We thank the editors and reviewers for the constructive and comprehensive feedback. We have carefully analyzed and addressed the comments below, including all modifications made to the manuscript as appropriate. The editor/reviewer comments are listed in bold below, followed by our responses and revisions in each case. Blue text is used to note the revised text from the manuscript. In addition, the revised manuscript and supplementary information with new changes being highlighted have been resubmitted together with the revised versions of these files without highlights. 
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.
We have proofread the manuscript. 
2. Please ensure that the Summary is within the 50-word limit.
We have revised the Summary to be within the 50-word limit. 
3. 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 and Reagents.
For example: Tween®, FMTM 4-64 etc.
We have replaced all commercial product names in the text. 
4. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
We have added additional details to our protocol, as requested. 
5. 3.2: What is the sample in your experiment? what is the sample volume? How do you ensure that the sample has fully entered the gel?
We have revised this step to read:
[bookmark: _Hlk65055912]Run the buffer to the top of the gel, and stop the column. Carefully pipet a 1-mL sample containing OMVs onto the surface of the beads, being careful not to disturb any of the beads at the top of the column. Run the column until the sample has fully entered the gel, that is, when no liquid remains above the gel layer, then stop the column.

6. Please include single line space and highlight 3 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 sections 3-5 as the most essential steps of the protocol. 
7. 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].”
We have updated the legend of Figure 2 and have uploaded the editorial policy for the referenced work. 
8. 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

We have updated our Discussion to include paragraphs describing the critical steps, limitations, and trouble-shooting. Additionally, we have added a paragraph to better explain why this technique is superior to the other most commonly used technique and to describe future applications of the technique. 


Reviewers' comments:
Reviewer #1:
Manuscript Summary:
This study demonstrates the utility of a faster and easier method (Sephacryl-based SEC) to isolate two distinguishable OMV subpopulations from A. actinomycetemcomitans strain JP2, one carrying a toxin.
Major Concerns:
no major concerns are raised.
Minor Concerns:
The biggest limitation of this study is the lack of testing in OMVs from other species, to consolidate Sephacryl-based SEC method to be useful across many research areas. Also feels like the results are focused on showing antibody optimisation instead of a full characterisation of OMV fractions obtained by SEC (at least presenting Electron microscopy data and DLS data).
We have updated Fig. 2 based on this and other reviewer comments to now focus on the reproducibility of the approach (panel A) and the ability to separate vesicles with different protein compositions (panel B). In our first submission, we included DLS data from the two populations, but it was somewhat hidden in the text. To improve the accessibility of that data, we have now also included it in Fig. 2. We have also included a reference to our published work in which we measured the DLS of the ultracentrifuged OMVs before SEC. We hope that these changes highlight the advantages of the SEC approach with less focus on antibody optimization.    
The protocol is well described, with plenty practical tips for researchers to avoid unnecessary mistakes in the future. The method is very straightforward and with potential to up-scale procedures to isolate specific OMVs for biotechnological applications.
Few minor comments are below:
Line 104. Loading the sample and collecting fractions
3.2 Run the buffer to the top of the gel, and stop the column. Carefully pipet the sample onto the surface of the beads, being careful not to disturb any of the beads at the top of the column. Run the column until the sample has fully entered the gel, then stop the column.
The volume of loaded OMV sample is missing. This is a very crucial step in SEC protocols, because it directly relates back to the column volume/area and resulting fraction volumes.
We have revised this step to read:
Run the buffer to the top of the gel, and stop the column. Carefully pipet a 1-mL sample containing OMVs onto the surface of the beads, being careful not to disturb any of the beads at the top of the column. Run the column until the sample has fully entered the gel, that is, when no liquid remains above the gel layer, then stop the column.

Line 124. Sample analysis
4.2.3 Incubate plates with 100 μL blocking buffer plus primary antibody overnight at 4 °C. NOTE: The necessary volume of primary antibody will vary depending on the concentration and purity of the antibody. Decant.
4.2.5 Add 100 μL of ELISA wash buffer plus secondary antibody to each well. Incubate for 1 hr at 25 °C.
I think an approximate value or range of the concentration of primary and secondary antibodies used in ELISA is necessary.
We have added the necessary details, as shown below. (Note that the numbering of the protocol has changed slightly in the revised manuscript.)
5.2.3 Incubate plates with 100 μL blocking buffer plus primary antibody (1:10,000 for purified antibody; 1:10 for unpurified antibody) overnight at 4 °C. NOTE: Decant.

5.2.5 Add 100 μL of ELISA wash buffer plus secondary antibody (1:30,000) to each well. Incubate for 1 hr at 25 °C. 

Line 187, The sample should be sufficiently concentrated before it is loaded on the column to avoid the need to pool samples for analysis.
What is the OMV sample load (by protein and volume) that was optimised for separation by this column? Since it is one of the main conclusions of this manuscript, it is useful for other researchers to know the range of OMV load successfully fractionated with the described protocol, i.e. above XX µg OMV the column may block or below XX µg OMV the column's recovery of fractions is significantly decreased, etc. What is the absolute value of "sufficiently concentrated"?
Unfortunately, we do not have this information. However, we consistently load a one-mL sample, with a lipid concentration of 100-200 nmol/L. We have added this information to the manuscript. 
4.2 [bookmark: _Hlk65055993]Allow the remaining buffer to fully enter the column. Once the buffer has reached the top of the gel layer, carefully pipet a 1-mL sample containing OMVs (at a lipid concentration of approximately 100 – 200 nmol/L) onto the surface of the beads, being careful not to disturb any of the beads at the top of the column. Allow the sample to fully enter the gel, that is, when no liquid remains above the gel layer. Then stop the column.
Line 163. Each panel of this figure includes the averaged FMTM 4-64 results from three separate runs, each collected by a different user, demonstrating the extreme reproducibility of this technique. Line 186. Together, these representative results demonstrate that separation of OMV subpopulations by SEC is highly reproducible, even between users.
For this claim to be true, readers would need to see the variability of data obtained from each user, which is hidden in averaged plotted values shown in Figure 2. I recommend to add SD or SEM to all graphs in Figure 2 to justify the 'reproducibility' statement.
We have updated this figure to show the standard deviations from the different runs to better demonstrate the reproducibility. This information can be found in the revised Fig. 2A. 
Line 189. Finally, the selection of an appropriate antibody, with sufficient specificity and affinity for the target protein(s), is an essential aspect of this approach.
Would total protein concentration of OMV fractions follow the two subpopulations trend as well? Just wondering if a more affordable and applicable-to-all analysis approach would be of utility to characterise OMVs from other bacterial species, when antibodies are not available.
We have modified Fig. 2 to include the absorbance at 280 nm (A280), as a measure of protein concentration, of each fraction. We found that for our A. actinomycetemcomitans OMVs, this measurement did not accurately predict which fractions contained OMVs. We agree with the reviewer that if it had, it could be a more versatile approach to measure protein content in each fraction. However, we propose that using the lipid concentration of each fraction is a versatile approach in itself to detect fractions containing OMVs, in cases where specific antibodies are not available. Additionally, we believe the A280 results shown in the modified Fig. 2 further support the value of this SEC approach, as it is clear that a significant amount of “free” protein can be separated from the OMV populations.
Figure 2. The LtxA content of each fraction represents results from three separate runs, each quantified in a different way. What does it mean each 3 separate runs, each quantified in a different way? Line 163 says each run was performed by different users. Please clarify.
We have revised this figure substantially based on the reviewer feedback. In the new figure, we only show LtxA content quantified in one way, so we believe this clarity issue has been resolved. 
Please clarify how percentages of Toxin and Lipid were calculated in Panel A and B in the figure legend.
We have added the following explanation of these calculations:
The lipid and toxin concentrations are reported as percentages, where “%lipid” indicates what percentage of the total lipid content of the sample is in each fraction and “%toxin” indicates what percentage of the total toxin content of the sample is in each fraction.  
Please clarify the units of the Toxin Intensity in Panel C and D.
We have updated this figure, based on reviewer suggestions, and we no longer show the results included in the original Panels C and D. 
Line 234. For these reasons, we propose that SEC is a more promising method than DGC for future biotechnological applications of OMVs.
In order to conclude that SEC is more promising than DGG (which I agree), more Sephacryl-based SEC assays were required to be tested in OMVs from few different species. Bacteria MVs quickly respond to environmental cues (culture conditions), so there is a vast diversity in MV molecular or population-wide composition. Sephacryl-SEC may be useful to distinguish subpopulations is some cases and some others may not. Perhaps it's worth to narrow down the biotechnological applications potential to the tested strain in the discussion section, while also adding some discussion of what's the current state of SEC and bacterial vesicles.
We appreciate these suggestions and we have incorporated them into two new paragraphs in the Discussion section. In these paragraphs, we more directly compare SEC and DGC. We expect that as the technique becomes more common in the bacterial OMV field, it will be found to be superior to DGC in many applications; however, we agree with the reviewer that with our current data, we cannot make such a broad statement. We have toned down our claims in these new paragraphs to instead propose that SEC might become increasingly important in the OMV field.  
[bookmark: _Hlk65501604]All OMV purification procedures follow the same initial steps that include bacterial growth, removal of bacterial cells, and OMV isolation.27 Although this “crude” preparation has commonly been used in OMV studies28, it is becoming increasingly apparent that a subsequent purification step is necessary to remove co-precipitating proteins and other contaminants, as well as to separate OMV subpopulations. In OMV studies, this purification step is commonly completed using density gradient centrifugation. In the eukaryotic extracellular vesicle field, the use of SEC to separate vesicle populations and to remove contaminants is increasing in importance, as it is simpler, faster, and less expensive than DGC29. In addition, SEC has the advantage of being possible to automate, unlike DGC29. Thus, while DGC remains the “gold standard” of vesicle isolation in the bacterial OMV field, we propose that the numerous advantages of SEC make it an extremely useful, if not better, method of OMV purification than DGC. In this work, we have demonstrated that a 1.5 x 50 cm column of Sephacryl S-1000 is capable of separating two subpopulations of OMVs. We have also observed that the approach is capable of removing nucleic acids and free proteins from the OMV solution. Previous reports have found SEC to be able to remove free LPS from OMV preparations, as well.28  
In conclusion, we propose that SEC holds much promise in the purification of bacterial vesicles. While we have demonstrated the ability of the technique to separate subpopulations of OMVs produced by a specific bacterium (A. actinomycetemcomitans), we anticipate that the technique will be found to be extremely valuable in analyzing other bacterial vesicle samples, as it sees additional use.   
Are there other non-MV contaminants that can be effectively removed/cleaned with Sephacryl-based SEC as compared to just having the ultracentrifuged OMVs?
We have found that SEC is able to remove nucleic acids and proteins that co-pelleted with the OMVs during ultracentrifugation. We have included mention of this in the text. 
Representative Results section:
Fig. 2D shows the percentage of the total protein concentration in each fraction, measured using the A280, overlaid on the lipid concentration profile. This panel demonstrates that SEC is able to remove significant amounts of free proteins from the OMV preparations, as evidenced by the high A280 values in fractions greater than 60. (In fact, most of the protein is found in these fractions, which do not contain OMVs, demonstrating that a large amount of protein co-purifies with the OMVs.)
Discussion section:
We have also observed that the approach is capable of removing nucleic acids and free proteins from the OMV solution.

Reviewer #2:
The manuscript by Dr. Collins et al, described a size exclusion chromatography (SEC) based method to purify bacterial derived outer membrane vesicles (OMVs). Using size exclusion column to purified extracellular vesicles from body fluid or culture media is a well established method; however, except a few prior descriptions, applying SEC on OMV purification is relatively new.
The protocol described in the manuscript lacks some details.
1. The authors need to provide some more information of the column since the length of column will affect the particle separation in SEC. In addition, the authors also need to provide a range of sample volumes that can be applied.
As reported in our Materials List, we have used a 1.5 x 50 cm column. For clarity, we have included this information in the text (Introduction) as well. We have also added information to the Method about the volume of sample that can be applied to this size column (1 mL). 
2. How many times the column can be re-used? What is the washing condition between samples?
In our experience, the column can be reused indefinitely, as long as it is consistently hydrated with buffer and has not become contaminated. We have run a single column up to fifteen times. We have added this information to the manuscript (Discussion section). 
The column can be reused multiple times, as long as it is maintained in a fully hydrated state and cleaned well (Step 4.6) between runs.      
3. It is not necessary to provide results from 4 different measurement methods for LtxA. Instead, it would be helpful if the authors can provide a direct comparison between the ultracentrifugation and SEC based OMV purification results. Actually, in the "Representative Results" section, the authors did mention ultracentrifugation results are shown in Figure 2 (Lines 157-158)
We agree with the reviewer and have altered the representative results show in Fig. 2. Also, in the text, we have compared the DLS results of an ultracentrifuged OMV sample and the SEC-purified samples. 
We confirmed the size of the OMVs in these peaks using dynamic light scattering (DLS) and found the mean diameters of the OMVs in fractions 13 and 25 to be 296.6 nm and 142.6 nm, respectively, as shown in Fig. 2A. In comparison, the mean diameter of the OMV sample after ultracentrifugation but before SEC purification was previously found to be 161.0 nm.


Reviewer #3:
Manuscript Summary:
The authors describe a method of purifying the membrane vesicles from a Gram negative bacteria using SEC. Vesicles isolated from Aggregatibacter actinomycetemcomitans, which the authors state, produces two discrete populations of OMVS. While there are numerous methods of isolating OMVs, the authors speak to the simplicity and low cost of this method compared to other methods such as ultra-centrifugation. The methods provided are informative but I believe there are a lot of components that are missing that would make this a more comprehensive protocol. OMV purification has multiple steps which are not even discussed in this protocol including bacterial growth, cell removal, and final OMV/sample analysis to confirm results.
Major Concerns:
1) The authors do not discuss the preparation of OMVs from bacterial culture which makes the starting point for this protocol quite confusing. For several reasons
a. Is this straight culture media that is being purified here? Obviously there would be a centrifugation step to pellet bacteria, however, most methods have multiple stages of centrifugation followed by filtration to ensure that cells, cellular debris, and large aggregates are removed. The authors should provide some information here or at least provide some citations to other published methods.
We apologize for the omission of those important details. We first pellet the bacteria and collect the supernatant. We then ultracentrifuge the supernatant to concentrate the OMVs. It is those purified OMVs that we then separate by SEC to obtain more homogeneous samples. We did not originally include the specific details of this process in the revised manuscript because we do not want the method to focus solely on A. actinomycetemcomitans. However, we have added an explanation of this point in the Protocol section of the manuscript. 
2. Preparation of OMV Sample
2.1 	Grow A. actinomycetemcomitans cells to the late exponential phase (optical density at 600 nm of 0.7). Pellet the cells by centrifuging at 10,000 x g at 4 °C for 10 min. Filter the supernatant through a 0.45 μm filter.  
2.2	Concentrate the bacteria-free supernatant using 50 kDa-molecular weight cut-off filters. Ultracentrifuge the concentrated solution at 105,000 x g at 4 °C for 30 min. 
2.3	Resuspend the pellet in PBS and ultracentrifuge again (105,000 x g at 4 °C for 30 min.) Resuspend the pellet in 1 mL of PBS. 
b. Is there a concentration step (following 1 above) such as a high speed centrifugation step achievable with most table top centrifuges to reduce the amount of sample loaded to the column?
Please see our response above. 
2) In section 3.2, the authors us the word "run" but do not define this term. Are they suggesting that column has been attached to a pump and is being "run" at a specific flow rate? Without this information one would have to assume that the column is being used as a gravity flow column which should be indicated and might not be the best approach if a long column is being used.
We apologize for our confusing word choice. The column is a gravity flow column. We have updated this section to read (note that the protocol numbering has changed slightly):
4.2	Allow the buffer to fully enter the column. Once the buffer has reached the top of the gel layer, carefully pipet a 1-mL sample containing OMVs onto the surface of the beads, being careful not to disturb any of the beads at the top of the column. Allow the sample to fully enter the gel, that is, when no liquid remains above the gel layer, then stop the column.
We have also added “gravity-flow” to the Introduction:
We have found that a long, gravity-flow, SEC column, filled with gel filtration medium is sufficient for efficiently purifying and separating subpopulations of OMVs.
3) The authors indicate that this method is ideal for separating population of OMVs but they provide no evidence to indicate that discrete populations of OMVs have been isolated. An analytical method such as Laser Particle Tracking, Dynamic Light Scattering, or similar method should be used to verify that the subpopulations have been separated.
We have included DLS results in the Representative Results section of the text. For clarity, we have added those results to Fig. 2 as well. 
4) The information in figure 2 does not show separation of OMV populations. There is too much overlap in samples, both lipids and toxin, to suggest that these are discreet population. The data may be clearer in a different format such as a line ran than spheres, however, as presented it is confusing.
We have modified Fig. 2 significantly based on this and other reviewer comments. We hope these changes make the data clearer. 
5) I do not see why the authors include Figure 2B and 2C which both show failed detection assays. These do not convey any useful information.
We originally included these panels as an example of “suboptimal” results, as requested in the Guide for Authors. However, based on this and other reviewer comments, we have significantly updated Fig. 2 in the revised manuscript. 
[bookmark: _GoBack]6) The authors use chemical formulas in the protocol section and then list full chemical names at the end in the Material/ Equipment section. It may be beneficial to some readers to include the name and formula in the Material/Equipment section.
We have added this information to the Material/Equipment Section. 
Minor Concerns:
No minor comments. Manuscript was well written and the information that was provided was detailed and thorough.

