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April 10, 2020

Benjamin Werth
Senior Science Editor
Journal of Visualized Experiments (JoVE)


Dear Mr. Werth, 
Herewith we are submitting our revised research article entitled, “Automated Sample Multiplexing by using Combined Precursor Isotopic Labeling and Isobaric Tagging (cPILOT)” for publication in The Journal of Visualized Experiments. This article is authored by Albert Arul and myself,  Renã A. S. Robinson. This protocol provides details of the incorporation of automation into our cPILOT workflow. We demonstrated this protocol using a 22-plex mixture of mouse liver homogenates and demonstrate robust and reproducible measurements. 
In this resubmission, we have worked to address all of the Editorial and Reviewer concerns including the addition of new Figure and Supplemental Figure. We have included our responses to the Reviewer’s and updated manuscript in this submission. 
This manuscript has not been published elsewhere and it has not been submitted simultaneously for publication elsewhere. We would like to declare that there is conflict of interest pertaining to this manuscript.
We greatly appreciate your consideration of this revised manuscript for publication in Journal of Visualized Experiments and thank you for the invitation to submit.

Sincerely yours,

[image: rena sig]
Renã A. S. Robinson
Associate Professor of Chemistry
Dorothy J. Wingfield Phillips Chancellor’s Faculty Fellow



Reply to Editorial comments:
General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
As per the editor’s comments, the revised manuscript has been thoroughly checked for spelling and grammar issues. The text added/revised is provided in red text throughout the revised manuscript. 
2. Please ensure that the manuscript is formatted according to JoVE guidelines–letter (8.5” x 11”) page size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin, single spacing within paragraphs, and spaces between all paragraphs and protocol steps/substeps.
As per the editor’s comments, the revised manuscript has been formatted as per the guidelines for JOVE.
3. Please revise lines 61-65, 104-110, 308-319, and 322-325 to avoid textual overlap with previous publications.
As per the editor’s comments, the textual overlaps have been changed for the line 61-65 and the corrections have been incorporated in the revised manuscript at page 3, line 57-61. 
Combined precursor isotopic labeling and isobaric tagging (cPILOT), is an enhanced sample multiplexing technology developed by our laboratory. cPILOT combines isotopic labelling of peptide N-termini with light [−(CH3)2] and heavy [−(13C2H3)] isotopes at low pH (∼2.5), which keeps the lysine residue available for subsequent high pH (8.5) isobaric labelling using TMT, DiLeu, or iTRAQ tagging3,9-14.
As per the editor’s comments, the textual overlaps have been changed for the line 104-110 and the corrections have been incorporated in the revised manuscript at page 4, line 121-129.

Mouse liver (100 mg) was washed with saline and homogenate with 500 µL of 8 M urea using a mechanical homogenizer. Using lysing matrix A beads for 4 m/s for 20 seconds.
 NOTE: In this study Protease or phosphatase inhibitors were not added but may be added to the buffer if necessary, based on the experiment. Also protein extraction steps can be adjusted accordingly for various sample types. 
2)	Transfer the tissue homogenate to a new micro-centrifuge tube, rinse and combine the lysing tubes with 100-500 µL of PBS with 8 M urea.

As per the editor’s comments, the textual overlaps have been changed for the line 308-319 and the corrections have been incorporated in the revised manuscript at page 10, line 361-373.
1)	Generated RAW files were searched for the list of proteins and peptides using a protein analysis software against an appropriate database. 
NOTE: The RAW files generated in this study were searched against a mouse Uniprot database. 
2) 	Since we have light and heavy labelling in one RAW file, each file needs to be searched with two workflows for light and heavy dimethylated peptides. 
3)	The RAW files were searched against mouse Uniprot database (07/13/2019)with 53035 sequence with the following parameters: trypsin cleavage with maximum two missed cleavages, peptide with minimum 6 amino acids length, 15 ppm parent mass tolerance, 1 Da fragmentation tolerance Static modifications: light dimethylation (+28.031, peptide N-terminus) or heavy dimethylation (+36.076 Da, peptide N-terminus), carbamidomethyl (+57.021 Da, C), Dynamic modifications: oxidation (+15.995 Da, M), 11-plex isobaric tag (229.163 Da, K), 1% FDR, reporter ion quantification with 30 ppm peak integration tolerance, most confident centroid for integration method. 
NOTE: The heavy dimethylated peak also includes another modification which is ~7 Da (+35.069 Da, peptide N-terminus) from the light dimethylated peak and therefore another search node should be incorporated to include this modification also. 

As per the editor’s comments, the textual overlaps have been changed for the line 322-325 and the corrections have been incorporated in the revised manuscript at page 10, line 387-390.
Figure 2 (top) depicts a doubly-charged peak pair separated by 4 Da m/z spacing indicating a single dimethyl group incorporated into the peptide. The light and heavy dimethylated peak pairs were isolated and fragmented independently to yield the sequence of the peptide.
4. Please reduce the length of the Summary to 10-50 words.
As per the editor’s comments, the summary has been revised as follows: 
Combined precursor isotopic labeling and isobaric tagging (cPILOT) is an enhanced sample multiplexing strategy that is capable of increasing the number of samples that can be analyzed simultaneously with available isobaric tags. Incorporation of a robotic platform has greatly increased experimental throughput, reproducibility, and quantitative accuracy.
5. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of 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: Biomek, BC90, BC230, BC1070
As per the editor’s comments, the revised manuscript has been thoroughly checked for commercial terms Biomek, BC90, BC230, BC1070, Peltier, and have been deleted. 

Protocol:
1. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including headers and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
As per the editor’s comments, the text for filming has been highlighted with yellow throughout the protocol.
2. For each protocol step/substep, 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. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.
As per the editor’s comments, the protocol has been modified with lesser actions in Page 5, steps 1- 5, has been changed to steps 1-8 sub-step. 
In step 2, Sample reduction steps 1- 15 has been changed to 1-16 sub-steps. 
 In Step 6, Isobaric Tagging sub-steps 1-9 has been changed to 1-11 sub0-steps. 
In Step 8, sub steps 1-5 has been changed to 1-7.
Specific Protocol steps:
1. ‘Automated liquid handler’: Please move to the introduction or make into a series of numbered protocol steps.
As per the editors comments, the step has been moved to the introduction at page 4 line 88-96. 
[bookmark: _Hlk37251788] Sample preparation from protein quantification to peptide labelling was performed on an automated liquid handler. The automated liquid handler is integrated with a positive pressure apparatus (PPA) for buffer exchanges between the solid-phase extraction (SPE) plates, orbital shaker, and a heating/cooling device. The robotic platform contains 28 deck locations to accommodate plates and buffers. There are two pods with a gripper to transfer the plates within the deck locations: a 96-channel fixed volume pipetting head (5-1100 µL) and 8 channel variable volume probes (1-1000 µL). The robotic platform is controlled using a software. The user needs to be professionally trained prior to using the robotic liquid handler.   
Figures/Tables:
1. Please remove all embedded figures and tables from the manuscript. Please upload all tables as .xls/.xlsx-formatted files to Editorial Manager.
As per the editor’s comments, the embedded figures and tables have been removed from the manuscript file and provided separately. 
References:
1. Please do not abbreviate journal titles.
As per the editors’ comments, the abbreviated journal tittles have been given in full. 
Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.
As per the editors’ comments, the information in the materials has been checked for all the chemicals, equipment’s and instruments used in the protocol. 


Reply to Reviewers' comments:
Reviewer #1:
In this manuscript, Arul et al described a previous published protocol with new development. I do not have major concerns. Here are some suggestions the author may consider to incorporate into their work.
1. What is the labeling specificity in dimethylation of peptide N-termini? Is it solely control by pH? A related question is the labeling efficiency in this step. If the N-termini are not dimethylated, they would be available for TMT or iTRAQ reactions.
In this experiment we saw a 99.7% and 99.5 % labelling efficiency of the N-termini peptides for the light and heavy dimethylated peptides respectively. The isotopic labelling efficiency is dependent on the pH of the solution the peptides are solubilized, since the peptide N-termini amine are active at low pH while the lysine amines are inactive at lower pH, and if there is a shift in the pH the N-termini will not be labelled with dimethyl group and will be available for isobaric labelling. We have added the following sentences in the protocol at page 8, line # 282-286.
Note: The dimethylation efficiency depends on the pH of the reaction mixture and any change in buffer pH will result in incomplete labelling of the peptide N-termini. Dimethylation efficiency should be greater than 97%   when searched as dynamic modification at the peptide N-termini. In this study the labelling efficiency of light and heavy peptides were 99.7% and 99.5% respectively.   
2. The authors have previously published a JoVE paper on their workflow. It would be beneficial to readers if the authors list specifically what are new in the current protocol.light
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The following paragraph is added to the introduction at page #4, line # 96-103. 
The present study focuses on automating the manual cPILOT workflow, which can be labor intensive for processing more than 12 samples in a single batch. In order to increase the throughput of the cPILOT approach11 we transferred the cPILOT protocol to a robotic liquid handler to process more than 10 samples in parallel. The automation also allows similar reactions for each sample in parallel during various steps of the sample preparation process, which required highly trained users to achieve during manual cPILOT. This protocol focuses on the implementation of the automated liquid handling device to carry out cPILOT.
3. What software was used for data search? It seems like Proteome Discoverer since the authors used percolator node. The authors showed cv of reporter ion intensities within either the light or heavy group. How do you integrate the quantification data from the two searches? Can the author show a boxplot of log2 TMT reporter ion intensities across 22 samples?
As per the reviewer’s comments, we have added the box plot of the log10 TMT reporter ion intensities for all the 22 channels in Figure 3. In this study both the light and heavy searches were performed using Proteome discoverer software and the reporter ion intensities obtained from the software were used to calculate the CV values. This has been updated in the manuscript in the results section, page 11, line 398-400.
Figure 3 shows the Box plot of log10 abundance versus total reporter ion intensities across all the 22 channels showing lesser inter-well/inter-sample variability.
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Figure 3. Box plot of total reporter ion intensities versus log10 abundance of 22 samples using proteome discoverer 2.3. The RAW file was searched twice for light and heavy peptides, proteins IDs separately with TMT as dynamic modification, light (+28.031Da) and heavy (+36.076 & +35.069 Da) dimethylation at peptide N-termini as static modification. A combined search with all the above modifications was run using Proteome Discover 2.3 to obtain the Log 10 Abundance of peptide intensities across all the channels. 


4. As shown in Fig2, both light- and heavy-labeled peptides appear in the same MS spectra. I am wondering the percentage of peptide peaks showing such light-heavy pairs. This may give a clue on labeling efficiency.
In this study the labelling efficiency of isotopic labeling was determined based on the incorporation of light and heavy dimethylation at the peptide N-termini as a dynamic modification. While the isobaric tag labeling efficiency was determined from the lysine terminated peptides. The information has been added in the protocol at page 8 and 9.
Note: The dimethylation efficiency depends on the pH of the reaction mixture and any change in buffer pH will result in incomplete labelling of the peptide N-termini. Dimethylation efficiency should be greater than 97%   when searched as dynamic modification at the peptide N-termini. In this study the labelling efficiency of light and heavy peptides were 99.7% and 99.5% respectively.   
Note: The labelling efficiency of isobaric tagging is also pH specific and the labelling efficiency should be above 98% per manufacturer’s instructions. In this study the TMT labelling efficiency of the lysine terminated light and heavy peptides was 99.4% and 99.5% respectively.    
5. The authors used MS3 for acquiring reporter ion peaks. Would MS2 also work fine?
In order to quantify relative abundance of the peptides MS3 approach is recommended for the cPILOT approach. MS2 based quantification of the light and the heavy peptides can be performed as long they can be separated. In reference to the comment, we have added the following para in the manuscript at page 3 line 62-72. 
The accuracy and precision of the TMT based quantification at the MS2 level results in false positives due to the presence of contaminating co-isolated and co-fragmented ions termed as the interference effect15.  This limitation in inaccurate reporter ion ratios can be overcome with the help of tribrid Orbitrap mass spectrometers. For example, the interference effect can be overcome by isolating a peak in a dimethylated pair at the MS1 level in the Orbitrap, subjecting the light or heavy peak to MS2 fragmentation in the linear ion trap and then subjecting the most intense MS2 fragment for HCD-MS3 to obtain quantitative information. In order to increase the chances of selecting the peptides without lysine amines available for generating reporter ions, a selective MS3 acquisition based on the y-1 fragment also can be used and is an approach which can result in higher percentage of peptides quantifiable with cPILOT9.
6. Comparing to a regular TMT proteomics, did the authors notice a drop in peptide/protein identification number assuming all the other LCMS parameters are the same?
In this study we have not compared cPILOT with the TMT workflow, which is beyond the scope of this particular study. Since cPILOT requires to pick peak pairs and fragment them to get the MS2 and MS3 information it increases the time spent to quantify each peptide. As a result, the duty cycle might be lowered compared to a TMT experiment resulting in lower number of peptides quantifiable. Overall, the incorporation of additional labeling steps (which also require sample desalting) will result in lower numbers of proteins identified than a traditional TMT experiment. The advantage however is being able to sample proteins from multiple samples with higher experimental throughput. 
7. What does auto mean in Fig 3? One benefit of automation is to reduce viability. What are the average cv of TMT reporter ion intensities with a manual processing workflow? A head-to-head plot maybe helpful.
“Auto” refers to automation. As noted by the reviewer, the typographical error in Figure 4 has been changed. In regard to the head to head comparison we have added the following to the page 12 line 474-477. 
[image: ]
Experiments are on-going in our laboratory to further evaluate comparisons of the manual and automated cPILOT workflows. Based on previous reports from our laboratory, the CV%’s of protein reporter ion intensities in the manual cPILOT were greater than 20-60% 12.
8. This is a protocol paper; I suggest the author give a little bit more explanation for each step. For instance, in line 162 (number 2 in step 6), they authors stated "To reconstitute the peptides" to let the readers know what this step is for. I think folks who are not very familiar with proteomics would find it useful if the authors clearly describe the purpose of each step.
As per the reviewers comments the steps throughout the manuscript has been evaluated and re-written so as to be understood by a wide audience.  
In page 4 line 121-127
1)	Mouse liver (100 mg) was washed with saline and homogenate with 500 µL of 8 M urea using a mechanical homogenizer. Using lysing matrix A beads for 4 m/s for 20 seconds.
 NOTE: In this study Protease or phosphatase inhibitors were not added but may be added to the buffer if necessary, based on the experiment. Also protein extraction steps can be adjusted accordingly for various sample types. 
2)	Transfer the tissue homogenate to a new micro-centrifuge tube, rinse and combine the lysing tubes with 100-500 µL of PBS with 8 M urea.
In page 5 line 170-171
The denaturation buffer unwinds the protein three-dimensional structure to yield the primary structure so as the trypsin can break the protein effectively.

In page 6, line 197-198 
[bookmark: _Hlk37405181]Note: Sealing the plate is performed to prevent the sample from light, evaporation and spilling from the well.
In Page 8 line 278-279
The ratio of light: heavy mixing depends on the experimental protocol, in this study a 1:1 ratio was used.
In page 8 line 282-286
Note: The dimethylation efficiency depends on the pH of the reaction mixture and any change in buffer pH will result in incomplete labelling of the peptide N-termini. Dimethylation efficiency should be greater than 97%   when searched as dynamic modification at the peptide N-termini. In this study the labelling efficiency of light and heavy peptides were 99.7% and 99.5% respectively.   
In page 9 line 323-325
Note: The labelling efficiency of isobaric tagging is also pH specific and the labelling efficiency should be above 98% per manufacturer’s instructions. In this study the TMT labelling efficiency of the lysine terminated light and heavy peptides was 99.4% and 99.5% respectively.   
In Page 9 line 332-338
1)	Reconstitute the peptides in MS grade water with 0.1% FA to obtain ~1 µg/µL concentration. Filter samples with micro-centrifuge tubes containing a 0.65 µm filter. Centrifuge peptides at 12,000 g for 3 min and place the flow through into an auto-sampler vial. 
Note: The peptide concentration can be confirmed at this stage if desired. The peptides would need to be reconstituted in LC-MS grade water and subject to a BCA peptide assay. In this study, the peptide BCA assay was not performed and all peptide amounts were based on initial protein BCA assay. 



Reviewer #2:
Manuscript Summary:
High throughput analysis is critical for large scale proteomics studies. The cPILOT approach is a well demonstrated sample multiplexing method that can provide a capacity up to 22 samples in one LC-MS runs. The protocol provides a detailed workflow in the use of a automated liquid handling station for large-scale sample analysis. The reviewer agree it is a timely protocol for the growing need of proteomics in various areas and recommend the publication on JOVE after several improvements.
Major Concerns:
1. Although the method is published previously, the author should do better to illustrate the cPILOT method. An additional Figure should be added to illustrate the double labeling approach using a model peptide.
The authors would like to thank the reviewer for the suggestions, we have included a figure to depict the cPILOT approach with two samples using an example peptide. The figure has been provided as a supplemental figure 2 and a reference to the figure is added in the manuscript at page 3 line 61-62.  
[bookmark: _Hlk37259644]The dual labeling scheme of the cPILOT strategy is depicted in the supplemental figure 1 with two samples using an example peptide.  
[image: ]
Supplemental Figure 1. Illustration of the cPILOT with a single peptide. Showing the isotopic labelling of two different samples and isobaric tagging with TMT126, the resulting mixture was injected to MS for LC-MS3. 
2. It is surprising the author use CID for MS2 and HCD for MS3, because they could generate different fragment ions
In order to quantify relative abundance of the peptides MS3 approach is recommended for the cPILOT approach. MS2 based quantification of the light and the heavy peptides can be performed as long they can be separated. In reference to the comment, we have added the following para in the manuscript at page 3, line 62-72.
The accuracy and precision of the TMT based quantification at the MS2 level results in false positives due to the presence of contaminating co-isolated and co-fragmented ions termed as the interference effect15.  This limitation in inaccurate reporter ion ratios can be overcome with the help of tribrid Orbitrap mass spectrometers. For example, the interference effect can be overcome by isolating a peak in a dimethylated pair at the MS1 level in the Orbitrap, subjecting the light or heavy peak to MS2 fragmentation in the linear ion trap and then subjecting the most intense MS2 fragment for HCD-MS3 to obtain quantitative information. In order to increase the chances of selecting the peptides without lysine amines available for generating reporter ions, a selective MS3 acquisition based on the y-1 fragment also can be used and is an approach which can result in higher percentage of peptides quantifiable with cPILOT9.
3. More details should be included on the data analysis part. How to correct the isotopic contamination in different TMT channels? How to normalize the data? etc...
As per the reviewer’s comments, we have added more information on data analysis with a box plot of the log10 TMT reporter ion intensities for all the 22 channels in Figure 3. In this study since all the 22 channels were of equimolar protein concentrations, no normalization was selected. We have added Figure 3 to the manuscript depicting the total ion intensities across all the 22 channels to represent the complete data. This has been updated in the manuscript in the results section, page 10, line 377-383.

Reporter ion quantification was performed based on the intensity, 65% SPS mass match, average S/N ratio 10, normalization and scaling were not performed.     
NOTE: Normalization and scaling can be performed based on total peptide amount or a specific protein added to the sample. QC samples can also be included in the channels for inter-batch or intra-batch normalization based on a two-tailed internal reference scaling. The isotopic contaminations of different TMT channels were not provided to the search, users are advised to add the isotope contamination of different reporter ions.
In page 11, line 398-400 description to the figure has been added. 
Figure 3 shows the Box plot of log10 abundance versus total reporter ion intensities across all the 22 channels showing lesser inter-well/inter-sample variability.
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Figure 3. Box plot of total reporter ion intensities versus log10 abundance of 22 samples using proteome discoverer 2.3. The RAW file was searched twice for light and heavy peptides, proteins IDs separately with TMT as dynamic modification, light (+28.031Da) and heavy (+36.076 & +35.069 Da) dimethylation at peptide N-termini as static modification. A combined search with all the above modifications was run using Proteome Discover 2.3 to obtain the Log 10 Abundance of peptide intensities across all the channels. 



Minor Concerns:
1. IAA is a more common acronym for iodoacetamide, instead of IAM
We wish to thank the reviewer for the comment, we wish to inform the reviewer that the study utilizes iodoacetamide (IAM) and iodoacetic acid (IAA) was not used. 
2. Page8, line 127, 0.5 uL should be 500 uL
As per the reviewer’s suggestions the typo graphical error has been changed in the revised manuscript.  
3. Page9, Line 144. Sampel reduction should be "Sample reduction, alkylation, and digestion
As per the reviewer’s comments, the heading has been revised in the manuscript.
4. Page10, Line 160. What's the concentration of DTT used in the study?
As per the reviewer’s comments, the concentration of DTT has been added. 
5. Page12, before labeling, why no peptide BCA is incorporated in the workflow? Protein BCA cannot completely inform the peptide concentration
As per the reviewers comment we have added the following in the protocol for clarification in page 9 line 335-338
Note: The peptide concentration can be confirmed at this stage if desired. The peptides would need to be reconstituted in LC-MS grade water and subject to a BCA peptide assay. In this study, the peptide BCA assay was not performed and all peptide amounts were based on initial protein BCA assay. 
6. Page 14, what's the protein/TMT ratio used in isobaric labeling steps?
The peptide to TMT ratio was 1:8 based on the initial BCA assay. As per the reviewer’s suggestions a note has been added to the protocol at page 9, line 313.
Note: The TMT: peptide ratio was maintained at 1:8 for this experiment.  
7. Page 16, Line 290, 1 uL sample is injected. What's the peptide concentration and what's the total amount on column?
The final sample concentration was 1µg/µL, and this concentration is based on the assumption from the initial BCA assay and the volumes used to pool after TMT tagging. As per the reviewers comments the information is added in page 9, line 332-334.
1)	Reconstitute the peptides in MS grade water with 0.1% FA to obtain ~1 µg/µL concentration. Filter samples with micro-centrifuge tubes containing a 0.65 µm filter. Centrifuge peptides at 12,000 g for 3 min and place the flow through into an auto-sampler vial.  

[bookmark: _GoBack]


image6.tiff
N .
R N

.

_

. I

RV U R
1 . 1 .
. . .
N . . ", .
S vesen [ U
e g

PSS ol S e

. 'l_ R e

[ Ly
\ POOLED - /
. I
. . ‘
e
.
I 441
. -
. .
729 N
B
. s E
I
I Bin - , I I | D
. . . . 1000 . . . . . . .
. .
lSPS—lO lSPS—iO
. .
. I
. . - e

. .




image1.jpeg
VANDERBILT UNIVERSITY
COLLEGE OF ARTS AND SCIENCE  Department of Chemistry

VU Station B #351822 www.vanderbilt.edu/chemistry
2301 Vanderbilt Place tel 615.322.2861
Nashville, Tennessee 37235-1822 fax 615.343.1234




image2.png




image3.tif
—— o
o -
— -
——
——— o
] .
—— -
—— .
— »e
— o
—— .
“ —— -
——— -
- —— overs
. —— -
- ——— -
——— —
. —— oo s
- — e
- —— -
. —— —
" —— -

6

aauepunay 0 1607

224

24

124

224

224

14

224

224

24

124

224

924

924

024

924

924

024

924

924

924

024

924

Groups




image4.png
—— o
o -
— -
——
——— o
] .
—— -
—— .
— »e
— o
—— .
“ —— -
——— -
- —— overs
. —— -
- ——— -
——— —
. —— oo s
- — e
- —— -
. —— —
" —— -

6

aauepunay 0 1607

224

24

124

224

224

14

224

224

24

124

224

924

924

024

924

924

024

924

924

924

024

924

Groups




image5.png
)
%
LY
———< 4,
L6
% o
2
I Y%
=) =3 o =} [=} (=] p)
© ® © ¥ « %

(%)AD uonelseA o JuaidyE0)




