure 4B&C – Video editor: Emphasize Figure 4C and emphasize the third part right to the dash line.
4.4. When the system temperatures were alternated between 20 and 30 degrees Celsius every 30 minutes [1], the mean speeds of the active fluids did not only accelerate and decelerate accordingly, but they also responded to the temperature change within 10 seconds [2].
4.4.1. Figure 5 – Video editor: Emphasize the upper portion with red trace.
4.4.2. Figure 5 – Video editor: Emphasize the lower portion with blue traces.



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Teagan: Active fluid becomes malfunctioning permanently when cooled below 16 or heated above 36 degrees, so when manipulating the temperature controller, ensure the sample temperature is between 16 and 36 degrees.
5.1.1. INERVIEW – Video editor: B-roll suggestion: Shot 3.3.2.
5.2. Kun-Ta Wu: The ability of tuning active fluid locally allows for directing the fluid power such as delivering cargos from A to B or developing microfluidic devices that don’t need physical valves [1].
5.2.1. INERVIEW
5.3. Edward Jarvis: The acrylamide used to coat glassware is a neurotoxin which can absorb through the skin. Wear proper protective equipment such as gloves, lab coats, and safety goggles to minimize risk [1].
5.3.1. INERVIEW


 2018, Journal of Visualized Experiments	Page 7 of 9
image1.png




