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Overview

» To address the need of stable isotope
labeled internal standards for accurate
quantification, we introduce the use of an
180-labeled reference as comprehensive
internal standards for accurate SRM-MS-
based quantification instead of using labeled
synthetic peptides.

180-labeling efficiency for most peptides is
sufficiently high to provide a residue of
160Q/180 ratio of <1%.

A linear dynamic range of quantification ~104
in relative concentration was obtained for
most of the peptides being monitored based
on the observed peak area ratios ('60/180)
versus concentration ratios for each peptide.

160/180 based quantification also provided
significantly better reproducibility in terms of
the coefficient of variances among the
triplicate analyses compared to label-free
quantification.

Introduction

« Selected reaction monitoring (SRM)-MS coupled with
stable isotope dilution is becoming a powerful tool for
targeted quantitative proteomics, e.g., biomarker
verification.

« Selective and sensitive detection of specific peptides
are achieved by selecting a specific parent ion and
monitoring specific fragment ions (See Fig.1).
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« To achieve accurate quantification, isotope labeled
synthetic peptides are often used as internal
standards, which limits the feasibility to monitor a
large number of candidates due to expense.

« The '80-labeled “universal” reference will serve as
ideal internal standards for quantitative monitoring for
any candidates of interest.
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Fig. 1 SRM quantification strategy using '®O-labeled “universal” reference.’
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Fig. 2 Flow chart for preparing the non-depleted mouse plasma samples
with 6 spiked standard protein digests for calibration curve.

K Bovine carbonic anhydrase, beta-lactoglobulin, cytochrome c, chicken \
ovalbumin, equine skeletal muscle myoglobin and E.coli beta-
galactosidase were used as 6 standard proteins.

C-reactive protein (CRP) and prostate specific antigen (PSA) were

spiked in human female plasma (non-depleted) for absolute

quantification using standard addition.

180 labeling was performed with the recently published protocol to
completely prevent 80 back-exchange.?

LC: Agilent 1100; 75 pm x 25 cm column (3 ym; C18); 60-min gradient;
400 nL/min.

MS: Thermo Scientific TSQ vantage.

SRM: 10 ms dwell time; 0.002 Da scan width; unit resolution in Q1 and
Q3 (0.7 FWHM).

K Pinpoint software (Thermo Fisher Scientific) was used for data analysisj

Results

180 labeling efficiency

469.28 537.63
100 z=2 100 2=3
£
EBD §BD
.E o
260 Eeo
o -g
< <
2 a0 240
b k|
& 20 & 20
0 T T [ e e e ey ]
468 miz 470 536 miz 538

Fig. 3 LC-LTQ-Orbitrap MS analysis of 180 labeled peptides.
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Fig. 4 LC-TSQ-SRM chromatogram showing 'O residual (top)
and '80 labeled (bottom) transitions of VDEDQPFPAVPK(3+)
peptide after 80 labeling.

Table 1. Percentage of 0 residual (unlabeled) peptide in an
180-labeled reference samples determined by SRM mode

% of 0 % CV

Protein Sequence residual (triplicate

peptides* analyses)
Carbonic anhydrase DGPLTGTYR 0.35 10.7
Carbonic anhydrase DFPIANGER 0.50 27.8
Carbonic anhydrase EPISVSSQQMLK 0.73 335
Carbonic anhydrase AVVQDPALKPLALVYGEATSR 0.15 10.1
B-Lactoglobulin LIVTQTMK 0.29 35.8
B-Lactoglobulin VLVLDTDYKK 0.06 4.2
B-Lactoglobulin TPEVDDEALEK 227 13.2
B-Lactoglobulin VYVEELKPTPEGDLEILLQK 0.20 13.0
Cytochrome ¢ EDLIAYLK 0.09 37.7
Cytochrome ¢ TGPNLHGLFGR 0.93 17.6
Myoglobin LFTGHPETLEK 0.57 14.0
Myoglobin VEADIAGHGQEVLIR 0.48 3.0
Ovalbumin AFKDEDTQAMPFR 0.05 216
Ovalbumin GGLEPINFQTAADQAR 0.25 345
B-Galactosidase VDEDQPFPAVPK 0.35 328
B- il I YR 0.11 6.9

* An average of ~0.5% 60/180 ratio indicates the high percentage of heavy
label incorporation, a necessity for accurate quantification.
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Fig. 5 Effect of Q1 window width on y type ions. 180 /80 y
ion pair without interference under wide Q1 window.

Linear dynamic range of
180 labeled reference-based

quantification
100
° DGPLTGTYR (2+)
g0
3 /
g 1 )
©
S o / 404/406
5 / = 496/500
£ 001
‘ 597/601
0.001
0.01 0.1 1 10 100
100
LFTGHPETLEK(3+
% 10 (3+) /
3 1
3 506/508
9 o1
g = 579/581
® o.01
r 7161720
0.001
0.01 0.1 1 10 100
100
o VDEDQPFPAVPK(3+)
g
s
&
g 01 441948
® 001 1511/515
( 755/759
0.001
0.01 0.1 1 10 100

Concentration ratio (160/180)

Fig. 6 Calibration curve showing linear dynamic range of
quantification ~10% in relative concentration.

Reproducibility
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Fig. 7 Comparison of reproducibility (% CV in table) between
160/'80 pair and label free ('°0/'®0,,,) approach.

Absolute quantification by
standard addition
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Fig. 8 Standard addition calibration curve for absolute
quantification of endogenous CRP and spiked PSA in non-
depleted human female plasma.
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Fig. 9 XIC of 80/'80 transition pair for endogenous CRP (left)
and spiked PSA (right) at 500 ng/mL in non-depleted human
female plasma.

Table 2. SRM Quantification results of endogenous CRP and
spiked PSA (500 ng/mL) in non-depleted human female
plasma by standard addition method.

(354.71— 490.30) / (356.71—494.31)
.CRP. (ng/mL)‘ concentration ‘ cv
790 ng/mL | 4.1%
PSA (ng/mL) (379'25_“58,'31) / (381.25—464.32)
(spiked) concentration ‘ cv
P 800 ng/mL \ 0.8%
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Conclusions

 The utility of 180O-labeled “universal”
reference as internal standards for targeted
quantitative proteomics has been
successfully demonstrated

— A linear dynamic range of quantification
~ 104 in relative concentration

— Better reproducibility than label-free
approach

— Sufficient effectiveness for monitoring
160 and 80 y-fragments at unit or even
higher resolution

» Endogenous concentration of CRP and
spiked PSA in human plasma successfully
determined by “standard protein
addition/'80-labeled reference”

Acknowledgements

Portions of this work were supported by the NIH Director's New
Innovator Award Program 1-DP20D006668-01 (to W.J.Q.) and NIH
National Center for Research Resources RR18522 (to R.D.S.)
Experiment work was performed in the Environmental Molecular
Science Laboratory, a DOE/BER national scientific user facility at
Pacific Northwest National Laboratory (PNNL) in Richland,
Washington. PNNL is operated for the DOE by Battelle under contract
DE-AC05-76RLO-1830.

References

1.Qian W-J, et al. Large-Scale Multiplexed Quantitative Discovery
Proteomics Enabled by the Use of an '80-Labeled "Universal"
Reference Sample. J Proteome Res 8:290-299 (2009).

2. Petritis BO et al. A Simple Procedure for Effective Quenching of
Trypsin Activity and Prevention of 80-Labeling Back-Exchange. J
Proteome Res 8:2157-2163 (2009).

CONTACT: Jong-Seo Kim, Ph.D.
Biological Sciences Division, K8-98
Pacific Northwest National Laboratory
P.O. Box 999, Richland, WA 99352
E-mail: jongseo.kim@pnl.gov





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


