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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  
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.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.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?   No

Current Protocol Length

Number of Steps:  25
Number of Shots:  54

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)

Ethics Title Card
This research has been approved by the Human Research Ethics Committee at the University of Sydney

Videographer: Obtain headshots for all authors. 
AUTHORS: Please note that only 5 interview statements may be presented

What is the scope of your research? What questions are you trying to answer? 
1.1. Jasmine Jin: The scope of our research is directed towards live-cell mechanobiology, specifically, the behaviour of cells when mechanical stress is applied. We are investigating the intracellular signaling in single cells.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:

What technologies are currently used to advance research in your field?
1.2. Jasmine Jin: The proposed fMPA system utilizes fluorescence imaging combined with mechanical stimuli, that is, the aspiration pressure. There are currently further advancements that have attempted to combine more than two techniques with the micropipette aspiration setup, like microfluidics or image analysis software.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:
What are the current experimental challenges?
1.3. Jerry Wang: Current experimental challenges lie with the fact that the setup is quite labor intensive and is operator dependent. As the system is manually operated, there are inconsistencies that arise in specific steps, for example, filament preheating.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:

What significant findings have you established in your field?
1.4. Jerry Wang: The findings of our research demonstrated there was a corresponding increase in the influx of calcium ions into the RBCs when the pressure was incrementally increased between -10 mmHg to -40 mmHg. This suggests that RBCs possess the ability to sense changes in their mechanical and respond by rapid calcium-specific channel activities.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:

What research gap are you addressing with your protocol?
1.5. Jasmine Jin: This study places particular emphasis on the application of fMPA as a crucial tool for unveiling the nuanced mechanosensitive responses showcased by RBCs under varying stimuli.
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:

Videographer: Obtain headshots for all authors.

Protocol Videos 

2. Video 2: Fabrication of Micropipettes for Fluorescence Aspiration Assay to Study Live Cell RBC Mechanosensing
Demonstrator: Catherine Chen
Ethics Title Card
This protocol has been approved by the Human Research Ethics Committee at the University of Sydney
Protocol
2.1. To begin, mount a borosilicate capillary tube onto a P-1000 (P-One Thousand)  micropipette puller [1]. Use the pre-set program with heat set to 516, velocity set to 75, time set to 250 and pressure set to 500 [2]. 	Comment by Sulakshana  Karkala: AUTHORS: Please note that all pronunciation guides are given in red, italics. Kindly go through the same and change/provide alternate guides where necessary. 
2.1.1. WIDE: Talent mounts a borosilicate capillary tube onto a P-1000 micropipette puller. 
AUTHORS: Please do not forget to film this establishing shot. Ensure that this is filmed as a WIDE angle shot.
2.1.2. Talent checks the pre-set program values. 
Videographer: If possible, please capture the screen of the instrument showing the heat, velocity, time and pressure values
2.2. Mount one of the close-ended micropipettes on a micropipette cutter to open a closed tip [1]. Adjust the heating temperature to about 50 to 60 degrees Celsius [2]. 	
2.2.1. Talent places a close-ended micropipette on a micropipette cutter. 
2.2.2. Shot of the temperature of the cutter being set to 50 to 60 °C. 
2.3. With a 10X (ten-ex) eyepiece, locate the micropipette [1]. Use the adjustment knobs to move the micropipette close to the borosilicate glass bead [2]. 
2.3.1. Talent looking at the micropipette through a 10X eyepiece. 
2.3.2. Shot of the micropipette being moved closer to the borosilicate glass bead using adjustment knobs. 
2.4. Change the eyepiece to 30X (thirty-ex) [1] then move the micropipette as close to the glass bead as possible, without bending the pipette tip [2]. 
2.4.1. Talent changes the eyepiece to 30X. 
2.4.2. Shot of the micropipette being moved as close as possible to the glass bead. 
2.5. Step on the heating paddle to soften the glass bead with heat [1]. Gently insert the raw closed micropipette tip into the softened bead until the desired diameter is obtained [2]. 
2.5.1. Talent steps on the heating paddle. 
2.5.2. Shot of the raw close micropipette tip being inserted into the softened bead. 
2.6. Release the foot paddle to let the glass bead cool down [1-TXT]. Then gently extract the 1-micrometer diameter micropipette with a clear straight cut on the closed pipette [2]. 
2.6.1. Shot of the foot paddle being released. TXT: Ensure that the micropipette tip is always inside the bead
2.6.2. Talent gently pulls the micropipette.
3. Video 3: Fluorescence Micropipette Aspiration Assay to Study Live Cell RBC Mechanosensing
Demonstrator: Jasmine Jin and Jerry Wang
Ethics Title Card
This protocol has been approved by the Human Research Ethics Committee at the University of Sydney
Protocol
3.1. To begin, use a diamond pencil to divide a standard glass coverslip into 3 equal strips [1]. Use vacuum grease to stick a piece of the coverslip strip to the bottom of a homemade chamber holder [2]. 
3.1.1. WIDE: Talent uses a diamond pencil to divide a standard glass coverslip into 3 equal strips. 
AUTHORS: Please do not forget to film this establishing shot. Ensure that this is filmed as a WIDE angle shot.
3.1.2. Talent sticks a coverslip strip to the bottom of a homemade chamber holder, with vacuum grease. 
3.2. Similarly, attach the second piece of the coverslip strip to the top of the chamber holder [1]. Next, use a pipette gun to inject 200 microliters of the labeled RBC (R-B-C) suspension between the 2 coverslips [2]. 
3.2.1. Shot of a second piece of the coverslip strip being attached to the top of the chamber holder. 
3.2.2. Shot of 200 µL of labeled RBC suspension being injected between the 2 coverslips. 
3.3. To assemble the micropipette aspiration setup, mount the cell chamber onto the holder stage on a microscope platform [1]. Adjust the position of the chamber until it is directly below the objective [2]. 
3.3.1. Talent places the cell chamber on a holder stage of a microscope platform. 
3.3.2. Shot of the chamber position being adjusted until it is immediately below the objective. 
3.4. Now lower the holder until it is below the fluid level of the connected water reservoir [1].  Inject demineralized water into the micropipette [2] then use a syringe equipped with a 34-gauge needle to remove any air bubbles [3]. 
3.4.1. Shot of the holder being lowered until it is below the fluid level of the connected water reservoirs. 
3.4.2. Talent injects demineralized water into the micropipette. 
3.4.3. Shot of air bubbles being removed with a syringe equipped with a 34 G needle. 
3.5. Unscrew the end of the micropipette holder halfway and allow the water to drip from the holder for a few seconds [1]. Next, insert the suspension-filled micropipette into the holder tip and tighten the holder screw [2]. 
3.5.1. Talent unscrews the end of the holder, halfway and drips water from the holder.
3.5.2. Talent inserts the micropipette into the holder tip and tightens the holder screw.  
3.6. Place the micropipette in the cell chamber [1]. Then locate the pipette and RBCs under the microscope [2-TXT]. 
3.6.1. Talent places the micropipette in the cell chamber.
3.6.2. SCREEN: Jove-Screen-Recording-for-fMPA.mp4	00:00-00:08
TXT: Use the micromanipulator to adjust the pipette position
3.7. Lower the pipette tip to ensure that it is leveled with the located RBC [1]. Adjust the height of the water reservoir to zero the hydraulic pressure at the tip [2]. Then slightly raise the water reservoir to generate a subtle positive pressure [3]. 
3.7.1. SCREEN: Jove-Screen-Recording-for-fMPA.mp4	00:45-01:07
The pipette tip is being lowered until it is at the same level as the located RBC.
3.7.2. Talent lowers the water reservoir height. 
3.7.3. Shot of the water reservoir height being slightly increased. 
Fluorescence Aspiration Assay
3.8. Turn on the 488-nanometer fluorescent excitation light source [1-TXT]. Turn on the fluorescence camera and the transmitted camera [2]. 
3.8.1.  Talent switches on the 488 nm fluorescent excitation light source. TXT: Avoid photobleaching by keeping the shutter off
3.8.2. Talent switches on the fluorescence and transmitted cameras. 

3.9. Input the exposure time, region of interest and binning size for both cameras, in the corresponding software [1]. Then set up the acquisition number to 2000 under the multi-dimensional acquisition panel [2]. Choose the required saving directory [3]. 
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=20210873
3.9.1. SCREEN:  The exposure time, region of interest and binning size is being input. Setting-up-the-Software.mp4 00:29 - 00:39
3.9.2. SCREEN:  The acquisition time is being set to 2000. Setting-up-the-Software.mp4 00:39 – 00:46
3.9.3. SCREEN:  The required saving directory is being chosen. Setting-up-the-Software.mp4 01:23 – 01:53
3.10. Next, locate the micropipette with the help of the micromanipulator [1].  Turn on the pneumatic pressure clamp and ensure that the control box is in the EXTRNL (external) mode [2]. Slowly rotate the knob to compensate for any offset pressure inside the system [3]. 
3.10.1. SCOPE/ SCREEN: The micropipette is being located. fMPA-Experimental-Process.mp4 07:40 – 8:10
3.10.2. SCREEN:  The pneumatic pressure clamp is being turned on, and the control box  is kept in EXTRNL mode. 	Comment by Jasmine Jin: This is not performed on the monitor. This is completed by turning on the pressure clamp via a switch.
3.10.3. Talent slowly rotates the knob to compensate for any offset pressure. 
3.11. Launch the software that controls the pneumatic clamp [1].  Use the electrical control panel to keep the pressure controlled with a 20 millivolt per millimeter mercury conversion factor [2]. 
3.11.1. SCREEN:  The software that controls the pneumatic clamp is being launched. HSPC-Control-Panel.mp4 00:06 – 00:11
3.11.2. SCREEN:  The electrical control panel is being used to keep the pressure controlled with 20 mV/mmHg conversion factor. 	Comment by Jasmine Jin: This is not performed on the monitor. This is completed on the external pressure clamp.
3.12. Now zero the pressure inside the system [1]. Then carefully relocate the micropipette close to the RBCS [2]. Adjust the position of the water reservoir to generate a subtle positive pressure at the micropipette tip [3]. 
3.12.1. SCREEN:  The system pressure is being zeroed.	Comment by Jasmine Jin: This is not performed on the monitor. This completed via turning the knob on the pressure clamp.
3.12.2. SCOPE/ SCREEN: The micropipette is being relocated closer to the RBCs. fMPA-Experimental-Process.mp4 10:50 – 11:20
3.12.3. SCREEN:  A positive pressure is being seen at the micropipette tip. fMPA-Experimental-Process.mp4 12:16 – 12:30
3.13. Initiate acquisition in the camera software, and switch on the fluorescence shutter [1]. Type in the calculated voltage magnitude into the control panel, to reach the desired pressure and aspirate an RBC [2]. 
3.13.1. SCREEN:  Acquisition is being started and the fluorescence shutter is being switched on. 	Comment by Jasmine Jin: This is not performed on the monitor. This is performed directly via a button on the inverted microscope.
3.13.2. SCREEN:  The calculated voltage magnitude is being typed into the control panel and the RBC is being aspirated. HSPC-Control-Panel.mp4 00:14 – 00:34
3.14. Hold the pressure for a pre-set period then release it [1]. Similarly repeat the experiment with the next RBC [2]. 
3.14.1. SCREEN:  Pressure is being held then released. fMPA-Experimental-Process.mp4 16:00 – 16:20
3.14.2. SCREEN:  Pressure is being applied on another RBC. fMPA-Experimental-Process.mp4 21:45 – 22:15
Analysis of Fluorescence Intensity	Comment by Jasmine Jin: May we please remove this section from the video? The analysis software is a commercial software and may infringe on the company's intellectual property. We have also included snapshots of the software in supplementary.
3.15. Load the saved fluorescence images into the analysis software [1]. Now use the display adjustment tab to adjust the intensity threshold, until a clear contrast of the cell is seen [2]. 
3.15.1. SCREEN:  The saved fluorescence images are being loaded into the analysis software. 
3.15.2. SCREEN:  The intensity threshold is being adjusted under the display adjustment tab to obtain a clear contrast of cell.
3.16. Scroll to the timeline at the bottom of the software and locate the designated aspiration event [1]. Click on Add new surfaces then define the region of interest for analysis [2]. 
3.16.1. SCREEN:  The timeline at the bottom of the software is being scrolled to and the designated aspiration event is being located. 
3.16.2. SCREEN:  Add new surfaces is being clicked on and the analysis ROI is being defined. 
3.17. Move the background subtraction slider to adjust the segmentation threshold to obtain the best outcome [1].  Add an area filter to exclude background noise [2].  
3.17.1. SCREEN:  The background subtraction slider is being moved to obtain best segmentation outcome. 
3.17.2. SCREEN:  An area filter is being added. 
3.18. Now click on the statistics tab, followed by the detailed tab and the average values tab [1]. Find and locate the intensity mean [2]. Then export the fluorescence signal trace over time into a .csv (C-S-V) file [3]. 
3.18.1. SCREEN:  The statistics tab, detailed tab and the average values tabs are being clicked in sequence. 
3.18.2. SCREEN:  The intensity mean is being located. 
3.18.3. SCREEN:  The fluorescence signal trace over time is being exported into a .csv file.
3.19. Open the exported file and subtract the background signals or Fb (F-B) from all measurements [1]. Finally calculate the calcium intensity change using the given equation [2]. 
3.19.1. SCREEN:  The exported file is being opened and the background signals are being subtracted from all measurements. 
3.19.2. SCREEN:  The  is being calculated. 
TEXT ON PLAIN BACKGROUND:
 : Maximum Calcium Intensity Change;
  : Background Intensity;
 : Resting Intensity

Video Editor: Please play both shots side by side. 
Representative Results
3.20. Incremental increase in pressure resulted in an increased mobilization of calcium ions into the RBCS [1]. 
3.20.1. LAB MEDIA: Figure 3A to 3D 	Video Editor: Please sequentially emphasize images 3A to 3D
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