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March 4, 2019

Dear Xiaoyan Cao
JoVE Review Editor, 

Thank you for sending us the referee comments for our manuscript, “3D patterning of engineered biofilms with a DIY bioprinter” by Ewa M Spiesz et al., manuscript ID JoVE59477. 

In response to the referees’ comments, we have improved our manuscript. All changes are indicated with tracked changes in the marked-up version of the manuscript. They are also described in a point-by-point fashion on the subsequent pages.

We are confident that we have addressed the referees’ concerns appropriately, and we are hopeful that you will consider our manuscript suitable for publication in JoVE. 

Please do not hesitate to contact me with any further questions. We look forward to hearing from you soon.


Yours sincerely,

[image: ]

Anne S. Meyer 


We thank both the reviewers as well as the editorial office for their comments on our manuscript. Our responses to the reviewers’ comments are indicated in blue. 

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Reply 1: We have thoroughly proofread the manuscript again to remedy as many spelling and grammar issues as possible.

2. Are any of the authors of this article affiliated with an institution in the United Kingdom?
Reply 2: No authors of this manuscript are affiliated with an institution in the United Kingdom.

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: CoLiDo, VWR DENE, ProSense B.V., Print-Rite ColiDo Repetier-Host, etc.
Reply 3: All the commercial language in this manuscript has been replaced by generic terms.

4. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Reply 4: All the personal pronouns in this manuscript have been replaced by suitable statements.

5. Please revise the protocol to contain only action items that direct the reader to do something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” Please include all safety procedures and use of hoods, etc. However, notes should be used sparingly and actions should be described in the imperative tense wherever possible. Please move the discussion about the protocol to the Discussion.
Reply 5: The protocol has been revised to contain only action items in the imperative tense. Phrases such as “could be,” “should be,” and “would be” have been removed or replaced. Discussion about the protocol has been moved or added as a “Note.”

6. 3.3, etc.: Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute (rpm).
Reply 6: We have converted the centrifuge speeds to centrifugal force (x g) in the revised manuscript.

7. 4.4: Can the pre-programmed G-code file be provided as a supplemental file? Please provide an example of programing a desired shape.
Reply 7: The pre-programmed G-code files (for all the shapes designed in this manuscript) have been provided as supplemental files. 

8. 4.5: Please split this into two steps so that individual steps contain only 2-3 actions per step.
Reply 8: This part has been split into two steps: 4.4 and 4.5.

9. 4.8: Please write the text in the imperative tense. Any text that cannot be written in the imperative tense may be added as a “NOTE”.
Reply 9: The text has been rewritten in the imperative tense throughout.

10. Section 5: Please consider incorporating these steps into the previous steps so that the protocol shows specific examples that can be followed in chronological order.
Reply 10: We have incorporated several steps into previous sections of the protocol. Section 5 now includes only steps related to growing and testing the printed biofilm. 

11. Please include single-line spaces between all paragraphs, headings, steps, etc.
Reply 11: Single-line spaces have been inserted between all paragraphs, headings, and steps.

12. After you have made all the recommended changes to your protocol (listed above), please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
Reply 12: The headings and crucial parts of the protocol have been highlighted.

13. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense. Notes cannot usually be filmed and should be excluded from the highlighting.
Reply 13: The highlighted parts are complete sentences, and each part includes at least one action that is written in imperative tense. Notes are excluded from the highlighting.

14. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.
Reply 14: The details in the sub-steps are also highlighted.

15. Please remove the embedded figures and tables from the manuscript. Please include all the Figure Legends together at the end of the Representative Results in the manuscript text.
Reply 15: The embedded figures and tables have been removed from the manuscript. All the Figure Legends have been included at the end of the Representative Results in the manuscript text.

16. Please upload each Figure individually to your Editorial Manager account as a .png, .tiff, .pdf, .svg, .eps, .psd, or .ai file.
Reply 16: All the figures have been uploaded individually in the proper format to the Editorial Manager account.

17. Please upload each Table individually to your Editorial Manager account as an .xls or .xlsx file.
Reply 17: All the tables have been uploaded individually in the proper format to the Editorial Manager account.

18. References: Please do not abbreviate journal titles.
Reply 18: All the abbreviated journal titles have been replaced by their full names.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
19. Table of Materials: Please sort the items in alphabetical order according to the name of material/equipment.
Reply 19: We have sorted the items in alphabetical order according to the name of the material or equipment.




Reviewers' comments:

Reviewer #1:

In the manuscript, the authors provided a well-written protocol based on their previously published paper ("Printing of Patterned, Engineered E. coli Biofilms with a Los-Cost 3D Printer." ACS Synth. Biol. 7(5): 1328-1337), which allows readers to follow their method easily and reproduce the patterned biofilms formed by E. coli. In this manner, I suggested that the manuscript should be published. Before that, there are some technical issues that have been to be addressed.

1) Currently printed examples here (were shown in Fig.2, more like to a 2D patterned biofilms) are not sufficient to show that the 3D-printer can construct a living biofilm with well-defined 3D architecture. Therefore, a successful 3D demonstration must be included.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Reply 1: We thank the reviewer for this comment. With our current technology, it is possible to create printed biofilms with 3D architecture. When printing a multi-layer bio-ink hydrogel, each printed layer is solidified upon contacting the calcium ions that have diffused into the previous printed layer. Each layer is printed with a 10-minute waiting interval between printing different layers to allow time for sufficient calcium ions to diffuse up through the lower layers to allow solidification of the upper layers. This mechanism is described in newly added text on lines 406-414.
In our revised manuscript, we have added three new figures, showing images of the top view and side view of printed hydrogels containing gels 1 layer, 3 layers, or 5 layers (Figure 4). We report on the height and width of printed hydrogels containing different numbers of layers (Figure 5), which fall in the millimeter-to-sub-millimeter range and increase incrementally with the deposition of additional layers. Finally, we printed engineered E. coli containing a plasmid encoding for the inducible production of curli biofilm proteins into multi-layered structures of 1, 3, or 5 layers. We demonstrate that sodium citrate treatment does not dissolve these multi-layer printed structures, while it is able to dissolve equivalent structures containing E. coli that do not produce curli proteins (Figure 6). These new figures provide a full demonstration that our 3D printer can print engineered bacteria that form three-dimensional biofilms.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]
2) Some key references should be cited and discussed to further expand the section of Discussion (Huang, Y. J., et al. (2018). "Bioprinting Living Biofilms through Optogenetic Manipulation." ACS Synthetic Biology 7(5): 1195-1200; Jin, X. F. et.al. (2018). "Biofilm Lithography enables high-resolution cell patterning via optogenetic adhesin expression." PNAS 115(14): 3698-3703.), where the authors provided a bioink-free strategy to construct patterned living biofilms.
Reply 2: We thank the reviewer for this suggestion. We have added the two suggested key references into the manuscript and cited them in the Discussion to further expand this section. Our new text is at lines 439-442.

Reviewer #2:

Manuscript Summary:

This manuscript describes a method to pattern biofilms using a commercially available 3D printer. This report uses an alginate-based bio-ink to and genetically engineered E. coli. In this demonstration, the alginate-based ink that contains the bacteria solidifies upon contact with the calcium-containing printing substrate. A biofilm phenotype was induced in E. coli strain used in these experiments using a plasmid for curli, and the appropriate control of a strain without the plasmid showed no curli amyloid fibers. When the 3D-printed alginate matrix is chemically dissolved using a sodium citrate treatment, the printed biofilm of the strain containing the inducible plasmid remains intact, whereas the control without the plasmid is dispersed.

Overall, I think that this manuscript provides a nice demonstration of a new technique for spatially patterning biofilms that is interesting to scientists in this field. As the authors note, the ability to spatially control biofilms is useful for generating better model systems to study a variety of applications, including the development of antibiotic resistance. The method described in this report allows scientists to 3D print live bacteria at room temperature/ambient conditions using low cost, commercially available equipment. This inexpensive technique will help drive the field forward as it can be done in nearly any lab. This paper details how to convert the 3D printer to accept bio-ink, preparing the bio-ink, the commands to input to the printer to pattern biofilms, characterization of optimal printing parameters, demonstration of the method and confirmation of the biofilm phenotype. There is also a meaningful discussion about the technique, why it is useful, and the impact of biofilms/biofilm research in the field.

I do have some questions that I think the authors should address in the text, but I feel that this paper should be accepted for publication. I have outlined these questions in the "concerns" section of this peer review.


Major Concerns:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]
1. The only strain used in this paper is the engineered strain of E. coli, where curli amyloid fibers are produced upon induction, and indicate that the cells are expression a biofilm phenotype. Have you tried the bioprinting with any other strains? Another engineered strain with an inducible biofilm phenotype? Or even a wild type strain known to be a good biofilm former? I really like the experiment showing that the sodium citrate dissolves the printed matrix and the strain without the plasmid disperses. However, I'd like to address whether biofilms form naturally within these patterned matrices as a result of cells being confined within close proximity to one another, similar to how a biofilm would form in nature. Could you comment on what would happen (or if you have tried) using a wild type strain of bacteria that is known to be a good biofilm former (e.g., P. aeruginosa). I suspect in a wild type experiment your biofilm would remain intact when the alginate gel is dissolved. I think it would be important to comment about whether this printing technique can be used with more than one species - either by saying an experiment has been done.
Reply 1: We thank the reviewer for the nice comments on our manuscript and the useful suggestions. The reviewer’s suggestion provides broader insights into the biofilm development process. In this manuscript, we just use one strain of bacteria, Escherichia coli MG1655 csgA. We plan to test other strains in future work.
In our current work, we have not tried using a wild-type strain of bacteria that is known to be a good biofilm former. Our bioink is composed of sterilized alginate, which is a natural polymer. Our 3D printing application should be able to be expanded to those strains that have good biocompatibility with alginate. We have added text describing this potential at lines 424-425.

2. Although this is a 3D printing technique (it uses a 3D printer and a bio-ink), it seems like everything that can be printed is really 2D. Can you build in the z dimension via an additive process? It seems like, because of the requirement to contact calcium to solidify the ink, that you can really only build a single layer. Is it possible to coat the printed material with calcium so that you can build in an additive manner? Has this been explored? If not, or if it is not possible to build truly 3D objects, I think this needs to be addressed as a limitation in the text. Perhaps it is possible, but that is not clear to me the way the manuscript is written. This essentially seems like a biofilm layer rather than patterning in three dimensions, which is still a useful way to develop better model systems. I feel like the way it is written, it is implied that there is more 3D control than there actually is due to the requirement of calcium contact.
Reply 2: We thank the reviewer for this crucial comment and suggestion. We agree that it is important to address that we have this ability to creating 3D structures. With our current technology, it is possible to create printed biofilms with 3D architecture. When printing a multi-layer bio-ink hydrogel, each printed layer is solidified upon contacting the calcium ions that have diffused into the previous printed layer. Each layer is printed with a 10-minute waiting interval between printing different layers to allow time for sufficient calcium ions to diffuse up through the lower layers to allow solidification of the upper layers. This mechanism is described in newly added text on lines 406-414.
In our revised manuscript, we have added three new figures, showing images of the top view and side view of printed hydrogels containing gels 1 layer, 3 layers, or 5 layers (Figure 4). We report on the height and width of printed hydrogels containing different numbers of layers (Figure 5), which fall in the millimeter-to-sub-millimeter range and increase incrementally with the deposition of additional layers. Finally, we printed engineered E. coli containing a plasmid encoding for the inducible production of curli biofilm proteins into multi-layered structures of 1, 3, or 5 layers. We demonstrate that sodium citrate treatment does not dissolve these multi-layered printed structures, while it is able to dissolve equivalent structures containing E. coli that do not produce curli proteins (Figure 6). These new figures provide a full demonstration that our 3D printer can print engineered bacteria that form three-dimensional biofilms.

3. Is contamination an issue? The authors don't describe sterilizing the ink and then inoculating the cells. Also, do you need to sterilize the tubing and any printer components? Since the only strains used required antibiotics for selection, it is possible that you are reducing contaminants by adding antibiotics to the ink and/or media. If you move to any wild type experiments, contamination and sterilization/disinfection of the printing equipment may be a bigger issue.
Reply 3: We thank the reviewer for this important comment. We have described in the protocol at step 3.1 (lines 151-152) that the 3% alginate solution should be heated up to the boiling point three times before use. This process is to sterilize the bioink; we have added new text explaining this feature at line 152. 
[bookmark: _GoBack]Contamination can be avoided during the experimental process for many bacterial strains. We apply an antibiotic both in the bioink and the printing plate. The printing tip, tubing system, and syringe have already been sterilized before we open the commercial package, and the tip and syringe are replaced for each print. We appreciate the reviewer’s comment that experiments utilizing wild-type bacterial strains may require additional sterilization measures, such as replacing or disinfecting the tubing system between prints. We have added new text discussing this at lines 425-429.

Minor Concerns:

1. The authors say that you can attach multiple pipette tips in the print head for multiple bio-inks. Has this been attempted? It should be feasible. Could you potentially use this to pattern multispecies biofilms? I think this could be a useful extension of this technique and worth mentioning in the manuscript.
Reply 1: It is possible to attach multiple pipette tips in the printhead of our printer for printing multiple bio-inks. The printhead contains two holes of different sizes (see below). Both are large enough to accommodate a printing tip, and additional holes could be created in the future using a metalworking lathe. While we did not print multiple species of bacteria in our experiments, it is a good idea to try in future work. Text discussing this has been added to the text at lines 334-336.
[image: ]

2. You show that curli production (a proxy for biofilm formation here) is inducible. My question is whether a biofilm phenotype can develop naturally based on the cells being patterned in close proximity and being fixed in space? It is implied that cells are metabolically active since curli are produced, but how do growth and metabolism correlate to a control biofilm grown in a different setting. For example, if you grow a control biofilm on a membrane outside of the alginate ink, is the growth rate and overall metabolism similar to inside the ink? Does the ink influence growth rate or metabolic pathways at all??
Reply 2: We thank the reviewer for this question. We have studied this question previously with E. coli MG1655 in various growth states, where we saw that growth in solidified bio-ink vs. liquid bio-ink has minimal effect on growth rate and survival over the course of several days [Lehner et al., ACSSynBio 2017, 6:1124-1130; Schmieden et al., ACSSynBio 2018, 7:1328-1337]. The question of overall metabolism of printed bacteria is quite an interesting and promising topic, which could be studied intensively in future work. For the current manuscript, the development of the bioink and printing method is what we have highlighted.

3. Have you tried changing or optimizing the ink at all? Does changing the modulus/stiffness of the material change the biofilm? Could additives be used to mimic conditions found in nature? For example, biofilms in water cooling tanks may have very different mechanical properties from biofilms found in wounds. Can you "customize" your environment, or have you only tried the one ink described here? You show a table with the gel width at varying extrusion and print head speeds. Do these printing conditions change the rigidity of the material? Changing the ink or printing conditions may allow you to tune properties of the biofilm (such as diffusion) to match what is found in nature and create a better model.
Reply 3: We thank the reviewer for the specific questions. Our bio-ink has been optimized to produce high-resolution printed hydrogels that solidify quickly and support robust bacterial production of engineered proteins. We have not tested the material properties of our ink or tried to tune them by changing the printing conditions or the bio-ink composition. We plan to investigate this more intensively in our future work; we thank the reviewer for this nice suggestion.

4. You demonstrate this technique with one 3D printer (CoLiDo 3D-P). Will this only work with that one printer or could you modify other commercially available printers as well? If it is specific to this printer, I think that should be noted. It looks like it could potentially work with other extrusion-based printers.
Reply 4: Thanks for this comment. This printing technique should be able to work with any type of commercial 3D printer for which tubing can be attached to the printhead. We have added new text discussing this at lines 255-257.
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