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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?  Enter Yes or 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?  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.

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

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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: 26
Number of Shots: 60 

Interviews
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.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims 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 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
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 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
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 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
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 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
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 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
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 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
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 20 or fewer words.


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


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.) with purple font 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. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. System Electronics
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. Begin by connecting the pump driver and pump cable to the microcontroller and attaching the micropump to the pump cable [1]. Connect the Nano board and liquid flow sensor to a computer containing their respective applications [2].
2.1.1. WIDE: Talent connecting the pump driver, pump cable, and micropump to the microcontroller.
2.1.2. Talent connecting the Nano board and the liquid flow sensor to the computer.

2.2. Before starting with sterile preparation, connect the mobile computer station to the microcontroller with the mini-USB (mini-u-s-b) cable, arranging the required USB and pump leads so that they remain accessible outside the protective bag [1]. Open the microcontroller application, set both micropumps to 100 hertz and 240 volts, while keeping the pumps off [2].	Comment by Ruchira  Mukherji: Authors: Please note this  protocol step has been rearranged for better flow. 

This comes in much later in the Manuscript, as step 3.5
2.2.1. Talent arranging the USB and pump leads for easy access to the mobile computer before enclosing the microcontroller.
2.2.2. SCREEN: The microcontroller application showing both pumps being set to 100 hertz and 240 volts while they are still switched off.


3. System Fluidics Connections
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Prepare four, 10-centimeter lengths and two, 25-centimeter lengths of PVC (p-v-c) tubing for the connections [1]. Leave the bubble trap empty during dry assembly and fill it approximately 80% with the working fluid during priming [2].
3.1.1. Talent cutting the PVC tubing to various measured lengths needed for the flow loop.
3.1.2. Talent leaving the bubble-trap cavity empty during dry assembly.

3.2. Connect one prepared PVC tube to the micropump outlet, following the arrow that indicates the flow direction [1]. Slide a 3-millimeter black nylon round spacer over the connection to secure it [2] and connect the other end of the tube to either side port of the bubble trap [3].
Authors: Could you please specify the size of the PVC tubing used in this step?
3.2.1. Talent attaching the PVC tubing after identifying the micropump outlet from the flow-direction arrow.
3.2.2. Talent securing the tubing to the micropump with the 3-millimeter black nylon round spacer.
3.2.3. Talent connecting the free tubing end to one side port of the bubble trap.

3.3. Use one 25-centimeter PVC tube to connect the other bubble-trap side port to the inlet barb of the liquid flow sensor [1]. Connect a second 25-centimeter tube from the sensor outlet, on the side toward which the arrow points, to an elbow Luer connector [2].
3.3.1. Talent connecting the bubble-trap outlet to the liquid flow sensor inlet with a 25-centimeter PVC tubing.
3.3.2. Talent connecting the flow sensor outlet to an elbow Luer connector with the second 25-centimeter tube.

3.4. Connect another PVC tube to the micropump inlet and secure it with a 3-millimeter black nylon round spacer as demonstrated [1]. Connect its free end to the second elbow Luer connector [2] to complete the flow-loop tubing assembly [3].
Authors: Could you please specify the size of the PVC tubing used in this step?
3.4.1. WIDE: Shot of PVC tubing being connected to the micropump inlet and then securing it with a black nylon round spacer.
3.4.2. Talent connecting the free end of the PVC tube to a second elbow Luer connector.
3.4.3. WIDE: Shot of completed flow loop showing the pump, bubble trap, flow sensor, and two elbow Luer connectors in the correct flow direction.

4. Experimental Preparation and System Sterilization
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Prepare a biosafety cabinet for system sterilization [1]. Fill one 50-milliliter self-standing centrifuge tube with 70% ethanol and a second tube with sterile cell-culture water [2].
4.1.1. WIDE: Talent preparing the biosafety cabinet for the sterilization procedure.
4.1.2. Talent filling labeled 50-milliliter tubes with 70% ethanol and sterile cell-culture water, respectively.

4.2. Place the microcontroller inside a small plastic bag, while leaving the pump cable and micropump and connected mini-USB lead outside [1]. Seal the bag with a zip tie [1]. Wipe the exterior of all flow-loop components and experimental materials with 70% ethanol before transferring them into the biosafety cabinet [2].
4.2.1. Talent enclosing the microcontroller in a plastic bag, while leaving the pump cable, micropump, and mini-USB lead outside the bag.
4.2.2. Talent sealing the plastic bag containing the microcontroller with a zip-tie.
4.2.3. Talent disinfecting the flow-loop components before placing them into the biosafety cabinet. 

4.3. Submerge the elbow Luer connector attached to the micropump in the 50-milliliter tube of 70% ethanol [1]. Connect a 12-milliliter syringe to the other elbow connector in the same loop using a female-to-female Luer coupler [2].
4.3.1. Talent submerging the inlet elbow Luer connector in 70% ethanol.
4.3.2. Talent attaching the 12-milliliter syringe to the outlet elbow connector with the female-to-female Luer coupler.

4.4. Pinch the PVC tubing between the micropump and elbow connector and confirm that the bubble-trap top port is sealed with a Luer plug [1]. Pull the syringe plunger approximately 5 milliliters to create a vacuum throughout the system [2].
4.4.1. Talent pinching the PVC tubing to check that the bubble-trap top port is sealed with a Luer plug.
4.4.2. Talent pulling the syringe plunger approximately 5 milliliters to create a vacuum throughout the system.

4.5. Power on the micropump, release the pinched tubing, and allow 5 milliliters of 70% ethanol to pass through the loop into the syringe [1]. Open the bubble-trap top port and fill the cavity to approximately 80% with ethanol [2]. Then, turn off the pump, reseal the port [3] and gently shake the trap to sterilize its interior [4].
4.5.1. Talent switching on the micropump, after releasing the pinched tubing to let 5 milliliters of ethanol through the loop.
4.5.2. Talent opening the bubble-trap top port to fill the cavity to approximately 80% with ethanol.
4.5.3. WIDE: Shot of micropump being turned off, bubble-trap top port being resealed.
4.5.4. Talent gently agitating the trap to expose all internal surfaces to the 70% ethanol.

4.6. Remove the inlet elbow connector from the ethanol and run the micropump until the ethanol has entered the syringe [1]. Disconnect and empty the bubble trap into an appropriate waste container [2]. Reassemble the loop and repeat the flushing procedure with sterile cell-culture water, passing 15 milliliters through each flow loop [3].
4.6.1. Talent removing the inlet elbow connector from ethanol while running the pump to remove the residual ethanol from the loop.
4.6.2. Talent emptying the bubble trap into the designated ethanol waste container.
4.6.3. WIDE: Shot of flushing procedure being repeated with sterile cell-culture water.

5. System Priming and Microfluidic Cell-Channel Integration
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. After sterilization, keep the system in the biosafety cabinet for vacuum priming [1]. Submerge the inlet elbow connector in a container with 30 milliliters of cell-culture medium [2] and reconnect the 12-milliliter syringe to the outlet elbow connector [3].
5.1.1. WIDE: The sterilized system left inside the biosafety cabinet for vacuum priming.
5.1.2. Talent submerging the inlet elbow in cell-culture medium. 
5.1.3. Talent connecting the 12 milliliter syringe to the outlet elbow.

5.2. Clamp the PVC tubing between the micropump and elbow connector, verify that the bubble trap is sealed, and pull the syringe plunger approximately 5 milliliters to establish a vacuum [1]. Start the micropump after releasing the clamp and pass 5 milliliters of cell-culture medium through the loop [2].
5.2.1. Shot of tubing being clamped and the seal on the bubble trap being verified, before pulling the syringe plunger to establish the vacuum.
5.2.2. Talent starting the pump, after releasing the clamp, to draw 5 milliliters of cell-culture medium through the loop.

5.3. Open the top port of the bubble trap and allow it to fill to approximately 80% with cell-culture medium [1]. Turn off the pump [2] and hermetically seal the top port with Teflon tape and a Luer plug [3].
5.3.1. Talent filling the bubble trap to approximately 80% with cell-culture medium.
5.3.2. Talent switching off the pump.
5.3.3. Talent sealing the bubble-trap top port with Teflon tape and a Luer plug after.

5.4. Place the endothelial-cell microfluidic slide, cultured to approximately 80% confluence, fully submerged in the medium-filled container [1] and position a magnetic stir bar at its center to prevent floating [2]. 
5.4.1. CU: Talent placing the microfluidic slide with cultured endothelial cells in the medium filled container.
5.4.2. Talent positioning a magnetic stir bar on the slide to prevent floating.

5.5. Keeping both elbow connectors submerged, run the micropump while connecting them to the microchannels [1]. Confirm that no bubbles form at either junction before finally turning off the pump [2].
5.5.1. Talent connecting both, elbow Luer connectors to the microchannel under the medium layer while the micropump is running.
5.5.2. Shot of the micropump being turned off after the completely submerged connectors show no visible bubbles at either junction.

6. Microcontroller and Micropump Enclosure (Optional)	Comment by Ruchira  Mukherji: Authors: Would it be acceptable to omit this optional section of the manuscript, as the script is becoming too long? 

6.1. If not pre-assembled, prepare the enclosure hardware by securing the custom crossbar mount to the bottom mounting plate using two M3-by-8 screws, washers, and nuts [1]. Attach the polycarbonate enclosure to the bottom mounting plate using four M3-by-12 screws, washers, and nuts, with two nylon washers at each screw to preserve clearance below the enclosure [2].
6.1.1. Talent fastening the crossbar mount to the bottom mounting plate.
6.1.2. Talent securing the polycarbonate enclosure to the bottom mounting plate with the nylon-washer spacing visible.

6.2. Use four M3 screws, nylon hex standoffs, and nuts to mount the microcontroller above the acrylic inner plate [1]. Secure the micropump holder to the top of the plate [2] and place the micropumps in the holder with their arrows pointing toward the pump driver [3].
6.2.1. Talent mounting the microcontroller on nylon standoffs above the acrylic inner plate using M3 screws.
6.2.2. Talent securing the micropump holder to the inner plate.
6.2.3. Talent placing the micropumps in the holder with the arrows oriented toward the pump driver.

6.3. Secure the acrylic inner mounting plate inside the polycarbonate enclosure with four M3-by-8 button-head screws and washers [1]. Insert four rubber grommets into each of the two sides containing four consecutive holes [2] and label the grommets 1 through 4 from left to right on both sides [3].
6.3.1. Talent fastening the acrylic inner mounting plate inside the enclosure by using screws and washers.
6.3.2. Talent inserting the rubber grommets into both sides of the enclosure.
6.3.3. Talent labeling the grommets 1 through 4 from left to right on each side.

6.4. Place two O-rings around the threaded section of the male-to-female mini-USB cable [1]. Pass the female end through the enclosure hole on the side toward which the micropump arrows point and secure it outside the enclosure with another O-ring [2].
6.4.1. Talent positioning two O-rings on the threaded section of the male-to-female mini-USB cable.
6.4.2. Talent securing the female mini-USB port through the enclosure wall with an O-ring.

6.5. Seal the remaining enclosure hole with general-purpose tape [1] and confirm that the electronics and micropumps are protected and firmly mounted inside the enclosure [2].
6.5.1. CU: Talent sealing the remaining enclosure hole with general-purpose tape.
6.5.2. WIDE: Shot of the completed microcontroller and micropump enclosure. 

7. Final System Assembly and Operation

7.1. Complete the upper-deck assembly by mounting the flow sensors and bubble traps above the enclosure, supporting the deck with threaded rods and spacers, and securing the microfluidic slide and its connectors between the two levels [1]. Fasten the assembled flow system to the random positioning machine, with the microfluidic slide centered on the rotational axes, and secure all components and cables without stressing the electrical connections [2].
7.1.1. WIDE: Shot of upper deck being assembled with flow-sensor clamps, bubble-trap holders, and cushioned microfluidic-slide mount.
7.1.2. WIDE: Shot of mounting the completed system on the random positioning machine and securely placing the microfluidic slide centered on the rotational axes. 

7.2. Connect the RPM, microcontroller, and liquid flow sensors to the computer and power supplies [1]. Open the flow-sensor software, adjust the pump voltage until the desired flow rate is reached, and verify bubble-free, leak-free flow and unobstructed rotation for 1 hour [2]. Then, begin logging flow data for the 24-hour experimental period [3].
7.2.1. Talent connecting the assembled system to the computer and power supplies.
7.2.2. WIDE : Shot of the running system being inspected for leaks and bubbles, while simultaneously verifying that the RPM control rotates freely.
7.2.3. Talent starting the 24-hour flow-data log at the target flow rate.

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: 80 .
· Please note that the video cannot include voiceover without an accompanying visual.

8. Results 

8.1. Representative flow-rate plots showed substantial fluctuations and frequent sharp spikes in the flow loop without the orientation-independent bubble trap [1]. In contrast, the loop containing the bubble trap maintained a more stable flow rate with only occasional minor deviations [2]. 
8.1.1. LAB MEDIA: Figure 4 Video Editor: Please highlight the left plot and use arrows to emphasize the tall, irregular blue spikes.
8.1.2. LAB MEDIA: Figure 4 Video Editor: Please highlight the right plot and use arrows to emphasize the narrow, stable blue band.

8.2. Following the microgravity experiment, extensive endothelial-cell detachment was observed in the channel without a bubble trap [1]. In contrast, the bubble-trap condition retained a dense layer of adherent cells with clearly preserved actin structures and nuclei, indicating rescue of cell viability and growth [2].
8.2.1. LAB MEDIA: Figure 5 Video Editor: Please highlight in Figure 5A, the sparse or empty areas and use arrows to highlight the detached or remaining isolated cells.
8.2.2. LAB MEDIA: Figure 5 Video Editor: Please highlight in Figure 5B, the dense fluorescent cell layer and use arrows to emphasize the intact red actin structures and blue-stained nuclei.
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