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December 6, 2019

Phillip Steindel, Ph.D.
Review Editor 
JoVE

Dear Dr. Steindel:

Please find attached a revised version of our manuscript, entitled "Quantitative Analysis of the Cellular Lipidome of the Yeast Saccharomyces Cerevisiae Using Liquid Chromatography Coupled with Tandem Mass Spectrometry" (manuscript reference number JoVE60616R1), which we would like to be considered for publication in the JoVE.

We have addressed each of the editorial and peer review comments and revised the manuscript accordingly. Provided below is a detailed description of the revisions we have made.

Editorial comments:

General:

1. Table 5 will either be too tall or too wide to fit on a page; would it be possible to include it as supplemental material instead?
Our response:
The data presented in table 5 of the original manuscript can be found in supplemental table 1 of the revised manuscript. 

Reviewer #1:

Major Concerns:
Only 10 lipid classes are detected which are not representing the whole cellular yeast lipidome as claimed in the summary. Please rephrase.
Our response:
We rephrased this statement in the summary, abstract, introduction, representative results and discussion sections of the revised manuscript. 

[bookmark: _Hlk26431913]Line 46 and 287:
How was the sensitivity of the method tested?
Is 0.2 pmol/ul the lower limit of quantification or the lower limit of detection? Is this concentration limit the same for every lipid class investigated?
Please add corresponding data supporting this statement.
Our response:
[bookmark: _Hlk26431203]The sensitivity of the method was assessed, as shown in table 5 and as described in the legend to this table. Specifically, an estimate of the lowest quantifiable concentration for each lipid class was based on the MS peak areas for its internal standard (these MS peak areas and lipid standard concentrations are displayed in red in Table 5) and its representative molecular form present at the lowest detectable concentration. 0.165 pmol/µl the lower limit of quantification for phytoceramide, as shown in table 5. This limit of quantitation differs for different lipid classes within a wide range of concentrations (see table  5).  

Line 273:
LipidXplorer works mainly with direct infusion data and LipidView is not freely available. Rather extend this list with Lipid Data Analyzer, mzMine, XCMS, etc.
Our response:
The revised manuscript provides the names and the URLs of these freely available open-source alternatives for the commercially available Lipid Search software from Thermo Fisher.  

[bookmark: _Hlk26437215]Line 293-294: To separate both isobaric species the resolution is more than efficient and they would also give specific fragments. Please rephrase and concentrate on separation of isomeric species.
Our response:
[bookmark: _Hlk26438036][bookmark: _Hlk26455514]Indeed, the resolution of an Orbitrap mass spectrometer is more than sufficient to separate the isobaric lipid species PHC (16:0/26:0) and PC (16:0/10:0) without their prior separation by liquid chromatography. However, the liquid chromatography step is an indispensable part of our LC-MS/MS method for the identification and quantitation of many lipid species (some of which are isobaric, whereas most of which are not isobaric). Thus, our LC-MS/MS method is not only more efficient in identifying and quantifying non-isobaric lipid species than MS alone but can also distinguish between isobaric lipid species (akin to MS alone). Moreover, the use of a liquid chromatography step enhances the ionization efficiencies of these two isobaric lipid species, thus improving their detection. Taking into consideration these essential factors, we believe that it is important to emphasize in the text that our LC-MS/MS method can be used for the identification and quantitation of different isobaric forms of lipids.  

Figure 1: just show the chromatogram on MS1 level. Choose other lipid species (separation of isomeric species: chromatogram and MS1/2 spectrum). FFA and PS seem rather random and don't show the quality of the method.
[bookmark: _Hlk26450301]Our response:
[bookmark: _Hlk26445039][bookmark: _Hlk26445446][bookmark: _Hlk26534997]Only the total MS1 ion chromatogram from liquid chromatography/mass spectrometry data is shown in figure 1 of the revised manuscript. A representative chromatogram of two isomeric phosphatidylserine forms (34:0) that have the same m/z value but different retention times, as well as their MS1 and MS2 spectra, are shown in figures 2, 3 and 4 (respectively) of the revised manuscript.


[bookmark: _Hlk26459254]Reviewer #3:

Major Concern:
[bookmark: _Hlk26457908][bookmark: _Hlk26457092]The outline of the paper is a bit confusing. On the one hand, the authors want to present a quantitative method for yeast lipidome analysis. They show the peak areas for some lipid species, but they do not provide real quantitative data (except some lower limits of quantitation for selected lipid species). On the other hand, they investigate the effect of mobile phase additives on the ionization efficiency for various lipid classes. The authors should reorganize the paper, remove the mobile phase additives part and focus on quantitative lipid data, such as for example the amount of TAG (total TAG and/or single TAG species) in nmol/1 million cells.
Our response:
Our manuscript describes a protocol for using a versatile, robust and sensitive LC-MS/MS method to identify and quantify major cellular lipids within a yeast cell. We show that this method can identify many molecular species of 10 different lipid classes in yeast cultured in a minimal synthetic medium with 2% glucose (Supplemental Table 1). For each of these lipid classes, we provide the lowest concentration that can be quantitated with the help of our LC-MS/MS method (Table 5).

[bookmark: _Hlk26462814]To quantitate individual lipid classes and species in nmol/1 million cells (as the Reviewer suggested), at least three (or more) internal lipid standards per class would be required; these lipid standards would need to differ from each other in the length of fatty acids and in the extent of their saturation. However, we regularly use this LC-MS/MS method to quantitatively compare the cellular and organellar lipidomes of yeast treated with various aging-delaying chemicals/diets to those of yeast remained untreated (or the cellular and organellar lipidomes of yeast carrying aging-delaying mutations to those of wild-type yeast); please see https://www.ncbi.nlm.nih.gov/pubmed/31645900 as an example. In these comparative studies, we follow the convention (see below) of expressing the concentration of a lipid class in mol% of all lipid classes but not in nmol/1 million cells. One internal lipid standard per class is enough to have a proper normalization for this type of quantitative comparison experiments, which are often conducted by many researchers studying effects of various dietary, pharmacological or genetic interventions on diverse biological processes. 

[bookmark: _Hlk26519722]It needs to be emphasized that both papers on the global analysis of the yeast lipidome by quantitative shotgun mass spectrometry mentioned by the Reviewer (i.e. https://www.pnas.org/content/106/7/2136 and https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0035063) follow the convention of expressing the concentration of a lipid class in mol% of all lipid classes but not in nmol/1 million cells.  

We believe that it is important to keep in our manuscript a description of how alternative mobile phase additives can be used to increase the efficiency with which each class of lipids can be ionized. This is because such a description provides evidence of a significant advantage provided by our LC-MS/MS method. Indeed, lipid classes whose chemical properties facilitate their conversion into anions during ESI undergo more efficient ionization when ammonium acetate is added to a mobile phase for the ESI MS (Table 6). Moreover, lipid classes whose chemical properties facilitate their conversion into cations during ESI undergo more efficient ionization when ammonium formate is added to a mobile phase for the ESI MS (Table 6). Please note that, because we have optimized alternative mobile phase additives for the ESI MS (Table 6), a single sample does not need to be run several times with different additives. In contrast, a sample needs to be run twice. The first run is performed with a mobile phase additive that most efficiently increases the extent of lipid conversion into anions, whereas the second run is carried out using a mobile phase additive that is most proficient in increasing the extent of lipid conversion into cations.            

Major Concern:
[bookmark: _Hlk26459698][bookmark: _Hlk26519422]The authors claim several times (title, line 77, line 279) to present a method for quantitative assessment of the entire yeast lipidome, which is - politely spoken - very optimistic. They reduce their ambitions already in line 280, when they admit that they could find 10 different lipid classes. Ejsing et al (ref. 26) describe 19 different lipid classes in yeast and Klose et al. [PLoS ONE, 7(4), e35063. http://doi.org/10.1371/journal.pone.0035063] describe 18 different lipid classes in yeast in 2012. Although some lipid classes might be quite low abundant and maybe not present under the described growth conditions, some of the classes like ergosterol esters, free ergosterol and diacylglycerol can easily be detected even with thin layer chromatography. The authors should adopt their claims to the data presented and also discuss, why they did not analyze some of the quite prominent yeast lipid classes. They should also compare their findings with the lipid species found in the mentioned literature.
Our response:
We rephrased the statement about the entire yeast lipidome in the summary, abstract, introduction, representative results and discussion sections of the revised manuscript.  

[bookmark: _Hlk26536263][bookmark: _Hlk26519517]We employ this LC-MS/MS method to reproductively identify and quantitate 10 lipid classes when we use a single extraction method and a single pair of mobile phases to separate lipids by liquid chromatography on a reverse-phase column. To identify and quantitate lysoglycerophospholipids, diacylglycerols, inositolphosphorylceramides, free ergosterol and ergosterol esters, cellular lipids would need to be extracted using a different method and extracted lipids would need to be separated by liquid chromatography performed under different conditions. 

Again, our LC-MS/MS method can be successfully used for the quantitative comparison experiments aimed at understanding how various dietary, pharmacological or genetic interventions influence the abundance of 10 lipid classes, thereby affecting diverse biological processes. If lysoglycerophospholipids, diacylglycerols, inositolphosphorylceramides, free ergosterol and ergosteryl esters need to be identified and quantitated, different methods of lipid extraction and separation by liquid chromatography need to be used. 

[bookmark: _Hlk26521291]It needs to be emphasized that both papers on the global analysis of the yeast lipidome by quantitative mass spectrometry mentioned by the Reviewer (i.e. https://www.pnas.org/content/106/7/2136 and https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0035063) employ a “shotgun” ESI/MS method of lipidomics directly from crude extracts of biological samples without prior chromatographic separation. The use of this method causes a gradual decline in the sensitivity of the mass analyzer. The technical service of restoring the sensitivity of the mass analyzer is expensive and may not be affordable for every laboratory or mass spectrometry center. In contrast, our LC-MS/MS method does not affect the sensitivity of the mass analyzer and, thus, is a valuable alternative to shotgun lipidomics.      

Minor Concern:
Line 178 - 180: What is the difference between these the steps 7.9 and 7.10 beside the assumption of the authors, that the cells break within the first 5 minutes of vortexing and the lipids need another 60 minutes to be extracted under the same conditions? Why not just: Vortex vigorously at room temperature for 65 minutes???
Our response:
In the revised manuscript, these steps are described as follows: “7.9. Vortex the tube at high speed for 5 min at room temperature to disrupt the cells. 7.10. Vortex the tube at low speed for 1 h at room temperature to facilitate the extraction of lipids.”

[bookmark: _Hlk26524695]Minor Concern: 
[bookmark: _Hlk26523210]Regarding the lipid date, the authors should stick to the common lipid nomenclature, as for example published by Liebisch (Liebisch et al, J Lipid Res. 2013 Jun; 54(6): 1523-1530. doi: 10.1194/jlr.M033506). According to the nomenclature, the authors should only note the fatty acids in the lipids separated by "/", when the position of the fatty acid is known. When just the type of fatty acid is defined, but not the position, the fatty acids are separated by an "_"; e.g. TAG 18:0_18:1_20:0. It is very important to stick to one common lipid nomenclature in order to guarantee precise discussions in the field of lipidomic.
[bookmark: _Hlk26524706]Our response:
We made the requested changes in the text and tables of the revised manuscript.

[bookmark: _Hlk26527865]Minor Concern: 
[bookmark: _Hlk26527086]The data analysis (line 266 - 276) is a crucial step for qualitative and quantitative lipidome analysis. It seems to be quite risky to just mention the user manual of a software (line 271). The authors should point out whether they just trusted in the software parameters or if they manually verified some of the result outputs. I have the impression that some of the lipid species with quite unusual fatty acid compositions (as for example TAG (30:0/10:1/10:1), TAG (18:1/10:1/24:1)) are just "calculated" lipids with the identical formula and therefore the identical mass as some more "usual" or "expected" lipids. Possible wrong interpretations of lipid species such as the PC 8:0/8:0 versus Lyso-PC16:0 may be caused by incomplete databases combined with a lack of reasonable control.
[bookmark: _Hlk26527880]Our response:
We manually verified the identities of all of the internal lipid standards we used, as well as the identities of the following lipid species FFA (30:0), PHC (16:0_26:0), PHC (18:0_26:0), PHC (16:0_30:0), PE (26:0_16:1), PE (26:0_18:1), PI (26:0_16:1), PI (26:0_18:1), TAG (30:1_10:1_10:1), TAG (30:0_10:1_10:1), TAG (18:1_10:1_24:1) and TAG (18:0_10:1_24:0). We revised the text accordingly.  			 			
												
[bookmark: _Hlk26527285][bookmark: _Hlk26531625]We don’t have the commercial lipid standards of PC 8:0_8:0 and Lyso-PC 16:0 needed to manually verify that the lipid identified as PC 8:0_8:0 by the software is not Lyso-PC16:0. We therefore removed PC 8:0_8:0 from the list of lipid species presented in supplemental table 1 of the revised manuscript.

Minor Concern: 
[bookmark: _Hlk26532861][bookmark: _Hlk26532972]Regarding the PC species in table 5, I am really surprised that the authors could not find the PC 34:2 at m/z 758, which I thought is one of the main PC species in this yeast strain. I am also wondering, about the PC 8:0/8:0 and PC 8:0/10:0. The authors list these species two times in table 5, but with different m/z values respectively. And if I calculate correct, a PC 8:0/8:0 has the formula C24H48O8N1P1, resulting in a mass of 510 for the proton adduct. The m/z values listed by the authors (m/z 494 and 496) might also fit to Lyso-PC 16:0 and Lyso-PC 16:1 species. According to this, the so called "PC 8:0/10:0" with m/z 522 is more likely a Lyso-PC 18:1 and Lyso-PC18:0 with m/z 524. Additional data about retention times would also be helpful in this case.
Our response:
[bookmark: _Hlk26532427]The data presented in the original table 5 (which is supplemental table 1 in the revised manuscript) are coming from 2 independent experiments, for each of which 3 technical replicates were performed. In all of them, we were able to detect PC 34:2 with the m/z value (M+H) of 758.569431. However, the shape of the MS1 peak (which we used for quantitation) varied in all these experiments. We therefore didn’t include PC 34:2 in supplemental table 1 of the revised manuscript.   

As noted above, we don’t have the commercial lipid standards of PC 8:0_8:0, PC 8:0_10:0, Lyso-PC 16:0, Lyso-PC 16:1, Lyso-PC18:0 and Lyso-PC 18:1  needed to manually verify that the lipids identified as PC 8:0_8:0 and PC 8:0_10:0 by the software are not any of the above Lyso-PC species. We therefore removed PC 8:0_8:0 and PC 8:0_10:0 from the list of lipid species presented in supplemental table 1 of the revised manuscript.

Minor Concern: 
In general, I am very surprised by the small number of different TAG species (listed in table 5). Especially when cultivating the yeast for several days, the cells reach their stationary phase with their energy storage (= TAGs) filled. There are so many more lipid TAG species described and just the combination of the main fatty acid species C16:0, C16:1, C18:0 and C18:0 allow the formation of much more TAG species. The authors should consider two possible reasons for their low TAG yield: On the one hand they harvest the yeast cells by centrifuging at 16.000 x g (line 161). The cells might burst at such high g values, which might cause the floating of the lipid droplets and therefore the loss of a significant amount of the lipids. On the other hand, cell disruption by just vortexing (line 178 - 180) is maybe not efficient enough. The authors should at least provide more specific information on the shaking frequency.
Our response:
In the revised manuscript, the vortexing steps used for cell disruption and lipid extraction are described as follows: “7.9. Vortex the tube at high speed for 5 min at room temperature to disrupt the cells. 7.10. Vortex the tube at low speed for 1 h at room temperature to facilitate the extraction of lipids.”


Minor Concern: 
It would be very interesting to see the MS/MS spectra that were used to identify these lipid species. For example, the TAG (30:0/10:1/10:1) with m/z 848.77 (as ammonium-adduct) could theoretically also consist of the way more common fatty acids 16:0/16:1/18:1. If the authors have clear evidence, that yeast TAGs consist of such strange fatty acids (at least in yeast), they should point this out. It might be very interesting for the yeast community.
Our response:
Because the revised manuscript already contains 10 tables and 4 figures, we believe that providing even more data will complicate its comprehension by readers.

Minor Concern: 
Regarding the PI species listed in table 5: I would really be interested in the MS/MS data of the PI 27:0/16:1 as it seems that this is the only PI species with an odd numbered fatty acid. Is this a typo or do the authors have maybe hints that there are more lipid species with odd numbered fatty acid chains?
Our response:
PI 27:0/16:1 was a typo, which was corrected in supplemental table 1 of the revised manuscript.


Minor Concern: 
Line 289-299
The authors should provide LC, MS and MS/MS data for the separation of these lipid species to demonstrate the possibilities of their method.
Our response:
A representative chromatogram of two isomeric phosphatidylserine forms (34:0) that have the same m/z value but different retention times, as well as their MS1 and MS2 spectra, are shown in figures 2, 3 and 4 (respectively) of the revised manuscript.

Minor Concern: 
The authors should provide bar charts showing the quantified amounts of the lipid species and classes; and for each timepoint they investigated. It would be beneficial for the yeast lipid community to see the amounts and maybe the changes during the aging process. Additionally, the lipid profiles of yeast cell organelles (as mentioned in line 469) would be of great interest for yeast lipidomic research.
[bookmark: _Hlk26537484]Our response:
Because the revised manuscript already contains 10 tables and 4 figures, we believe that providing even more data will complicate its comprehension by readers. Indeed, our manuscript describes a protocol of an LC-MS/MS method for lipidomic analysis. However, our manuscript is not a research article aimed at understanding the temporal dynamics of 10 different lipid classes during several consecutive steps of yeast chronological aging. Our manuscript is also not a research article that investigates an aging-associated changes in 10 different lipid classes present in various yeast organelles. 

Minor Concern: 
Figure 1: This figure is not very instructive, the authors should remove it and add some more specific figures showing the potential of their method (as mentioned above).
Our response:
Only the total MS1 ion chromatogram from LC/MS data is shown in figure 1 of the revised manuscript. A representative chromatogram of two isomeric phosphatidylserine forms (34:0) that have the same m/z value but different retention times, as well as their MS1 and MS2 spectra, are shown in figures 2, 3 and 4 (respectively) of the revised manuscript.


Minor Concern: 
Table 1: Moles is not the unit for a concentration, but for the amount of a substance. Use correct units like moles per liter (mol/L). The calculated masses in the table are obviously the masses for the adduct ions. For example, a TAG (28:1/10:1/10:1) [=TAG 48:3] has the formula C51H92O6; therefore, the nominal mass is 800; the m/z value of m/z 818 might be the ammonium-adduct. The authors should be more precise and describe the different adducts in the table.
Our response:
[bookmark: _Hlk26540396]Table 1 and its legend were revised as requested by the Reviewer.



Minor Concern: 
Table 3: Why is the isolation width 2 (selected mass +/- 1)? Could the specificity of MS/MS spectra be increased if the isolation width is reduced to 1 or even 0.7?
Our response:
The isolation width is 2 because a selection window of 2 Da is the default selection window for the Orbitrap Velos Mass Spectrometer.

Minor Concern: 
[bookmark: _Hlk26539608]Table 4: If the authors list ions in the table, they should also write the charges of the ions.	
Our response:
The charges of the H+, H-, NH4+, Na+ and HCOO- ions are provided in table 4 of the revised manuscript.

Minor Concern: 
Table 5: The calculated masses in the table are obviously the masses for the adduct ions. For example, a TAG (28:1/10:1/10:1) [=TAG 48:3] has the formula C51H92O6; therefore, the nominal mass is 800; the m/z value of m/z 818 might be the ammonium-adduct. The authors should be more precise and describe the different adducts in the table.

The authors claim the good separation of different lipid species therefore it would be interesting for the reader to see retention times of the different lipid species. I encourage the authors to add these values to table 5.

Regarding the Peak area data: For proper quantitation it is normally recommended to use standards concentrations in the same concentration range as the analyte. Especially for the Cardiolipin data, the peak area of the standard is in the range of E+07, only 4 out of the 23 identified CL species have peak areas in the range of E+06, all the other peak areas are 2 or more orders of magnitude smaller than the standard. At PHC, only 2 out of 24 analytes have peak areas in the same order of magnitude as the standard, most of them 2 or even 3 orders of magnitude below. At PC the peak area of the standard is in the range of E+08, only two PC analytes are in the range of E+07, all the other PC analytes have a peak are 2 ore more orders of magnitude smaller than the standard. I really doubt that a proper quantification of those PC species is possible under these conditions. The peak areas of the 2 PG species are also 2 orders of magnitude smaller than the standard. If the authors want to provide quantitative data, they should put some effort in a reasonable adaption of their lipid standard concentrations.	
[bookmark: _Hlk26543367]Our response:
Table 5 of the original manuscript is supplemental table 1 of the revised one. Its legend was revised regarding the calculated m/z values as requested by the Reviewer. This figure is already overcrowded to show any additional data, such as retention times of the different lipid species; besides, a chromatogram of two isomeric PS forms (34:0) is shown in figure 2 of the revised manuscript. As for the peak area data, our titration experiments revealed that the quantitation range for each of the 10 lipid classes covers at least 3 orders of magnitude. 

Minor Concern: 
Table 7: Information about normal phase LC is missing in the manuscript: No column mentioned in table 11; As there is also no reversed phase chromatography mentioned in the method-section of the paper, the authors should either include this method if necessary, or otherwise remove this part completely.
Our response:
Table 7 and its discussion in the text have been removed from the manuscript.  

Minor Concern: 
Table 9: Line 406: [...effect of the induced-collision dissociation (CID) method...]: The abbreviation CID stands for collision-induced dissociation; the authors should not change the order of the words.
Our response:
“The induced-collision dissociation” had been changed to “the collision-induced dissociation” in the revised manuscript.”  

Minor Concern: 
Table 11: For better clarity, the authors should split the items in the table into subgroups for chemicals, lab material, hardware equipment and software.
Our response:
This table was revised as requested by the Reviewer.

[bookmark: _GoBack]
[bookmark: _Hlk22477418]We are grateful to both Reviewers for constructive criticisms and suggestions for changes to be made in the text, all of which contributed to a substantial improvement of the original manuscript. We would also like to thank you for allowing us to address these criticisms and for handling our manuscript.

Yours sincerely,

Vladimir


___________________________________
Dr. Vladimir Titorenko
Professor
Biology Department
Concordia University
7141 Sherbrooke Street, West
Science Pavilion, Office SP-501-13
Montreal, Quebec, Canada H4B 1R6
Tel: (514) 848-2424 extension 3424 
E-mail: vladimir.titorenko@concordia.ca
WEB: http://www.titorenkolabhome.com/
