POINT-BY-POINT RESPONSE TO THE EDITOR’S AND REVIEWERS’ COMMENTS


EDITORIAL COMMENTS


1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
RESPONSE: We proofread the manuscript and did our best to ensure that there are no spelling or grammar issues. 

2. Please provide an institutional email address for each author.
RESPONSE: We added an institutional email address for each author in the revised manuscript. See p.1: 
Institutional Email address for each author:
Isabelle Sirois : isabelle.sirois.hsj@ssss.gouv.qc.ca
Maxim Isabelle : maxim.isabelle.hsj@ssss.gouv.qc.ca
Jérôme D. Duquette : jerome.despault-duquette@umontreal.ca
Frederic Saab : frederic.saab@umontreal.ca 
Etienne Caron : etienne.caron@umontreal.ca 

3. Please provide a Summary that clearly describes the protocol and its applications in complete sentences between 10-50 words: “Here, we present a protocol to …”.
RESPONSE: We added a Summary before the Abstract. We now mention (27-30): ‘Here, we present a protocol for the purification of MHC class I and class II peptide complexes from mouse and human cell lines providing high quality immunopeptidomic data. The protocol focusses on sample preparation using commercially available antibodies.’

4. Please define all abbreviations before use. For example, SDS-PAGE, PBS, TFA
RESPONSE: We made the requested changes and added an Abbreviation section (lines 614-630). 

5. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
RESPONSE: We removed all personal pronouns.

6. Please revise the following lines to avoid previously published work: 17-18, 34-35,50-60, 64-70,119,132-139,189-191, 209-212, 214-218,222-224, 246-249, 252-254, 262-264,267-269,270-271.
RESPONSE: Following the email from the editor (i.e. Please note that you can exclude the lines showing duplication with your articles uploaded in biorxiv preprint server. Please reword lines 34-36, 247-249.), We have reworded the requested lines 34-36 (lines 52-60) and removed lines 247-249. 

7. 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.
For example QIFIKIT,
RESPONSE: We removed the term QIFIKIT and added a reference for quantification using this kit. We also replaced the term Bio-Rad by polypropylene column.

8. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.
RESPONSE: N/A. This protocol is not related to animal use or study.  

9. Please include a human ethical clearance statement in case the cells were isolated from human samples. If commercial cell lines were used, please ignored this comment.
RESPONSE: We used commercial cell lines and we ignored this comment. 

10. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors (attached for your reference). 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: We adjusted the numbering as requested.

11. Please remove the blue highlighting throughout.
RESPONSE: We removed the blue highlighting.

12. Line 63-73/187-194Please ensure that the Protocol section consists of numbered steps. We cannot have non-numbered paragraphs/steps/headings/subheadings.
RESPONSE: We applied this recommendation throughout the protocol.

13. Line 67/194: Please add the link as a reference and cite the relevant reference number here.
RESPONSE: We added the links as references and cited them in the revised text of the manuscript. 

14. JoVE does not have a Tip section in its protocols. Please use “Note” instead of Tip. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly.
RESPONSE: We used ‘Note’ instead of ‘Tip’ in the revised version of the manuscript. We think that the current ‘Notes’ in the revised manuscript are very important since they do not appear anywhere else in the literature and they will be very useful for non-experts. 

15. Please use °C instead of degree Celsius and the symbol µ instead of u throughout the manuscript.
RESPONSE: We changed that throughout the manuscript.

16. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action.
RESPONSE: We reviewed carefully each section and adjusted the text according to your recommendations using the ‘how’ question.

17. Line 89, 97, 104, 124: Protocol: Is this done by hand, or any instrument is used? If any instrument is used, please mention the rotation speed.
RESPONSE: We added the words ‘using a rotator device’ to these 4 lines as well as the speed (RPM).

18. Line 94: Which antibody is used? Is the antibody diluted? Please specify.
RESPONSE: We specified the requested info.

19. Line 103, 106, 110: Please specify the component to which glycine and PBS are added.
RESPONSE: Glycine and PBS are prepared with water as mentioned in the Supplementary Table S1.  

20. Line 119: Which cells are used here? Please specify.
RESPONSE: We clarified this section in the text. 

21. Line 127: Are these the beads from line 112? Please specify.
RESPONSE: We have made the protocol clearer by referring to specific numbered steps.

22. Line 128: Is this the supernatant from line126? please specify. Also please mention the rotation speed.
RESPONSE: We have made the protocol clearer by referring to specific numbered steps and added the rotation speed. 

23. Line 132: Which column is being discussed here? please specify.
RESPONSE: We now explain more clearly the type of column used in this section.

24. Line 146: Please mention the volume of the beads- lysate mixture being added to the column.
RESPONSE: We added this information in the Note section. 

25. Line 148: Is the tube mentioned here a collection tube? Please specify. Also please provide details as to what kind of tube it is. Whether it is a micro-centrifuge tube, a glass vial, or anything else.
RESPONSE: We made sure that all the tubes mentioned in the text are well described. 

26. Line 154, 156: Are the beads and the column elute collected in the same tube? What are the beads being mixed in? Please mention.
RESPONSE: We explained more clearly the use of the polypropylene column in the Note of section 2. 

27. Line 158: Please mention the final elute volume.
RESPONSE: We added the requested information (600 µL).

28. Line 175: What is the total volume of the eluted peptides? Please specify.
RESPONSE: We added the requested information (300 µL).

29. Line 183: Please specify the speed, temperature, and other instrument settings used for speed-vac.
RESPONSE: We added the requested information.

30. Line 185: Is the sample re-dissolved? Please specify. If the LC-MS/MS part needs to be filmed, please provide details for this.
RESPONSE: We specified how the sample is re-dissolved in a brief section entitled ‘Identification of MHC class I and II peptides by LC-MS/MS’ (i.e. Samples are solubilized in 50 μL of 4% formic acid (FA)). However, the focus of this protocol is not on the LC-MS/MS part but really on the steps to isolate the peptides. Therefore, the LC-MS/MS part was only very briefly covered in the revised version of the manuscript to address one of the reviewer’s #1 comments, but will not be filmed to stay within the scope of the protocol. 

31. 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
RESPONSE: We are providing a separate version of the manuscript with important protocol steps highlighted in green.

32. Please include at least one paragraph of text to explain the Representative Results in the context of the technique you have described, e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. The paragraph text should refer to all the figures. Data from both successful and sub-optimal experiments can be included. However, for figures showing the experimental set-up, please reference them in the Protocol.
RESPONSE: We added a ‘Representative Results’ section in the revised version of the manuscript to address the editor comment and also to address several of the reviewers’ comments. This new section is divided in four parts: 1) Sample preparation, 2) Reproducibility, 3) Predicted MHC binding strength of identified peptides and clustering results for different MHC allele, and 4) MVP reports. 

33. 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: We have re-written the discussion to explicitly cover point (a) to (e) in detail in the revised version of the manuscript. 

34. Figure 1: Please use uppercase letters to label the figure. Do not use numbers.
RESPONSE: We have made the requested changes.

35. Figure 2 legend: Please mention the number of samples used in the figure legends.
RESPONSE: We have made the requested changes. 

36. Please provide a separate file for each figure and upload it in your Editorial Manager account.
RESPONSE: We uploaded on EM a separate file for each figure. 



























__________________________________
Reviewers' comments:

REVIEWER #1

Manuscript Summary:
Sirois I. et al. describe a protocol for the purificaiton of MHC class I and class II complexes from mouse and human cell lines providing robust HLA peptidome data. The authors focus on the wetlab side of the process starting with commercially available antibodies against MHC complexes and finishing largely with the purified and desalted MHC peptides. Mass spectrometry is not covered, while the bioinformatic analysis of the resulting MHC peptide identifications is only briefly touched. The protocol itself is largely self explanatory and robust, however, does not touch one of the main difficulties in MHC peptidomics, the purity of solutions concerning small molecular weight contaminations. Several points need to be adressed for the readers to follow the protocol and obtain high quality MHC peptidomes.

Major Concerns: 

All buffers containing acetonitrile and/or TFA are aggressive and can lead to contamination of the sample with small molecular and polymeric substances such as plasticizers if in contact with plastic. As such, the protocol should give guidance on preparing, storing and handling buffers with acetonitrile and/or TFA.
RESPONSE 1.1: We thank the reviewer for his/her comment. In the revised version of the manuscript, we now mention (lines 164-172): ‘Also note that all buffers containing acetonitrile and/or TFA are aggressive and can lead to contamination of the sample with small molecular and polymeric substances such as plasticizers if in contact with plastic. To avoid such issues, all solutions containing organic solvent and/or TFA are prepared fresh daily and stored in glass bottle until use. Moreover, the majority of the steps are performed in Eppendorf Protein LoBind plastic tube (when the volume allows it). These tubes are specifically designed for use in proteomics and are made of highest quality, virgin polypropylene free of biocides, plasticizers and latex. They are also produced with optimized, highly polished molds without the use of slip agents. These precautions are important to consider to enable generation of high quality immunopeptidomic data.’  


It is fine if the authors largely refer to other publications and reviews for mass spctrometric parameters. However, I believe this should be briefly touched as this relates to the quantity of the immunopeptidome. As such, aothors should briefly describe their MS parameters and workflow including database search engine and parameters. They should make their MS data available through public repositories and provide lists of identified peptides. As such, readers can try to reproduce the authors results and establish the worflow in their laboratory by comparing the authors results with their own.
RESPONSE 1.2: We agree with the reviewer. We now provide a brief section entitled ‘Identification of MHC class I and II peptides by LC-MS/MS’. We mention in the revised version of the manuscript (lines 245-266): 
‘3. Identification of MHC class I and II peptides by LC-MS/MS
High-performance Orbitrap and high-resolution quadrupole time-of-flight mass spectrometers are the most suitable mass spectrometers for the analysis of the MHC class I and II immunopeptidome6. The following information is given as an indication only, taking into account that the various existing tandem mass spectrometry instruments operate according to different operational standards. 
Briefly, dried samples (from step 2.2.18) are solubilized in 50 μL of 4% formic acid (FA). Three injections of 16 ul for each sample are loaded and separated on a home-made reversed-phase column (150-μm i.d. by 250 mm length, Jupiter 3 µm C18 300 Å) with a gradient from 5 to 30% ACN-0.1% FA and a 600-nl/min flow rate on an Easy nLC-1200 connected to an Orbitrap Eclipse (Thermo Fisher Scientific, San Jose, CA). Each full MS spectrum is acquired at a resolution of 120000, an AGC of 4x105 with automatic mode for the injection time.  It is followed by tandem-MS (MS-MS) spectra acquisition on the most abundant multiply charged precursor ions for a maximum of 3s. Tandem-MS experiments is performed using higher energy collisional dissociation (HCD) at a collision energy of 30%, a resolution of 30,000, an AGC of 1.5x105, and an injection time of 300ms. Data files from the three injections/sample are processed using PEAKS X software (Peaks Pro V10.6, Bioinformatics Solutions, Waterloo, ON) using the mouse and human databases (UniProtKB/Swiss-Prot (2019_09)). ‘Unspecified enzyme digestion’ is selected for the enzyme parameter and mass tolerances on precursor and fragment ions were 10 ppm and 0.01 Da, respectively. Variable modifications are deamidation (NQ) and oxidation (M). All other search parameters are the default values. Final peptide lists are filtered using ALC of 80% and with a false discovery rate (FDR) of 1 % using the PEAKS software.’

All MS data were uploaded into PRIDE (http://proteomecentral.proteomexchange.org/cgi/GetDataset) (px-submission #532367) and will be made available to the public upon acceptance of the manuscript.  We are now providing lists of identified peptides in Supplementary Table S2.


In this protocol, the MHCviz pipeline is used to visualize data. However, the protocol does not indicate how this is done. In my opinion, the data analysis is critical and the authors should provide guidance on how to use their bioinformatic pipeline.
RESPONSE 1.3: We thank the reviewer for his/her comment. We agree that the visualization steps are important. However, they are not within the scope of the current protocol, which focusses on the peptide isolation procedure. Instead, those steps are thoroughly described in a separate manuscript entitled ‘MhcVizPipe: A Quality Control Software for Ultra-Rapid Assessment of Mass Spectrometry-based Immunopeptidomics Data’, which is currently under revision (2nd round of revision) at Mol. Cell. Proteomics. To address the reviewer’s comment, we added a brief section in the revised version of the current protocol entitled ‘Visualization of immunopeptidomic data’. We now mention (lines 268-278): 
‘4. Visualization of immunopeptidomic data
The quality of immunopeptidomic data generated by MS can be assessed in multiple ways, as recently described28,29. To visualize the data and assess their overall quality, composition and MHC-specificity, the MhcVizPipe (MVP) software tool can be used. All the instructions and related documentations to install and run the MVP software are available at the Caron Lab GitHub website30. Briefly, MVP provides a rapid and consolidated view of sample quality, composition and MHC-specificity. MVP parallelizes the use of well-established immunopeptidomic algorithms (NetMHCpan31, NetMHCIIpan32 and GibbsCluster33 and generate organized and easy-to-understand reports in HTML format. The reports are fully portable and can be viewed on any computer with a modern web browser. See Supplementary Data S1-S4 for examples of HTML reports.’

Figure 5: There are a few peptides from JY predicted to bind to C7. Wha is their motif not presented? 
RESPONSE 1.4: This point was also raised by Reviewer #3. See Response 3.11 below. 

EL4_M1 data shows three different motifs, why is that? How can the MHCVizPipe provide three motifs when using NetMHCpan to annotate peptides to alleles and EL4 expressing only two alleles? 
RESPONSE 1.5: This was indeed confusing. One of the clusters was actually generated from peptides associated to non-classical Qa2 molecules. The M1 antibody cross-react with Qa2. We clarified this point in the revised version of the manuscript. We now mention (lines 310-321): ‘For mouse MHC class I (H2Db and H2Kb) peptides in EL4 cells (Figure 5A; upper panels and Supplementary Data S1), a representative heatmap shows that 89% of all detected 8-12-mer peptides are predicted to be Strong Binders (SB: NetMHCpan %Rank < 0.5) or Weak Binders (WB: NetMHCpan %Rank < 2) for H2Db or H2Kb molecules. Sequence clusters generated from the 8-12-mer peptides are in concordance with reported logos for H2Db (asparagine at P5 and Leucine at P9) and H2Kb (phenylalanine at P5 and leucine at P8) (Figure 5)36. It is worth mentioning that a third dominant motif (histidine at P7 and leucine at P9) as well as additional ‘artefactual’ motifs can be observed using the M1 antibody (Supplement Data S1). In fact, the M1 antibody is known to cross-react with the non-classical Qa2 molecules, and therefore, Qa2-associated peptides are also detected by MS (Supplementary Data S1). Here, for simplicity, Figure 5 focusses on showing the peptide binding motifs for the two classical H2b alleles (i.e. H2Db or H2Kb) expressed in EL4 cells.’

H2-Kb is presenting mostly 8mers, is this possible to see in the MHCVizPipe? 
RESPONSE 1.6: MhcVizPipe generates a html report and all information regarding peptide lengths, NetMHC predictions and clustering results are available in zip file generated by MhcVizPipe.

In general, EL4 data presented here is not providing the known motifs for their MHC alleles as can be found in Fortier, M.-H., et al. (2008) JEM, 205, 3, 595. 
RESPONSE 1.7: In the revised version of the manuscript, we now mention (lines 310-321): ‘For mouse MHC class I (H2Db and H2Kb) peptides in EL4 cells (Figure 5A; upper panels and Supplementary Data S1), a representative heatmap shows that 89% of all detected 8-12-mer peptides are predicted to be Strong Binders (SB: NetMHCpan %Rank < 0.5) or Weak Binders (WB: NetMHCpan %Rank < 2) for H2Db or H2Kb molecules. Sequence clusters generated from the 8-12-mer peptides are in concordance with reported logos for H2Db (asparagine at P5 and Leucine at P9) and H2Kb (phenylalanine at P5 and leucine at P8) (Figure 5)36. It is worth mentioning that a third dominant motif (histidine at P7 and leucine at P9) as well as additional ‘artefactual’ motifs can be observed using the M1 antibody (Supplement Data S1). In fact, the M1 antibody is known to cross-react with the non-classical Qa2 molecule, and therefore, Qa2-associated peptides are also detected by MS (Supplementary Data S1). Here, for simplicity, Figure 5 focusses on showing the well- established peptide binding motifs for the two classical H2b alleles (i.e. H2Db or H2Kb) expressed in EL4 cells.’. 

Finally, the JY data is in disagreement with the known DRB motifs of JY (see Racle, J., et al. (2019) Nature Biotechnology, 37, 1283). 
RESPONSE 1.8: We thank the reviewer for this comment. We revised the Figure 5 and main text. We now mention (Lines 327-335): ‘For human HLA class II (HLA-DR) peptides in JY cells (Figure 5B; upper panels and Supplementary Data S2), a representative heatmap shows that 70% of all detected 9-22-mer peptides are predicted to be SB or WB for HLA-DRB1*0404 and -DRB1*1301. Peptide binding motifs for these two alleles are shown (Figure 5B). Note that the peptide binding motifs shown here may not be in complete concordance with the recently reported logos for HLA-DRB1*0404 and -DRB1*130141. This discrepancy highlights the current inability of NetMHCpan to precisely annotate peptides to HLA class II alleles that are less characterized, such as HLA-DRB1*0404 and -DRB1*1301 expressed in JY cells. Additional information on class II peptide binding motifs can be found in other studies41 42 and from the NetMHCIIpan 4.0 Motif Viewer website43.’ 

In general, these discrepancies with known data exemplifies the inability of NetMHCpan (which is behind the MHCvizpipe) to correctly annotate peptides to MHC alleles if they are less characterized. The authors should at least discuss the difficulties in the annotation of peptides to MHC alleles.
RESPONSE 1.9: We agree with the reviewer. See Response 1.8 above. We also mention in the revised version of the discussion (Lines 410-415): ‘Other limitations in immunopeptidomics are the reproducibility of the methods and the inability of the NetMHCpan suite tools to correctly annotate peptides to MHC alleles that are less characterized. In this regard, further development and application of relatively new data-independent acquisition MS methods7,39,51 as well as new peptide clustering and MHC peptide binding prediction algorithms38,41,52,53 are expected to improve the reproducibility and the accuracy of peptide annotation in immunopeptidomics.’. 

Minor Concerns:

Figure 2: y-axis tick marks are missing.
RESPONSE 1.10: We added the y-axis tick marks. This is now Figure 4A in the revised manuscript. 

156 10. Mix the beads by pipetting up and down 5 times and let the solution eluate and transfer in a
should read "let the solution elute and transfer to a"
RESPONSE 1.11: We now mention (lines 203-206): 
‘11.	Add 300 µL of 1% TFA to the polypropylene column and mix the beads by pipetting up and down 5 times. The beads will be retained in the polypropylene column and the MHC bound peptides will elute in the 2.0 mL microcentrifuge tube.  
12.	Transfer the eluate in a new 2.0 mL microcentrifuge tube.’

178 8. Wash the sample with 200μL of 0.1%TFA, then centrifuge at 1546 x g for 3 min
This step is unclear, how to wash the sample (resin?) before centrifugation?
RESPONSE 1.12: We now mention (lines 224-225): 
‘5.	Add 200µL of 0.1%TFA on top of the C18 column, then centrifuge at 1546 x g for 3min.
6.	Discard flow through.’

PBS seems to be non-commercial; the recipe of the PBS should be given then.
RESPONSE 1.13: It is commercial. We added this information in the Supplementary Table S1.

What pH is the Lysis Buffer?
RESPONSE 1,14: We did not measure the pH of this solution.

Which protease inhibitors are used?
RESPONSE 1.15: Protease inhibitors are listed in the Supplementary Table S1.

0.2M glycine, what should the pH of this buffer be?
RESPONSE 1.16: We did not measure the pH of this buffer.

The recipes of buffer B and C contain fragments of French: "5.26 g de NaCl in 600 ml de Buffer C"
RESPONSE 1.17: We made the correction in Supplementary Table S1. 













REVIEWER #2

Manuscript Summary:
This manuscript described the protocol for the isolation of mouse immunopeptidomes. The protocol is well written and ready-to-use in any laboratory. Because the protocol for the isolation of HLA-ABC-associated peptides from human samples is relatively easier to perform and is more widespread in the community, this manuscript is highly interested to the community. It is recommended to be accepted as a publication in JoVE.
RESPONSE 2.1: We thank the reviewer for his/her positive assessment of our work.

Major Concerns:
No









































REVIEWER #3

Manuscript Summary:
The current manuscript of Sirois and Isabelle et al. entitled "Isolation of mouse and human MHC class I- and II-associated peptides for the analysis of immunopeptidomes by mass spectrometry" concisely illustrates in detail the sample preparation for immunopeptidomics experiments prior to the mass spectrometric and data analysis follow up parts. While related protocols have been described recently, the presented manuscript represents a valuable resource and in combination with a potential follow-up video will afford newcomers to the field an easy introduction to immunopeptidomics sample prep.

After the correction of a few minor points, I recommend publication of the underlying work.
RESPONSE 3.1: We thank the reviewer for his/her positive assessment of our protocol. 

Major Concerns:

I do not have any major concerns.

Minor Concerns:

1) Line 64-66: While I agree that HLA typing of the cell line or tissue under analysis will be beneficial and might be required for certain application, the use of pan-MHC class I or II antibodies allows to bypass this strict prerequisite in many cases. I suggest to rephrase the sentence accordingly.
RESPONSE 3.2: We agree with the reviewer. In the revised version of the manuscript, we now mention (lines 388-392): ‘The W6/32 antibody enables the isolation of peptides presented by all HLA-ABC class I molecules in human and is the most widely used and established antibody in the field. High-resolution HLA typing of uncharacterized human cell lines or biospecimens is not a necessity upon application of the W6/32 antibody but is nevertheless recommended for certain applications to facilitate data interpretation.’  

2) Line 67: Please consider adding PMID: 25960936 here as a reference since it is a valuable resource for cell line HLA types and expression levels including a very compact overview of many relevant cell lines.
RESPONSE 3.3: We added the reference suggested by the reviewer. We now mention in the discussion (Lines 392-393): ‘HLA/MHC typing information can also be found in public resources for multiple cell lines and mouse models48.

3) Line 89: Consider adding an estimate of the rotational speed for slow rotation in rpm to allow easier reproduction of the experiment.
RESPONSE 3.4: We specified the rotation speed (line 99): 
‘3.	Rotate at 20 RPM for 30 min at room temperature using a rotator device.’ 

4) Line 94: In what concentration is it suitable to apply the antibody? Is it usually applied in PBS or other buffers including preservatives?
RESPONSE 3.5: We re-phrased this line and added the expected antibody concentration in PBS. We now mention (lines 106-109): 
‘1.	Prepare the antibody selected for the isolation of the MHC class I or II peptides in a new 2.0 mL microcentrifuge tube by adding 2 mg of the antibody (according to the concentration specified by the manufacturer). Complete the volume to 1 mL with the coupling buffer solution to get a final concentration of 2 mg/mL.’

5) Line 95: Add 6 µL here as well, like in the following *Optional sentences.
RESPONSE 3.6: We added the missing information. We now mention (lines 116-118): ‘Optional: Take an aliquot of 18 µL (INPUT), add 6 µL of 4x SDS-PAGE buffer and freeze immediately.’

6) Line 112: How long would you store them? Do you use preservatives like NaAzide? Or do you really make them the same day you do the actual immunoprecipitation? Please include this information.
RESPONSE 3.7: No preservative is added to the PBS solution. All solutions are freshly prepared the same day as we do the actual immunoprecipitation. We now clearly mention this point in (lines 131,  86-88)

7) Line 120: What if the cell pellet is substantially larger and homogenization by pipetting with 500µL is hard to achieve? Can you give a rule of thumb how much more volume to use in case of larger cell pellets?
RESPONSE 3.8: We now mention in the revised version of the protocol (lines 145-153): 
‘2.	Add 500 µL of PBS to the pellet and pipet up and down until homogenization.  Depending on the cell type, the cell pellet volume can vary substantially. If 500 µL of PBS is not enough to dissolve the cell pellet, use more PBS until the cells disaggregate easily while pipetting up and down.’
‘3 	Measure the total volume of the pellet resuspended in PBS and transfer into a new tube 2 mL microcentrifuge tube. Split into more tubes if needed.
‘4  	Add a volume of cell lysis buffer (1% chaps buffer in PBS containing protease inhibitors1 pellet/10 mL of buffer) equivalent to the volume of cell pellet resuspended in PBS measured in the previous step. The final concentration of the lysis buffer is 0.5% Chaps.’


8) Line 194: Cite your preprint on MhcVizPipe here since I believe this could be an interesting resource for the reader.
RESPONSE 3.9: We thank the reviewer for this comment. However, the MhcVizPipe preprint is outdated and confusing. In the revised version of the current Jove protocol, we now refer to the Caron Lab GitHub website to access up to date informations and documents to install and run the MhcVizPipe software (see https://github.com/CaronLab/MhcVizPipe). Upon acceptance of the MhcVizPipe manuscript, which is currently in revision (2nd round of revision) at Mol Cell Proteomics, we will add the reference and direct download access of the paper on our GitHub website.  

9) Figure 5: Please elaborate in the figure caption on the % displayed below the motifs for easier understanding.
RESPONSE 3.10: We removed the % displayed below the motifs. This information was not necessary for the purpose of the manuscript. In the revised version of Figure 5, we only show the total number of peptides that were clustered within individual motifs.  

10) Figure 5: Was no motif identified for HLA-C in JY cells here? Please explain why HLA-C ligands are often underrepresented as newcomers to the field might not be familiar with this.
RESPONSE 3.11: We thank the reviewer for this comment. We now mention in the revised version of the manuscript (lines 325-329): Binding motif for HLA-C*0702 is not shown in Figure 5A because the C*0702 allele has a relatively low expression level and therefore too few C*0702 peptides were isolated and identified here to generate a representative C*0702 motif. Note that the C*0702 motif can be visualized in other studies37–39 or from the NetMHCpan 4.1 Motif Viewer website40. ’ 

11) Figure 5: Please explain here why DRB1_0404 was identified with three different motifs while DRB1_1304 was not.
RESPONSE 3.12: We thank the reviewer for raising this point. This is mainly due to the current inability of NetMHCpan to correctly annotate peptides to alleles that are less characterized. Following a similar comment from reviewer #1 (see Response 1.8), we have modified the Figure 5 and the corresponding text as follow (Lines 331-339): ‘For human HLA class II (HLA-DR) peptides in JY cells (Figure 5B; upper panels, Supplementary Data S3), a representative heatmap shows that 70% of all detected 9-22-mer peptides are predicted to be SB or WB for HLA-DRB1*0404 and -DRB1*1301. Peptide binding motifs for these two alleles are shown (Figure 5B). Note that the peptide binding motifs shown here may not be in complete concordance with the recently reported logos for HLA-DRB1*0404 and -DRB1*130141. This discrepancy highlights the current inability of NetMHCpan to precisely annotate peptides to HLA class II alleles that are less characterized, such as HLA-DRB1*0404 and -DRB1*1301 expressed in JY cells. Class II peptide binding motifs can also be visualized in other studies41,42 and from the NetMHCIIpan 4.0 Motif Viewer website43.’ 

12) Figure 5: Please also comment on why two motifs were found for H2-Db.
RESPONSE 3.13: One of the motifs was actually specific for peptides binding the non-classical Qa2 molecule (histidine at P7 and leucine at P9)) whereas the right motif for H2Db has an asparagine at P5 and a leucine at P9. We have corrected the Figure and text and now mention in the revised version of the manuscript (Lines 310-320): ‘For mouse MHC class I (H2Db and H2Kb) peptides in EL4 cells (Figure 5A; upper panels, Supplementary Data S1), a representative heatmap shows that 89% of all detected 8-12-mer peptides are predicted to be Strong Binders (SB: NetMHCpan %Rank < 0.5) or Weak Binders (WB: NetMHCpan %Rank < 2) for H2Db or H2Kb molecules. Sequence clusters generated from the 8-12-mer peptides are in concordance with reported logos for H2Db (asparagine at P5 and Leucine at P9) and H2Kb (phenylalanine at P5 and leucine at P8) (Figure 5)36. It is worth mentioning that a third dominant motif (histidine at P7 and leucine at P9) as well as additional ‘artefactual’ motifs can be observed using the M1 antibody (Supplement Data S1). In fact, the M1 antibody is known to cross-react with the non-classical Qa2 molecule, and therefore, Qa2-associated peptides are also detected by MS (Supplementary Data S1). Here, for simplicity, Figure 5 focusses on showing the well-established peptide binding motifs for the two classical H2b alleles (i.e. H2Db or H2Kb) expressed in EL4 cells.’ 

13) Figure 5: Please briefly explain the color-coding of the heatmaps, so readers can more readily grasp what are strong binders, weak binders and non-binders.
RESPONSE 3.14: We now explain the color-coding of the heatmaps in the legend of Figure 5 : ‘Heatmaps colors represent the MHC binding affinity predicted by NetMHCpan 4.1 (%rank). Strong Binders are red (%rank < 0.5), Weak Binders are blue (%rank < 2) and Non-Binders are yellow (%Rank > 2).’

14) Figure 5: Please mention also whether the presented motifs match the literature motifs expected for the respective cell lines and comment on deviations.
RESPONSE 3.15: We now mention whether the presented motifs match the literature motifs expected and we comment on deviations. Please see ‘representative results’ in the revised section of the manuscript entitled ‘Predicted MHC binding strength of identified peptides and clustering results for different MHC alleles’ (lines 302-343 ). 

















REVIEWER #4

Manuscript Summary:
The manuscript submitted by Sirois et al. describes one (of several as indicated in the text) method of preparing immunoaffinity capture beads for immunopeptidomic applications. The authors describe an approach using CNBr-coupled sepharose beads using different antibodies based on particular MHC receptor or allele. They show results obtained during the coupling process and cumulate with data showing the total # of peptides, predicted binding strength of identified peptides and clustering results for different alleles.

Major Concerns:

The authors couch this protocol to be used for quality control samples to presumably, but not overtly stated, validate assay performance for a particular experimental run. As such, the authors should have some data indicating the robustness of the protocol beyond merely saying between 2,000 and 10,000 MHC peptides from cell lines can be identified. 

The authors should strongly consider showing reproducibility of each particular antibody-bead prep with the respective cell line used with that prep. For instance, what is the mean and the cofficient of variation of the number of peptides obtained from 3 replicates of L243 beads with the JY cell line. This information will provide the reader with reassurance of the reproducibility and thus adequateness of this protocol. 
RESPONSE 4.1: We thank the reviewer for his/her comment. In the revised version of the manuscript, we provide new figure panels (see revised Figure 4 below) and text to show and describe the reproductivity of the technique using two different antibodies. In the ‘Representative results’ section, we now mention (Lines 289-300): ‘Reproducibility: The intra- and inter-individual reproducibility of the results using the current protocol are shown in Figure 4.  Representative results are shown for MHC class I peptides identified from 1x108 EL4 cells and 1x108 JY cells. Results were generated from two different lab members (User 1 and User 2). For User 1, the mean number of MHCI-specific peptides detected from EL4 and JY cells was 1341 and 6361, respectively; for User 2, 1933 and 7238, respectively (Figure 4B, D). The average coefficient of variation (CV) for the number of peptides detected across three different biological replicates/experiments varies from 1.9 to 11 % (Figure 4B, D).   Although the CVs for the number of peptides detected across the three different experiments were relatively small, the identity of the peptides varied considerably (Figure 4C, E). Indeed, representative Venn diagrams show that the proportion of peptides that were reproducibly detected across three biological replicates ranged from 39% (User 2, EL4 cells) to 63% (User 1, JY cells) (Figure 4C, E). 

Also, I find it interesting that the immunoprecipitation flow through was not analyzed in Figure 4. I would like to see if all of the HLA receptor has been captured by the beads. Perhaps this is what is meant by the description "SN last wash" in lane 2 of Figure 4 but this annotation does not seem to clearly convey this point, if in fact, it is the lysate FT after the beads + lysate are first loaded onto the BioRad column.
RESPONSE 4.2: We agree with the reviewer that it would have been optimal to have this information. Figure 4 is now Figure 3. Unfortunately, despite the fact that we often observe that there is merely no HLA receptor detected by western blot in the collected flowthrough following loading of the beads+lysate on the polypropylene column, we don’t have a clean blot to show here. The fraction here refers to the supernatant of the wash. To address the reviewer’s comment, we added a statement in the protocol (lines 177-178) and the Figure 3 legend to complete the missing information in the figure. Specifically, we now mention: ‘Note that it is possible to assess the proportion of MHC-peptide complexes that were not captured by the antibody-coupled beads by collecting the flow through from 2.1 step 4. An aliquot can be added to the western blot (not shown on this gel).’. We thank the reviewer for his/her comment and we hope that he/she will remain satisfy with the content of the current figure. 

Minor Concerns:

Steps 2 and 3 in “Activation of the sepharose CNBR beads” section (page 2, lines 87 and 88) are confusing. Is the reader supposed to first resuspend the beads with 5 ml of 1 mM HCl and after resuspending add an additional 8.5 ml of 1 mM HCl for a total volume of 13.5 ml before rotating slowing for 30 min?
RESPONSE 4.3: Thanks for the comment. We clarified and now mention (Lines 94-103): 
‘1.1.1 Activation of the sepharose CNBr beads
1.	Weigh 80 mg of sepharose CNBr-activated beads per sample and transfer to a 15 mL conical tube. 
2.	To facilitate resuspension of dried beads, first add 5 mL of 1 mM HCl and pipet up and down 5 times. Then, fill the conical tube with an additional 8.5 mL of 1 mM HCl.  
3.	Rotate at 20 RPM for 30 min at room temperature using a rotator device.
4.	Centrifuge the beads at 200 x g for 2 min at room temperature and then remove the supernatant by aspiration.
5.	Add 500 µL of coupling buffer to the beads pellet and transfer to a new 2.0 mL centrifuge tube and keep aside for 1.1.2 step 2.’ 



































REVIEWER #5:

Manuscript Summary:
There has been rapid development in the field of immunopeptidome and a number of protocols have been used in the community with various degree of success. This manuscript described a standardised protocol in detail which should be helpful for groups that are interested but not experienced in doing such work.
Clear description of the protocol, easy to follow. Should be very useful.
RESPONSE 5.1: We thank the reviewer for his/her positive assessment of our protocol. 

Major Concerns:
Nil

Minor Concerns:

Line 64-66: Statement that HLA-typing is required for successful immunoprecipitation is overstated. Most people will just use W6/32 for HLA- class I as it is well documented and tested, easy to handle. Because many of the HLA alleles do not have antibodies that are commercially available in quantities large enough for such work, or the antibodies not tested for such work.
RESPONSE 5.2: We agree with the reviewer. We now mention in the revised version of the manuscript (Lines 389-392): ‘High-resolution HLA typing of uncharacterized human cell lines or biospecimens is not a necessity upon application of the W6/32 antibody but is nevertheless recommended for certain applications to facilitate data interpretation.’    

Line 264: I was surprised HLA-A2 antibody BB7.2 was not tested in this assay. Considering HLA-A2 is the most widely distributed alleles in major human populations, including the antibody will certainly make the protocol more useful.
RESPONSE 5.3: In the current protocol, five commercially available antibodies were tested and validated for the generation of high quality immunopeptidomic data. The BB7.2 has not been tested in the context of this protocol but we now refer to it in the revised version of the manuscript. We now mention (Line79 ): ‘Other anti-HLA antibodies are available (e.g. anti-HLA-A2 BB7.2) but were not tested here.’ 
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