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.
Author Response:  The manuscript has been proofread for spelling and grammatical issues.

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
Author Response:  Manuscript has been formatted for these issues.

3. Please provide an email address for each author.
Author Response:  Author e-mails have been provided.

4. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Here we present a protocol …”
Author Response:  The Summary has been revised.

5. Please ensure that the long Abstract is within 150-300-word limit and clearly states the goal of the protocol.
Author Response:  The abstract was revised to clearly state the goal of the protocol.

6. 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: Orbitrap, 4800 MALDI-TOF-TOF, etc.
Author Response:  All commercial language has been removed.  

7. 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.”
Author Response:  The protocol has been revised using the imperative tense.  

8. The Protocol should contain only action items that direct the reader to do something.
Author Response:  The protocol has been revised as suggested.  

9. 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 do not number caution and notes.
Author Response:  The protocol has been revised as suggested. 

10. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please ensure that the Protocol step contains only 2-3 actions per step and a maximum of 4 sentences per step.
Author Response:  The protocol has been revised as suggested.

11. Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute (rpm).
Author Response:  Centrifuge speeds have been converted to g however the incubator/shaker is only provided in rpm.  

12. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? For this please include mechanical action, button clicks in the software, knob turns, command lines, etc.
Author Response:  More detail and clarity has been added to the protocol.  

13. There is a 10-page limit for the Protocol, but there is a 3-page limit for filmable content. Please 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.
Author Response:  Filmable content has been highlighted in yellow and is less than 3 pages.  

14. 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].”
Author Response:  All data and figures are original.

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
Author Response:  Additional text has been added to the Discussion covering these topics under Protocol considerations.

16. We do not have a separate conclusion section. Please merge this with the discussion instead.

Author Response:  Conclusions have been merged with the Discussion.

____________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The manuscript describes the protocol for the top-down analysis of extracellular E. coli proteins by MALDI-TOF-TOF-MS/MS. Additionally, the protocol for the analysis of this data using a standalone software, Protein Biomarker Seeker, for preliminary identification of immunity proteins induced by mitomycin-C is also given. Finally, 2 antibacterial immunity proteins were identified and manually confirmed.

Minor Concerns:
Protocol 1.3: I am assuming that extracellular protein are being analyzed here because the protocol does not specify a lysis procedure. If this is the case, perhaps a discussion of the proteins being probed with this method should be included.
Author Response:  The reviewer is correct; the protocol does not employ any mechanical or electrical cell lysis step.  Although secreted or extracellular proteins may be detected using the protocol, an earlier version of this method was first developed for detection of Shiga toxin (Stx) from Shiga toxin-producing Escherichia coli (STEC) wherein antibiotic induction triggers the bacterial SOS response resulting in expression of phage genes including stx as well as late phage genes responsible for bacterial cell lysis (Reference #41).  We found that antibiotic-induced cell lysis has certain advantages for the detection of Stx as well as plasmid proteins that have SOS promoters (current work).  Certainly, mechanical cell lysis (e.g. bead-beating) can also be used (although not used in the current work).  However, mechanical lysis results in all bacterial cells being lysed (not just induced cells) resulting in the sample being enriched with abundant, highly conserved host proteins that can make detection of phage and plasmid proteins from an unfractionated sample more challenging.  

Protocol 4.7: The PTMs involving sequence truncation are discussed extensively and the response of the software to these modifications is clear. However, while E. coli does have limited PTMs associated with the addition of chemical or complex groups, they exist. How would the software respond to these kinds of modifications?
Author Response:  The reviewer raises an important point.  In addition to sequence truncation, E. coli proteins can have PTMs that involve addition of mass, e.g. phosphorylation, glycosylation, etc.  As MS/MS utilizes post-source decay (PSD) for dissociation of singly charged metastable proteins ions (under 20 kDa in mass) generated by MALDI, such PTMs attached to residue side-chains would likely undergo facile dissociative loss because PSD is an ergodic dissociation technique.  The presence of such PTMs may be inferred from the appearance of a fragment ion close in mass to the original precursor ion (minus the mass of the PTM) in the MS/MS data.  However, neither PSD nor the software would be able to identify where such PTMs are attached.  In addition, the software can only identify proteins from polypeptide backbone cleavage fragment ions and not dissociative loss of small molecules (water or ammonia) or PTMs attached at residue side-chains.  However, if fragment ions from polypeptide backbone cleavage are detected, the protein could still be identified using the software by either widening the protein mass tolerance window to include the mass of the PTM or simply entering the mass of the protein fragment ion corresponding to dissociative loss of the suspected PTM.  Any identification by the software would be of the protein sequence but without the additional mass of the PTM.
Interestingly, we have not detected proteins having phosphorylation, glycosylation, etc. in our bacterial work thus far.  However, that may be due to 1. their abundance as ionized by MALDI; 2. the MS mass range being used (less than 20 kDa); 3. these PTMs may be unusually labile and may not survive application of MALDI matrix which is a saturated solution of sinapinic acid at low pH; 4. these PTMs may undergo very rapid dissociative loss in the source before ions are accelerated from the source.  

Protocol 4.8.5: The software allows the user to state the oxidation state of the cysteine residues. If the cysteine residues are reduced, it is common practice to protect the residues from oxidation using alkylating agents. Can the software account for cysteine alkylation? Additionally, if the cysteine residues are not reduced, it would be possible for both reduced and oxidized cysteine residues to exist simultaneously.
Author Response:  At the present time, the software does not include cysteine alkylation, and our sample protocol does not include a disulfide reduction step for cysteine residues.  The protocol has been clarified to indicate that the search is to be operated with cysteine residues in their Oxidized state, and if no identification is obtained to execute the search again with cysteine residues in their Reduced state.  If no identifications are found again, widening the fragment ion tolerance to ± 2 or ± 3 lowers the threshold for fragment ion matching allowing sequences with cysteines to be matched whether they are present in their oxidized and/or reduced states.  

Lines 288-291: Where replicate runs conducted to determine the variation in relative protein expression under the individual antibiotic concentration conditions?
Author Response:  With respect to the antibiotic-induced proteins detected, the antibiotic concentrations for a bacterial strain were found to be generally reproducible.  We noted variations in the relative protein abundance.  Since our analysis is qualitative (not quantitative), protein biomarker abundance need only be sufficient for adequate MS/MS analysis.  A putative STEC strain is first cultured with a range of antibiotic concentrations (e.g. 300 ng/mL to 2000 ng/mL of mitomycin-C) to determine the optimum concentration such that it triggers the bacterial SOS response while still providing enough bacterial cells for harvesting.  For the STEC strain RM7788, we found that the optimum antibiotic concentration for detection of the biomarkers identified was 400 to 800 ng/mL of mitomycin-C.  

Overall comment: The author does a good job in the conclusion of discussing the strengths and weaknesses of the use of MALDI-TOF for top-down proteomics analysis. However, I think the manuscript would also benefit from a discussion of why this particular analysis is best performed using top-down techniques generally. Usually the ability of top-down to identify unique proteoforms is the reason given for its use. In this case it seems only protein truncation can be identified, so what is the advantage of top-down over bottom-up techniques?
Author Response:  The primary strength of the current protocol is its speed, simplicity of sample preparation and use of an instrument that is relatively easy to operate, be trained on and maintain.  A bottom-up approach involving enzymatic digestion of a bacterial cell lysate or supernatant will result in a more complex sample that is best analyzed by LC-ESI using a high-resolution mass spectrometer (HR-MS).  Although bottom-up and top-down proteomic analysis by LC-ESI-HR-MS are ubiquitous and far superior in many respects to top-down by MALDI-TOF-TOF, it requires more time, labor, expense, and expertise.  Much of the work in our laboratory is interdisciplinary: spanning analytical mass spectrometry to microbiology.  Instrument complexity can often affect whether certain instrument platforms are likely to be adopted by scientists not formally trained in mass spectrometry.  The top-down approach with MALDI-TOF-TOF is meant to extend the analysis of MALDI-TOF-MS beyond its current use for taxonomic identification of bacteria in clinical microbiology labs while not dramatically increasing the labor, complexity or expertise required for analysis. 

Reviewer #2:
The manuscripts titled "Antibacterial immunity proteins produced by pathogenic E. coli are identified using MALDI-TOF-TOF-MS/MS and top-down proteomic analysis", identifies two plasmid encoded AB-Im proteins produced by E. coli. The authors used top town proteomic analysis using standalone software developed to process sequences developed using whole genome sequencing analysis in addition to MALDI TOF -MS/MS. In case post translational modification is detected, the authors also encounter for these modifications in the software they are using. Gene location for the identified proteins had also been suggested.

The manuscript needs some sentence revision and work on the representation of the figures for clarity.

The manuscript is well written however minor sentence edits should be considered.
Line 108 -add LB in brackets
Author Response: (LB) was added.

Line 121-144 needs grammar sentence revision
Author Response:  These lines have been revised using the imperative tense and corrected for grammar.  

Line 230 ..is not to definitely identify- consider changing to identify with 100% accuracy.
Author Response:  The sentence has been rephrased to the following:  “The purpose of the Protein Biomarker Seeker software is to identify with high accuracy a protein sequence by eliminating from consideration many obviously incorrect protein sequences as well as to incorporate sequence truncation as a possible PTM in the mature protein.”

Figures should be presented with better resolution and merging of few figures is suggested.
Author Response:  Figures 1-3 have been combined into a single figure (now Figure 1) with some additional screen shots of the software to clarify the protocol.  Figures 4-5 have been combined into a single figure (now Figure 2).  It was not possible to increase the resolution of screen shots of the software.

