Dear Editor,
We appreciate the thoughtful comments. Below we address them in a point-by-point format.

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.
Response: This was done as suggested.

2. Please remove the citations from the Abstract and include them in the Introduction section.
Response: This was done as suggested.

3. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Response: This was done as suggested.

4. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets or dashes.
Response: Substeps have adhered to the number formatting that was suggested.

5. Please include a one-line space between each protocol step and then highlight up to 3 pages 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 and should be written in imperative tense.
Response: This was done as suggested.

6. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee.
Response: This was done as suggested.

7. Please add more details to your protocol steps. In addition, please ensure you answer the “how” question, i.e., how is the step performed?
Line 157: Please specify the heating temperature and the stirring speed
Response: 50°C at 1100 rpm.
Line 187: How long can the solution be refrigerated?
Response: Up to one month. This was described in protocol but further emphasized.
Line 188/219/261: Please specify the filtration membrane.
Response: 0.22 μm filtration membrane pore size was previously detailed in the protocol but further emphasized.
Line 190: How much vacuum pressure to be applied?
Response: Vacuum pump reduces vacuum chamber pressure to 70 mbar (0.069 atm). This was added to the manuscript.

Line 120: This filter is of the same type as before? Please specify.
Response: The filter used for making ASM is a Stericup Quick Release-GP Sterile Vacuum Filtration System with a 0.22 µm pore size. The filter used as part of the oxygen sparging system is a to Millex 25 mm diameter sterile syringe filter with a 0.22 µm pore size. This has been emphasized in the protocol.
Line 254: Please include any patient inclusion/exclusion criteria.
Response: This was done as suggested.
Line 261/280/281: Is the needle diameter critical here? If so, please specify.
Response: Needles should be at least 18 gauge in size to facilitate sparging. This has been specified in the protocol. 
Line 276: Please mention the incubation time.
Response: Samples are incubated for three 24-hour intervals.  After each aliquot set is taken, samples are re-sparged and returned to incubation, for a total incubation time of 72 hours. 
8. 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. Please sort the Materials Table alphabetically by the name of the material.
Response: This was one as suggested.

9. 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
Response: The discussion was completely revised as suggested.

10. Please spell out the journal titles in the References.
Response: This was done as suggested.

Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
The aim of this paper is to propose an adaptation of the artificial sputum media to study the effect of oxygen concentration on cystic fibrosis airway microbiomes. While such technical paper is important for the community, I am confused by the way this paper is written. The abstract sounds promising but not really representative of the paper itself.

The paper is organized in 3 parts. The first one is about the elaboration of the culture medium and the oxygen sparking. It is well described, however unfortunately some information is lacking to reproduce the experiments.
The second part is/should be the results of hyperoxic conditions on sputum microbiome. This part sounds promising, but I found it hard to read and unclear. My main question being what experiments had been carried out and on how much patient sputum
The final part is a discussion which is mostly centered on the preparation of the medium. There is no real discussion on the effect of oxygen concentration on the sputum microbiote.

Response: We apologize for the lack of clarity in the manuscript. JoVE is a methods journal and this manuscript was meant to focus on the approach to studying the effect of supplemental oxygen on the lung microbiome rather than on the biology of such effects. We have revised both the abstract and the discussion to better reflect this.

Major Concerns:
Part 1 :
ASSM preparation : "set heat to medium-high". "Medium-high" do not mean something. What is the real temperature used? Do you verify the effect of the temperature on the stability of mucin ? Since you heat ASSM, could it be autoclaved for storage?
Response: The Artificial Sputum Mucin Mix (ASMM) is heated to 50°C to facilitate dissolving of the mucin; while proteins may be subject to denaturation at temperatures above 40°C, studies suggest that this is not the case with mucin1. The temperatures we use for heating the ASMM is far below the standard autoclaving temperatures are 120°C thus we would recommend preparation of the ASMM at the time of preparing artificial sputum medium.
ASBM preparation : According to Palmer, the amino-acid composition of artificial sputum media is important. However, you do not detail the composition of your essential amino acid and non-essential amino acid stock solutions. This information should be well detailed.
Response: The used essential and non-essential amino acid stocks have amino acid ratios designed for the creation of minimum essential media, and the overall concentration of essential and non-amino acids are tailored as a group to the overall identified concentration in CF sputum.  We now include Table 2 where the final per-amino-acid concentrations are listed for the ASM detailed in this protocol, as well as the concentrations previously described in CF sputum by Palmer et al2 for comparison. 
	
	CF Sputum
	ASM

	Total Amino Acids
	10.25 mM
	10.76 mM

	Alanine
	0.96 mM
	0.80 mM

	Arginine
	0.17 mM
	0.94 mM

	Asparagine
	
	0.91 mM

	Aspartic Acid
	0.45 mM
	0.80 mM

	Cysteine
	0.09 mM
	0.33 mM

	Glutamic Acid
	0.84 mM
	0.80 mM

	Glycine
	0.65 mM
	0.80 mM

	Histidine
	0.28 mM
	0.35 mM

	Isoleucine
	0.60 mM
	0.52 mM

	Leucine
	0.87 mM
	0.52 mM

	Lysine
	1.15 mM
	0.64 mM

	Methionine
	0.34 mM
	0.13 mM

	Ornithine
	0.36 mM
	

	Phenylalanine
	0.29 mM
	0.26 mM

	Proline
	0.90 mM
	0.80 mM

	Serine
	0.78 mM
	0.80 mM

	Threonine
	0.58 mM
	0.52 mM

	Tryptophan
	0.07 mM
	0.06 mM

	Tyrosine
	0.43 mM
	0.26 mM

	Valine
	0.60 mM
	0.52 mM



ASM : The duration of the filtration runs over 1 to 2 days. Is the filtration done at room temperature in a cold room or do you use a refrigerated orbital shaker?
Response: Filtration is done in a cold room at 4°C. This detail has been added to the protocol.

Serum bottle culture sparging : In which case, is it necessary to dilute the patient sample? If a dilution do you use 1mL of patient sputum or 1mL of the diluted sputum?
Response: Dilution of patient sputum was necessary in cases where the volume of sputum provided was insufficient to create all of the necessary aliquots for each culture condition.  The same volume of sputum (diluted or undiluted) is used regardless of whether dilution was necessary, and we control for dilution factor in calculation of absolute abundance.

Part 2 :
You used 50 sputum from patients. Could you please give some precision, like the age of the patients, how long have patients been followed for cystic fibrosis ?, are sputum from 50 patients or not?…? The microbiote of the sputum depends on the age of the decease and should be different for younger than older patients.
Response: This is a methods paper and so we did not include the patient characteristics of the 50 patients from whom sputum was obtained. This information will be presented in a separate paper focused on the biological effect of supplemental oxygen on the cystic fibrosis lung microbiome.

If I understand well, you used "only" 11 sputum patients for nucleic acid extraction. How were chosen these 11 sputum? Is this restriction only done for these extractions?
Response: Each sputum generated 10 potential samples for sequencing; 1 uncultured sputum sample, 9 cultured sputum samples corresponding to each oxygen (21%, 50%, 100%) and time (24 hour, 48 hour, 72 hour) condition, thus a total of 110 samples underwent metagenomics sequencing. Cultured and uncultured samples from the first 11 patients enrolled in our study underwent nucleic acid extraction and sequencing. We were limited by the available budget for this study as metagenomics sequencing is significantly more costly than amplicon sequencing. The limited number of sequenced samples will limit the power for differential abundance testing, but not for omnibus measures of the microbiome such as measures of alpha and beta diversity.

Figure 2 : Do the data correspond to the mean measurements for the 50 sputum?
Response: Yes, the data correspond to mean measurements for the 50 sputum samples. This has been clarified in the figure legend.
Figure 3 : Same remark as figure 2. Why do you show results for only one condition? Did you do the measurements for the 8 other conditions?
Response: The purpose of this manuscript is to validate or methodological approach, thus we compare uncultured sputum with sputum cultured under the 21% oxygen condition for 48 hours.

Figure 4 : Were the 120 identified microbial species, isolated from 11 or 50 sputum? This is unclear.
Response: Aliquots of cultured and uncultured sputum were obtained from 11 patients and sequenced. This has been clarified in the figure legends.

Figure 5 : Same remarks as in figure 4, do you get these isolates from the 11 or the 50 sputum? 
Response: Clinical isolates were obtained from 50 different patients.
Does the 53 isolates for Pseudomonas aeruginosa correspond to 53 different strains or to 53 phenotypically different clinical isolates (same remarks for the other bacteria isolates)?
For Pseudomonas aeruginosa, measuring optical density at 600nm may be tricky because of the produced pigments which will have an impact on the measurements. This is important since different isolates may produced different amount of pigments with time leading to misinterpretation of the culture growth curves. To avoid this, it is better to culture Pseudomonas aeruginosa in the dark which usually limits the pigment production. Did you make the bacteria cultures in the dark or not?
Response: We thank the reviewer for this comment. Each isolate was a phenotypically different clinical isolate. All growth curves were obtained by culturing each isolate in the dark. This detail has been added to the Figure 5 legend as detailed below.
“Figure 5 shows absorbance-based growth curves of common CF lung pathogens isolated from sputum obtained from 50 different pwCF. These isolates represent phenotypically different clinical isolates obtained using procedures from the Massachusetts General Hospital Clnical Microbiology Laboratory, and include Pseudomonas aeruginosa (N = 53), Staphylococcus aureus (N = 37), Stenotrophomonas maltophilia (N = 12), Klebsiella pneumoniae (N = 3), and Achromobacter sp (N = 7).”

Part 3 :
While the discussion on the creation of your own artificial sputum medium is well documented, the discussion on the effect of oxygen on the cultured sputum is in my opinion lacking. Please develop your experimental results in the discussion… Or change the title and the abstract of your paper focusing on the creation of this artificial medium for use in studies of the oxygen effects on cultured bacteria.
Response: We have changed the title of this methods paper to “Design and development of a model to study the effect of supplemental oxygen on the cystic fibrosis airway microbiome” and modified the abstract as suggested. 

Minor Concerns:
line 294 : One should read "In addition, 0.5mL aliquot..."

Response: Thank you for this comment, the typo has been corrected as suggested.

Reviewer #2: 
Manuscript Summary:
The authors have developed a model system which allows to examine the effects of supplemental oxygen on cystic fibrosis lung microbial communities. They have shown the associated oxygen sparging protocol. This system enables the mixing of compressed oxygen and air to fixed concentrations ranging from 21 to 100 percent oxygen. They outlined the procedures to create artificial sputum medium (ASM) and the construction and use of an oxygen sparging system, and the application of both to culture CF sputum under differential oxygen conditions.

Major Concerns:
1) In the artificial sputum medium preparation methods (lines 188 - 196), the authors explained how they sterilized the medium by using a filtration technique, in which a 0.22 µm filter was used, resulting in a relatively transparent medium afterward. The authors stressed that one filter was supposed to be used for approximately 350 mL. Otherwise, mucin plug would occur. This is the primary concern. The medium's transparency is clear evidence indicating that some components (e.g., mucin) have been clogged on the filter, which raises an uncertainty of the concentration of the medium's components. For example, 1% mucin was assigned in the first place, but after filtration, the mucin concentration may be lower, which might have impact on bacterial behavior (see the paper by Sriramulu et al., J Med Microbiol 2005). Authors should discuss this point.
Response: We thank the reviewer for this comment. Based on the editor and this reviewer’s comment, we have completely revised the discussion including addressing the possibility that the filtered artificial sputum medium has mucin concentrations lower than the unfiltered 1% as detailed below:
“While filter-sterilization has been proposed in other protocols3, we have found that the addition of orbital shaking during the filtration process was essential to prevent clogging of the filter that otherwise occurred when a minimum amount of the prepared medium had been filtered. While the filtered artificial sputum medium may have a lower-than-intended final mucin concentration due to mucin impaction in the filter, sputum from pwCF has been shown to have lower mucin concentrations than sputum from people without cystic fibrosis4. Our starting mucin concentration of 1% is higher than other approaches that have used filter-sterilization, with one group using a starting mucin concentration of 0.5%3, while typical recipes use mucin concentrations ranging from 0.5% to 2% (Table 1). Thus even with loss of mucin in the filter-sterilization process, our final medium is likely to have mucin concentrations within the physiological range5”

2) Usually ASM contains high amount of salmon-sperm DNA (1.4 - 4 g/L). Why did the authors omit this component?
Response: We have revised the discussion to address the rationale for omitting salmon-sperm DNA from our recipe. 
“Salmon sperm DNA, a common addition to existing recipes (Table 1), was omitted. One intended application of this model is metagenomics sequencing, and thus salmon sperm DNA was not included in order to reduce the addition of non-microbial nucleic acids as these reads would be filtered out after sequencing thus decreasing our effective sequencing depth. While sputum from cystic fibrosis patients has high concentrations of extracellular DNA6, a significant proportion of it is microbial in origin7, and it is unclear if the addition of salmon sperm DNA to the artificial sputum medium makes it more physiologic, or whether the culture approach described in this protocol leads to high levels of microbially-derived extracellular DNA; we did not distinguish between extra- and intra-cellular DNA concentrations in our studies. Future studies may wish to verify the concentration of extra-cellular DNA generated by this culturing method.”

3) Why did the authors use 21%, 50%, and 100% O2 concentrations? How do these concentrations correlate with those used in the clinical practice?
Response: We wanted to use a range of oxygen concentration seen in clinical settings. 21% oxygen corresponds to no supplemental oxygen administration (i.e. room air), while 100% oxygen is the maximum amount of oxygen administered which is commonly given using a high flow oxygen setup or by mechanical ventilation. 50% was chosen as an intermediate value commonly seen in clinical settings.

4) Why does the pH increase with time at all O2 concentrations (Fig. 2)?
Response: Using mixed effects models, the pH increase over time was not found to be statistically significant, with an estimated increase of 2.820E-3 per hour and a p-value of 0.292. 


5) Is any correlation between pH changes and microbial load and/or diversity?
Response: There is no correlation between either pH changes and microbial load (Estimate = 4.779E-5, p = 0.543), pH changes and alpha diversity (Shannon Alpha Diversity: Estimate = 2.441E-5, p = 0.858), nor pH changes and beta diversity (Bray-Curtis Beta Diversity: R^2 = 0.00098, p = 0.462
Jaccard Beta Diversity: R^2 = 0.00066, p = 0.614).  

Minor Concerns:
1) Jaikumpun et al. (Int. J. Mol. Sci. 2020) have recently used ASM to investigate the growth of P. aeruginosa and S. aureus. They used different methods to study bacterial growth (CFU, flow citometry) because of the turbidity of the medium.
The authors might consider to compare the current data with these previous findings.
Response: We thank the reviewer for this helpful suggestion. We use filter rather than heat-sterilization and thus the resulting artificial sputum medium is not turbid and is therefore amenable to optical-based measures of growth. In this manuscript the growth curves were used to demonstrate that our artificial sputum medium recipe can support the growth of a large number of clinical isolates from CF sputum; in future studies focused on microbial growth, CFU or flow-cytometry-based measures of microbial growth would indeed be important to verify the optical measures used in this protocol.

2) The abstract is too long especially its introductory part. Furthermore, it is also too general and does not contain specific data.
Response: We have shortened the abstract and added additional experimental detail as suggested.
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