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Overview

urpose: Simultaneous quantitative and qualitative analysis of TRAQ™ labeled peptides with High-energy Collisional
Dissociation (HCD) on the LTQ Orbitrap

Method: 4-plex TRAQ labeled peptides from a mixture of nine enzymatically digested standard proteins were analyzed
using nano LC-MS/MS on an LTQ Orbitrap hybrid mass spectrometer with HCD functionality

Results: The results demonstrate that HCD is a powerful tool for quantitation of iTRAQ labeled peptides. Itis highly
reproducible and yields accurate quantitative results. In addition, high resolution of TRAQ reporter ions improves.
quantitation precision by separating reporter ion signals from isobaric interferences.

Introduction

Accurate quantitation of differentially expressed proteins is a continuing challenge in proteomics research. Many
analyicel melhods have boen doveioped, nauding soveral sotope labeing techniques: IGATS, SILAG . 10, AQUA™
and ITRAQ. LC-MS/MS with linear ion trap (LIT) technology is a proven method for sensitive and robust protein
identification in bottom-up experiments. Quantitation of low mass reporter ions created during MS/MS analysis of TRAQ
Iabeled peptides can be performed on an LIT system by MS® or Pulsed-Q Dissociation (PQD) methods. It can also be
performed using High-energy Collisional Dissociation (HCD) on the LTQ Orbitrap. HCD is accomplished by raising the
voltage offset between the LIT and the C-trap of the Orbitrap. As a result, ions accelerate as they leave the LIT and are
fragmented using nitrogen collision gas in the C-trap. The resulting primary and secondary fragments are then
measured in the Orbitrap mass analyzer. This fragmentation technique produces rich “riple quad" like fragmentation
pottoms ncig ragmertsn the ko v renge. lgh mass sccurscyof e peptide fegmerts and High esolut of
the ITRAQ reporter ions are for d quantitation in complex protein
digests.

Methods

Samples:

Four separate 9 protein mixture digests wih protein concentrations ranging from 4 to 600 fmol were labeled with the four
ITRAQ mass tags of 114, 115, 116 and 117 (ratio of 1:1.3:1.3:1) individually.

The labeled samples were then combined and cleaned with RP C18 trap column, followed by an LC/MS? analysis on
LTQ Orbitrap with HCD functionaliy.

Loms:
HPLC System: Surveyor™ MS Pump with a flow spliter
umns: ‘Agilent® ZORBAX® 30088 C18 trap column (0.3mm x Smm)
PIcoFit® BioBasic™ C18 column (75um ID x 15y tip x 10cm)
ool s A: Waler, 0.1% formic acid; B: Acetonitie, 0. 1% formic acid
90 minutes.
Fow e
Mass Spectrometer:
Spray Voltage:
Capilary Temp:
Capillary Voltage:
Tube Lens:

2 pscans, 750 ms max on time
300-1200 miz

s ‘Top Three Data Dependent™ acquisition
Dynamic Exclusion: Repeat count 2, Duration 30sec, Exclusion duration 90sec.
HCD Parameters: Collsion Energy=55%, Activation q of 0.13
Data Processing:
BioWorks™ 3.3 with SEQUEST®
Basis for peptide ID based on Protein probabilty 1e-003, Peptide probability 16-002
Quantiation based on ITRAQ reporter ions was accomplished by PepQuan software within BioWorks 3.3, only data points that
fell within 2 standard deviations from the average ratio for each protein were considered

Results

Figure 1 shows the HCD-based experimental workflow.
After optimization of experimental conditions, 55% of
collisional energy was used. An MS" target of 5E5 with
2 microscans was used for improved MS/MS.
sensitivity and spectral quality. Six repeated runs WSS 23, 50me
were conducted to evaluate the method reproducibilty.

FIGURE 1. HCD method setup workflow
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processing. Protein identification was conducted first

taking into account iTRAQ modifications ( K and N-

terminus: +144.10206). Nine proteins were identiied

with a minimum probability of 1e-3 and with at least

two peptides identified. The protein ratios were

calculated by PepQuan (BioWorks 3.3)

FIGURE 2. Base peak chromatograms of six repeat runs of protein mixture analysis
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FIGURE 4. HCD Spectrum of 2+ peptide DIDSPDLPK* and the iTRAQ reporter ion quantitation

ratio from BioWorks 3.3

D]DSPDLPK*
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Figure 4 shows that for this 2+ peplide from BSA, HCD generated a high quality MS/MS spectrum (2ppm mass
accuracy) that matched all the b and y fragments except b,.  Also the high resolution of ITRAQ reporters improves
quantitation precision by separating reporter ion signals from isobaric interferences. Figure 5 is an example. The
isobaric interference for this partcular peptide could be up to 14%. Table 1 is the summary of protein mixture
quantitation reproducibilty studies. The analyzed protein’s amount ranged from 10 fmol to pmol. The protein ID results
were fitered with protein probabilty of 1e-003 and peptide probabilty of 16-002. The individual ratios of identified
peplides were calculated from the signature ion peak areas by BioWorks 3.3 (PepQuan). The average of the identified
peplides ratio would then yield the *expressed” ratios for each individual protein, with averages for six runs reported in
the tabl. Eight proteins out of nine were identified and quantiied in al sx runs. The protein with lowest amount (<10
o), a-lactaburin, was identiied/quantified from three runs. The ITRAQ reporter ion's ratio was calculated using 114
amount g5  efrence. The tsuls showed it o six rleins he GVs or TRAQ rparars s less than 5%, Two
proteins had CVs <10%. Relatively high CV for actalbumin (16%) is elated to its low concentration in the samy

e, Tale .5 8 summary of secutacy sk o proten Quaiaton Al e pretont anowed prolon quantiaton
accuracy in the range of 1% to 15%.

Table 2. Accuracy of protein quantitation

1147114 | 15/114 | Ratio® | %Eror | 116/114 | Ratio* | %Error | 117/114 | Ratio | %Error
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Gap. 1567

Figure 3 shows an example of Bovine Cytochrome C processed by BioWorks 3.3. The protein was identified with 7
peptides (RMS>5 ppm). The ratio of the reporter ions was calculated by the software from each HCD spectrum. The
protein quantitation was achieved by taking the average of each peptide's iTRAQ reporter ions ratios (fitered with 2X
standard deviation). The standard deviation ranged from 0.14 0 0.23 and CVs ranged from 10% to 16%. Figure 4 is an
example of an HCD MS/MS spectrum and the ITRAQ reporter ion ratios, calculated by BioWorks 3.3.

FIGURE 3. Protein identification and iTRAQ reporter ions quantification using BioWorks 3.3
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Conclusions

» HCD can successfully generate high quality MSIMS spectra which contain iTRAQ reporter ions. This allows MS/MS
spectra of ITRAQ labeled peptides be used for simultaneous protein identification and quantitation.
BioWorks 3.3 utilizes the reporter on intensities of the MS/MS spectra for calculating peptide and average protein
differential expression ratios. The output also contains statistical analysis of each quantified peptide for each specific
reporter ion; this can be used as an appropriate filter to increase the accuracy of protein quantitation.
‘The reproducibility study showed the relative variabilty (measure of precision) of ITRAQ ratios were below 20% and
the accuracy was well within 15%

‘The high resolution of iTRAQ reporters improves quantitation precision by separating reporter on signals from
isobaric interferences.
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