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METHODS

INTRODUCTION

Applications of iTRAQ quantitative proteomics Applications of iTRAQ quantitative proteomics 
technology (Ross et al., 2004) are growing in  the technology (Ross et al., 2004) are growing in  the 
literature and this methodology has facilitated our literature and this methodology has facilitated our 
research. However, applying iTRAQ technology research. However, applying iTRAQ technology 
with mass spectrometers other than those sold by with mass spectrometers other than those sold by 
the iTRAQ reagent vendor can be problematic the iTRAQ reagent vendor can be problematic 
because of a paucity of appropriate software. To because of a paucity of appropriate software. To 
overcome this problem for our research, we have overcome this problem for our research, we have 
developed a stepdeveloped a step--byby--step workflow of step workflow of 
compartmentalized programs in Perl script and in compartmentalized programs in Perl script and in 
Visual Basic for Applications (VBA) Macros. The Visual Basic for Applications (VBA) Macros. The 
purpose of this presentation is to describe our purpose of this presentation is to describe our 
programs and to make them available. programs and to make them available. 

OnOn--line LC MS/MS analyses were performed with a line LC MS/MS analyses were performed with a 
QTOF2 mass spectrometer and Cap LC system QTOF2 mass spectrometer and Cap LC system 
(Waters).  Protein identification utilized MASSLYNX (Waters).  Protein identification utilized MASSLYNX 
4.1 software (Waters), the Mascot search engine and 4.1 software (Waters), the Mascot search engine and 
the the SwissProteinSwissProtein sequence database. Merged sequence database. Merged 
database search results were exported in .database search results were exported in .csvcsv
format. Custom procedures written in Perl script and format. Custom procedures written in Perl script and 
VBA macros extracted peak intensities of the iTRAQ VBA macros extracted peak intensities of the iTRAQ 
reporter ions from each MSMS spectrum and reporter ions from each MSMS spectrum and 
attached the values to the protein identification attached the values to the protein identification 
based on query number in the Mascot search. based on query number in the Mascot search. 
Thresholds for quantitation included a minimum of Thresholds for quantitation included a minimum of 
two unique peptides per protein, minimum  iTRAQ two unique peptides per protein, minimum  iTRAQ 
tag ion intensities of 7tag ion intensities of 7--15 and peptide Mascot ion 15 and peptide Mascot ion 
scores scores ≥≥ 25. 25. 

Our script for iTRAQ quantitation is modeled Our script for iTRAQ quantitation is modeled 
after the bioinformatic strategy used in the GPS after the bioinformatic strategy used in the GPS 
Explorer program from the iTRAQ reagent vendor Explorer program from the iTRAQ reagent vendor 
(Applied (Applied BiosytemsBiosytems). After filtering away peptides ). After filtering away peptides 
that do not meet threshold criteria, a global median that do not meet threshold criteria, a global median 
peptide iTRAQ ratio was calculated from all the peptide iTRAQ ratio was calculated from all the 
remaining data. Individual peptide iTRAQ ratios were remaining data. Individual peptide iTRAQ ratios were 
normalized to the global median [normalized iTRAQ normalized to the global median [normalized iTRAQ 
ratio = unratio = un--normalized iTRAQ ratio/median], then for normalized iTRAQ ratio/median], then for 
each protein a mean ratio, standard deviation (STD) each protein a mean ratio, standard deviation (STD) 
and relative standard deviation (RSD = STD/mean x and relative standard deviation (RSD = STD/mean x 
100) was calculated. A median protein iTRAQ ratio 100) was calculated. A median protein iTRAQ ratio 
was then calculated and each data set was was then calculated and each data set was 
smoothed (resmoothed (re--normalized) to median = 1.0.  Recent normalized) to median = 1.0.  Recent 
application of our iTRAQ software programs are application of our iTRAQ software programs are 
presented on ASMSpresented on ASMS’’07 posters MP530 (Yuan et al., 07 posters MP530 (Yuan et al., 
2007) and MP531 (Gu et al., 2007). 2007) and MP531 (Gu et al., 2007). 

The software  presented here extracts iTRAQ relative protein quaThe software  presented here extracts iTRAQ relative protein quantitation data  from Waters Qntitation data  from Waters Q--TofTof MS/MS MS/MS peaklistpeaklist--based Mascot based Mascot 
search results.  search results.  VariabiityVariabiity of peptide quantitation is reported as relative standard deviatof peptide quantitation is reported as relative standard deviation.  The programs also provide a ion.  The programs also provide a 
mechanism to combine, compare and consolidate replicate data setmechanism to combine, compare and consolidate replicate data sets.  The programs can be easily modified and can serve as a s.  The programs can be easily modified and can serve as a 
template for other groups who may wish to adapt them to suit spetemplate for other groups who may wish to adapt them to suit specialized purposes. cialized purposes. 
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Figure 3. Database Search Settings using Mascot 2.1
(A) Typical Mascot Daemon settings; (B) Mascot export options for data 
(C) Mascot Command-Line for streamlined data export
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Figure 2.  QTOF2 LC MS/MS Peak ListFigure 2.  QTOF2 LC MS/MS Peak List
Our peak list generation from QTOF2 LC MS/MS Our peak list generation from QTOF2 LC MS/MS 
is done with is done with ProteinLynxProteinLynx, a component of , a component of 
MassLynxMassLynx software (Waters). Each peak software (Waters). Each peak 
identified during a identified during a QTofQTof analysis is appended to analysis is appended to 
a peak list file (example shown).  The observed a peak list file (example shown).  The observed 
m/zm/z, intensity, and charge state (shown in bold) , intensity, and charge state (shown in bold) 
is followed by multiple lines of MS/MS ions and is followed by multiple lines of MS/MS ions and 
intensity pairs. Peak lists are the input files intensity pairs. Peak lists are the input files 
searched by the Mascot Protein Identification searched by the Mascot Protein Identification 
search engine.search engine.

Our software extracts the iTRAQ reporter ion Our software extracts the iTRAQ reporter ion 
intensities from the Mascot Result file and intensities from the Mascot Result file and 
correlates it with the peptide sequence. The correlates it with the peptide sequence. The 
program scans the peak lists submitted for the program scans the peak lists submitted for the 
Mascot search and records the intensity of each Mascot search and records the intensity of each 
observed iTRAQ tag (observed iTRAQ tag (egeg, , m/zm/z 114, 115, 116, 114, 115, 116, 
117).  iTRAQ tags 116 and 117 were used for 117).  iTRAQ tags 116 and 117 were used for 
the data shown. The program allows minimum the data shown. The program allows minimum 
threshold values to be implemented for iTRAQ threshold values to be implemented for iTRAQ 
reporter ion intensity and Mascot ion score.reporter ion intensity and Mascot ion score.

Figure 4.  Example of Preliminary Results <file>.Figure 4.  Example of Preliminary Results <file>.csv.Proteins.csvcsv.Proteins.csv

Figure  7. Figure  7. 
Single Protein iTRAQ Report

iTRAQ Software Installation and Use
The following programs facilitate iTRAQ data processing from QTOThe following programs facilitate iTRAQ data processing from QTOF2 MS data. Our  F2 MS data. Our  

programs use Perl scripts and Excel Macros.  The programs and  iprograms use Perl scripts and Excel Macros.  The programs and  instructions are nstructions are 
available at available at http://http://www.lerner.ccf.org/eye/crabb/softwarewww.lerner.ccf.org/eye/crabb/software//..

InstructionsInstructions
1)1) Collect all peak list (.Collect all peak list (.pklpkl) output files (Figure 2) from QTof2 data) output files (Figure 2) from QTof2 data

2)2) Submit search through Mascot Daemon (Figure 3A)Submit search through Mascot Daemon (Figure 3A)

3)3) Export Mascot Search Results (Figure 3B,C)Export Mascot Search Results (Figure 3B,C)

4)4) Create a directory (i.e., Create a directory (i.e., c:c:\\iTRAQiTRAQ--ExtractorExtractor\\ ))

5)5) Download Perl sDownload Perl scripts cripts and Excel files to the directory, including:and Excel files to the directory, including:
1)1) C:C:\\iTRAQiTRAQ--ExtractorExtractor\\MascotqueryParse.plMascotqueryParse.pl
2)2) C:C:\\iTRAQiTRAQ--ExtractorExtractor\\ProteinCalculate.plProteinCalculate.pl
3)3) C:C:\\iTRAQiTRAQ--ExtractorExtractor\\MascotMascot--iTRAQiTRAQ--UtilUtility.xlsity.xls

6)6) Open MascotOpen Mascot--iTRAQiTRAQ--Utility.xlsUtility.xls
An Auto run Macro will begin when the file is opened. An Auto run Macro will begin when the file is opened. 
Select the Mascot Export file (.Select the Mascot Export file (.csvcsv) which you wish to process) which you wish to process
In the Next Dialog box enter the iTRAQ tag (114, 115, 116, 117) In the Next Dialog box enter the iTRAQ tag (114, 115, 116, 117) used to label used to label 

the numeratorthe numerator
Enter iTRAQ tag to label denominatorEnter iTRAQ tag to label denominator
Enter iTRAQ minimum intensity cutoffEnter iTRAQ minimum intensity cutoff
Confirm parameters are correct, if not cancel and reConfirm parameters are correct, if not cancel and re--run the file.run the file.

Clicking OK in the confirmation window will begin processing theClicking OK in the confirmation window will begin processing the results file results file 
which takes a few minutes to run the first which takes a few minutes to run the first perlperl script. preliminary result file script. preliminary result file 
<file>.<file>.csv.Proteins.csvcsv.Proteins.csv (See Figure 4) is produced(See Figure 4) is produced

After a short delay (1After a short delay (1--2 minutes) another window appears to confirm the peptide2 minutes) another window appears to confirm the peptide--
level normalization factor is appropriate.  Clicking yes proceedlevel normalization factor is appropriate.  Clicking yes proceeds to run the s to run the 
second second perlScriptperlScript ((ProteinCalculate.plProteinCalculate.pl) with the displayed normalization ) with the displayed normalization 
factor.  Clicking no will prompt the user to use a Peptidefactor.  Clicking no will prompt the user to use a Peptide--level normalization level normalization 
factor of 1 (I.e., no change). Clicking No again will abort the factor of 1 (I.e., no change). Clicking No again will abort the run.  run.  

Once the second Once the second PerlscriptPerlscript begins processing another short delay (1begins processing another short delay (1--2 minutes) 2 minutes) 
and a second intermediate file is created: and a second intermediate file is created: 
<file>.<file>.csv.SummedProteinValues.csvcsv.SummedProteinValues.csv (See Figure 5).(See Figure 5).

Control returns to the Excel Macro which opens this file and conControl returns to the Excel Macro which opens this file and continues tinues 
processing to format a concise individual sample report (Figure processing to format a concise individual sample report (Figure 6), extended 6), extended 
data is accessible to produce individual protein reports (Figuredata is accessible to produce individual protein reports (Figure 7)7)

7)7) ProteinSummaryTable.xlsProteinSummaryTable.xls is used to generate multiis used to generate multi--sample reports (Figure 8).sample reports (Figure 8).

Confirm necessary software is installed & properly configuredConfirm necessary software is installed & properly configured
Required Software: Required Software: 

Microsoft Office Microsoft Office -- Excel and Microsoft Visual Basic v6.3 Excel and Microsoft Visual Basic v6.3 
ActivePerlActivePerl-- free downloadfree download-- Windows XP installerWindows XP installer
Operating System: Windows XP. Operating System: Windows XP. 

Figure 5.  Example of Preliminary Results <file>.Figure 5.  Example of Preliminary Results <file>.csv.SummedProteinValues.csvcsv.SummedProteinValues.csv

OVERVIEW
Purpose:Purpose: The purpose of this presentation is to The purpose of this presentation is to 
describe our software programs for processing  describe our software programs for processing  
iTRAQiTRAQ data from QTOF2 LC MS/MS. data from QTOF2 LC MS/MS. 

Methods:Methods: Scripts and macros written in Perl and Scripts and macros written in Perl and 
Microsoft VBA were developed to extract Microsoft VBA were developed to extract iTRAQiTRAQ
reporter ion intensities and attached the values to reporter ion intensities and attached the values to 
the protein identification based on query number in the protein identification based on query number in 
the Mascot search. Our scripts are modeled after the Mascot search. Our scripts are modeled after 
the strategy used in the GPS Explorer program the strategy used in the GPS Explorer program 
(Applied (Applied BioSytemsBioSytems).  ).  

Results:Results: StepStep--byby--step instructions and examples step instructions and examples 
are provided for using our scripts and macros  are provided for using our scripts and macros  
available at available at 
http://http://www.lerner.ccf.org/eye/crabb/softwarewww.lerner.ccf.org/eye/crabb/software//..

RESULTS

Figure 8.  Figure 8.  Multi-Sample iTRAQ Report

Figure 1.  iTRAQ Proteomics Work FlowFigure 1.  iTRAQ Proteomics Work Flow

Waters QTOF2 ABI 4800 MALDI Tof-Tof

MassLynx 4.1 4000 Series Explorer

Mass Spectrometer

Acquisiton Software

Analysis Software ProteinLynx–peaklist generator GPS v3.6 Explorer
with iTRAQ Software

Protein Identification
Submit with Mascot Daemon

Search with Mascot v2.1
Export to .CSV format

Determine 
iTRAQ ratios

MascotMascot--iTRAQiTRAQ--Utility.xlsUtility.xls

Process .CSV Mascot Result file:
1. MascotQueryParse.pl
2. ProteinCalculate.pl
3. Finalize Formatting Styles

Collate & Organize 
Multiple Results

ProteinSummaryTable.xlsProteinSummaryTable.xls
Generate Summary Report of Multiple Experiments

Search with Mascot v2.1

Matrix Science Inc. Waters Corp Applied Biosystems In-HouseColor Guide

Figure  6.Figure  6.
Individual iTRAQ Sample Report
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