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A.  Will you require JoVE to record video microscopy through a microscope? N 
B.   Does your protocol include descriptions of 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.

C.  Which individual steps (not sections) of your protocol will viewers benefit most from having filmed? 2.1.-2.8., 3.1.-3.13.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Maintaining a sterile environment throughout the experimental process is the most difficult aspect of this procedure. Sterilization is maintained by performing cell culture, bioink preparation, and cell encapsulation steps in the sterile cell culture hood. The bioprinting process is kept sterile through UV radiation of the enclosed compartment and securing the door locks.
E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to generate viable cell-laden constructs with a complex geometry using a 3D bioprinter. (Intro) This is accomplished by first isolating human adipose tissue stromal cells from culture. (P1) Next, the cells are mixed with freshly prepared oxidized, RGD (Pronounce: R-G-D)-conjugated alignate bioink (P2) conjugated with RGD peptide. (P3) In the final step, the cell-laden biomaterial is extruded via bioprinting. (P4) Ultimately, confocal microscopy is used to analyze the viability, proliferation, and migration of the bioprinted cells. (P5)
From from RGDalginate.jpg and BioprintingAnimation2.gif
(P1) show flask with 4-pointed cells (like in RGDalginate.jpg) at bottom and have pipette enter flask and draw cells into pipette shaft
(P2) from RGDalginate.jpg, show 4-pointed cells and add stripes of orange alginate
(P3) from RGDalginate.jpg, add pink integrin and green RGD pieces, connecting the cells to the alginate
(P4) show BioprintingAnimation2.gif
(P5) Figure6.pdf
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Michael Yost: The main advantage of this technique over existing methods, like scaffold modeling followed by cell seeding, is that with our technique we can directly place the cells in cell aggregates exactly where they are needed to form the tissue.   

1.2. Michael Yost: Demonstrating the procedure will be Sarah Grace Dennis, a graduate student from my laboratory.

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Human adipose tissue stromal cell (hADSC) preparation
2.1. Begin by seeding 350,000 human adipose tissue stromal cells onto a treated T75 (Pronounce: T-seventy-five) flask in 15 ml of low glucose DMEM [2.1.1.-WIDE] for expansion in a cell culture incubator [2.1.2.-MED-TXT].
2.1.1. Talent adding cells to flask, with medium container visible in frame if possible

2.1.2. Talent placing flask into incubator (TEXT: See text for all media/reagent preparation details)

2.2. When the culture reaches 80% confluency, remove the medium [2.2.1.-CU] and rinse the cells in 5 ml of DPBS without calcium and magnesium [2.2.2.-CU].
2.2.1. Few seconds medium being aspirated

2.2.2. Few seconds cells/flask being washed with DPBS, with DPBS container label visible in frame if possible
2.3. Then incubate the cells in 5 ml of trypsin and DPBS for 2 minutes at 37°C [2.3.1.CU].
2.3.1. Few seconds trypsin being added to cells, with trypsin container label visible in frame if possible 
2.3.1.1. [added] Talent placing cell-laden tube in incubator.

2.4. When the cells have detached, stop the enzymatic reaction with 3 ml of cell culture medium [2.4.1.-MED] and transfer the cells into a 50 ml conical tube [2.4.2.-MED].
2.4.1. Few seconds Talent adding medium to flask, with medium container label visible in frame if possible

2.4.2. [combined with 2.4.1] Few seconds Talent dispensing cells into 50 ml tube
2.5. Next, centrifuge the cells [2.5.1.-MED-TXT] and resuspend the pellet in 2 ml of cell culture medium [2.5.2.-CU]. 

2.5.1. Talent placing cells in centrifuge (TEXT: 5 min, 1000 x g, RT) 

2.5.2. Shot of pellet if visible, then few seconds pellet being resuspended, with medium container label visible in frame if possible
2.6. Then count the cells [2.6.1.-MED], transfer a 1.3x106 cell aliquot into a 15 ml conical tube [2.6.2.-MED], and spin down the cells again [2.6.3.-MED].

2.6.1. Few seconds Talent at microscope, counting cells  

2.6.2. Talent adding cells to tube

2.6.3. Talent adding cells to centrifuge bucket

2.7. This time, resuspend the pellet in one milliliter of freshly prepared bioink, taking care to homogenously distribute the cells throughout the aqueous alginate solution [2.7.1.-CU]. 
2.7.1. Shot of pellet if visible, few seconds cells being resuspended in bioink, with bioink container label visible in frame if possible

2.8. Then load the cells into a sterile printer-compatible 3 ml syringe [2.8.1.-MED] and screw on a sterile 22 gauge plastic tip [2.8.2.-MED].
2.8.1. Few seconds Talent loading cell-laden bioink into syringe

2.8.2. Few seconds Talent adding tip to syringe
3. Bioprinting and cell viability assessment
3.1. Now turn on the bioprinter [3.1.1.-WIDE], each of the dispenser computers [3.1.2.-MED], and the recirculating water bath [3.1.3.-MED].
3.1.1. *Film as written

3.1.2. *Film as written

3.1.3. *Film as written
3.2. Manually set the bath temperature to 4°C for the gelation mechanism [3.2.1.-CU] and the printing parameters for each dispenser on the correlating dispenser computer [3.2.2.-MED-over the shoulder].
3.2.1. Few seconds temp being set/shot of temp at 4°C

3.2.2. Few seconds Talent at computer setting at least one parameter 
3.3. Set the dispense volume to 230 nanoliters, the number of backsteps to 0, and the dispense rate to 10 microliters/second [3.3.1.-SCREEN].
3.3.1. * To be provided by authors. Few seconds Talent setting printing parameters.
3.4. Then open the design software [3.4.1.-SCREEN] and the program for viewing the USB camera display on the computer [3.4.2.-SCREEN].
3.4.1. *To be provided by Authors
3.4.2. [combined with 3.4.1] *To be provided by Authors
3.5. Next, manually enter the coordinates for a 5 x 5 dot array with 2.4 mm of space between the drops [3.5.1.-SCREEN], save the program [3.5.2.-SCREEN], and send the program to the robot [3.5.3.-SCREEN].
3.5.1. *To be provided by Authors
3.5.2. *To be provided by Authors
3.5.3. [combined with 3.5.2] *To be provided by Authors 

3.6. Then place a gelatin-,titanium dioxide-containing Petri dish on the 4°C printer stage [3.6.1.-CU] and close and lock the chamber door [3.6.2.-CU].
3.6.1. *Film as written

3.6.2. (Videographer: Split action into separate shots as necessary)
3.7. Using the programmable logic controller, initialize the ultraviolet light sources to sterilize the chamber [3.7.1.-MED].
3.7.1. Talent turning on UV light, with UV light coming on visible in frame if possible
3.8. After 90 seconds, open the chamber [3.8.1.-CU] and load the syringe containing the human adipose tissue stromal cell suspension into Gun 1 [3.8.2.-CU].
3.8.1. *Film as written

3.8.2. Few seconds Gun 1 being loaded 
3.9. Close and lock the chamber door [3.9.1.-MED] and use the programmable logic controller to turn on the fan system [3.9.2.-MED].

3.9.1. (Videographer: Split action into separate shots as necessary)
3.9.2. Talent turning on fan system, with sound of fan coming on in shot if possible

3.10. Wait 30 seconds for the internal pressure to equilibrate [3.10.1.-MED/CU] and then run the program containing the geometrical pathway and printing parameters [3.10.2.-MED-over the shoulder-TXT].

3.10.1. Talent looking at watch/clock OR Timer being set to 30 s

3.10.2. Talent at computer, starting program (TEXT: See text for printing parameters)
3.11. Throughout the printing process, watch the USB camera display on the computer to confirm an accurate and uniform printing [3.11.1.-SCREEN/MED-TXT].

3.11.1. *To be provided by Authors (TEXT: Gel constructs 40 min post printing) OR Few seconds Talent watching screen (TEXT: Gel constructs 40 min post printing)

3.12. To quantify the viability of the bioprinted constructs, immerse them in freshly prepared stain solution for 15 minutes in the dark [3.12.1.-CU-TXT].  Once the construct has been immersed in stain solution, place it in the fridge for 15 minutes.
3.12.1. At least one construct being immersed in stain solution (TEXT: Prepare stain according to kit instructions). 
3.13. Then, using a confocal microscope, image the stained constructs [3.13.1.-MED]: if the cells appear yellow or green classify them as alive [3.13.2.-SCREEN/LM]; if red, the cells are dead [3.13.3.-SCREEN/LM].
3.13.1. Few seconds Talent at confocal microscope, focusing on cells or similar

3.13.2. *To be provided by Authors OR Authors: please provide Figure 5B as its own .ai, .tif or .psd file without the B label: please highlight/indicate at least one yellow/green cell

3.13.3. *To be provided by Authors OR Figure 5B: please highlight/indicate at least one red cell
4. Results: RGD-conjugated alginate bioink allows bioprinting of viable cell products
4.1. As these results demonstrate, bioprinting facilitates the deposition of cell-laden hydrogels in specific three-dimensional locations accurately and consistently [4.1.1.-LM] using computer-aided software [4.1.2.-LM]. 
4.1.1. Figure3_final.pdf: please highlight right image

4.1.2. Figure3_final.pdf: please highlight left image

4.2. The computer software determines the placement of each droplet [4.2.1.-LM] and controls many of the parameters for dispensing [4.2.2.-LM].

4.2.1. PDF_Figure4.pdf: please highlight/indicate the X[mm], Y[mm] and Z[mm] columns

4.2.2. PDF_Figure4.pdf: please highlight/indicate the columns from Speed to Tag Code

4.3. One of the requirements of a successful bioprinting technique is that the cells remain viable. Here cells printed in alginate bioink as just demonstrated were analyzed 1 hour [4.3.1.-LM] and 8 days post-printing [4.3.2.-LM], with 98% of the cells appearing green and viable on day 0 [4.3.3.-LM] and 95% on day 8 [4.3.4.-LM]. 

4.3.1. PDF_Figure5.pdf: please highlight the left image

4.3.2. PDF_Figure5.pdf: please highlight the right image

4.3.3. PDF_Figure5.pdf: please highlight/indicate green/yellow cells in left image

4.3.4. PDF_Figure5.pdf: please highlight/indicate green/yellow cells in right image

4.4. As the red staining indicates, few dead cells were observed at either time point, confirming the suitability of the alginate ink for bioprinting [4.4.1.-LM].

4.4.1. PDF_Figure5.pdf: please highlight/indicate some red cells in both left and right images
4.5. Further, RGD-conjugated alginate ink enhances the attachment of the cells to the printed constructs, leading to an improved cell spreading and proliferation, as quantified in three separate areas of the hydrogel on days 0 and 8 [4.5.1.-LM].
4.5.1. Authors: please provide Figure 6C as its own .ai, .tif or .psd file: please sequentially add/highlight both data bars for area 1 then area 2 then area 3
4.6. Here a comparison of the quality of the RGD peptide conjugation on alginate bioink was compared to the use of alginate bioink alone. 
4.6.1. Figure7.pdf

4.7. On day 8, the cell spreading observed in the RGD-conjugated alginate-stained sample indicated the successful incorporation of the peptide on the alginate [4.7.1.-LM], a phenomenon that was noticeably absent in the non-conjugated bioprinter samples [4.7.2.-LM].
4.7.1. Figure7.pdf: please highlight left image

4.7.2. Figure7.pdf: please highlight right image

5. Conclusion (said by authors on camera)
5.1. Michael Yost: After its development, this technique paved the way for researchers in the field of Tissue Engineering to explore additive manufacturing as a means of assembling living, engineered constructs.

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.  

Authors: please provide Figure 5B
Figure3_final.pdf

PDF_Figure4.pdf

PDF_Figure5.pdf

Figure6.pdf

Figure7.pdf

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, as well as an introduction to your videographer, closer to your filming date.
�Authors: please note that there are steps that demonstrate software use that will require the acquisition of screen capture shots using one of these programs
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