Dear Alisha,

With this letter we would like to submit a revised version of our manuscript entitled " Multi-scale analysis of bacterial growth under stress treatments”. We would like to thank the reviewers for their positive evaluations, helpful comments and valuable suggestions. The manuscript has been revised to answer to all their concerns and recommendations.

[bookmark: _GoBack]The text has been edited using words’ track changes system and is now more precise and comprehensive. Additions to the Table of Materials have been left in red font. As recommended, we provided further details and additional notes to several sections, to make the procedure clearer. In particular, step 4 has been expended so it can be included in the film. The image analysis section 6 has also been reshaped to be more straightforward and useful for the user. We finally made sure that the highlighted text precisely corresponds to 3 pages and constitutes a logical flow of steps for the film to cover all key steps of the procedure.

These revisions have helped us to improve the clarity of our method. We hope that this new manuscript provides a satisfactory answer to the peer-review and editorial concerns and convince you to accept our work for publication.

Below, we respond to editorials and reviewers’ comments in turn.
Sincerely,
Christian Lesterlin and Julien Cayron



Line-by-line response to editorial and reviewers’ comments
Editorial comments:
• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.
The text has been proofread, corrected and rephrased in several places.

• Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) 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.
1) 4.2: If you wish to film this step more details are required.
We have added several steps to the section 4.2 (4.2.1, 4.2.2 and 4.2.3) explaining the preparation of agarose-mounted slides for microscopy observation. These steps have been highlighted in yellow as we think it is important to show them in the film.
 
2) 6.1.3: What exactly are the settings?
The settings used for detection of E. coli cells on microscopy images have been added to the table of materials, in MicrobeJ « Comments/Description » cell. These settings are as follow: 
· For bacteria detection: Area (μm2): 0,1-max; Length (μm): 0,5-max; Width (μm): 0,6-max; Range (μm): 0,5-max; Angularity (rad): 0-0,3; 0-max for all other parameters. 
· For nucleoid detection: Tolerance: 500; Threshold: Local; 0-max for all other parameters

• Protocol Numbering: Please add a one-line space after each protocol step.
This has been done.

• Protocol Highlight: After you have made all of the recommended changes to your protocol (listed above), please re-evaluate the length of your protocol section. There is a 10-page limit for the protocol text, and a 3- page limit for filmable content. If your protocol is longer than 3 pages, please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps.
1) The highlighting must include all relevant details that are required to perform the step. 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 included in the highlighting.
2) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.
3) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
4) Notes cannot be filmed and should be excluded from highlighting.
Following these recommendations, we have highlighted 3 pages of text in total, resulting in a logical and consistent flow of steps.

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.
The revised discussion covers these different points. Some parts have been added to answer to the reviewers’ concerns.

• Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are TECAN, Microfluidic Plates CellASIC ONIX, CellASIC ONIX FG,
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.
2) Please remove the registered trademark symbols TM/R from the table of reagents/materials.
All commercial terms have been removed and replaced by generic names. TECAN was replaced by automated plate reader; Microfluidic Plates CellASIC ONIX by microfluidic plates; CellASIC ONIX FG by microfluidic software; CellASIC ONIX2 Manifold Basic by manifold system; SYTO9 by DNA fluorescent dye and MOPS EZ-Rich defined medium by rich defined medium or just medium.

• Please define all abbreviations at first use.
This has been done throughout the text.

• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."

Comments from Peer-Reviewers:
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The manuscript entitle "Multi-scale analysis of bacterial growth under stress treatments" by Cayron J. and Lesterlin C. gives a perfect "boost" start for scientist that would initiate that kind of research. Indeed, it is frequent that only one or two technics are used to describe a "cell cycle phenotype" leading to potential misinterpretation. The manuscript is very concise, giving straightforward and precious advices to perform experiments in efficient and easy ways.
We thank the reviewer for her/his comments. Below, we provide point-by-point answers that address all concerns.

Minor Concerns:
1°) On the Fig.1, it seems that the samples for OD measurement were not indicated.
The sample for OD monitoring is now indicated in Fig. 1.

2°) I would propose to modify "cephalexin-treated" by "cephalexin-60min-treated". The readers might be confused to see that the red curves, red histograms at t120 or t180 (cpx treated) are closer to untreated than t60; specially in fig.3 and fig.4 where cpx washing is not indicated (even if Fig. 1 indicates precisely the protocol).
“Cephalexin-treated” has been replaced by “cephalexin-60min-treated” throughout the text when appropriate and in Figures 3 and 4. Also, for the sake of clarity, we now indicate when cephalexin is added and washed out in Fig. 1A and Fig. 5B.

3°) I would suggest that the authors could a give short comment in the manuscript about the duration of the stress- treatment that will be studied. It might be needed to perform some preliminary test to adjust the protocol: some stresses might only be efficient in a certain duration window; hence the interpretation of the data could be confusing if a "wt" phenotype is finally observed after x.hours of treatment; it is important to know that the stress is still or not efficient at this moment. For instance, I think that cephalexin (depending on the concentration used) is not preventing cell division after a time correspond to 5-6 cell cycles?
This reviewer is right. We have added a NOTE stating: “Each stress-inducing treatment has an efficiency that is dose- and time-dependent. Then, it might be needed to run preliminary tests to determine the dose and duration of treatment to be used for optimal results. This can be done by performing OD monitoring (using automated plate reader) potentially associated with plating assays when required, of a cell culture treated with a range of doses and exposure times. “

4°) The authors importantly mention that cells should be cycling well before the stress (several generations before starting stress-treatment). It might be important to also mention that the ability to perform a sufficient number of generations is also an important parameter. If a stress will produce a phenotype only after 5 generations, the early stationary phase might be reach before and mask the stress effect.
This comment is consistent with reviewer #2 remark on point 1.5. To answer to these concerns, we have added a NOTE to the current section 1.5, stating: “It is critical to grow the cells for at least 4-5 generation times before achieving proper exponential growth. The initial inoculum used in step 1.3 (OD 0.01) needs to be adapted in the case of growth in poorer medium (where the exponential growth will be reached at OD<0.2), or if more generations are wanted before stress treatment (for thorough physiological study or to accommodate to extended stress treatments for instance).”

Reviewer #2:
Manuscript Summary:
In this manuscript the authors describe in detail a combination approach to record cell growth and morphology parameters, both via single cell and population approaches. The methodology is particularly useful for any type of stress induction, but can be easily adapted for other experimental approaches as well.
Overall I find the work very insightful and very suitable for publication in JoVE. The approaches are not new, of course, and have been used in various combinations in a wide variety of publications. However, this particular manuscript highlights the specific complementarity of the methods described and how a more systematic joint approach can be useful and highly informative. I am not aware that this has been done systematically by any study, which makes this work overdue.
However, to make this really useful to a variety of users, particular attention to all details should be paid by the authors, and I found a number of issues the addressing of which I would consider to be mandatory before publication can go ahead.
We thank the reviewer for the valuable assessment of the method. As requested, we provide additional details that contribute to make the procedure description more precise and useful for the user.

Major Concerns:
Protocol 1, point 1.1. The authors state that cells should be grown in the presence of the relevant antibiotic. This is a common misconception and a very bad practice and should not be promoted. To be perfectly clear: if there is any chance of instability of the genetic marker in question then maintaining antibiotic selection is extremely important. This is almost always the case for plasmids, but for some other constructs as well. However, for markers stably integrated into the chromosome the presence of antibiotics in the growth medium is not only superfluous but rather dangerous. Inoculation of fresh medium with cells is in itself a stress for cells that results in the observed early lag of growth, but the presence of antibiotics greatly exacerbates the situation. Ironically the authors could use their experimental approach to demonstrate that cells get stressed in the presence of antibiotics, even if they carry the appropriate resistance markers. Cells do respond to different antibiotics in different ways - some cause stronger effects than other. But antibiotics such as kanamycin are a serious problem for cells, for example if streaked from stock cultures, despite the presence of the resistance gene. This stress can have serious unwanted side effects and should be avoided. Growth in medium without antibiotic is by far the best way to grow strains with stable deletions or point mutations. There is no excuse for adding antibiotics. It is nothing but bad strain handling.
We agree with this comment. As a consequence, we no longer recommend the addition of antibiotics in liquid culture (but only in the LB agar plates used for the initial isolation of the bacterial strain form the glycerol stock, step 1.1).

Protocol 1, point 1.5. This section needs more explanation. The authors note in their Discussion that care must be taken to ensure cells are indeed in exponential growth and I could not agree more. For growth curves with wild type-like cells roughly 4 cell divisions are needed before a clean linear correlation on a semi-logarithmic plot is observed. However, this is deceptive: for physiological studies 7-10 divisions are required - only then will protein or RNA levels be at a steady state. As such the description here is misleading. If the cells have grown overnight to stationary phase growing them from an OD.600 of 0.01 to 0.02 is completely inadequate. They will be just about in the transition from stationary to exponential growth. However, even if the overnight culture is in exponential growth cells will be stressed by the dilution into fresh medium and more than 2 divisions are required for the culture to return to exponential growth. The authors either need to adapt their protocol or they need to explain the precise conditions in their cultures very clearly so that other researchers can adapt the protocol. In addition, the authors also should note that for passing OD.600 ~0.3 in LB there is a growth shift and therefore the cells in their experiment are probably not physiologically homogeneous (J Bact. 2007 Dec; 189(23): 8746-8749). Does the same apply to the medium they are using? It will be important to add some comments to make other readers aware, as some might want to use LB or similar rich media, but a slight adaptation of the procedure to lower ODs might eliminate the problem altogether.
The initial text recommended to grow the cells from an initial inoculum of OD 0.01 to OD 0.2 (and not 0.02), thus allowing for 4-5 generation times before sampling and stress treatment. This reviewer is right that more generation times might be required for specific studies (or for longer stress exposures, as also mentioned by reviewer #1 in the comment number 4°). We have then added a NOTE to the current section 1.5, stating: “It is critical to grow the cells for at least 4-5 generation times before achieving proper exponential growth. The initial inoculum used in step 1.3 (OD 0.01) needs to be adapted in the case of growth in poorer medium (where the exponential growth will be reached at OD<0.2), or if more generations are wanted before stress treatment (for thorough physiological study or to accommodate to extended stress treatments for instance).”

Protocol 2, point 2.1. The authors dilute their samples in medium that is proficient for growth. This is not ideal, as time can impact the results quite significantly. A variation of saline solution without a carbon source (M9 minimal medium without glucose or similar) eliminates this problem while keeping cells reasonably happy.
This reviewer is right, though serial dilutions are performed in a couple of minutes, thus limiting the impact of ongoing cell divisions. Nonetheless, for the user to be aware of this phenomenon, we have added a NOTE to section 2.1 stating: “Serial dilution in fresh medium must be performed rapidly to limit bacterial divisions. Alternatively, authors might consider using a saline solution without a carbon source to prevent cell divisions during the dilution process.”
Protocol 3, point 3.1. The authors ought to measure the viable titer of a culture from the moment when it is put on ice to the actual processing by flow cytometry. They might be surprised by the result. Cells grow significantly in the cooling period, but they also grow while kept on ice, slowly but measurably. This needs to be stated. For some applications it will be important to fix the cells to avoid this problem. The same point needs to be addressed in the Discussion (line 330).
For the user to be aware of this important point, we have added a NOTE to section 3.1: “Incubation on ice will limit the growth and morphological modification of the cells. Alternatively, the user might consider using fixation of the cells in ethanol 75%, as usually recommended for flow cytometry”. We have also added a comment in the discussion “Note that incubation on ice efficiently limits, but does not strictly stop cell division. As a consequent, the user might consider fixing the cells in ethanol 75% as usually recommended for flow cytometry analysis (see reference 10) and for a fixation faster than with formaldehyde or glutaraldehyde. However, cell fixation requires additional washing of the cells and is known to affect the cell morphology (shrinking of the cells and partial lysis) and the brightness of fluorescent dye”. An additional reference Nº17 was added to support that statement.


Minor Concerns:
There are minor grammar and spelling issues throughout ("cultures tubes", line 73, "Platting assay", line 112, "if older or recently version", line 212, to name but a few).
The manuscript has been corrected for grammar and spelling errors, including those indicated by this reviewer.

Protocol 4, point 4.1. The "microscope chamber" might, depending on the experience of the audience member, be slightly cryptic. Slightly more information of what it does will make this part more highly accessible to a wide audience.
Section 1.1 now reads: “Preheat the thermostated microscope chamber at 37°C to stabilize the temperature before starting the observation. This chamber allows for temperature modulation of the microscope optics and sample stage during time-lapse experiments.”

Some confusion about the precise order of steps in 6.1.4 (line 217).
Indeed, this has been corrected.

Reviewer #3:
The ms by Cayron and Lesterlin describes an integrated protocol allowing to analyze the effects of any treatment on E. coli cells (or other bacterial species) at both the population and single-cell levels. I found the protocol very clear, concise and complete. I only have minor comments.
We thank the reviewer for her/his positive evaluation of the manuscript. Below, we provide point-by-point answers to her/his concerns.

Minor concerns:
This protocol can be used I guess with other bacterial species. this should be stated in the ms.
The applicability of this procedure to other bacterial species is now stated in the introduction “This procedure can be applied to decipher the response of diverse bacterial species to virtually any stress of interest…” and in the discussion “The method can be applied to any bacterial species, the only requirement being that the microfluidic apparatus has to be compatible with the morphology of the cells.” and “The approach is applicable to a wide range of bacterial species…”.

L73. Remove hupA-mCherry, it is a particular case, the protocol can be used with any strain
The E. coli strain used as an illustrative example is now indicated in section 1.1 as a NOTE: “We applied the procedure to the Escherichia coli MG1655 hupA-mCherry, which carries a fusion of the mCherry gene to the subunit α of HU nucleoid associated protein7. The hupA-mCherry fusion was inserted at the native chromosomal locus by replacing wild-type gene using P1 transduction.”

L76. List the complete composition of RDM medium.
RDM composition has been detailed in the Table of Materials.

L81. For certain types of experiments such as persistence to antibiotics, duration of the overnight cultures strongly influence the persister levels. Overnight is too vague. Set a precise timing e.g. 16h
It is now clearly stated that overnight incubation corresponds to 17 hours (see section 1.2)

L84. Log phase culture are really performed in a test-tube? Not in flasks? For good aeration, a small volume of culture in a large flask (like 5 ml medium in 50 or 100 ml flask) is the best.
In section 1.2, we now state “Flasks (≥50 ml) or large diameter (≥2 cm) test-tubes must be used to ensure satisfactory aeration of the agitated culture”.

L87. What type of microplate? Volume of the wells? There is the possibility to measure Fluorescence and OD in the same exp. This should be stated as well as the type of plates to use if fluorescence is measured.
Microplate are now described properly in the text and in Table of Materials (0.2 mL well working volume with clear transparent bottom). However. we do not recommend to measure fluorescence in the same experiment as HU-mCherry signal reflects the intracellular amount of HU protein rather than strictly the cell DNA content. Also, we do not recommend growing the cells after DNA staining with fluorescent dye, as these DNA intercalants molecules disturb cell growth. 

L94. Samples for flow cytometry are kept on ice. Could that influence? Isn't it better to measure directly?
Indeed, it would be best to analyze all the samples directly if possible. We then state: “When possible, we recommend processing the flow cytometry samples directly. Alternatively, samples can be kept on ice (for up to 6 hours) and analyzed simultaneously at the end of the day, once plating and microscopy imaging have been performed. »
This reviewer’s comment is consistent with reviewer #2 major point 3.1, and we agree that incubation on ice might have an effect on flow cytometry results. For the user to be aware of this important point, we have added a NOTE to the section 3.1: “Incubation on ice will limit the growth and morphological modification of the cells. Alternatively, the user might consider using fixation of the cells in ethanol 75%, as usually recommended for flow cytometry10.” We have also added a comment in the discussion “Incubation on ice will limit the growth and morphological modification of the cells. Alternatively, the user might consider using fixation of the cells in ethanol 75%, as usually recommended for flow cytometry”. An additional reference Nº17 was added to support that statement

L123. The plot of CFU/ml as a function of time should be performed also for the untreated cells and before treatment.
This is now stated clearly in section 2.3.

L125. For the flow cytometry exp., in the case of the strain carrying the HU-GFP, is the SYTO9 treatment necessary?
HU-mCherry fluorescence reports the intracellular concentration of HU protein rather than the DNA content per se. Quantification of the cells DNA content by flow cytometry then required the use of DNA stains, which binding reflects to the amount of DNA (ethidium bromide, DAPI, SYTO9 or similar).

L182. How many cells/field? Cells should be allowed to adapt and grow in the microfluidics. It is a different mode of growth as compared to tubes or flasks.
For snapshot imaging (section 4.4, we added “Select for fields of view that contain isolated cells in order to facilitate automated cell detection during image analysis. Make sure that at least 300 cells are imaged to allow robust statistical analysis of the cell population”. For time-lapse imaging (section 5.7), we wrote: ”we recommend about 10 to 20 cells per field of view of 100 μm2”. In the following section 5.8, we now indicate that “Program the injection of growth medium for 1 to 2 generation time equivalents to allow for the cells to adapt (optional)”.

L227. Do the authors check manually the cell detection by MicrobeJ?
Indeed, we systematically check visually the quality of cell detection and we perform manual correction when required. This is now indicated “Check the accuracy of the cell detection and use the MicrobeJ editing tool for correction if needed”

Figure 2C should be better detailed in the text.
We have added explanations in the part of the text that refers to the Figure 2C. “Different stresses will results in different uncoupling of the OD and CFU/mL curves, depending of the effect induced (modification of the cell morphology such as filamentation or bulging, cell death with or without lysis...). A non-exhaustive list of possible outcome results indicative of different stress-induced effects is presented in Figure 2C.”

Again, we are grateful to all three reviewers for their remarks, which allowed us to improve the quality of our method description. We hope that these additional data will provide satisfactory answers to their concerns and questions.

Sincerely,
Christian Lesterlin and Julien Cayron

