Response to the Reviewers’ comments and revisions that have been made
I thank all the Reviewers for the constructive comments on the manuscript. I have revised the manuscript per the Reviewers’ comments. Please check the following point-by-point responses to the Reviewers’ comments as well as the attached the revised file (“Instructions_for_Authors_(Revised_MS).docx”). I have also attached a copy of the revised file showing changes in colored text (“Instructions_for_Authors_correction_highlighted).
docx”) for the benefit of the Reviewers. I hope that my responses will resolve all the Reviewers’ concerns.


Original comments from Reviewer #1
Reviewer #1:
Manuscript Summary:
The manuscript presents an interesting technique to map small molecule binding sites onto proteins, which has possible ADMET applications. It provides procedural details for forming SAM layers on silicon biosensors, and using these sensor chips to inform on real-time binding events to perform successful T7 bio-panning experiments. It then describes how to perform an analysis to map these peptides to proteins of interest. The manuscript provides a good level of detail that should allow the practical aspects of this methodology to be reproduced.

Major Concerns:
1)	The written manuscript contains numerous typos and grammatical errors.
2)	It is not readily apparent how you would use the phage display results to interrogate a database of proteins to identify unexpected binding sites. I think the bioinformatic analysis needs to be explained in more detail how it is performed. At the moment all the　details seem to be in only one table and figure 3.
3)	There seems to be no statement on how many peptides you need to sequence to perform a successful experiment from a phage selection. Do these experiment always return 30-50 peptides. Or do they return just a few .... Also how does this influence a successful experiment.
4)	With the biosensor realtime detection system - does it still show phage binding in unsuccessful experiments. Does it inform on poorly immobilized ligand? They only show the result for a successful experiment.
5)	The authors show that they identify high similarity hit proteins to predict possible unknown interaction sites - are there any possible methodology for inferring the chance that these hits may be false positives?



 Point-by-point response to the comments from Reviewer #1
I thank the Reviewer for the constructive suggestions. I have provided answers to all the comments below.

1)	The written manuscript contains numerous typos and grammatical errors.

>Response to the comment
Thank you for the advice. The revised manuscript has been proofread by a professional editor of English language.

2)	It is not readily apparent how you would use the phage display results to interrogate a database of proteins to identify unexpected binding sites. I think the bioinformatic analysis needs to be explained in more detail how it is performed. At the moment all the　details seem to be in only one table and figure 3.

>Response to the comment
Thank you for the comments. The section on bioinformatics analysis (section 3 of Protocol) has been expanded in the revised manuscript. The details regarding each program have been substantiated with citations.

3)	There seems to be no statement on how many peptides you need to sequence to perform a successful experiment from a phage selection. Do these experiment always return 30-50 peptides. Or do they return just a few .... Also how does this influence a successful experiment.

>Response to the comment
Approximately 30 affinity-selected peptides are sufficient for highlighting the drug-binding sites on target proteins, as shown in our previous study. Examples of successful experiments have been summarized in Figure 4. In general, drug-recognizing amino acid stretches are considered to consist of 35 residues. Although a 15-mer peptide is technically sufficient to reveal the drug-recognizing motif within a peptide (e.g., a five-amino acid motif appears more than thrice as frequently in a 15-mer peptide library as in a 5-mer peptide library), increasing the number of selections concurrently increases the number of false positives, owing to matching of the non-sense intervening amino acid sequence with the database query sequence by chance. Thus, collection of approximately 30 peptides is suitable for a subsequent bioinformatics analysis, as shown for the six compounds in Figure 4. Details regarding the number of selections required for collecting 30 peptides and other technical details have been provided in the Discussion of the revised manuscript.

4)	With the biosensor realtime detection system - does it still show phage binding in unsuccessful experiments. Does it inform on poorly immobilized ligand? They only show the result for a successful experiment.

>Response to the comment
As pointed out by the Reviewer, the QCM frequency decreases to the same extent in cases where selection is unsuccessful and those that are successful. The success of the selection should be comprehensively evaluated after DNA sequencing of the isolated T7 phage and subsequent bioinformatics analysis of the amino acid sequences of the displayed peptides. This has been discussed at the end of the third paragraph of the Discussion in the revised manuscript.

5)	The authors show that they identify high similarity hit proteins to predict possible unknown interaction sites - are there any possible methodology for inferring the chance that these hits may be false positives?

>Response to the comment
Following binding assays, such as bead pull down or Biacore assay, assays are required to identify the putative binding site of a protein. Even if the binding is confirmed in vitro, the chemically-defined in vitro binding strength does not always result in identification of the proteins responsible for the bioactivity of the drug in vivo. Thus, versatile validation involving other biological assays is required to demonstrate whether the binding proteins or sites identified in this method are also the “biological targets” responsible for the bioactivity of the drug.


Original comments from Reviewer #2
Reviewer #2:
Manuscript Summary:
Let me state up front that I don't believe this method has any value is really finding the unknown protein targets of drugs. If the target is known, I am sure it is possible to stitch together a story that some random collection of peptides "looks" like a part of the known target. However, I would be happy to be proved wrong.
One deal breaker for this paper is that a required software component (RELIC) is no longer available. Unless the authors can state exactly where the readers can obtain this software (and stating "obtainable from the developer" is not good enough), the　methodology describes cannot be done so is not suitable for Jove.
If this can be fixed then other items that need to be addressed are:

Major and Minor Concerns:
Line 18
"drug-peptide", not "drug-protein". The phage display only a 15-mer

Line 33-34
This statement, while true is not practical. There are 20^15 possible 15-mer peptides. That is 3.27 x 10^19. So 1 mL of phage lysate can maximally contain 10^12 phage, that is just 0.00001% of the compete library. The amounts used in this Jove report is 8 uL of 10^10 solution (line 118-119) so this is less than 0.000000001% of all possible 15-mers. Another way of looking at this is you　wanted just one copy of every possible 15-mer you would have to make the library in 100,000,000 L of 0.6 OD log phase E. coli.
Even then, many would be missing due to sequence bias. So, clearly impossible. The best that can be hopped for is a very sparse matrix with no guarantee that anything like the binding site of the drug is in there. This point needs to be made near lines 72-73.
There is a general lack of references in the introduction and gratuitous self-citations. References are required after the comma on line 51, after the period on line 52, after the period on line 64.
Self citations 2,3 (line 60 citations should be replaced by references to other labs that use phage display for target ID. References 2,3 can be moved to after the period on line 66.
The sentence that starts on line 52 and ends on line 55 makes no sense and could be deleted or rephrased if it is important.

Line 57
Analyses

lines 68-74 is very difficult to understand and too long:
"The subsequent algorithmic analysis of the amino acid sequence of the population of the peptide reveals information content for drug recognition, which allows mining of all binding sites for the small molecule drug by the pairwise alignment of the amino acid sequence of the drug-recognizing peptides and proteins within proteome in theory. Thus, a concise, high precision and throughput collection of the "broken relics" and subsequent archaeology-like heuristic restore of the drug-binding site is realized for any small molecule of interest under the identical protocol."

Suggested:
The computational analysis, through pairwise alignment of the rescued amino acid sequences, can be used to uncover information about the drugs biological target within a selected proteome. This high throughput collection of protein shards can be used to
heuristically restore the drug-binding site in a similar manner to reconstructing an ancient artifact from pottery shards.

Note: there is no evidence that this is "high precision" as the method failed to find many known targets (Figure 4)
Line 98. Please explain how water drops are "removed"
Line 135. Provide the "general procedure" or a reference to the literature. There is also no details on the sequencing, PCR or electrophoresis(?) methods used.
Line 137.
"after recovering the DNA.." - how?

Figure 1
This figure is chaotic and needs to be improved before publication. I suggest turning it into a cycle with the library going into the　cycle and the sublibrary going out and leading to sequencing.

Lines 162.
If RELIC is no longer available, where is the reader supposed to get this? If it is no longer available then this whole paper should be rejected as nonviable.

Line 203
Change "are" to "is"

Line 218.
Delete "was"

Line 230
Makes no sense.

Lines 263-265
As the power of phage display is the iterative nature of selections, I fail to see the advantage of using a QCM for just one round. Would not any surface that the drug could stick to be just as good? Please explain. I get that the authors want to avoid amplification bias but they are doing one round of amplification anyway.

Lines 265-268
Rewrite - see comments on lines 68-74.

Line 281, "…domain, which is rich in.."?

Line 281
Replace "many" with "more"












 Point-by-point response to the comments from Reviewer #2
I thank the Reviewer for the constructive suggestions. I have provided answers to all the comments below.

Let me state up front that I don't believe this method has any value is really finding the unknown protein targets of drugs. If the target is known, I am sure it is possible to stitch together a story that some random collection of peptides "looks" like a part of the known target. However, I would be happy to be proved wrong.

>Response to the comment
Thank you for the comments. Even using the conventional affinity-guided techniques, identification of unknown protein targets is still a time-consuming and expensive process requiring extensive evaluation. Information from other biological assays is also indispensable for determining unknown protein targets, as affinity-guided methods rely on the chemically-defined binding strength in vitro, which does not always result in identification of the proteins responsible for bioactivity of the drug in vivo. Furthermore, the drug-binding to proteins is not always directly involved in the bioactivity of a compound (e.g., serum albumin).
Hence, I do not believe that researchers can comprehensively understand the ADMET of drugs using only conventional methods. The affinity-based methods chemically evaluate the interaction between a drug and potential binding proteins but do not necessarily reflect the bioactivity or bioavailability of the drug. Thus, I strongly believe that, owing to the technical limitations of conventional methods, the unique approach described in the present manuscript is worthy of publication as a technical paper. In particular, rapid and comprehensive validation based on heuristic analysis will widely target the proteome and annotate the potential drug-binding sites. Combined with the biological information obtained from biological assays, the data obtained using this method will validate the drug-protein interactome (possibly, including unknown interactions) and accelerate research and development in the field of drug discovery, which cannot be achieved using conventional proteomics-based approaches alone.

One deal breaker for this paper is that a required software component (RELIC) is no longer available. Unless the authors can state exactly where the readers can obtain this software (and stating "obtainable from the developer" is not good enough), the　methodology describes cannot be done so is not suitable for Jove.

>Response to the comment
Thank you for the important comments. The RELIC program was obtained from its developers and can be obtained from me upon request. This has been described in NOTE 2 and DATA AVAILABILITY STATEMENT of the revised manuscript.


Major and Minor Concerns:
Line 18
"drug-peptide", not "drug-protein". The phage display only a 15-mer

>Response to the comment
This has been corrected in the revised manuscript.

Line 33-34
This statement, while true is not practical. There are 20^15 possible 15-mer peptides. That is 3.27 x 10^19. So 1 mL of phage lysate can maximally contain 10^12 phage, that is just 0.00001% of the compete library. The amounts used in this Jove report is 8 uL of 10^10 solution (line 118-119) so this is less than 0.000000001% of all possible 15-mers. Another way of looking at this is you　wanted just one copy of every possible 15-mer you would have to make the library in 100,000,000 L of 0.6 OD log phase E. coli.
Even then, many would be missing due to sequence bias. So, clearly impossible. The best that can be hopped for is a very sparse matrix with no guarantee that anything like the binding site of the drug is in there. This point needs to be made near lines 72-73.

>Response to the comment
Thank you for the important comments. I agree with the calculation regarding the complete size of the 15-mer peptide library. However, because of technical limitations of the T7 phage display system, the diversity of T7 phages range from 107 to 109. Nevertheless, this is sufficient to cover the drug-recognizing amino acid stretches (consisting of 35 residues; between 1/203 and 1/205). In addition, a similarity search or mining of conserved motifs allows the detection of amino acids making up the drug-binding site on proteins despite the limited diversity of the peptide. In such cases, collection of 15-mer peptides corresponding to these amino acids (100% match) are not necessarily required. 
These details have been mentioned in the third paragraph of the revised manuscript.

There is a general lack of references in the introduction and gratuitous self-citations. References are required after the comma on line 51, after the period on line 52, after the period on line 64.

>Response to the comment
A reference [Ziegler S. et al. Angewandte Chemie. 52 (10), 2744-2792, (2020)] has been cited for the above-mentioned points.

Self citations 2,3 (line 60 citations should be replaced by references to other labs that use phage display for target ID. References 2,3 can be moved to after the period on line 66.
The sentence that starts on line 52 and ends on line 55 makes no sense and could be deleted or rephrased if it is important.

>Response to the comment
Thank you for the comments. Our reviews (Ref. 2 and 3 in the original manuscript) have been cited in line 66. The sentence from line 52 to 55 has been rephrased in the revised manuscript.

Line 57
Analyses

>Response to the comment
This has been corrected in the revised manuscript.

lines 68-74 is very difficult to understand and too long:
"The subsequent algorithmic analysis of the amino acid sequence of the population of the peptide reveals information content for drug recognition, which allows mining of all binding sites for the small molecule drug by the pairwise alignment of the amino acid sequence of the drug-recognizing peptides and proteins within proteome in theory. Thus, a concise, high precision and throughput collection of the "broken relics" and subsequent archaeology-like heuristic restore of the drug-binding site is realized for any small molecule of interest under the identical protocol."

Suggested:
The computational analysis, through pairwise alignment of the rescued amino acid sequences, can be used to uncover information about the drugs biological target within a selected proteome. This high throughput collection of protein shards can be used to
heuristically restore the drug-binding site in a similar manner to reconstructing an ancient artifact from pottery shards.

>Response to the comment
Thank you for your comment. As suggested, the corresponding texts have been amended in the revised manuscript.


Note: there is no evidence that this is "high precision" as the method failed to find many known targets (Figure 4)

>Response to the comment
This has been deleted in the revised manuscript.
Line 98. Please explain how water drops are "removed"

>Response to the comment
The following sentence has been added in the revised manuscript:
4. Wash the electrode surface gently with ultrapure water; and then, remove the water drops by blowing air with a syringe or air duster.

Line 135. Provide the "general procedure" or a reference to the literature. There is also no details on the sequencing, PCR or electrophoresis(?) methods used.

>Response to the comment
The original protocols from Novagen have been cited as Ref. 8 and 9 in the revised manuscript.

Line 137.
"after recovering the DNA.." - how?

>Response to the comment
The T7 phage DNA was recovered by using host E. coli (BLT5615) culture. This text has been deleted in the revised manuscript. Instead, the manufacturer’s instructions describing the detail have been cited as mentioned above.

Figure 1
This figure is chaotic and needs to be improved before publication. I suggest turning it into a cycle with the library going into the　cycle and the sublibrary going out and leading to sequencing.

>Response to the comment
Figure 1 has been improved, as suggested by the Reviewer.
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Lines 162.
If RELIC is no longer available, where is the reader supposed to get this? If it is no longer available then this whole paper should be rejected as nonviable.

>Response to the comment
Thank you for the important comments. The RELIC program was supplied by its developers and can be obtained from me upon request. This has been described in NOTE 2 and DATA AVAILABILITY STATEMENT in the revised manuscript.

Line 203
Change "are" to "is"

>Response to the comment
This has been corrected.

Line 218.
Delete "was"

>Response to the comment
This has been deleted.

Line 230
Makes no sense.

>Response to the comment
This sentence has been amended in the revised manuscript.

Lines 263-265
As the power of phage display is the iterative nature of selections, I fail to see the advantage of using a QCM for just one round. Would not any surface that the drug could stick to be just as good? Please explain. I get that the authors want to avoid amplification bias but they are doing one round of amplification anyway.

>Response to the comment
Thank you for your interesting comment. As reported previously [Takakusagi Y et al. Bioorg Med Chem. 15, 7590-7598, (2007)], repeated rounds of selection using this QCM platform makes little sense. This is because a few, but specific, T7 phages are collected under the selection protocol, and the contents do not change even after repeating the amplification and selection steps. Multiple sets of one-cycle selections can effectively increase the number of affinity-selected peptides using this method. These have been mentioned at the end of the third paragraph in the Discussion with appropriate citation in the revised manuscript.

Lines 265-268
Rewrite - see comments on lines 68-74.

>Response to the comment
This sentence has been deleted in the revised manuscript.

Line 281, "…domain, which is rich in.."?

>Response to the comment
This has been corrected in the revised manuscript.

Line 281
Replace "many" with "more"

>Response to the comment
Per the suggestion, “many” has been replaced with “more”.


＊All other collections have been conducted and highlighted in blue.
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