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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N______  
Can you record movies/images using your own microscope camera? (Y/N)_________  
If no, 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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
Steps 3.3 to 3.9 are most beneficial to have filmed

D.  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.) ___________________________
Steps 3.3 are the most difficult. To ensure success, we take our time and ensure we have syringe space to work with to eliminate the risk of accident discharge.

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this procedure is to facilitate the rapid and reproducible pre-cellularization of bioinks for bioprinting applications while preserving cell viability. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hector Martinez: This method can help streamline and improve reproducibility when blending a cell suspension with a bioink to ensure the printing of viable cells [1-MED]. 
1.1.1. Hector speaks toward the camera, interview style.
1.2. Hector Martinez: The main advantage of this technique is that it eliminates variability in mixing by blending cells with a bioink in an enclosed system with minimal handling and risk of sample loss [1-MED].   
1.2.1. Hector speaks toward the camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Elin Pernevik: Visual demonstration of this method is critical as there is a risk of improper mixing if the assembly is performed incorrectly [1-MED].
1.3.1. Linnea speaks toward the camera, interview style.   
Authors, I had to change the speakers around a little because speaker saying the optional interview statements cannot also say the required interview statements.  I gave Linnea another speaking part in the conclusion.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. This protocol follows the guidelines of Chalmers University’s Human Research Ethics Committee [1-Title Card].
1.4.1. Title Card. 

Protocol: (read by voice talent at JoVE)
2. Preparation of Consumables, Bioink, and Cells
2.1. To begin, obtain two syringes: one syringe is for the cell suspension, while the other syringe is for the bioink [1-MED-over the shoulder].  The mixing ratio utilized in this study is 10 to 1.  Therefore, use a 12 milliliter syringe and a 1 milliliter syringe as required by the 10 to 1 mixing unit [2-CU].
2.1.1. Talent obtains the two syringes from their packaging.  Continue action in next shot.
2.1.2. 12 mL syringe and 1 mL syringe as talent displays to the camera.   
2.2. Also, obtain a sterile passive mixing unit that can be coupled with dual syringes via a Luer lock connection, and a sterile female-female Luer lock connector [1-MED-over the shoulder].
2.2.1. Sterile passive mixing unit that can be coupled with dual syringes as talent retrieves it and a sterile female-female Luer lock connector   
2.3. Retrieve a dispensing unit that can extrude a volume from two sterile syringes simultaneously at a controlled rate [1-CU].  
2.3.1. Dispensing unit as talent retrieves it.
2.4. Finally, obtain a sterile cartridge to directly mix the bioink and cell suspension into  [1-MED-over the shoulder].
2.4.1. Talent retrieves the sterile cartridge and a sterile female-female Luer lock connector.    
2.5. In this protocol, a nanocellulose/alginate based bioink is utilized, which is cross-linked through the addition of a calcium chloride solution, post printing [1-CU].
2.5.1. Nanocellulose/alginate based bioink as talent pulls off the shelf and displays to the camera.
2.6. To prepare the cells, detach them using a 0.5% trypsin/EDTA solution.  In this protocol, human fibroblasts are used [1-MED].  Then, count the total number of cells using the trypan blue exclusion method [2-CU].
2.6.1. Talent detaches the cells using a 0.5% trypsin/EDTA solution. Use labeled containers.
2.6.2. Counting grid as talent loads it with stained cells to count them.  
2.7. Determine what cell density is desired in the final printed construct.  Calculate the concentration of the harvested cells that must be diluted to achieve this target final cell density.  In this protocol, a final cell density of 5 million cells per milliliter was utilized [1-MED-over the shoulder-TXT]/[2-CU-TXT]. 
2.7.1. Talent performs the calculations in lab notebook to obtain a final cell density of 5 million cells/mL.  Continue/match action in next shot.  TEXT Overlay: See text for equations.  Editors, please use a combination of 2.6.1 and 2.6.2 to cover 2.6 at your discretion.
2.7.2. Lab notebook as talent performs the calculations to obtain a final cell density of 5 million cells/mL.  TEXT Overlay: See text for equations
3. Mixing of Cell Suspension and Bioink
3.1. Transfer the cell suspension into the cell suspension syringe [1-MED].  Also transfer the bioink to the other syringe [2-MED-over the shoulder].  Next, pull the bioink syringe plunger back and insert the syringe into the dispensing unit [3-CU].
3.1.1. Talent transfers the cell suspension into the cell suspension syringe.
3.1.2. Bioink as talent transfers it into another syringe to obtain the syringe containing the bioink.
3.1.3. Bioink syringe plunger as talent pulls it back and inserts the syringe into the dispensing unit.
3.2. Linnea Stridh Orrhult Elin Pernevik:  Ensure at least half the volume in the pulled-back-syringes are sterile air from within the biosafety cabinet.  It is important that the positions of the syringe plungers are maintained during insertion into the dispensing unit [1-MED].
3.2.1. Linnea speaks toward camera, interview style.   
3.3. Position the unit vertically with the Luer lock connector upwards [1-CU].  Then, pull the plunger of the cell syringe back to a similar length as the bioink syringe and insert into the dispensing unit [2-MED].
3.3.1. Talent positions the unit vertically with the Luer lock connector upwards.
3.3.2. Plunger as talent pulls back the cell syringe to a similar length as the bioink syringe and inserts it into the dispensing unit.
3.4. Linnea Stridh Orrhult Elin Pernevik:  Ensure there is no accidental discharge of the cell suspension or bioink by ensuring that the mixing unit is attached evenly to the two syringes.  Double check before mixing [1-MED].
3.4.1. Linnea speaks toward camera, interview style.
3.5. Attach both syringes to the mixing unit by twisting the Luer lock connectors [1-CU].  Then, prime the mixing system by pushing on the dispensing unit to extrude the air in the syringe [2-MED].  Stop the priming prior to the solution reaching the Luer lock [3-CU].
3.5.1. Syringes as talent attaches them to the mixing unit by twisting the Luer lock connectors.
3.5.2. Talent primes the mixing system by pushing on the dispensing unit to extrude the air in the syringe.
3.5.3. Unit as talent stops the priming prior to the solution reaching the Luer lock.
3.6. After priming, attach the filling cartridge to the end of the mixing unit via the Luer lock connector [1-MED-over the shoulder].  Ensure that the plunger in the filling cartridge is at the bottom prior to attachment [2-CU]. 
3.6.1. Talent attaches the filling cartridge to the end of the mixing unit via the Luer lock connector.  Continue action in next shot.
3.6.2. Plunger in the filling cartridge as talent attaches the Luer lock connector to the end of the mixing unit showing that is the plunger is at the bottom of the filling cartridge.
3.7. Slowly compress the dispensing unit to mix the bioink and cell suspension together into the cartridge [1-MED].
3.7.1. Talent slowly compresses the dispensing unit to mix the bioink and cell suspension together into the cartridge. 
3.8. Push the plunger in the filling cartridge downward with a sterile pipet tip to contact the bioink-cell mixture after mixing [1-CU].  Keep the dispensing unit compressed to ensure the cell/bioink mixture is not extruded back into the mixing unit [2-MED-over the shoulder].
3.8.1. Filling cartridge as talent pushes the plunger downward with a sterile pipet tip to contact the bioink-cell mixture.  Continue action in next shot.
3.8.2. Talent pushes the plunger downward and keeps the dispensing unit compressed.
3.9. Cap the cartridge and gently tap on the work surface to move any air bubbles to the top of the cartridge.  At this point, the cell/bioink mixture is ready for printing [1-CU-TXT].
3.9.1. Cartridge as talent caps it and gently taps on the work surface to move any air bubbles to the piston end of the cartridge.  TEXT Overlay (as second sentence is narrated): See text for determination of cell viability   
4. Bioprinting of Cartilage Analogs with a Single Cell Type
4.1. In this protocol, a square structure with dimensions 4.8 by 4.8 by 0.9 cubic millimeters was exported as a Stereo-Lithography file.  A G-code file was generated of the lattice structure using the settings found in the text protocol [1-MED-over the shoulder].
4.1.1. Talent works at computer and rotates the square structure before saving it as an STL file. 
4.2. Isolate and cryopreserve primary human nasal chondrocytes, or hNCs (pronounced as “H-N-sees”), from patients following the referenced protocol [1-MED].
4.2.1. Talent places a tube of isolated hNCs into the freezer for cryopreservation.  
4.3. Thaw and expand cryopreserved hNCs and expand once in a monolayer culture using standard culture medium at 37 degrees Celsius [1-CU].
4.3.1. Plate of thawed cells as talent places into the incubator to expand them.  
4.4. Detach the cells at 80 to 90% confluence with a 0.5% trypsin/EDTA solution and count using a trypan blue exclusion protocol.  All experiments were conducted using hNCs at passage 2 [1-MED].
4.4.1. Talent works in the hood to detach the cells and then begins the trypan blue exclusion protocol. (Author Comment: Re-use shots 2.6.1 and 2.6.2 to cover this step)
4.5. Resuspend the hNCs at 100 million cells per milliliter within 300 microliters of culture medium supplemented with 10% fetal bovine serum, 1% penicillin–streptomycin, and 50 micrograms per milliliter of ascorbic acid, in preparation for blending with the bioink [1-MED-over the shoulder].
4.5.1. Talent resuspends the hNCs at 100 million cells per milliliter within 300 microliter of culture medium supplemented with 10% fetal bovine serum, 1% penicillin–streptomycin, and 50 micrograms per milliliter ascorbic acid.  Use labeled containers.
4.6. Blend the hNC cell suspension into a nanocellulose/alginate based bioink following the passive mixing unit protocol at a 10 to 1 bioink to cell suspension ratio to obtain a final cell concentration of 9 million cells per milliliter [1-CU].
4.6.1. Mixing unit as talent blends the hNC cell suspension into a nanocellulose/alginate based bioink at a 10 to 1 bioink to cell suspension ratio. (Author Comment: Re-use shot 3.7.1 to cover this step)
4.7. Ensure that the bioprinter is sterilized via UV exposure and wipe it down with 70% ethanol [1-MED-over the shoulder].  Maintain sterility by placing the bioprinter in a laminar flow cabinet [2-MED].  Then, attach sterile printing nozzles to the cartridges containing the bioink/cell suspension blends, and insert them into the bioprinter [3-CU].
4.7.1. Talent wipes the bioprinter down with 70% ethanol.
4.7.2. Talent places the bioprinter into a laminar flow cabinet.
4.7.3. Sterile printing nozzles as talent attaches to the cartridges containing the bioink/cell suspension and then inserts them into the bioprinter.
4.8. After calibrating the bioprinter, bioprint the lattice-structured, cell-laden constructs using the 25 Gauge conical nozzle at a pressure of 25 kiloPascals.  Bioprint cell-free constructs as a control [1-BROLL].
4.8.1. Bioprinter as it bioprints.  Use footage to cover this point:
Shot IV: use 12:47:50-12:48:00 (for zoomed out printing)
Shot II: 12:44:25-12.44.44 (for more close up, but stop before the really close up)
(Editor: Pick whatever looks best from this B-roll footage.)
4.9. Cross-link the constructs by adding an ionic solution of 100 milliMolar calcium chloride [1-CU].  After 5 minutes, rinse the constructs [2-MED].  Then, incubate the constructs in culture medium under standard culture conditions, changing the media every second or third day [3-CU-TXT].
4.9.1. Constructs as talent adds an ionic solution of 100 milliMolar calcium chloride.  Use labeled containers.
4.9.2. Talent rinses the constructs.
4.9.3. Constructs as talent places them into the incubator.  TEXT Overlay: 37 °C, 5% CO2, and 95% relative humidity
4.10. [bookmark: _GoBack]Collect samples for histological analysis at weeks 2 and 4 [1-MED].  Stain the samples for glycosaminoglycans (pronounced as “glahy-kohs-uh-mee-noh-glahy-kan”), or GAG (pronounced as “gag”), production using an Alcian blue stain [2-CU-TXT].
4.10.1. Talent collects the samples from the incubator.
4.10.2. Cultures as talent adds Alician blue stain.  TEXT Overlay: See text for bioprinting of skin analogs with two cell types Talent looking at Alcian-blue stained histology slides of the samples in the microscope. TEXT Overlay: See text for bioprinting of skin analogs with two cell types

5. Results: Cell Viability after Mixing and During Long-Term Culture 
5.1. Shown here is the cell viability 24 hours after mixing with the passive mixing unit… [1-LM] or a manual mixing technique [2-LM].  The passive mixing unit showed better viability as the extent of mixing was increased.  This is important because longer mixing times may be necessary when preparing large batches of pre-cellularized bioinks [3-LM].
5.1.1. 56372-Martinez-Figure1.png – Editors, please highlight the first 3 bars labeled “Cell mixer.”
5.1.2. 56372-Martinez-Figure1.png – Editors, please highlight the last 3 bars labeled “Spatula.”
5.1.3. 56372-Martinez-Figure1.png
5.2. Cell viability at day 14 and day 28 of culture are shown here.  Good cell viability is visualized, showing long-term cell survival when this technique is used [1-LM].
5.2.1. 56372-Martinez-Figure2.png
5.3. Glycosoaminoglycans visualized in bioprinted cartilage constructs stained using Alcian blue at day 0… [1-LM], day 14… [2-LM], day 28… [3-LM]. These images demonstrate the formation of neo-cartilage within these bioprinted constructs [4-LM]. 
5.3.1. 56372-Martinez-Figure3_noABClabel.png – Authors, please provide this image without the (a), (b), and (c) labels, for use in the video.  Editors, please zoom into the left-most image.
5.3.2. 56372-Martinez-Figure3_noABClabel.png - Editors, staying zoomed slide over to the middle image.
5.3.3. 56372-Martinez-Figure3_noABClabel.png - Editors, staying zoomed slide over to the right-most image.
5.3.4. 56372-Martinez-Figure3_noABClabel.png

6. Conclusion (said by authors on camera)
6.1. Hector Martinez: Once mastered, this technique can be done in 30 minutes if it is performed properly [1-MED].
6.1.1. Hector speaks toward the camera, interview style.  
6.2. Linnea Stridh Orrhult Elin Pernevik: After watching this video, you should have a good understanding of how to utilize a passive mixing unit system to cellularize bioinks [1-MED].
6.2.1. Linnea speaks toward the camera, interview style.
6.3. Hector Martinez: After its development, this technique paved the way for researchers in the field of bioprinting to rapidly and uniformly cellularize bioinks through a gentle mixing technique [1-MED]. 
6.3.1. Hector speaks toward the camera, interview style.  





















Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

LAB MEDIA (LM):
56372-Martinez-Figure1.png
56372-Martinez-Figure2.png

56372-Martinez-Figure3_noABClabel.png – Authors, please provide this image without the (a), (b), and (c) labels, for use in the video.  


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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