Editorial comments:
Changes to be made by the Author(s):

Responses are in italics:

We would like to thank the editors for the opportunity to resubmit and thank the reviewers for their time and help with the manuscript. We feel that the revisions have made this a stronger manuscript and we hope that it meets the needs of the journal. 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.

We have proofread the manuscript and corrected any issues to the best of our knowledge. 

2. Please revise the following lines to avoid overlap with previously published work: 240 (To enhance…)-244, 260 (tracking…)-270 (…calculation)

Apologies, but we are not sure what this is referring to. There are no such phrases at the indicated lines or generally within the manuscript.

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: NextGen V, AFDue 647 Azide Plus (Click Chem Tools) etc

We believe we have removed all commercial language from the main manuscript. 

4. 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.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.

We have edited the manuscript to be more direct in all aspects. 


5. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. 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. Please add more specific details (e.g., button clicks for software actions, numerical values for settings, etc) 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.

We have added additional details throughout. We hope this is satisfactory. 

6. Please consider providing reaction set-ups and solution composition as Tables in separate .xls or .xlsx files uploaded to your Editorial Manager account. These tables can then be referenced in the protocol text.

Reaction set-ups are provided in Tables 1 and 2. 

7. With a one line space between each protocol step, highlight only up to 3 pages of protocol text for inclusion in the protocol section of the video. This will clarify what needs to be filmed. 

Completed.

8. Please include table legends (captions): title and description in the Figure and Table Legends section after the representative results section.

Completed. 




___________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
This manuscript describes an optimized method to increase the detection of fatty acylated proteins. This method includes the use of saponified fatty acids in combination with fatty-acid free BSA, as well as delipidated media to overcome issues of poor solubility and potential toxic effects of adding long chain fatty acids to cell culture. This protocol will be of great use to researchers studying palmitoylation of proteins both in vitro and in vivo and is particularly useful due to its ability to be used with other methods including mass spectrometry. The protocol is outlined in depth with clear instructions and a list of materials to ensure greatest success.

Major Concerns:
None

Minor Concerns:
It may be useful to provide a list of common issues that may occur and means to troubleshoot these common issues.

Thank you for your time and suggestions. We have added more “Notes” to areas that require special care. We have also included a section in the Discussion (lines 450-466) that include more details.

Reviewer #2:
Manuscript Summary:
This study developed a method for efficient delivery of several alkynyl fatty acid analogs into the cultured cells with the aid of saponification and FAFBSA, followed by conjugation with several fluorescent tag via click chemistry. The overall enhancement of the analytical sensitivity has been obtained, demonstrating a practical value of this method. The method is interesting and could conceivably be very useful for specific biochemical projects that follow protein acylation. The manuscript would benefit substantially from additional experiments to strengthen the statements and potential uses of the method.

We would like to thank the reviewer for taking the time to consider the manuscript and for the helpful feedback. We would like to clarify that this is not a new method. This is meant to provide a visual guide for researchers to follow the methods previously described in Yap et al., JLR, 2010 using commercially available products. Dr. Martin helped develop this method, which was a modification of one of the first papers describing bio-orthogonal detection of fatty acylation (Martin et al., FASEBJ, 2008). Many of the valid concerns raised by the reviewer have been addressed in Yap et al. and in detail by several other labs when click chemistry for acylation was first described (Ploegh, Cravatt, Berthiaume, and Tate) and in the past decade (Reviews from the labs of L. Berthiaume, R. Hannoush, and G. van der Goot). The Azido-fatty acid analogs (not used in this study) have also been well characterized in Martin et al 2008 (FASEBJ), Hang et al 2008 (JACS) and Heal et al (Tate Lab). 

As such, we have made changes throughout the manuscript to clarify that this manuscript is to help visualise the method from Yap et al (2010) and the following citations have been added:

H.C. Hang, E.J. Geutjes, G. Grotenbreg, A.M. Pollington, M.J. Bijlmakers, H.L. Ploegh, Chemical probes for the rapid detection of Fatty-acylated proteins in Mammalian cells, J. Am. Chem. Soc. 129 (2007) 2744e2745. 
W.P. Heal, S.R. Wickramasinghe, P.W. Bowyer, A.A. Holder, D.F. Smith, R.J. Leatherbarrow, E.W. Tate, Site-specific N-terminal labelling of proteins in vitro and in vivo using N-myristoyl transferase and bioorthogonal ligation chemistry, Chem. Commun. (Camb.) (2008) 480e482.
W.P. Heal, S.R. Wickramasinghe, R.J. Leatherbarrow, E.W. Tate, N-Myristoyl transferase-mediated protein labelling in vivo, Org. Biomol. Chem. 6 (2008) 2308e2315.
G. Charron, M.M. Zhang, J.S. Yount, J. Wilson, A.S. Raghavan, E. Shamir, H.C. Hang, Robust fluorescent detection of protein fatty-acylation with chemical reporters, J. Am. Chem. Soc. 131 (2009) 4967e4975.
G. Charron, J. Wilson, H.C. Hang, Chemical tools for understanding protein lipidation in eukaryotes, Curr. Opin. Chem. Biol. 13 (2009) 382e391.

Major Concerns:
The saponified fatty acids used in this study are different from their intact fatty acids at their carboxyl groups with different dissociation states. Therefore I would ask whether or not this difference actually affects the acylation process catalyzed by the relevant enzymes?
The authors provided some representative data in the manuscript to show the improvement of the sensitivity. I'd like to know whether or not this improvement is dose/reagent/time dependent? It would be very informative if the data from additional experiments with different conditions are provided, such as different concentration of FAFBSA, different reaction time for saponification, etc.

These are valid concerns and have been addressed in earlier publications (described above). Many of these conditions were empirically determined for Yap et al 2010 JLR. However, we would like to clarify that it is not the carboxyl groups that are altered. The alkyne groups are at the omega site, or the distal end of the fatty acids. In addition, we found in Yap et al and indicate on Page 5 line 232-233 that although 3-4 hours appears to be ideal across the literature, timing and concentration may need to be determined experimentally for new cell lines or proteins of interest. In particular, cells with slower metabolisms or proteins with slower S-acylation turnover may require longer labeling times. However, it is advised not to label too long as the fatty acids will undergo beta oxidation or potentially elongation and could be incorporated into lipids or catabolites (lines 233-235) and cited in Yap et al. 

In page 5, line 221, "For non-saponified controls, pipette 2 µL (or equivalent to volume saponified) of unlabeled fatty acid directly onto the starvation media." I wonder why non-saponified fatty acid is DIRECTLY added into the media without the use of FAFBSA? Even though the overall increase in sensitivity of detecting S-acylated proteins can be obtained by using the combination of saponification and FAFBSA, more solid experimental evidence should be provided to exploit which factor, saponification or FAFBSA, or both of them, contribute to the improvement of sensitivity.

We understand that referring to these as controls may have caused confusion. The purpose for adding this way was to demonstrate how less effective adding lipids directly to the media is, particularly with the longer fatty acids like stearate. This can be seen in Figure 1, which is considered a representative result for the method. Directly adding fatty acids is often the approach used by novices or researchers not familiar with lipid labeling, but this has been shown to be toxic, as referenced in Alsabeeh et al 2018. More details about saponication can be found in Yap et al (JLR). Consequently, we now refer to these as non-saponified comparison samples. 

Minor Concerns:
In page 2, line 106, the phrase "rather than 15-HDYA for detecting S-acylated cells due to the" should be modified. "S-acylated cells" should be better changed into "S-acylated proteins". 

This has been corrected. Thank you for bringing this to our attention.

In page 4, line 197, the phrase "may require longer incubation to be incorporated into the KOH." is very confusing and should be modified. 

Beginning on line 192 the following has been added. “NOTE: Fatty acids with a higher number of carbons and decreased solubility, such as stearate (17-ODYA), may require longer incubation times to be fully incorporated into the KOH at 65 °C. Raise the temperature to 70 °C if needed.”

In Fig.1, I wonder why there is no sample loading of the negative controls (without addition of alkyne-FA) in experiments using Alkynyl-stearate (right, Figure 1)?

Unlabeled fatty acids were included only to demonstrate the levels of endogenously biotinylated proteins. Because stearate and palmitate undergo S-acylation through the same thioester bond, and the click chemistry is well established to be highly specific between azido and alkyne groups, the unlabeled palmitate was used as a control and comparison to unlabeled lysates for all S-acylation only to demonstrate how unlabeled lysates should appear. It is the same for the unlabeled myristate. That said, we have replaced Figure 1 with a clearer representation of the method using a fluorescent azide probe for detection and negative controls for all fatty acids. We have removed the inhibitors to simplify the interpretation and because, the field of S-acylation is moving away from the use of 2-bromopalmitate due to its lack of specificity. 

In page 10, line 472, "The saponified and FAFBSA binding for fatty acid labeling for click chemistry can help with difficulties detecting" contains grammatical error and should be modified. Actually, the manuscript should be checked for these similar typos throughout the text.

Thank you. We hope we have addressed any and all typos. 


Reviewer #3:
Manuscript Summary:
This manuscript by Liao, Gray, and MArtin describes an optimizer protocol for assaying fatty acylation of target proteins using click chemistry. This protocol is important to the field as some other methods to detect protein acylation have become challenging due to lack of availability of key reagents. The protocol is well-described and easy to read. Sufficient details are provided. Several steps in the protocol have proven difficult to follow based only on written descriptions, thus this protocol is particularly well suited for publication in JoVE, with the corresponding video. The complete description of reagent storage conditions and troublesome steps is excellent.

Thank you for taking the time to review our manuscript. We hope this will help others in the field. 

Major Concerns:
None

Minor Concerns:
1. The cell density for HEK293 cells seems high (5x10^6 cells/6 well plates well). Should that be 10^5?

Corrected. Thank you for identifying this.

2. Western blot should be lower case, unless at the start of a sentence.

Thank you for highlighting this typo. It has been corrected throughout.

3. It would be useful to show more of the gel in Figure 2 to demonstrate the specificity of these blots. In addition, inclusion of more than one molecular weight marker would be useful.

The total gels are now shown. 


Reviewer #4:
Manuscript Summary:
The authors have described a protocol for the saponification of bioorthoganol fatty acid analogues and the subsequent labeling and detection of these in endogenous and exogenously-expressed proteins in cells. This protocol is technically flawless. While several protocols for bioorthoganol fatty acid analogiue labeling and detection exist, this protocol is enhanced by the author's inclusion of the saponification process. Saponification of fatty acids is a topic that is very relevant and of high importance to researchers working in the lipidation field.

Major Concerns:
1. The major concern is in the author's conclusion in their abstract, that using saponified fatty acids in combination with fatty-acid free BSA, as well as delipidated media, "dramatically increased detection of fatty acylated proteins". The author's conclusion appears to be based on the data shown in Figure 1, which shows saponification appearing to cause a reduction in the detection of Alk-Myr, and a modest increase in the detection of Alk-Pal - which is also coincident with an increase in Tubulin protein levels. The most apparent increase in detection is seen with Alk-Stear, which the authors do acknowledge, however, this figure lacks the unlabeled fatty acid control which is shown in the other two panels. The authors should certainly include this important control, and even better would be to quantify the dramatic increases they state occurs. To do this, this authors could normalize the SA680 signal in each lane relative to a total protein stain and quantify the fold change in SA680 signal between non-saponified and saponfied methods across a minimum of 3 individual experiments. This would provide the authors the evidence that is needed to support their conclusions. The authors should also consider toning down their broad conclusion in the abstract - the description in the results is more appropriate.

Thank you for your comments and suggestions. As mentioned above, this manuscript will serve as a visual representation of the methods outlined in Yap et al 2010 (JLR), which was partly based on methods used in Martin et al 2008 (FASEBJ). Dr. Martin was heavily involved in developing both methods. We apologise for the confusion and have edited the manuscript accordingly.

We initially considered quantifying the results and did see an overall increase when doing so. However, we have found that saponification does not always increase ‘total’ S-acylation of all proteins, but predominantly of harder to detect proteins. Highly expressed and S-acylated proteins will typically be detected regardless of the method used. Low abundance proteins or proteins that do not undergo high levels or high turnover of S-acylation may not be detected when fatty acids are added directly to the media. Saponification is typically more consistent because it increases the solubility of the fatty acids and protects the cells from stress. When fatty acids are added directly to the media some likely precipitates and, thus, are not incorporated.  In many cases, as shown in Figure 1, only specific bands increase, further indicating that not all proteins require this method for detection. While this may not lead to a statistically significant increase in overall fatty acylation, it is required for specific proteins of interest. Overall, the banding pattern will be different, or increased in specific bands, depending on the cell types, labeling times, etc. used. 

Furthermore, as mentioned above, adding fatty acids directly can lead to increased stress, toxicity, and potentially cell death. Because both death receptors and caspases have been shown to be S-acylated, adding fatty acids directly could simply change the overall profile rather than total levels. 

Initial and additional repetitions were quantified, and a signal increase was detected. However, because this can be vastly different among cell types, and for the reasons above, we felt that it would detract from the methods and did not include it. Testing multiple cell types is beyond the scope of this methods manuscript. 

As described above, since stearate and palmitate undergo S-acylation through the same thioester bond, we did not include unlabeled stearate in addition to unlabeled palmitate within the same experiment. We felt that palmitate was sufficient for the negative control to delineate endogenously biotinylated proteins from labeled proteins. That said, we have added the control stearate and replaced Figure 1 with a fluorescent azide probe to further decrease any background signal. We also removed the inhibitors to simplify the figure. 

As such, we have changed the language of the manuscript throughout to reflect these changes. 

2. Figure 1. There is only a very small effect of Myr inhibitor with 13-TDYA. Why is this? The authors should discuss this. Have the authors looked at the effect of the inhibitor on 15-HDYA?

We have since repeated the experiment with more inhibitor and the effect was more robust. However, as described above, the inhibitors were removed from Figure 1 for simplification and using a fluorescent azide. As there are no endogenously fluorescent proteins compared to biotinylation, there is almost no background lysates using unlabeled fatty acids. We also added unlabeled stearate. The specificity of the inhibitors and the preference of the NMTs and PATs have been addressed in previously published papers cited within the manuscript. As noted, PATs have various preferences for different length fatty acids, but can also use all the fatty acids used in this study. NMT has a clear preference for myristate, but can modestly accommodate palmitate. To simplify the figure, we no longer include the inhibitors. In particular, 2BP is not a consistent or specific inhibitor and the S-acylation field is moving away from its use. The effects of the inhibitors on the published fatty acids is beyond the scope of this methods manuscript. 

3. Lines 105-106. To avoid confusion, it would be helpful to expand here on the number of carbons 17ODYA and 15HDYA (and even 13-TDYA) have, and how they relate to palmitate, stearate etc. What does the number of carbon groups given in the name reflect? A figure and including the IUPAC nomenclature would be particularly useful here.

Thank you. The number of carbons have been added to lines 93-94 and 110. The number in the name indicate the carbon where the COOH group is attached. Because these are standard terms used in the field, PubChem and commercial terms were used to prevent any additional confusion for new users. 

Minor Concerns:
1. Lines 27 and 44. The authors should add that fatty acylation includes the addition of shorter and longer chain, saturated and unsaturated fatty acids - not just saturated fatty acids on to proteins e.g. Hallak et al. JBC 269:4713, Liang et al JBC 276:30987, O'Brien et al JBC 259:5054, Thinon et al Chembiochem 17:1800, Veit et al Biochem J 318:163

The additional references have been added. The sentence has also been expanded to include a broader, more accurate definition of fatty acylation.

2. Line 47. "Fatty acylation has emerged as a potential drug target" This statement needs expanding for clarification and meaning. What aspect(s) of fatty acylation are potential drug targets?

Because this is beyond the scope of a methods paper and we did not want to detract from the methods aspect, we primarily added more references in which S-acylation has been targeted in diseases. The statement now reads ‘Fatty acylation has emerged as a potential drug target in a myriad of diseases including infection, cancer, inflammation, and neurodegeneration, where disruptions in palmitoylation have been documented8–13.  This has been primarily spurred by the development of new chemical detection methods, which enabled large-scale identification of S-acylated protein targets.’

3. Lines 48-49. This sentence needs expanding. How has the development of new chemical detection methods contributed to the potential to target fatty acylation therapeutically?

The sentence has been expanded in lines 47-51. Thank you.

4. Line 56. Consider rephrasing this, as short chain and unsaturated fatty acids can also be added.

The term ‘typically’ has been added in order to be more general. 

5. Line 57. For clarity, replace 'use' with 'incorporation'.

This has been corrected. Thank you. 

6. Lines 63-64. It would be worthwhile mentioning that another disadvantage of using radiolabeled palmitate is that this method is a non-quantitative, and so limits the possibility to measure dynamic changes in palmitoylation accurately and sensitively, and that it is also expensive.

Thank you for the suggestion. These points have been added to line 70.

7. Line 83. Remove 'hundreds and'.

This has been corrected. Thank you. 

8. Lines 99-101. In addition to fluorescent probes, can use mPEG alkyne e.g. et al Methods Mol Biol. 2009:83.

This reference could not be found. Can you please provide the first author, DOI, or PMID?

9. Line 159. BSA should be fatty-acid free BSA.

Corrected. Thank you.

10. Line 338. Expand on the protocol of methanol-activation of PVDF membranes. How long do you activate in methanol?

Expanded. Thank you.

11. Line 342. An explanation is needed as to why you soak one membrane in 1M KOH.

Line 337, 383, and 409 have been revised to explain the treatment.

12. Figure 1. Include in figure that Alk-Myr is 13-TDYA, Alk-Pal is 15-HDYA and Alk-Stear is 17-ODYA.

Added to figure legend. Thank you.

13. Line 376. As KOH is active on ester bonds too, the authors should change this statement to "ester or thioester".

Revised. Thank you.

14. Line 434. The original reference should be included e.g. Brett et al. JBC 289:34978.

Included. Thank you.

15. Authors may wish to comment on different saponification protocols, for example do they see a benefit using KOH over NaOH?

While NaOH can be used, we have not assessed this since the first optimization of the assay in Yap et al 2010. As such, we did not include any references to the use of NaOH in the manuscript. 

16. The following are not included in the Table of Materials: 13-tetradecynoic acid; 15-hexadecynoic acid; calcium chloride, potassium hydroxide, HEPES, Igepal, RIPA buffer, sodium chloride, sodium deoxycholate, magnesium chloride, PVDF membranes, anti-rabbit Alexa 488.

We have updated the Table Materials. Thank you.
