
Overview
Purpose: To overcome low mass limits on ion traps, a new activation method has 
been developed, called pulsed-Q dissociation, PQD.

Methods: Peptides from a protein digest were analyzed using NanoLC-MS/MS 
using conventional CID as well as the new technique, PQD.

Results: Low mass ions, such as y1 and b1, were observed within the MS/MS 
spectrum of many precursor ions. Low mass and isobaric labels were also used 
for relative quantification in the MS/MS mode.

Introduction
Protein identification with ion trap mass spectrometers relies on the detection of 
sequence ions in the MS/MS fragmentation spectra. The b- and y- ion series provide 
complementary information based on fragmentation of the peptide backbone in opposite 
directions. Traditionally, ion traps miss the y1 and b1 fragment ions because of the low 
mass cut-off. Isobaric tags used for peptide quantification are also often absent in the 
MS/MS spectrum because they have an m/z range from 114 to 117 and typically derive 
from precursor ions with an m/z greater than 400.
A newly developed dissociation technique, called pulsed-Q dissociation (PQD), provides 
a solution to the low mass cut-off issue with ion traps. By varying the Q values during 
fragmentation, PQD allows good precursor fragmentation for the detection of all low 
mass ions without the low mass cut-off limitation. PQD has been effective at detecting y1
and b1 ions, as well as reporter ions for peptides labeled with isobaric tags.
Protein identification with the PQD method will be demonstrated with digests of simple 
protein mixtures and digests of complex cell lysates. Detecting y1 and b1 sequence ions 
improves the confidence of matching an MS/MS spectrum to a peptide sequence in the 
database. The ability of the PQD method to efficiently fragment and detect the isobaric 
tags will be demonstrated with protein digests of simple mixtures. The resulting ratio of 
labels will be compared to the theoretical ratios to determine the overall variance in the 
method.

Methods
LC/MS
HPLC System: Surveyor™ MS Pump plus MicroAS autosampler
Columns: Agilent® C18 trap column

PicoFrit® 75 µm x 15 µm tip x 10 cm C18 column
Gradient: 0-50% B, 90 min. (A: 0.1%FA H2O, B: 0.1%FA ACN)

Nanoflow-ESI, with post-split flow rate of 200nL/min
Sample Load: 5 µl (100fmol/ µl) injection using Surveyor MicroAS
Mass Spectrometer: Finnigan™ LTQ™ linear ion trap using Data Dependent MS/MS on 

top 4 ions with PQD or CID.
Spray voltage: 2.0kV
Capillary temp: 160°C
Capillary Voltage: 46.0V
Tube Lens (V): 160V
MSn Target:  4x104, 2µscans, 200ms 
Scan types: Full MS:  400-1200 m/z
Collision Energy: 45%
Dynamic exclusion: Off

Sample Preparation:  Bovine Serum Albumin, BSA, was enzymatically digested and re-
constituted to 1pmol/µl with water containing 0.1% formic acid. Four identical mixtures 
containing 50 pmol of each of digested protein were prepared and dried, and re-
constituted with 30 µl dissolution buffer provided by the iTRAQ™ kit.  The four tubes 
were labeled individually with all four iTRAQ reagents: 114, 115, 116 and 117, 
respectively. The contents of each iTRAQ-labeled tube were combined and purified on a 
cation exchange cartridge. The resulting mixture was eluted from the exchange 
cartridge with 500 µl elute buffer provided in the iTRAQ kit. The prepared sample 
mixture (100 fmol/µl with iTRAQ reagents labeled at 1:1:1:1 ratio) was used for LC-
MS/MS analysis.

Database Searching:
BioWorks™ 3.2 with SEQUEST®

Basis for peptide ID: Xcorr vs. Charge State filter (+1, Xcorr 1.5; +2, Xcorr 2.0; +3, 
Xcorr 2.5), two or more peptides

Results
A strong y-ion series is seen with CID in the MS/MS spectrum for the BSA peptide (Figure 1, 
top spectrum), but the y1 and y2 ions are missing. However, both these y-ions are observed 
with PQD activation in the bottom MS/MS spectrum, along with the immonium ions from 
tyrosine and isoleucine.  The CID and PQD spectra were obtained in the same run by 
alternating scans that were a fraction of a second apart. The PQD is not quite as efficient as 
CID in precursor fragmentation because some residual precursor ion is observed in the PQD, 
but not in the CID spectrum. However, the CID and PQD spectra are otherwise quite similar, 
and all the major ions observed in the CID spectrum were also present in the PQD spectrum.

The PQD technique also detects low mass tags such as the iTRAQ label. The iTRAQ label 
attaches to the N-terminal amino group of peptides and to the epsilon amino group of lysine.  It 
fragments from the peptide to produce the iTRAQ signature ion (m/z 145) in the MS/MS 
spectrum. The signature ion further fragments into iTRAQ reporter ions (114 to 117 m/z, 
depending on the tag) plus a balance group which varies with the tag to produce just one  
iTRAQ signature ion (m/z 145). The balance group makes the iTRAQ label isobaric. 

Strong y-ion and b-ion series are observed in the PQD spectrum, shown in Figure 2, for an 
iTRAQ-labeled peptide from a BSA digest. The four iTRAQ reporter ions are present at nearly 
the same intensity in this spectrum. The lysine y1 ion is seen at m/z 291 instead of m/z 147 
because the iTRAQ label attached to the epsilon amino group of lysine at the C-terminus of the 
peptide. This labeled lysine ion is often seen in CID spectra, and when followed by MS3 on the 
m/z 291 ion, the iTRAQ reporter ions can also be quantified in the MS3 scan.1

Conclusions 
The new PQD fragmentation technique generates low mass ions below 150 m/z
which are detectable and quantifiable:

• Immonium ions are detectable with PQD

• y1 and b1 ions are detectable with PQD

• iTRAQ reporter ions are detectable with PQD

• iTRAQ reporter ions are quantifiable with PQD  
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FIGURE 4. PQD scans for QNCDQFEK in bovine serum albumin digest 
derivatized with the iTRAQ reagent.
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FIGURE 3. PQD scans for QTALVELLK in bovine serum albumin digest
derivatized with the iTRAQ reagent, low mass range only.
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TABLE 1. iTRAQ-labeled peptides from BSA in a 6-protein digest.

1.180.981.159.6%3362K.SLHTLFGDELCK*.V

1.150.891.2013.3%2794R.R]PCFSALTPDETYVPK*.A

0.960.880.955.2%14923K.Y]LYEIAR.R

1.101.171.228.5%1584R.R]HPEYAVSVLLR.L

0.740.750.8914.9%1636K.H]LVDEPQNLIK*.Q

0.820.820.9610.5%2319K.C]CAADDK*EACFAVEGPK*.L

0.970.931.003.3%68952K.L]VTDLTK*.V

1.001.060.874.7%32224K.A]EFVEVTK*.L

1.100.971.025.2%4886R.L]CVLHEK*.T

0.850.820.929.1%382K.Y]ICDNQDTISSK*.L

0.810.710.8914.4%803K.V]TK*CCTESLVNR.R

0.980.770.5525.6%2507K.S]HCIAEVEK*.D

1.010.980.924.1%817K.Q]NCDQFEK*.L

0.730.690.7517.6%228K.T]CVADESHAGCEK*.S

0.930.910.9510.5%

117/114116/114115/114Albumin [Bos taurus]

iTRAQ ion ratios

Std. 
Dev.

114
Intensities

0.870.881.0710.1%101K.D]AFLGSFLYEYSR.R

0.651.000.8518.8%1090K.T]VMENFVAFVDK*.C

0.920.980.819.0%102K.L]FTFHADICTLPDTEK*.Q

0.730.971.0314.5%4410K.L]GEYGFQNALIVR.Y

0.910.830.957.6%11336K.L]VNELTEFAK*.T

1.050.960.877.7%9451K.Q]TALVELLK*.H

FIGURE 2. PQD scans for QTALVELLK in bovine serum albumin digest
derivatized with the iTRAQ reagent.
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Expanding the low range for the PQD scans of the doubly-charged precursor ion for 
QTALVELLK (scan 612) in Figure 3 reveals the iTRAQ signature ion, the four expected 
iTRAQ reporter ions and three prominent immonium ions. The immonium ions are consistent 
with the peptide sequence. 

The four iTRAQ reporter ions have roughly the same intensity, with a relative standard 
deviation of 8.7% for the raw intensities, which is comparable, if not better than previously 
reported data.2 When the 115, 116 and 117 iTRAQ reporter ions are compared to the 114 
ion, the ratios vary from 0.87 to 1.05. This is in good agreement with the theoretical ratios of 
1:1:1:1.

The MS/MS spectrum with PQD activation in Figure 4 shows a good y-ion series and clearly 
detects the iTRAQ signature ion and all four iTRAQ tags. The intensities of the iTRAQ
reporter ions are more clearly shown in the pink color insert along with absolute and relative 
intensities of the ions. The relative standard deviation of the raw intensities is surprisingly 
low, at 4.1%. The ratios relative to the 114 iTRAQ reporter ion vary from 0.92 to 1.01, which 
is in excellent agreement with the theoretical ratios.  

The results for all twenty iTRAQ-labeled peptides are shown in Table 1. The peptides here 
represent about 36% of the BSA sequence. The average relative standard deviation  for the 
raw intensities of the four iTRAQ labels from all twenty BSA peptides was 10.5%. This 
compares well with previously reported data.3

The average of the iTRAQ ratios for all the peptides from bovine serum albumin were within 
10% of the theoretical value of 1:1:1:1.  The ratios ranges from a low of 0.55 to a high of 
1.22.  However, the average ratio for each tag ranged from 0.93 to 0.95.  This demonstrates 
the value of averaging the ratios of all peptides from a given protein to determine an overall 
level for a given protein. 

FIGURE 1. Comparison of CID and PQD scans for 20fmol: YICDNQDTISSK 
(+2),  a peptide (scans 286-297) from BSA . 

100 200 300 400 500 600 700 800 900 1000 1100 1200
m/z

0
10
20
30
40
50
60
70
80
90

100

R
el

at
iv

e 
A

bu
nd

an
ce

1168.44

1007.51321.28 584.87
249.21

892.49277.06 650.41 1124.41778.41535.38434.34

100 200 300 400 500 600 700 800 900 1000 1100 1200

m/z

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0

R
el

at
iv

e 
A

bu
nd

an
ce

723.46
1168.46

585.18277.16
249.14

321.28
136.06

650.39714.34 1007.43535.36147.13
438.27 892.45778.34234.23 1125.3685.93

CID

PQD

Ile

Tyr

y1 y2

y3
a2

b2 (M+2H)++

y5
y6

y7b3 y8
y9

y10

a2

b2

y3

y4 y5
y6 y7

y8
y9

y10

y4 438.17

Immonium 
Ions

Averages



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [792.000 1224.000]
>> setpagedevice


