
Dear JoVE Editor Dr. Bajaj,

Please receive our revised Manuscript “Direct Measurement of KDM1A Target Engagement Using Chemoprobe-based Immunoassays¨. As well as follow up on the editorial comments and replies to the reviewers, We are thrilled to proceed with the steps towards publication of this protocol in JoVE, and hope the edits are to your liking. 

Editorial comments:

Changes to be made by the author(s) regarding the manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues
Thoroughly revised

2. 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].”
Does not apply

3. Please remove the embedded figure(s) from the manuscript.
Done. (Still visible with change track)

4. Please remove the embedded tables (lines 245-249, 255-258) from the manuscript. 
All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file. Each table must be accompanied by a title and a description after the Representative Results of the manuscript text.
Done. Four excel files replace the embedded tables: 
Materials and Reagents.xlsx: List of the equipment’s, materials and reagents used in KDM1A TE assay
Deep Well Design.xlsx: Explain the distribution in the deep well plate.
ELISA Plate Design.xlsx: Show the ELISA plate design used in our experiments. 
Standard Preparation.xlsx: Explain the preparation of dilution Standard Protein KDM1A 

5. Table of Equipment and Materials: Please sort the items in alphabetical order according to the name of material/equipment.
Done. Included in table corresponding Materials and Reagents.xlsx

6. Please provide an email address for each author.
Was already provided

7. Please rephrase the Short Abstract to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Here, we present a protocol to …”
Rephrased

8. Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc.
Revised. 

9. Please abbreviate liters to L to avoid confusion. Please use the micro symbol µ instead of u.
Revised and replaced. 

10. 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. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names. 
Examples of commercial sounding language in your manuscript are: Greiner bio-one, SIGMA, Cell Signaling, ROCHE, Oryzon Genomics S.A., BioRad, Thermo Scientific, Active Motif, ABCAM, Luminunc, Tween, PROMEGA, Leucosep, Eppendorf, milliQ, etc.
Revised. 

11. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Revised. 

12. Please revise the protocol to contain only action items that direct the reader to do something (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. 
Checked.
Any text that cannot be written in the imperative tense may be added as a “Note.” Please include all safety procedures and use of hoods, etc. However, notes should be used sparingly and actions should be described in the imperative tense wherever possible. Please move the discussion about the protocol to the Discussion.
Revised

13. Lines 69-97: The Protocol should contain only action items that direct the reader to do something. Please move the solutions, materials and equipment information to the Materials Table. 
Suppress but verify that list of items in protocol is correct and non commercial. The table should include the non commercial, commercial name, + ref and manufacturer
Lines 69-97 removed and transferred to table. Done. The excel file corresponding to Material and Reagents Table include all of these information.

14. Please add more details to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. 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. See examples below.

Done


15. 1.1.1: Please specify the cell type and describe the trypsination conditions.
We have used this protocol with the following cell types: Leukemic cell lines such as THP1, MV(4;11) and MOLM13 (ref. ACC16, ACC102 and ACC554 respectively from DMSZ), prostate cancer cell line such as LNCap cells (ref.: CRL-1740 from ATCC) and Small Cell Lung Cancer such as NCI-H-510A (ref. ACC578 from DMSZ). All the cell lines were cultured and detached following provider recommendations. The specific conditions included are for LNCap cells. 

16. 1.1.2: What volume of PBS is used?
Included in the protocol.

17. 1.2.1: Please specify the tissue type and the size of small pieces. What is used to cut?
We have used the following tissue types: skin, lung, brain and tumor. However, is useful for any type of tissue that expresses sufficient KDM1A. The size and amount are described in the protocol. We have validated the assay in different species such as human, rat, mouse and baboon. Other species can be used if the target epitopes of the antibodies and catalytic site are sufficiently conserved. LSD1 is a highly conserved enzyme, and modifies the tail of H3, a highly conserved protein. 

18. 2.9: Please describe how to perform Bradford assay. Specific details are required for filming.
Included

19. 2.11.1, 3.3.1: Please provide some guidance on the desired volume/appropriate concentration.
Added a note.

20. 2.11.6: Please ensure that the step referenced here is correct.

OK

21. Lines 306-342: The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step. Use sub-steps as necessary. Please move the discussion about the protocol to the Discussion.
Calculation of target engagement rewritten as discrete imperative steps. 

22. Lines 345-371: JoVE articles do not have an Abbreviations / definitions section. Please remove and define all abbreviations before use.
Done

23. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and maximum of 4 sentences per step.
 OK

24. After you have made all the recommended changes to your protocol (listed above), please highlight 2.75 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.
Done

25. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense. Notes cannot usually be filmed and should be excluded from the highlighting.

OK
26. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.
OK

27. References: Please do not abbreviate journal titles.
Done

Reviewers' comments:

Reviewer #1:
Manuscript Summary:
The manuscript describes an ELISA based measurement of inhibitor-bound and -free KDM1A in tissue and cell extracts. Performance of the assay appears to be excellent and therefore the assay will be an interest of other researchers working on LSD1 chemical probes.

Major Concerns:
none.

Minor Concerns:

1. Initially I thought that this assay would be only applicable if the inhibitor-KDM1A binding affinity is way higher than that of OG-881-KDM1A interaction. If inhibitor-KDM1A affinity is low, then OG881 would compete out the inhibitor and bind to KDM1A. But then I realized that the author described cyclopropylamine derivatives covalently binds to FAD. Do all KDM1A inhibitors covalently bind to FAD? If not, the assay should still be limited to a subset of KDM1A inhibitors that act in this way. Discussion on this point will be appreciated for potential user of the assay.
The reviewer realized well. The method works perfectly for all the cyclopropylamine derivatives that covalently bind FAD, and there is no need for the inhibitor binding affinity to be higher than that of the OG-881-KDM1A interaction. We initially developed the method for use with the highly potent KDM1A inhibitor ORY-1001. Therefore, we designed a potent chemoprobe, and, taking into account that some loss of potency was inevitable due to the attachment of a “fishing line” , we add an excess of chemoprobe during the lysis procedure (see also below, in response to questions of Reviewer 3). But the assay works equally well with tranylcypromine, which is 1000 x less potent. 
The chemoprobe can also be used to assess reversible inhibitors that prevent access of the chemoprobe to FAD. Reversible LSD1 inhibitors have been designed by different pharmaceutical companies. However, it is obvious that in the case of a reversible inhibitor, the balance in potency as well as the kinetics becomes important. It is convenient to characterize reversible inhibitors in an SPR or jump dilution assay to characterize the off-rate of the compound. We have included the following paragraph into the discussion. 
The current protocol was optimized to analyze KDM1A target engagement by covalent FAD targeting inhibitors. It can also be used with reversible inhibitors that block the access of to the FAD cofactor of KDM1A. Potent reversible inhibitors with long residence times may employ the unmodified protocol. The OG-881 chemoprobe may not be suitable for low potency reversible inhibitors with high off-rates.        
On the other hand, these compounds may not be the best candidates to be developed as (oral) drugs. Finally, we did find some compounds that were described by others to inhibit KDM1A but for which we could not detect target engagement. However, we could not get them to work properly in the most basic biochemical activity assays either, so we guessed that figured. 

2. I found the term 'target engagement' confusing. Molecular biologists like myself would think 'target' is KDM1A-target genomic loci/genes.
The term “target engagement” is very broadly used in drug development in the exact sense we employed it in the manuscript. In drug discovery or development, the target is the protein the drug is designed for, and “target engagement” is defined as the interaction of a drug with its target biomolecules. The demonstration of target engagement is key in almost any modern drug development program, and the methods used for demonstration are not always direct. 
However it also must be said that KDM1A is involved in transcription regulation and is indeed recruited by zinc finger TFs to specific “target loci” in the genome. In addition, the impact of KDM1A inhibitors on the presence or histone methylation status at some of these loci has been used as a proxy to demonstrate “target engagement”, which doesn’t make things any easier… 
To avoid confusion and make things clear from the start we have made a small modification to the first line of the abstract:
“The assessment of target engagement, defined as the interaction of a drug with the protein it was designed for, is a basic requirement for the interpretation of the biological activity of any compound in drug development or in basic research projects.” 
In addition we have scanned the text for any use of target not in line with this meaning and have modified the following phrase for clarity of the use of the word target:
“Can be readily applied to other species in which the KDM1A antibody target epitopes and catalytic center are conserved”. 

Reviewer #2:


Manuscript JoVE59390 Invited Methods Article

Cristina Mascaró, Raquel Ruiz Rodriguez,Tamara Maes

Direct Measurement of KDM1A Target Engagement Using Chemoprobe-based Immunoassay Methods refers to a KDM1A chemoprobes that can be used to assess KDM1A target engagement in cells and tissues. This chemoprobe can also be used to identify and quantify KDM1 in clinical samples and is able to compare in parallel with ELISA technology Total and Free enzyme if the sample has been treated with KDM1 inhibitor ORY-1001.KDM1 enzyme

* title and abstract appropriate for this methods article

* materials and equipment are described properly as well steps for the described protocol are highlighted?
Overall I think that protocol could be useful for readers and method easily applied to different samples . References are described exaustively to follow the rationale of the method and its applications.
Reviewer #3:
Manuscript Summary:
Nicely described assay that is developed to examine dose effects of KDM1A target engagement by KDM1A-like inhibitors in a 96 well format. A chemoprobe was developed that targets free and active KDM1A but not inhibitor-hound KDM1A. A better description of how the assay differentiates between free and active KDM1A would be helpful. 
The target engagement is calculated as described. Below however, a more graphical representation of how the TE is calculated (means, blank subtraction and eventual outlier elimination is omitted for simplicity), if considered useful it can be incorporated in the figures. 
Say the target engagement is evaluated in a series of samples treated with increasing dose of inhibitor TEST1 to TEST4 relative to a reference sample REF, untreated. 
Between samples, there is little variation in the RLU Total (T) of KDM1A protein, but they are nevertheless measured and used to normalize the samples REF sample. The efficiency of detection of total KDM1A is represented by the size of the T circles. Samples TEST1 to TEST 4 have been treated with inhibitor and therefore produce a decreasing amount of signal in the RLU Free (F) KDM1A assay. The efficiency of detection of the free KDM1A is represented by the F circles. The efficiency may be lower, but that doesn’t matter, as the signal will be normalized to the REF sample.

[image: ]
We do not differentiate between free and active KDM1A.
It is however a requirement for KDM1A to be detected in the chemoprobe based ELISA that the protein is both free and active (ie not bound by the inhibitor and enzymatically active). If you kill the enzyme (pe by heating or denaturing the sample), the chemoprobe won’t bind and there is no assay (also if the sample is not properly obtained/stored, activity can be lost). 
Since this appears to be confusing, we will substitute “free and active” by free; a phrase in the discussion reflecting that the sample (and the KDM1A in it) has to be in good condition and the sample properly conserved or the method won’t work.
In addition, this is a relative quantitative method (luminescent-based ELISA) and authors provide a detailed protocol that should enable reproducible results. 
One minor concern is that the authors state that the assay could be used in any biological sample yet only show results for a few cell types. This is okay as the manuscript focuses on method development but caution is warranted as to how generalizable this approach is for "any biological sample". 
Point taken. We have indeed have not tested all tissue types in all species, but some diverse ones: skin, lung, brain, PBMC, tumor tissue, AML, PCa, SCLC, … cells. And we have used samples from rat, mice, humans, baboon.  
“Any” was used in a comparative context, after finding out the great limitations to alternative methods we used in our research. Especially, “any” contrasts to methods that require genetic modification of cells. 
We have eliminated “any” or substituted it by can be broadly used to… 
In addition, it would be nice to know more details on the specificity of the chemoprobe, why it was chosen, and, during the protocol, why it was added when it was added? 
The characteristics of the chemoprobe, its development, synthesis, specificity etc are described in a method development manuscript by Mascaró et al. that was submitted elsewhere; we have included an extra reference that will most likely be complement as we received the reviewers comments. The characteristics of the chemoprobe are briefly resumed in the introduction. “OG-88115,16, derived from the selective KDM1A inhibitor ORY-1001. The chemoprobe has an IC50 for KDM1A of 120 nM, and includes a FAD binding moiety linked to a biotinylated PEG-tail.”). When contacted by the editor to submit a protocol manuscript, we discussed this and were specifically informed this was not a problem. 
Summarized, OG-881 is about 6-7 x less potent than ORY-1001 (but more potent than many of the other KDM1A inhibitors reported in the field), and has a similar selectivity profile as ORY-1001 i.e. doesn’t inhibit related enzymes at the concentrations used. The chemoprobe OG-881 is a biotin-PEG tailed derivative of the highly potent inhibitor ORY-1001 (iadademstat). It was expected that the tailing would have some toll on potency, but we aimed for less than 10 x difference in potency with ORY-1001. It is added in excess at the time of lysis (Step 2.2) to drive the rapid engagement to any free KDM1A protein i.e KDM1A not inhibited by ORY-1001 (or another LSD1 inhibitor). 



Overall, the manuscript is acceptable, and requires only minor revisions. It offers a succinct account into a KDM1A binding ex vivo approach.

Major Concerns:
no major concerns

Minor Concerns:
1) This actually binding (target engagement) is a relative quantitative method.... The description of DAta processing could more detailed and the ELISA (as described) is only semi-quantitative. A discussion of these potential drawbacks should be included in the discussion.
The formulae for data processing are provided, have been clarified a bit (I hope) by reflecting the stepwise calculation.  
We use relative quantification but that doesn’t mean the method is semi-quantitative. First of all, please consider that “target engagement” is inherently a relative value, unlike the plasma level of a protein, as we have to compare the free to the total KDM1A in the sample to determine the degree of target occupation. 
During the development of the method we evaluated both direct quantification of the Total and Free KDM1A, i.e. calculating the amount of Total and Free KDM1A relative to the respective standard curves included on each plate, and posterior calculation of the TE from these data; as the relative method as described here. The latter was performing in a clearly superior fashion. We suspected variation /decline in the specific activity of the recombinant KDM1A standard or difference in the cellular context (KDM1A in multiprotein complex) relative to the recombinant pure KDM1A standard could affect the Free KDM1A readout.  
We have fully validated the relative quantification method for use in clinical trials, and determined linearity, dynamic range and intra and inter-experimental % CV for the target engagement assay.  

2) As noted, KDM1A can behave in a very heterogeneous manner in different cell types. Authors look at PBMCs and lung samples from rats. One cell type is likely sufficient for this manuscript but it would be much more convincing to obtain complete data from additional tissue or cell-lines for immunoassay experiments. On a related note, to what degree does the assay's success depend on the purity/source of the antibodies? Additional description of the versatility (or lack of generalizability) should be addressed in the discussion. 

Admittedly, checking all tissue types was beyond our scope of research but we did use: skin, lung, brain, and PBMCs, as well as AML, PCa and SCLC cell lines, from different species. It was not our intention to demonstrate of all of these, but rather to reflect examples of typical uses of the protocol, parting from the idea that editorial objective of JoVE is not so much the process of the method development (object of the probe and method development manuscript); but providing a solid “executable” protocol. 
But the reviewer is right; we indeed invested time in the development of an appropriate chemoprobe, and in the selection of an appropriate antibody pair compatible with the chemoprobe. The binding of the chemoprobe was verified not to interfere with the binding of the antibodies, and the binding of one antibody was not to interfere with the other. 
Antibodies chosen were monoclonal and directed against the carboxy and aminoterminal region (target epitopes selected based on 3D structure) and raised in different species. The selectivity of the secondary antibody to the detection antibody was also verified. In this respect, we have found that overall, commercial human protein directed antibody quality has clearly improved over time, but the same quality may not be available for all proteins in all species. In the case of LSD1, sequence conservation is high however and the antibodies chosen worked well in different species. 

3) Can the authors truly distinguish between free and total KDM1A in this largely ex-vivo approach? 
We don’t use the word distinguish, as this would suggest KDM1A is either free or total and while if anything can be distinguished it is the “free” from “occupied” KDM1A.
When we developed and tested the chemoprobe, we first verified we could quantitively pull-down KDM1A from cell lysate (ie all KDM1A could be pulled down with the chemoprobe) using traditional western blotting. Admittedly, this requires pretty efficient binding. In this case, it was achieved by adding an excess of probe that binds covalently to the FAD cofactor. The probe’s biotinylated tail can be captured by another highly efficient interaction: the biotin/streptavidin bond. 
What could affect the binding of the probe to KDM1A?
a) Sample quality. If the enzyme is inactivated, the probe will not bind anymore. This was explicitly reflected. 
b) Previous binding of inhibitors, especially, previous binding of covalent LSD1 inhibitors. If an LSD1 protein is already bound by an inhibitor, the chemoprobe can not bind anymore, LSD1 is not captured or detected. This is not a problem of course, it is what the assay is all about. 

minor editing:
Long Abstract: line 27, remove "here" OK

p.14, line 488, insert "require" "it does not require genetic modifications...." OK
p.14, line 501, remove" on the other side" and replace with "In contrast," OK
p.14, line509-510, reconsider as "and to the best of our knowledge, it has not been reported in clinical trials." OK
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