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Editorial comments:
Changes to be made by the Author(s):
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. Please provide at least 6 keywords or phrases.
4. Please ensure that the long Abstract is within 150-300-word limit and clearly states the goal of the protocol.
5. 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: Falcon, VA-044, Eppendorf, MiliQ H2O, etc.
6. 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.”
7. The Protocol should contain only action items that direct the reader to do something.
8. Please ensure that individual steps of the protocol should only contain 2-3 actions sentences per step.
9. Please ensure you answer the “how” question, i.e., how is the step performed?
10. 1.4, 1.5, 2.8: How do you perform the wash? Do you centrifuge- what speed, time and temp? Do you rinse? Please include all actions.
11. 1.7: Please check the step numbers.
12. 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.
13. 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].”
14. Each Figure Legend should include a title and a short description of the data presented in the Figure and relevant symbols.
15. As we are a methods journal, please ensure that the Discussion 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
16. Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file. Please sort the table in alphabetical order.


Reviewers' comments:
Reviewer #1:
Manuscript Summary:
This is a very nice addition to the literature and describes experimental details on how to image Pseudomonas in sputum. Although it is claimed that biofilms are imaged, what is imaged is small clusters of Pseudomonas. No evidence is provided that the clusters are biofilms. This is an over statement and should be modified to imaging Pseudomonas in sputum.

Major Concerns:
Although it is claimed that biofilms are imaged, what is imaged is small clusters of Pseudomonas. No evidence is provided that the clusters are biofilms. This is an over statement and should be modified to imaging Pseudomonas in sputum.
Thank you for pointing out this concern. We have now removed the inaccurate description of biofilms throughout the text (Abstract, Intro, Discussion). Instead we mention visualization of P. aeruginosa, bacterial cells, or P. aeruginosa cells and/or aggregates. 
See new lines: 30, 40-42, 44, 47, 49, 53, 69, 81, 299, 300, 306, 307, 309, 351, 394, 400


Minor Concerns:
There are a number of minor mistakes that should be corrected, and a few issues to be clarified. These include:

Line 121- 1.7 Repeat steps 2.4 & 2.5 two more times. I think the authors mean steps 1.4 to 1.6.
Fixed. See new line – 128.

Line 123 - Resuspend the supernatant in 2 mL of PBS with 123 0.01 % (wt/vol) sodium azide. Supernatant?? Don't you mean the sputum pellet?

Yes; changed to pellet. Thank you. See new line – 130.

Line125 - Divide the sputum samples into 0.5 mL aliquots and store in sterile 1.5 mL eppendorf
126 tubes at 4°C. Will this disrupt the architecture of the sputum? CF sputum is thick and sticky. Please expand on this point.

It is unnecessary to aliquot the sputum at this stage and a more detailed description of carefully cutting the sputum into small sections is provided in step 2.3 and the note following step 2.3, thus I removed the mention of aliquoting sputum here. See new line 133. 

Line 130 - Degas the hydrogel components in a sealed container containing an anaerobic pack
prior for 72 hrs. Should describe the hydrogel components first.
Thank you. I added the hydrogel components that are described in the substeps of 2.1 in brackets to be more descriptive and ensure better understanding of what is meant by hydrogel components here. See new line 138-139. 

Line 157-do you mean Hydrogel or polyacrylamide solution?
I mean the hydrogel solution. I have fixed this. See new line 169.

Line 157 Add 300 μL of filter sterilized polyacrylamide solution from step 3.2.2 to each of the
wells that contain sputum. Do you mean 2.2
Yes. Fixed. See new line 169.

Line 166 - Transfer the solidified hydrogel sputum samples to a 15 mL culture tube containing 5
mL of 8% sodium dodecyl sulfate (SDS, pH 8 and allowed to clear for 3-14 days at 37 °C
(with or without shaking). 3-14 days-how do you decide how long to wait-vague-please clarify.
To clarify when the clearing is complete the statement “until sputum becomes transparent” has been added. See new line 180. 

Line 184 2.8.4 Repeat step 3.8.3 two more times. Do you mean step 2.8.3. 
Yes, thank you. Fixed this. See new line 197. 

Line 197 - Place the 1 mm sections of hydrogel were (delete were) inside a sterile 1.5 mL eppendorf tubes.
Done. See new line 213. 

Line 202 - Keep the biosafety cabinet lights off when adding the fluorescently labelled PseaerA
Probe. What does the probe label-please describe?

Thank you for this comment. I have double checked with the manufacturer at Eurofins, and they said that there is no specification to keep the probe protected from light. I will adjust this part of the protocol. See new line 219.

Line 336 - application (REF). Please provide reference.
Reference provided. See new line 369.


Reviewer #2:
Manuscript Summary:
This method article by Jackson and colleagues guides the experimenter through a method to visualize Pseudomonas aeruginosa in sputum samples, and to preserve the sample architecture. The literatures lacks in situ visualization of Pseudomonas, in sputum samples as presented here, but also in lung models where mucus is also present, for example in transwells grown primary lung cells, lung on chip models or even infected lungs. Therefore the technical advances presented in this method article will benefit the community, and have an excellent degree of "recyclability" for other applications. The method is nicely described, comprehensive and easy to follow, and will be helpful for the community.

Minor comments:
Line 106: the final PFA concentration will be 2% (after diffusion exchange with the sample), which halves the standard 4% concentration. Have you tested higher PFA concentrations, and if yes, can you comment on the differences of fixation?
We've shown that 2% PFA is adequate for fixing cultured bacterial cells, and 2%-4% PFA (depending on the volume of the tissue relative to the PFA liquid volume) is generally suitable for tissue. In general, the major risk of underfixation is decreased structural integrity, which can be particularly problematic for less stable sputum samples before they are embedded in the hydrogel. The major risk of overfixation is that too many cross links can block probes from binding to their molecular targets.

Line 112: unlike at line 106 where you provide a volume ratio PFA:sputum, here you provide an example with a define volume. Why not providing also a ratio instead? And if you prefer to keep the example of a defined sputum volume, maybe you could keep using the example provided on line 10, i.e. a 1 mL PFA-sputum sample + 2.5 mL PBS.
A ratio has been provided for step 1.8 as suggested. See new line 130. 

Line 121: there is probably a mistake when you refer to steps "2.4 & 2.5", do you mean "1.5 & 1.6"?
Fixed. See new line 128. 

Line 125: can you describe how you "divide the sputum sample"? Maybe this will be illustrated in the video, but, with the text only, I'm wondering how this step is exactly achieved with minimal disturbance of the sputum plug architecture.
It is unnecessary to aliquot the sputum at this stage and a more detailed description of carefully cutting the sputum into small sections is provided in step 2.3 and the note following step 2.3, thus I removed the mention of aliquoting sputum here. See new line 133. 

Line 145: as you highlight the importance of removing the oxygen to allow for proper acrylamide polymerization, with the same logic shouldn't the PBS used for the hydrogel also be oxygen free?
PBS has been added to the hydrogel components to be degassed in substep 2.1.3. See new lines 152-153.

Line 149: "Thaw frozen sputum samples": you did not mention before that the sputum samples could be frozen. In case they can be frozen, please mention it earlier in the method. But as you said that samples should be stored at 4°C (line 125), I would recommend to start mentioning the usage of fresh sample, and optionally write a note that there is the less recommendable possibility to start from frozen samples.
Removed the thawing directive. See new line 159. 

Line 155: could you provide the reference for the 8-chambered coverglass slide?
The reference for the 8-chambered coverglass has been added to the materials list. Please see updated document. 
 
Line 157: once again, the numbering seems to have been changed, as the reference to step "3.2.2" is most likely actually referring to step 2.1.
Fixed. See new line 169. 

Line 166: although I'm not an expert in clearing procedures, I've only used method with successive clearing reagent bath. Can you comment on whether it would improve the clearing to do so? If not, just ignore the comment. Besides, "3 to 14 days" seems to be a very wide interval, can you comment on why this is so inconsistent? Does it mostly depends on the sample size? Or the patient? Or other factors? What should people expect?

A larger volume of SDS (up ~ 50 mL) will facilitate clearing of some samples. Refreshing smaller volumes would also work fine in lieu of using a larger volume. The major variables affecting how long sputum takes to clear is size and composition. More DNA-rich samples take longer (towards the higher end of the estimate) compared to mucus rich samples.
Please see modification to the note on clearing in the new line 185.

Line 193: is there is specific safety reason why the experimenter should work in a safety cabinet (toxic fumes…)? Many BLS2 labs simply work on the bench, and use other means to work under sterile conditions. If there is not special reason, I would delete this specification (also on line 202), and would replace it by a more general statement about the sample light protection.
Thank you for this question, I have removed the specification for the biosafety cabinet. I have put a special note though that formalin solution (found in the hybridization buffer) should not be used near an open flame.  See new line 219. 

Line 197: remove "were". Also "1.5 mL tubes" is understandable, and mentioning the Eppendorf brand is unnecessary. Same on line 200.
Removed “were” and the Eppendorf brands throughout the text. See new lines 216 and 238. 

Line 209: consider changing "entirety […] are submerged" to "entirety […] is submerged"
Change made as suggested. See new line 228. 

Line 225: please provide the reference in the Material list for the Psl-0096 antibody. Have you tested and compared other Psl antibodies? If yes, can you comment on that, this would be helpful for the reader.
The Psl0096 antibody has been added to the materials list. 
Yes, previous work in our lab has tested antibodies to 3 different Psl epitopes (psl0096, wapR001 and wapR0016, MedImmune) that all demonstrated the capability to bind to Psl. Our reason for using Psl0096 in these experiments was because experiments with all 3 antibodies (unpublished data) on 14 cystic fibrosis isolates from SickKids1 and 63 isolates from the EPIC trial2 Psl0096 antibody showed significant differences in biofilm aggregation between persistent and eradicated P. aeruginosa isolates. Although we have tested the different antibodies against Psl in biofilms, we have not yet done that in the hydrogels so cannot comment on their effectiveness in this specific protocol, though we can imagine they would similarly bind in the hydrogel matrix as they do in biofilms. 


Line 229: homogenize the style of "w/v" throughout the text (e.g. line 123: "wt/vol"). In the same line, you write "1 mL pipettor" on line 227, and 1 mL pipette just after on line 236. Also, the Psl antibody is referred to sometimes as Psl-0096, sometimes as Psl0096. Same for "mL" and "ml".
Done. All instances of “wt/vol” have now been changed to “w/v”.

Line 251: 0.45µm filters are not adapted for sterilization, as small bacteria can go through, and 0.2 µm should be used instead. If 0.45 µm filters are adapted for this step, consider changing the sentence to "Filter the solution...".
The filter size has been changed to 0.2 µm. See new line 272. 

Line 327: "◦C" should be replaced by "°C"
Done. See new line 357. 

Line 336: reference missing.
Reference added. See new line 369.

Line 355: reference not formatted and does not appear in the reference list.
Removed reference. See new line 389.

General minor comments:

-It may be helpful to comment on the total duration of the protocol, and advice the reader on how to optimize their schedule (what can be achieved on each day, where to stop, when samples can be stored at 4°C or -20°C and the experiment resumed later).
This is a good point. We have mentioned the storage temperatures at steps 1.9 and 2.9, lines 133 and 202-203, respectively. As per your suggestion we have made additions to the manuscript, in the results section. Please see addition to the manuscript on lines 297-302. 

-As the method focuses on preserving the 3D architecture for imaging, it would be nice to provide for example a movie of a 3D representation of Figure 4, or show this movie in the Video method, or provide the raw data of Figure 4 as a supplemental file.
A supplemental file of the raw data for figure 4 has been provided. See supplemental material “Supplemental File_Figure 4.czi”.

-How good is the anti-Psl-antibody staining against planktonic Pseudomonas, as EPS are mostly synthetize after hours of surface exposure? 
P. aeruginosa produces Psl in the planktonic state3 as well as in biofilm. We have done a control experiment with planktonic cultures of PAO1 and PAO1-ΔPsl (a mutant incapable of Psl polysaccharide production) and saw no anti-Psl0096-texas red antibody staining in these mutant strain. We will include this control in the supplemental material. See supplemental material “Supplemental_Figure 2.png”. 
Can you comment about the interest and feasibility of a double EPS staining (e.g. Pel + Psl), to avoid the absence of staining of clinical isolates devoid of Psl EPS?
Unfortunately, we cannot comment on feasibility of double EPS staining at this stage as we have not tested this. The research question was focused on the variation in Psl production (presence or absence). However, this is a very good question and would be excellent to test in future experiments to see variations in all of the Pseudomonal polysaccharides produced in new onset infections.

-The authors used Biorender to generate figures. Just to make sure JoVE or the authors comply with the regulation, shouldn't the author mention they used Biorender to generate figure? And do you have a license?
Thank you for pointing this out. Figures 1 and 2 now have the tag “created with biorender.com” at the end of the figure caption. 

Formatting comment: "Pseudomonas aeruginosa" should be in italic in the references.
Pseudomonas aeruginosa occurrences in the references have now been italicized. 

Material list: there is a typo in Microscopy in "Electron Microscopry services" and isn't the company name "ELECTRON MICROSCOPY SCIENCES"?
Yes, thank you. The company name has been fixed to read “Electron Microscopy Sciences”. 


Reviewer #3:
Manuscript Summary:
Authors aim at fixing patient sputum samples and then using the MiPACT method for tissue clearing to allow for FISH, DAPI and Fluorescent antibody labeling of the Psl component of P. aeruginosa biofilm.
Overall an interesting and well written manuscript.

Major Concerns:
1. Would like to see the use of controls for the staining. Something like the reference strain PAO1 or PA14 can be used as controls. 
Thank you, we can provide the controls in the supplemental materials (see “Supplemental_Figure 2.png”) and in the results section see new lines 311 and 312. We have tested the anti-Psl antibody binding in planktonic PAO1 and PAO1-ΔPsl strains and demonstrated an absence of anti-Psl antibody staining in the PAO1-ΔPsl mutant. 
Also, would a mucoid strain that produces a large amount of alginate block any of the antibody binding to Psl?
The Psl0096-antibody has been used in the lab with P. aeruginosa mucoid isolates collected from CF patients and we have seen anti-body binding (unpublished data). However, we have not specifically tested an alginate overproducer and the Psl0096 antibody binding.

2. Authors should show the sensitivity and specificity of the assay, ie. what the detection limit is using a molecular and/or viable cell count as a control.
The PseaerA probe detection limit using FISH was found to be around 104 cells per mL. See new figures in supplemental material “Supplemental_Figure 1”. Also see manuscript addition on new lines 302 and 303. 

3. This paper generalizes Psl as being biofilm which is a product of Psl, Pel, alginate as well as eDNA and other cellular debris. Since this method is specific to Psl, false-negative stains might be a result of strains of Pseudomonas that preferentially produce the other exopolysaccharides over Psl.
Thank you for pointing this out. Reviewer 1 made a similar comment. Thus, to address this we removed the mention of a biofilm here and said we visualized P. aeruginosa cells or aggregates instead. Please see all the sections of text where mention of biofilms were removed, lines 30, 40-42, 44, 47, 49, 53, 69, 81, 299, 300, 306, 307, 309, 351, 394, 400.

4. This method is being coined as a diagnostic method. Yet this is a qualitative assessment of the samples and not an exact quantitative method to measure biofilm production/presence in the sample as the authors are suggesting. If the method is to be used as a measurement tool more work is needed to prove the efficacy of this measurement. Also, the 3D spatial architecture in the sputum sample might may necessarily translate to the lung therefore studying co-infections through this method may not be a true indicator.
We apologize if this was not clear as this is not meant to be a validated diagnostic clinical test but rather a research tool to investigate the presence and behaviours of organisms. 
[bookmark: _GoBack]Minor Concerns:
1. DAPI acronym is never defined.
The acronym has now been defined. Please see new line 264. 

2. The confocal microscope acronym is misspelled in line 87 and in the diagram in Figure 2.
Fixed. Please see new line 90 and 383.

3. Line 70. a misplaced ")" at the end of the sentence
Fixed. Please see new line 72. 

4. Figure 3 and 4 legends don't have a bolded title. (Lines 309/ 315).
Fixed. Please see lines 337 & 338 for figure 3. Please see lines 344 & 345 for figure 4.

5. RT acronym not defined. (line 304). 
The acronym has now been defined. Please see new line 240.  

Comments:
Not sure if the use of a reducing agent like Dithiothreitol (DTT) would help with breaking the sputum plug for ease of manipulation.
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