Response to reviewers’ comments

We are very grateful for the editor and reviewers’ time and helpful feedback on our manuscript. We have addressed each comment below and edited the text accordingly. We feel that these edits have put this protocol in context of previously published studies and increased the clarity of the manuscript. 

Below we have included the response to the comments. The editor and reviewers’ comments are in italics in order to differentiate them from our responses. We have also uploaded both a tracked-changes edited copy of the manuscript and a clean version. It should be noted that the line numbers we refer to here, are from the marked document. Please do not hesitate to contact us if further concerns, questions or requests arise. 
 
Editorial comments:
Changes to be made by the Author(s):

We thank the editor for all these helpful comments. We have addressed all of the editorial comments, and we specified the line numbers when necessary.

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.

2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points.

3. JoVE cannot publish manuscripts containing commercial language. 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.
For example: Nikon PFS, NIS-Elements, etc.

4. The Protocol should contain only action items that direct the reader to do something. Please move the materials to the table of materials instead. 

5. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (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.”

6. Please revise the protocol text to avoid the use of any personal pronouns in the protocol (e.g., "we", "you", "our" etc.).

7. Please use complete sentences throughout the protocol section. Also, we cannot have paragraph of texts in the protocol section. 

8. Please ensure you answer the “how” question, i.e., how is the step performed? For this please include all the mechanical actions, knob turns, button clicks in the software etc.

9. 5: Significance of using these bacterial strains?

Under the Section 2, step 2.1 of the protocol: “Preparation of bacterial overnight cultures”, a note was included to address the significance of the bacterial strains used in this manuscript.

Lines 370-373

10. 5.3.1: Please convert this to a note instead.

We converted this step to a note. In the current manuscript, the note is under the step 6.1. 

Lines 432-435

11. 6.4.3: How is this done? Citations if any?

In order to enhance clarity, we have included the steps to perform the Köhler illumination in steps 7.4 through 7.4.7, and have provided a reference.

Lines 489-543

12. 6.7. Set to what? How do you adjust the dynamic range and to what?

We have further clarified how to adjust the dynamic range in step 7.9.2.

Lines 567-568

13. 8: For the data analysis, please include all the button clicks in the software and command lines used if any (if large scripts please include as a supplementary file) to show how the steps are performed.

We have clarified important button clicks and options to select in the software for data analysis steps, which is now section 9.

Lines 658-763

14. Tips and troubleshooting cannot be a part of the protocol section. Please either move it to the discussion section in the paragraph style or make a separate table in .xlsx format and upload it separately to your editorial manager account.

We have deleted the tips and troubleshooting section from the protocol, and have uploaded a spreadsheet in the .xlsx format with this section instead. 

15. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. 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.

We have highlighted around 2.5 pages of the protocol identifying the steps for the video.

16. Please ensure that the representative result is presented with respect to your experiment, you performed an experiment, how did it help you to conclude what you wanted to and how is it in line with the title.

We have addressed how the representative results enable the observation and interpreation of bacterial interactions at the single-cell level.

17. [bookmark: _GoBack]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].”

Figures 1 through 4 are new and do not require copyright permission. Figure 5 is from a previous publication and the link to the editorial policy to allow re-print of this figure is found in the figure legend of Figure 5.

18. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique

19. Please sort the materials table in alphabetical order.


Reviewers' comments:

Reviewer #1:
Manuscript Summary:
Yarrington and colleagues present a system in which to study early stage microbial interactions. The protocol is succinct and well written.

Major Concerns:
The protocol is currently confusing as to when the agarose pads should be prepared. The day before (when overnight culture is set up), or the day of? If day before how are they stored? can they be stored? A schematic of timing for each part of the setup would be really useful if you want to skip the video and go straight to the printed methods.

We thank the reviewer for suggestions for clarification. We also agree that a schematic would be helpful to provide better direction on the timing of the preparation of the agarose pads. The pads need to be prepared the day of imaging. We have uploaded a schematic as Figure 1 that provides the description of each step. In the schematic we made clear that the overnight culture of the bacteria is prepared the day before imaging. 

Minor Concerns:
How tunable are the pads in regard to nutrition? The authors discuss the application of looking at live/dead or gene/protein expression and regulation - many of these are influenced by metabolism. Can the pads be modified for different organisms. Additional data showing a reporter would be nice.

Yes, the pads are easily tunable in regard to nutrition to support the growth of other organisms of interest and examine metabolism or gene expression. However, many rich media have background autofluorescence, thus if fluorescence imaging is desired, the user would need to take this into account. We agree that it would be interesting to demonstrate how gene expression changes in response to varying nutrient conditions. However, here we have chosen a few representative examples of the utility of this method and mention examples of adaptation for other applications, such as monitoring gene expression.  

We have clarified these points in the manuscript on lines 398-400. 

Reviewer #2:
Manuscript Summary:
This manuscript describes a method to visualise interactions between S. aureus and P. aeruginosa during early colonisation using time-lapse fluorescent microscopy. This method offers some very interesting and important insights into early bacterial interactions that could shape biofilm formation.

Major Concerns:
The study focusses on S. aureus and P. aeruginosa, with the CF lung given as an example. It would be nice to see the context elaborated upon a little more - these bacteria are commonly co-isolated from other chronic infections, including wounds, and so this data has broader reaching impact. I notice there are few references. There are a large number of studies that have looked at interaction between SA and PA, and it would be good to see those reflected here, and the findings from this study put into context in this regard.

We thank the reviewer for this suggestion and have broadened the contextual discussion of coinfection with P. aeruginosa and S. aureus in terms of the range of diseases the organisms are found in coinfection, the physiological consequences of such infections, and how single-cell imaging builds on these studies and enhances our understanding of their interactions. 

This information is discussed in the introduction.

Minor Concerns:
in point 5.6 maybe replace "your cells" with "the cells"

We have edited this line to say “the bacterial cells” in step 6.5

Lines 450-452

The summary mentions that this model could be used to quantify gene expression, but this study does not include this aspect. Could it be made clear that this is the case? As it stands, this gives the impression that this study includes gene expression analysis.

We thank the reviewers for pointing out this confusion. Indeed, this protocol can be used to monitor gene expression; however, we have chosen not to include these data here, as these experiments are a topic of a future manuscript. We have edited the summary to more accurately reflect the representative data presented here. Further, we modified the introduction and the discussion to focus only on the adaptations shown in the manuscript.

Summary:
Line 35-36

Introduction:
Lines 276-277

Discussion:
Lines 1063-1064

Reviewer #3:
Manuscript Summary:
This is an interesting manuscript in which the authors propose a time-lapse microscopy protocol for observing interactions between motile Pseudomonas aeruginosa and non-motile Staphylococcus aureus. As the authors state, these organisms are relevant in that they are found in a variety of environments including pulmonary infections associated with cystic fibrosis. While the potential future applications are very intriguing, it is worth noting that some earlier work employing video microscopy in relation to biofilm formation has been done. As well, there are some earlier investigations of the interactions between the two organisms used in this study (P. aeruginosa and S. aureus), that may explain the chemotaxis results. I have raised these issues and some other issues needed for clarification in my comments below:

Major Concerns:
1. What is the pH of the media?

The pH of our media is around 7.6 (neutral). We specified this as a note in the protocol, under section 1: Preparation of M8T minimal media, step 1.1. 

Line: 288

2. I would recommend that the authors reference Korgaonkar et al., PNAS 110: 1059-64, 2013. In this study, the authors show that P. aeruginosa uses peptidoglycan and specifically N-acetyl glucosamine as a stimulant for the virulence factor pyocyanin. P. aeruginosa chemotaxis towards S. aureus may be explained in part by this study.

We agree with the reviewer and also had the same hypothesis based on the studies by Korgaonkar et al. However, we have tested peptidoglycan and N-acetyl glucosamine and did not see an influence on P. aeruginosa chemotaxis or motility. Instead, we identified S. aureus phenol soluble modulins as the primary signal necessary for this response. These data are described in a previous publication (Limoli et al. 2019) and the mechanism investigated in more detail in an additional manuscript in preparation. We feel the description of each of these studies to be outside the scope of the current methods paper and refer the readers to reviews on the many excellent manuscripts previously published that have laid the foundation for our understanding of interactions between P. aeruginosa and S. aureus (lines 70-73). 

3. For context, there have been a number of previous studies involving video microscopy including work by JR Lawrence, DR Korber and colleagues (e.g. J. Bacteriol. 174: 5732-5739, 1992; Appl. Environ. Microbiol. 60: 1166-1173, 1994; Appl. Environ. Microbiol. 60: 1421-1429, 1994; Microb Ecol 18: 1-19, 1989)

We thank the reviewer for these helpful references. We have added them to the manuscript in lines 146-148.

4. Some of the methodology (possibly the highlighted material) would need to be displayed for clarity.

We agree with this comment. The highlighted material will be displayed in the video. 

5. The adjustments for fluorescence microscopy (steps 6.6, 6.7, 6.7.1 and 6.7.2) are vague.

We have edited these steps to include more details in order for the reader to be able to successfully adjust the light source settings.

In the current manuscript, these steps are 7.9-7.9.2.

Lines: 561-568

6. While a number of experimental parameters would need to be determined empirically, how reproducible are the images and data? The manuscript would be greatly enhanced by some type of statistical analysis.

We have addressed this concern by adding an additional figure (Figure 5) from a recent manuscript from our laboratory (Limoli et al. 2019) that shows the cell tracking analysis of P. aeruginosa in coculture with S. aureus. 

Minor Concerns:
I would recommend the use of high resistance water (18 MΩ / cm) rather than MilliQ (MQ) water as there are a variety of manufacturers in addition to Millipore that produce ion exchange resins capable of generating high resistance water.

We have clarified this point by referring to the water as “ultrapure water (resistivity 18 MΩ/cm)”.


