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Author Questionnaire: 
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N)   

2. Does your protocol include software usage? (Y)
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot.  2.4， 3.4， 4.3， 4.8， 4.10， 5.3 

4. 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.  4.3， 4.8 


5. Will the filming need to take place in multiple locations? (Y)
If yes, how far apart are the locations?   50 m to 150 m


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: 

Why is your protocol significant? 

1.1. Ewa M. Spiesz: 3D bioprinting with bacteria is a newly developed technique. This protocol provides a simple way of constructing engineered biofilms with 3D-printed bacteria. 


What is the main advantage of this technique?

1.2. Ewa M. Spiesz: The main advantage of this technique is the ability to produce a 3D-printed bacterial biofilm using our inexpensive, home-built 3D printer.


OPTIONAL Interview Statements: 

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. Benjamin A. E. Lehner: One possible application of our 3D printer is to create reproducible model biofilms that can be used to develop new anti-bacterial therapies. 

Can this method be applied to any other systems?

1.4. Ewa M. Spiesz: Our 3D printing approach can be applied to print any type of bacteria that is biocompatible with our alginate-based bio-ink. 


How would you expect an individual who has never performed this technique to struggle?  

1.5. Kui Yu: Preparation of the bio-ink and printing substrates are fairly standard procedures, while the 3D printing process, especially the calibration of the Z axis, is a crucial step that requires some practice. 


Why is visual demonstration of this method critical?

1.6. Benjamin A. E. Lehner: Calibration of the Z-axis height for the 3D printing process will influence the printing resolution and is largely dependent on experience. This procedure requires careful manual adjustment that is difficult to describe in a written format.

Section - Protocol
2. 3D Printer and Substrate Preparation 
2.1. After removing the unnecessary components from a commercial 3D printer, [1] connect a 200 microliter pipette tip to a length of silicon tubing and attach the tubing to a 5 milliliter syringe. [2] 
2.1.1. MED: Talent working on printer
2.1.2. CU: Talent connects pipette tip to syringe via tubing
Author asked to delete this section.
2.2. Connect a 200 microliter pipette tip to a length of silicon tubing and mount the pipette tip onto the 3D printer’s extruder head as a replacement for the original extruder.[1]  
2.2.1. CU: Talent mounts the pipette tip as described
2.3. Next, add 4 milliliters of a 5 Molar calcium chloride solution to 400 milliliters of 1 percent agar dissolved in Luria-Bertani broth and supplement it with the appropriate antibiotics and inducers.[1-TXT]  
2.3.1. MED: Talent combines solutions as described TEXT: Antibiotics: 34 µg/mL chloramphenicol, 0.5% rhamnose 
2.4. Then, dispense 20 milliliters of the LB-agar solution into each 150 millimeter by 15 millimeter Petri dish. [1] Dry the dish for 30 minutes at room temperature with the lid half-open. [2]
2.4.1. CU: Talent adds LB-agar solution to the Petri dishes
2.4.2. MED: Talent sets the lids to half-open
3. Bio-ink Preparation
3.1. Prepare a 3 percent sodium alginate solution and heat it to the boiling point three times to sterilize the solution.[1] Then, store the sterile solution at 4 degrees Celsius until it is used.[2]
3.1.1. MED: Talent heats the alginate solution
3.1.2. MED: Talent places solution in the refrigerator
3.2. To prepare the bacterial component of the bio-ink, grow E. coli bacteria carrying plasmids for constitutive GFP expression in 50 milliliters of LB medium containing antibiotics. [1-TXT] Shake the culture at 250 rpms and 37 degrees Celsius overnight. [2]
3.2.1. MED: Talent adds starter culture to 50 mL of LB TEXT: E. coli ΔcsgA: E. coli MG1655 PRO ΔcsgA ompR234 
3.2.2. MED: Talent places culture in shaking incubator and closes the lid
3.3. After overnight growth of the culture, pellet the bacteria for 5 minutes at 3220 times gravity [1]and then remove the supernatant.[2]
3.3.1. MED: Talent removes pelleted sample from the centrifuge
3.3.2. CU: Talent draws off supernatant
3.4. Re-suspend the bacteria pellet in 10 milliliters of LB medium and add 10 mL of 3 percent sodium alginate.[1]
3.4.1. CU: Talent resuspends the pellet
4. 3D Printing Process
4.1. Connect the 3D printer to a computer and open the 3D printing software. [1]  Click the home button for the X, Y, and Z axes [2] to move the printhead to its home position.[3-TXT] 
4.1.1. MED Over the Shoulder: Talent plugs in printer and opens software
4.1.2. SCREEN: To be provided by the authors – Talent clicks on the home button. Authors, please upload this screen capture to your project page. 
Note: Video Editor, Author uploaded the screenshot of these two steps together. However it was uploaded as a .flv type file so he’s not sure if that is ok.
4.1.3. CU: Printhead moves to its home position 
4.2. For each print, place a prepared printing substrate onto a particular location on the printing bed. [1]
4.2.1. CU: Talent places the substrate on the printing bed
4.3. Calibrate the height of the printhead in the Z axis. [1] Then, raise the printhead to a height of over 22 millimeters under manual control, so that it will not collide with the edge of the petri dish during movement.[2]
4.3.1. CU: Printhead is calibrated
4.3.2. CU: Talent manually raises the printhead while next to the petri dish
4.4. Position the printhead overtop of the plate and move it down until the pipette tip contacts the printing surface. [1] Assign this Z-axis position as Z1, the height of the printing surface. [2]
4.4.1. CU: Talent moves the printhead as described
4.4.2. SCREEN: To be provided by the authors – Talent assigns the Z1 position Authors, please upload this screen capture to your project page.
4.5. Next, raise the printhead, and manually move it outside of the plate area. [1] If the working distance between the printhead and the plate surface is defined as Z2, enter the height of printing surface + the working distance into the printing program as the Z-value during printing.[2]
4.5.1. CU: Talent raises the printhead and moves it outside the plate area
4.5.2. SCREEN: To be provided by the authors – Talent defines Z2. Authors, please upload this screen capture to your project page.
4.6. Load a pre-programmed G-code file containing commands for printing the desired shape. At each command line, the position of the printhead may be changed in the X, Y, and/or Z axes. Be sure to input the Z value during all printing steps as the height of printing surface plus the working distance. [1]
4.6.1. SCREEN: To be provided by the authors – Talent loads a G-code file and edits the Z-value. Authors, please upload this screen capture to your project page.
4.7. Load the liquid bio-ink into syringes, and mount them in the syringe pump of the 3D bioprinter. [1] Then, set the extrusion speed to 0.3 milliliters per hour. [2] 
4.7.1. MED: Talent loads syringe and mounts it to the bioprinter
4.7.2. CU: Talent sets the extrusion speed as described
4.8. Print the bio-ink onto the printing substrate by clicking the Print button. [1] Wait to start the syringe pump until after the printing has started and before the printhead comes into contact with the printing surface.[2]
4.8.1. SCREEN: To be provided by the authors – Talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page.
4.8.2. CU: Talent starts the syringe pump and the printhead begins printing
4.9. During printing, control the printhead movement entirely by the software.[1]
4.9.1. CU: Printer as it prints
4.10. [bookmark: _GoBack]Stop the syringe pump as soon as the printhead arrives at the last point of printing, otherwise excess bio-ink will drop onto the printing substrate and reduce the printing resolution.[1] NOTE: Videographer mentioned that the VO for 4.10 is way longer than what they recorded, but it should be possible to use shots from 4.8.2 and/or 4.9.1 to cover the VO.
4.10.1. CU: Talent stops the syringe pump
4.11. Added Step: For the construction of 3D structures, all the movements of the printhead are controlled in the G-code editor. To increase the printing height for the second layer, type in the printing height of the first layer and increase the Z-value in the code by 0.2 millimeters. Thereafter, increase the z-value by 0.1 millimeters when moving to a higher layer.
4.11.1. SCREEN: To be provided by the authors – Talent changes the code and then begins printing again. Authors, please upload this screen capture to your project page.
5. Growing and Testing the Effectiveness of Biofilm Production by E. coli
5.1. Incubate the printed samples at room temperature for 3 to 6 days to allow the production of the biofilm components such as curli fibers.[1]
5.1.1. MED: Talent places the printed plate on the lab bench without stacking. 
5.2. Then, place the plate on a fluorescent scanner and image the plates.[1]
5.2.1. MED: Talent places plate on a fluorescent scanner 
5.3. To dissolve the alginate matrix, add 20 milliliters of a 0.5 Molar sodium citrate solution at pH 7 to the printed substrate [1] and incubate the plate at room temperature for 2 hours while shaking at 30 rpms. [2]
5.3.1. MED: Talent adds sodium citrate to a plate
5.3.2. MED: Talent places the plate on the shaking incubator
5.4. Then, discard the liquid and image the plates again to compare with the images of the plates before and after the citrate treatment.[1]
5.4.1. MED: Talent places the plate without liquid on the bench and images it.


Section – Results
6. Results:  Three-Dimensional Patterning of Engineered Biofilms
6.1. The 3D bioprinter can create bacteria-encapsulating hydrogels in a variety of two-dimensional and three dimensional shapes.[1]
6.1.1. LABMEDIA: Figure 2
6.2. These printed shapes can then be used to assess whether the formation of biofilm was successful, or if the alginate matrix is completely dissolved using a sodium citrate solution.[1]
6.2.1. LABMEDIA: Figure 3 - Video Editor: Label the left images “Before Treatment” and the right images “After Citrate Treatment”.
6.3. In the case of bio-ink without the inducible curli production plasmid, the printed pattern was completely dissolved after the sodium citrate treatment, signifying that no biofilm curli network had formed.
6.3.1. LABMEDIA: Figure 3 - Video Editor: Highlight the top right image starting with the words “the printed pattern”.
6.4. The bacteria containing the inducible curli production plasmid was not dissolved after sodium citrate treatment indicating that the printed bacteria were able to form a curli network extensive enough to stabilize the printed pattern of bacteria.
6.4.1. LABMEDIA: Figure 3 - Video Editor: Highlight the bottom right image.
6.5. To construct multi-layered structures, additional layers can be printed 10 minutes after the previous layer. [1] Increasing the number of printed layers in a sample caused the width and the height of the printed structures to increase incrementally.[2]
6.5.1. LABMEDIA: Figure 4a
6.5.2. LABMEDIA: Figure 5
6.6. When E. coli engineered to inducibly produce curli proteins were printed into multi-layered structures, sodium citrate treatment did not dissolve the samples, whereas multi-layer structures containing non-curli-producing E. coli were dissolved. [1]
6.6.1. LABMEDIA: Figure 6 - Video Editor: Highlight Figure 6b with the words “engineered to inducibly produce curli proteins were printed into multi-layered structures, sodium citrate treatment did not dissolve the samples” and Figure 6d with the words “multi-layer structures containing non-curli-producing E. coli were dissolved”




Section - Conclusion
7. Conclusion Interview Statements: 

What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
7.1. Kui Yu: The most critical parts of the 3D printing procedure are the calibration of the Z axis height and the coordination of starting the print and starting the syringe pump. (4.3 and step 4.8)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Benjamin A. E. Lehner: The bio-ink developed for this protocol is fairly soft, with low toughness. Further modifications could be made to the bioink formulation in order to provide the printed biofilm with improved mechanical properties.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Ewa M. Spiesz: Our 3D bioprinting technique opens a new door for creating bacterial biofilms with excellent mechanical properties. This provides a new method for fabricating artificial biomimetic materials.
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
7.4. Kui Yu: When handling live bacteria wear proper protection such as gloves.
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