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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.

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 videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 


4. Filming location: Will the filming need to take place in multiple locations?   No.


Current Protocol Length

Number of Steps:  31
Number of Shots:  48 

Introduction
1. Introductory Interview Statements

REQUIRED: 
1.1. [bookmark: _Hlk71802230]Marianna Kulka: This protocol offers an easy and rapid approach to screen candidate biomaterial inks for potential cytotoxic effects against sensitive primary and immune cells prior to complex 3D bioprinting experiments.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
1.2. [bookmark: _Hlk71802257]Marianna Kulka: After incubation of immune cells on the biomaterial ink constructs, the cells can be easily retrieved from the constructs by gentle washing to perform downstream cytotoxicity or biomarker analyses.
1.2.1. [bookmark: _Hlk71802275]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested b-roll: 3.3.1

OPTIONAL: 

1.3. [bookmark: _Hlk71802298]Leshern Karamchand: This protocol is directly relevant to tissue engineering in which bioprinted tissues that are destined for transplantation, must be constructed from primary cells and biocompatible biomaterial inks. 
1.3.1. [bookmark: _Hlk71802313]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested b-roll: 2.30.2



Protocol
2. 3D Bioprinting of FNC/Sodium Alginate Hydrogel Substrates
2.1. To begin, prepare a Bioink cartridge for installation onto the INKREDIBLE plus 3D Bioprinter. First, remove the blue end caps from the 3-milliliter biomaterial ink cartridge [1] and affix a sterile 22-Gauge conical bioprinting nozzle to the luer-lock end of the Bioink cartridge [2]. 
2.1.1. Talent removing the caps from cartridge
2.1.2. Talent affixing bioprinting needle to the cartridge
2.2. Connect the air pressure supply tubing for printhead 1, or PH1, to the opposite end of the cartridge [1] and insert the cartridge with its attached conical bioprinting nozzle into the vertical slot of PH1 [2].
2.2.1. Talent connecting the air pressure supply tubing to the cartridge
2.2.2. WIDE: Talent inserting the cartridge with nozzle into printhead 1
2.3. Next, firmly seat the cartridge in PH1 with the conical bioprinting nozzle extending below the printhead [1]. Tighten the screw on PH1 clockwise until finger-tight to lock the Bioink cartridge in place. Note that 3D bioprinting can be performed with PH2 left empty [2].
2.3.1. Firmly seated cartridge in PH1 with nozzle extending below printhead
2.3.2. Talent tightening the screw clockwise to lock cartridge
2.4. Power on the 3D bioprinter [1], and launch the bioprinter software on a PC connected to the 3D bioprinter via a USB 2.0 cable [2].
2.4.1. Talent switching on the 3D printer
2.4.2. SCREEN: 62519_screenshot_1.mov.00:00-00:05
2.5. In the software, click the CONNECT button to sync it with the 3D bioprinter [1]. 
2.5.1. SCREEN: 62519_screenshot_1.mov.00:06-00:11
2.6. Observe four options in the main control menu of the 3D bioprinter, first, PREPARE BIOPRINT, second, BIOPRINT, third, UTILITIES MENU, and fourth, STATUS SCREEN. Select the PREPARE BIOPRINT option, then scroll down to and select the HOME AXES option [1].
2.6.1. SCREEN: Talent scrolling through the four options in control menu and then selecting the prepare bioprint and then again scroll down to select Home axes option Videographer: Please record this step as it is performed onboard on 3D bioprinter!
2.7. After successful calibration of the x-y-z axes, the height of the printbed will lower slightly and the printheads will relocate to above the center point of the printbed [1].
2.7.1. Lowered printbed and relocation of print heads above the center point
2.8. To proceed with the starting point calibration for bioprinting in 24-well plates, remove a sterile 24-well culture plate from its sealed plastic wrapping [1], and mark a dot at the center point of well D1 on the underside of the plate with a permanent marker [2].
2.8.1. Talent removing sterile plate from sealed wrapping
2.8.2. Talent marking the underside of plate with marker 
2.9. Remove the plate cover [1], and place the 24-well culture plate on the printbed with well D1 located at the front left corner of the printbed [2].
2.9.1. Talent removing the plate cover
2.9.2. Talent placing culture plate on the printbed
2.10. On the main control menu, select UTILITIES MENU and then MOVE AXIS [1]. 
2.10.1. SCREEN: Talent selecting Utilities menu and then selecting Move axes Videographer: Please record this step as it is performed onboard on 3D bioprinter.
2.11. Move the printheads in 1-millimeter increments along the x- and y-axes until the conical bioprinting nozzle of PH1 is directly over the dot marked under well D1 [1]. If necessary, fine-tune the position of the conical bioprinting nozzle over the dot by moving the printheads in 0.1-millimeter increments [2]. Videographer: 2.11 and 2.12 can be combined in same shot.
2.11.1. Talent moving the print heads with 1 mm increment Videographer: This step is important!
2.11.2. Talent finetuning by moving the printhead nozzle by 0.1 mm increment. Videographer: This step is important!
2.12. Record the x- and y-coordinates of the conical bioprinting nozzle when directly over the center of well D1, as indicated on the control panel screen of the 3D bioprinter [1]. 
2.12.1. SCREEN: Talent recording the x- and y- coordinates indicated on control panel screen Videographer: Please record this step as it is performed onboard on 3D bioprinter.
2.13. Next, raise the printbed in 1-millimeter increments until the bottom of well D1 is almost touching the conical bioprinting nozzle installed in printhead 1. Fine-tune the movement of the printbed in 0.1-millimeter increments if necessary [1]. Videographer: 2.13, 2.14 and 2.15 can be combined in a same shot.
2.13.1. Talent raising the printbed. 
2.14. From the UTILITIES MENU, select the Z-AXIS CALIBRATION option, and further select and confirm the STORE Z CALIBRATION option [1].
2.14.1. SCREEN: Talent selecting from the Z-axis calibration from utilities menu and then selecting and confirming store Z calibration option Videographer: Please record this step as it is performed onboard on 3D bioprinter. 
2.15. Return to the main menu, and select the PREPARE BIOPRINT option. Scroll down to and select the CALIBRATE Z option [1]. 
2.15.1. SCREEN: Talent selecting Prepare bioprint option and then scrolling down to select calibrate Z option Videographer: Please record this step as it is performed onboard on 3D bioprinter. 
2.16. Update the 24-well plate geometric code, or G-code, with correct starting point coordinates. Open the provided 24-well G-code file in the bioprinter software [1]. 
2.16.1. SCREEN: 62519_screenshot_2.mov.00:00-00:07
2.17. Update the x- and y-coordinates on Line 1 with the values obtained in previous steps and save the file under a new name [1]. 
2.17.1. SCREEN: 62519_screenshot_2.mov. 00:08-00:35
2.18. Ensure that the pneumatic pump is tightly connected to the rear air intake port of the INKREDIBLE plus 3D bioprinter [1], and turn it on [2].
2.18.1. Talent ensuring the pneumatic pump is tightly connected
2.18.2. Talent turning on the pneumatic pump
2.19. Pull out the forward control knob located on the right side of the INKREDIBLE plus 3D bioprinter [1]. 
2.19.1. Talent pulling out the forward control knob of 3D printer
2.20. Ensure that the digital pressure gauges for PH1 and PH2 located on the front of the bioprinter each read close to 0 kilopascal [1]. Slowly rotate the forward control knob clockwise [2] until the pressure indicated on the left gauge for PH1 reaches 12 kilopascals [3].
2.20.1. Digital pressure gauge reading 0 kPa
2.20.2. Talent rotating the pressure control knob
2.20.3. Pressure on the Gauge reaches 12 kPa
2.21. Place a folded tissue paper or a piece of waterproof, sealing film under the print nozzle of the installed cartridge, being careful not to touch the print nozzle [1].
2.21.1. Talent placed a folded tissue paper sealing film under nozzle of cartridge
2.22. From the main control menu on the 3D bioprinter, select PREPARE BIOPRINT [1].
2.22.1. SCREEN: selecting prepare bioprint Videographer: Please record this step as it is performed onboard on 3D bioprinter.
2.23. Navigate to and select TURN ON PH1 [1]. Note that the bioink starts to extrude from the print nozzle. If necessary, increase the extrusion pressure by rotating the control knob clockwise until the bioink is extruded in a continuous filament [2], and record the new pressure setting [3]. 
2.23.1. SCREEN: Selecting turn on PH1 Videographer: Please record this step as it is performed onboard on 3D bioprinter.
2.23.2. Bioink extruded in continuous filament
2.23.3. Record new pressure setting
2.24. Select TURN OFF PH1 to stop extrusion of the bioink [1], remove the tissue paper or film containing the extruded bioink from the printbed [2], and close the bioprinter door [3]. 
2.24.1. SCREEN: Selecting turn off PH1 Videographer: Please record this step as it is performed onboard on 3D bioprinter.
2.24.2. Talent removing the tissue paper or film containing the extruded bioink
2.24.3. Talent closing the bioprinter door
2.25. To perform 3D bioprinting of rectilinear hydrogel substrates in a 24-well plate format, select the UTILITIES MENU from the main control menu, then select DISABLE SD PRINT, which will allow the bioprinter software to transmit G-code files to the 3D bioprinter for printing [1].
2.25.1. SCREEN: Talent selecting utilities menu and navigating and selecting disable sd print.  Videographer: Please record this step as it is performed onboard on 3D bioprinter.
2.26. Click on the LOAD button in the bioprinter software and select the updated 24-well plate G-code file [1].
2.26.1. SCREEN: 62519_screenshot_3.mov.00:00-00:08
2.27. In the right-hand control panel in the software, select the Print Preview tab, and click on the PRINT button to commence bioprinting in well D1 [1]. 
2.27.1. SCREEN: 62519_screenshot_3.mov.00:09-00:15. Videographer: Please also record this step as actual 3D bioprinting of the constructs in the 24-well plate needs to be filmed.
2.28. Upon completion of bioprinting of the rectilinear constructs, cover the 24-well plate with its lid and move it to a class II (Pronounce: “Two”) biosafety cabinet [1].
2.28.1. Talent covering the plate and moving it to class ii biosafety cabinet
2.29. Immerse each rectilinear construct in two drops of sterile 50 millimolar calcium chloride solution [1] and incubate at room temperature for 5 minutes [2]. Videographer: These steps are important and can be captured in same shot with 2.30.
2.29.1. Talent immersing construct in calcium chloride 
2.29.2. Talent incubating the construct
2.30. Carefully aspirate the calcium chloride solution from each construct [1], and rinse once in 1 milliliter of 1x PBS to remove excess calcium chloride [2]. Videographer: These steps are important and can be captured in same shot with 2.29.
2.30.1. Talent aspirating the calcium chloride from each construct 
2.30.2. Talent rinsing construct in PBS
2.31. To prevent dehydration of the bioprinted hydrogel constructs, maintain the 3D bioprinted rectilinear constructs in fresh 1x PBS until the bone marrow-derived mast cells are ready to be seeded onto the constructs [1].
2.31.1. Construct in PBS



Results
3. Results: Assessment of BMMCs on Fabricated CNC
3.1. Based on the forward and side scatter parameters of the BMMCs analyzed by flow cytometry, it was observed that the hydrogel substrate with the highest CNC concentration did not alter the native size or granularity of the BMMCs as compared to the BMMCs cultured in the absence of the CNC-agarose-D-mannitol hydrogel substrates [1].
3.1.1. LAB MEDIA: Figure 3A
3.2. Flow cytometric analysis of the BMMCs’ permeability to propidium iodide demonstrated that none of the CNC concentrations tested elicited any adverse effects on BMMC viability [1].
3.2.1. LAB MEDIA: Figure 3B, 3C
3.3. The CNC-agarose substrate increased the expression of the mast cell-biomarkers at CNC concentrations greater than or equal to 2.5%. However, the expression levels of these receptors remained relatively consistent between 2.5% and 12.5% CNC, which suggests an effect that is independent of the concentration of CNC [1].
3.3.1. LAB MEDIA: Figure 4A(iii), 5B(iii) 	
3.4. The XTT assay demonstrated that the metabolic activity of the BMMCs cultured on the 3D bioprinted hydrogel scaffolds remained relatively consistent at about 100% across all tested time points [1]. Similarly, the LDH release [2] and PI dye exclusion assays revealed no significant changes in viability of the BMMCs [3].
3.4.1. LAB MEDIA: Figure 7A
3.4.2. LAB MEDIA: Figure 7B
3.4.3. LAB MEDIA: Figure 7C



Conclusion
4. [bookmark: _Hlk27388131]Conclusion Interview Statements
4.1. [bookmark: _Hlk71802400]Leshern Karamchand: Careful attention to the selection of the printing nozzle gauge, calibration of the 3D bioprinter’s axes, and the extrusion pressure setting will ensure reproducible printing of high-quality 3D constructs. 
4.1.1. [bookmark: _Hlk71802419]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  Suggested b-roll: 2.1.2, 2.11.1, 2.23.2, 2.23.3
4.2. [bookmark: _Hlk71802445]Leshern Karamchand: The ease with which the mast cells can be retrieved allows them to be probed via a broad range of biological assays to further study any aspect of their cellular functions.
4.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
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