		Zurich, September 26, 2019

Dear Editors,
Thank you for your time in handling our manuscript and thank you to the Reviewers for their positive reception of our work and their constructive comments. We have now addressed all comments, as detailed in the attached point-by-point response. 
Specifically, we expanded the summary to include a general description of the method and its applications, as requested by the editorial comments. In addition to adding further details to each step, which will supplement the actions seen in the video, we also expanded our figures: we added an optic ray diagram as requested by Reviewer #2 and we added a schematic of the single pulse as requested by Reviewer #5.   
We hope you will find that our revised manuscript suitably addresses the comments from the Editors and Reviewers. We remain grateful for their insights and time, and look forward to hearing from you in due course. 
With best regards,
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Francesco Carrara
(on behalf of all authors) 


Response to Editorial Comments
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.

We thank the editors for the suggestion. We took the opportunity to thoroughly proofread the manuscript, including a round of editorial revision with our lab editor. We did our best to avoid any errors in this version.

2. Summary: Please expand to include a general description of the method and its applications.

We expanded the summary as requested. This now reads: “A protocol for the generation of dynamic chemical landscapes by photolysis within microfluidic and millifluidic setups is presented. This methodology is suitable to study diverse biological processes, including the motile behavior, nutrient uptake, or adaptation to chemicals of microorganisms, both at the single cell and population level.”

3. Please add more details to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. See examples below.

We thank the editor for providing additional information in helping clarifying the protocol. We have followed the suggestions and implemented the changes where needed throughout the manuscript.   

4. 1.2.1: Please specify the size of the silicon wafer.

We used 4 inches wafers. We now give this information in the text.

5. 1.2.3, 1.2.5: Please specify the baking time and the targeted thickness.

We have now added this important information in the text. 

6. 1.2.4: Please specify the UV exposure time.

The UV exposure time was calculated based on the light intensity. In our case with exposure energy of 200 mJ cm-2 at 350 nm, the wafer was exposed for 150 s. We have now provided this additional explanation.

7. 1.3: Please specify the curing agent used. What volume is used?

The curing agent is part of the kit Sylgard 184 by Dow Corning, and the exact chemical formulation for the curing agent is proprietary of Dow Corning. We added this information at step 1.3 to clarify this point. We also added the information on the volume used, which is 40 mL.

8. 1.7: How many holes are punched?

This information has been added. 

9. 2.5.1: At what temperature?
This information has been added.

10. 2.5.2: What volume of the solution is needed? What container is used?

This information has been added.

11. 3.4: What volume of the solution is needed?

This information has been added.

12. 7.1.1: Please describe how to reconstruct the bacterial trajectories. Alternatively provide a relevant reference here.

We provided the relevant reference (Brumley, Carrara, et al., PNAS 2019) here, where the reconstruction process of the bacterial trajectories is explained. 

13. 7.1.2: Please describe how spatio-temporal dynamics are determined.

We have now provided a better characterization of the the spatio-temporal dynamics.

14. 7.2: Please describe how to estimate the diffusion coefficient of bacteria.

We provided the relevant reference (Brumley, Carrara, et al., PNAS 2019) here, where the method for the estimate of the diffusion coefficient of bacteria is explained.

15. After you have made all the recommended changes to your protocol section (listed above), please highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text (including headers and spacing) to be featured in the video. Bear in mind the goal of the protocol and highlight the critical steps to be filmed. Our scriptwriters will derive the video script directly from the highlighted text.

Thank you for the explanation regarding the highlighting of text for video purposes. We have now identified 2.75 pages to be featured in the video.

16. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. The highlighted text must include at least one action that is written in the imperative voice per step. Notes cannot usually be filmed and should be excluded from the highlighting.

We have adopted these criteria.

17. 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.

We have adopted these criteria.

18. When reviewing the highlighting length for the protocol, please watch out for repeated steps. Please ensure that the repeated step has been highlighted previously.

We have ensured that repeated steps are avoided.

19. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”

Thanks for the information. We have now provided the link to the editorial policy from PNAS website that refers to re-prints. 


Response to Reviewer #1
The manuscript is well written and its subject matter may be of interest for investigators in the field of microbial cell behavior. I recommend publication of the manuscript.
We thank the Reviewer for their positive assessment of our manuscript.

Response to Reviewer #2
Manuscript Summary:
In the submitted manuscript entitled "A method for generating controlled, dynamic chemical landscapes to study microbial behavior", Francesco Carrara et al. demonstrate a microfluidic design using light patterns and photolysis of caged amino acids to generate desired chemical patterns in the microbes swimming environments. The dual-layers design with a permeable membrane allowing continuous removal of spent media. The use of low magnification objective allows large area observation of bacterial response to the stimuli. The describe method will be valuable not only for bacterial chemotaxis research but also more general bacterial behavior investigation.

Overall the manuscript is well written and the protocol is clear for the microfluidic device construction. I believe the read with little microfluidic device experience would be benefit from the protocol. However, some optical descriptions are needed for the general reader to understand the protocol.
We thank the Reviewer for their positive assessment of our manuscript, and for their comments, which we address in detail below.
Major Concerns:
1. Protocol 4.2. I am not sure if a LED beam through 4x objective can expose the entire chamber. The LED power is also an important reference for reader application.
We thank the Reviewer for their comment. We confirmed that the diameter of a LED beam through 4x objective is at least 5 mm (see Figure R1 below). We also added the information in the text on the power of the LED (295 mW). 

[image: E:\JoVE\ImageLED.jpeg]
Figure R1: The picture shows the LED beam through 4x objective used for the calibration of the photolysis method. For getting a size reference, a piece of paper (the size of the square pattern is 5 mm) was placed on top of the glass slide sitting on the microscope stage, at the z-position at which the LED is focused. This confirms that the LED beam through 4x objective used for the calibration is at least 5 mm in diameter, as stated now in the text.  

2. Protocol 4.5. The calibration curves are important and should be shown or referenced.
We have now provided the relevant reference (Brumley, Carrara, et al., PNAS 2019) here, where the calibration curves of the uncaging kinetics are shown.
3. Protocol 5.5. Line 305 said a focus LED beam… However, the Figure 1E shows a parallel beam? Which one is the optical setup in your experiments? I would suggest a clearer optics ray diagram for reader to understand.
Thanks for the comment. The beam shown in the figure was for illustration purposes only, but the Reviewer is right when stating that the beam is instead focused. We have now corrected this feature of the beam, by adding some curvature to the beam. We have now added an optic ray diagram in Figure 1E, which include the optical setup used in our experiments. 
4. Figure 2 AB. Are these two images phase-contrast images? Or fluorescent? Please state clearly the imaging method and the image process.
These two images are phase-contrast images, captured with a Ph2 condenser annulus. We added this additional detail in the caption. As stated in the figure caption, these are maximum intensity projections showing bacterial positions (in white) over a 0.5 second interval. 
Minor Concerns:
1. Protocol 3.5, Line 255. It would be better to mention the method you used to measure cell density (OD 600?).
Thanks for the suggestion. We have now added the method used to measure cell density (spectrophotometer at OD 600).

Response to Reviewer #3
Manuscript Summary:
The manuscript described a method to generate spatiotemporally controlled chemical fields in microfluidic/millifluidic devices to study bacteria chemotaxis. The chemoattractants were first 'caged' by chemical modification and can be released later by a LED beam. This method would be of interest to the researchers who would like to investigate the chemotaxis of vary biological organisms.
We thank the Reviewer for their positive assessment of our manuscript, and for their comments, which we address in detail below.
Major Concerns:
1.2.6. Why use PMMA developer but not SU-8 developer for the developing step?
We used a solvent-based developer recommended for SU8 - mr-Dev 600.
2.1 What type of 3D printer did you use, fused deposition modeling (FDM), stereolithography (SLA), or Digital Light Processing (DLP)? And what material was used? The material selection is important for PDMS molding. Some 3D printing materials can prevent PDMS from polymerization. Any post-processing was applied to the 3D printed master?
We thank the Reviewer for raising this point. We have now added this information in our manuscript. We used the Objet30 3D printer, which uses PolyJet technology. It works by jetting photopolymer materials in ultra-thin layers onto a build platform. Each photopolymer layer is cured by UV light immediately after it is jetted, producing fully cured models that can be handled and used immediately, without post-curing. Vero material, a rigid and opaque photopolymer, was used for our specific purpose. This material has already been tested in other studies, including Lambert et al. Nature Microbiology 2017, and it does not prevent PDMS from polymerization. No post-processing was applied to the 3D printed master.
5.2 Did you add bacterial suspension only to inlet, or to both inlet and outlet? How long did it take to fill the whole chamber? How did you prevent the fluid flow in the chamber? These questions should be addressed for step 6.2 as well.
Thank you for your comments. Following these suggestions, we have now provided additional explanations in the text. 
How did you integrate the LED to the microscope? If the LED beam is introduced using the same microscope objective, does it affect the video capturing?
The LED light source connects to the microscope’s epi-fluorescence illuminator via liquid light guide connection. The LED beam does not affect video capturing, because it is possible to independently command video acquisition and LED stimulation via software.
Minor Concerns:
1.8.2. I think air plasma treatment is good enough to bond PDMS to glass slide.
We thank for the comment. We added this additional note to the manuscript. However, we still recommend treating the surfaces with oxygen plasma for bonding PDMS to PDMS, and PDMS to polystyrene, which is more difficult that bonding PDMS to glass.
What are the small dots in Figure 1A?
The small dots are micropillars (200 µm in size) that help the bonding of the membrane to the PDMS, and at the same time help prevent the membrane from buckling or collapsing in the center. We have now added this additional detail in the figure caption.

Response to Reviewer #4
The authors describe a detailed protocol for the creation of chemical landscapes that can be used to study chemotaxis. These landscapes are controllable with high precision in space and time through the projection of light patterns, and therefore very useful for both the development of fundamental research and the direct applications. The protocol itself is written out in much detail, which will be helpful for students and experts alike to reproduce this type of advanced experiments.
Thus, I strongly recommend publication.
We thank the Reviewer for their positive assessment of our work.

I only have a few minor points:
1) The protocol described here is almost identical to the methods in PNAS 116 (22), 10792-10797, doi: 10.1073/pnas.1816621116 (2019). Also the figures are very similar. The authors and editorial board should check that copyrights are not infringed, just to make sure that (self) plagiarism is not an issue here. I am not a legal expert and I personally think that this publication should be fine. But I think I should at least point it out.
We thank the Reviewer for pointing this aspect out. We checked on the PNAS policy at https://www.pnas.org/page/about/rights-permissions, which allows PNAS authors for reprint of their own figures, when properly cited as we do. 
2) The protocol involves a few steps with safety risks. For example, "the APTES solution is acutely toxic" but also other steps involve potential hazards. Can the authors write a bit more about where possible issues could arise and how these risks can be mitigated?
We thank the Reviewer for this comment. We have now provided additional information on how to avoid risks when handling hazardous chemicals. Specifically, we have now added a note at the beginning of the protocol about the compulsory use of a labcoat, disposable plastic gloves, and adherence to the individual Material Safety Data Sheet precautions. 
3) In some steps it is not completely clear how much material is used, in terms of volume for a given experimental setup.
We now provided the volume of material used when needed.
4) Perhaps it is helpful to provide a price list or budget of the most important pieces of equipment and consumables?
We have not added a price list in the text because we think that the interested reader could easily find this information online based on the Table of materials, which is already provided in the main text. Moreover, we expect that prices are subject to geographical variation, and should be identified specifically for each user. However, we would be happy to provide rough estimates if the Editors deem it reasonable for completeness.
Otherwise I think this a very interesting paper and I look forward to seeing the video.
We thank the Reviewer again for his/her time. We look forward to producing the video of our method.

Response to Reviewer #5
Manuscript Summary:
The manuscript by Carrara et al. describes a novel method to create engineered dynamic chemical landscapes to study the motile behavior of bacteria exposed to these landscapes. The method is based on the use of micro- and millifluidic structures, caged chemoeffector compounds and structured UV illumination of the sample. The clever combination of these makes it possible to create precisely controlled chemical gradients or more complex patterns which may be used to study the chemotactic response to specific patterns, or mimic natural scenarios (nutrient plumes). Although the method is demonstrated by measuring the spatiotemporal distribution and velocity distribution of Vibrio ordalii bacteria, the concept and the method has potentially much broader implications (for example in studying microbial communication, stress response, adaptation, etc on the single cell and the population level). Therefore I think the method is well worth of publication in Jove.
The manuscript is written clearly, and gives enough details of the procedures used. All the needed chemicals and instruments are specified, and every step of the protocol is described with sufficient details. Generally, the figures are expressive and informative. In summary, my opinion is that this high quality manuscript deserves a publication in Jove. I'm looking forward to the produced video based on the manuscript.
We are grateful to the Reviewer for his/her positive assessment of our manuscript. 
However, I have a few minor critiques that would be desirable to address before publication.

Minor Concerns:
1. There are two distinct PDMS structures fabricated. The microfluidic design is used for two purposes: either as bacterial chamber in single pulse experiments, or as a washing channel when sandwiched together with the millifluidic piece. This double use is not described very clearly in the text. For example, the caption for Fig. 1A refers to this microfluidic structure as the washing channel only, while step 1.1 of the single pulse device fabrication protocol refers to this figure. I think the figure caption should be changed. Additionally, a new panel on this figure similar to Fig. 1E, but showing the single pulse device would be useful. Also a clear labelling of the microfluidic and millifluidic parts on Fig. 1E would help understanding the protocol.
We thank the Reviewer for pointing this inconsistency out, which could have generated some confusion. As suggested by the Reviewer, we introduced a new panel in Figure 1 (panel A), which shows the single pulse microfluidic device. Following the suggestions of this Reviewer (and of Reviewer #2), we have decided to expand the schematics of the millifluidic setup by adding clearer labeling and the optical ray diagram that was implemented. 
2. All experimental demonstrations of the method are done with single nutrient pulses only, although the multi pulse capabilities are just as important (most of the steps described, as well as the major part of Fig. 1. deals with the multi pulse capabilities). I think it would be desired to show some results in a multi pulse scenario.
[bookmark: _GoBack]We thank the Reviewer for pointing this out. It is, of course, important to demonstrate the working capacity of the device, and this is fully accomplished in a quantitative way by using the single nutrient pulse scenario. We have now significantly expanded panel F in Figure 1, where we added bacterial accumulation (qualitative) results in multi pulse scenario. Given the focus of the manuscript is methodological in nature and that the multi-pulse response of bacteria is driven by the same mechanisms illustrated by the single pulse results, we feel that the quantitative single-pulse results are sufficient to demonstrate that there is a behavioral response to these kinds of chemical manipulations. As such, the video will be primarily focused on the method of multi pulse generation, rather than explicit scientific results. Finally, since the method is expected to find broad appeal for investigating a range of microbial behaviors – including quorum sensing, antibiotic resistance, nutrient uptake, chemotaxis – we believe it most impactful to highlight the generality of the method rather than a specific use.
3. Fig. 4 shows practically a control experiment. I don't see much reasons to include this on a figure by itself, without presenting similar data in case of a nutrient pulse. So I'd suggest to either leave this figure out, or extend with nutrient pulse data.
We thank the Reviewer for their suggestion. The Reviewer is right when stating that Figure 4 shows the swimming statistics for a control experiment. The data shown here, namely the distribution of the swimming speed and the reorientation statistics, is required for the determination of bacterial diffusion, which is an important parameter for the chemotactic process and for the calibration of the individual based model used in Brumley, Carrara et al. 2019. We have now further clarified the need for the unbiased swimming statistics in the text. For these reasons, we decided to keep this figure in the text. We refer the Reviewer to the panels in Figure 2D for a visualization of the radial chemotactic drift in case of a nutrient pulse.
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