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Overview

< Phosphopeptide enrichment by Fe(lll) immobilized metal affinity
chromatography (IMAC)

< Small inner diameter (20 um i.d., 40 cm length) monolithic
columns provide more sensitive and reliable label-free relative
quantitation results with LC-FTICR analyses

< Pipeline for discovering statistically changing features in label-
free LC-MS experiments using improved alignment and clustering
algorithms

< Targeted LC-MS/MS experiments to obtain sequence information
for “interesting” features

+ Data-directed analysis to compare changes in protein
phosphorylation in Hela cells treated with and without 10 nM
calyculin (a potent inhibitor of PP1, PP2A and other members of
this family)

< Peak matching between targeted LC-MS/MS experiments and
LC-MS feature list to identify peptides having significant abundance
changes

Introduction

Post-translational modifications play key roles in protein function, activity,
localization and interactions. Members of the phosphoprotein phosphatase (PPP)
structural family of Ser/Thr protein phosphatases, which includes PP1, PP2A and
calcineurin, control the phosphorylation state and cellular function of a wide
variety of proteins. PP1 and PP2A are essential proteins, and malfunctions of
PPP enzymes have been implicated in numerous disease states. In spite of this,
our knowledge of substrates and pathways regulated by these enzymes has
lagged behind that of protein Ser/Thr kinases. One promising step to reveal this
information would be to generate both qualitative and quantitative
phosphoproteomics comparisons for cells treated with or without phosphatase
inhibitors. This data could then be used to interrogate the mechanisms
underlying phosphatase-associated events. Toward this end, we present here a
label-free technology for comparative phosphoproteomics study, based on
inhibition of the PPP structural family of Ser/Thr protein phosphatases as a
model system.

Previous phosphoproteomics studies have provided a large number of protein
phosphorylation sites under static conditions. However, to investigate regulated
phosphorylation under different cellular conditions, both qualitative and
quantitative phosphoproteomics have to be used. At present, quantitative
phosphoproteomics has only been performed in a few cases and with different
stable isotopic labeling approaches using 3D or '3C'2. However, this kind of
study can often increase sample complexity due to incomplete labeling and
frequently makes phosphopeptide sequencing even more challenging. In
addition, due to the isotopic effects, the light-/heavy-labeled peptide pairs do not
always co-elute during LC separation, making a quantitative comparison
between control and treated samples less reliable than expected.

Label-free approaches for quantitative proteomics have been hindered due to
several concerns including non-linear responses and strongly biased detection of
co-eluting species due to ionization suppression effects, especially in the
circumstance of complex biological matrixes. Based on our recently developed
capabilities for improved quantitation® and data alignment algorithms*, we have
developed a label-free relative quantitation technology using data-directed
analysis for phosphopeptide identification and applied this technology to the
comparison of changes in protein phosphorylation in Hela cells treated with or
without 10 nM calyculin, a potent inhibitor of PP1, PP2A and other members of
this family. Our technology mainly focuses on the analysis of phosphopeptides
that show statistically significant changes and facilitates the very time-consuming
process for phosphopeptide sequencing. In addition, both qualitative and
quantitative phosphorylation changes, which are equally important to understand
the dynamic operation of signaling cascades, can be revealed from this type of
analysis.

2 Department of Biochemistry and Purdue Cancer Center, Purdue University, West Lafayette, IN
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Fig. 1. Targeted pipeline. LC-MS experiments were performed on the control and the
IMAC enriched samples. Features in the samples are deconvoluted to monoisotopic
mass and time centers. Using MSWARP, we aligned all analyses to a reference sample
and performed clustering on mass and time dimensions to group common features and
create a master list of MS features clustered together. Statistical filters (e.g., t-test)
were applied to consolidated lists to generate a target list, which were then acquired by
re-analyzing samples in targeted LC-MS/MS analysis mode. LC-MS/MS experiments
were analyzed by SEQUEST and MASIC, normalized for retention time differences and
combined into a mass and time tag database. Peak matching between LC-MS feature
list and the mass and time tag database was used to provide identification for
differentially expressed peptides.
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Fig. 2. Alignment and clustering of LC-MS analyses. (a) Heatmap showing similarity
scores and alignment functions between four LC-MS analyses of treated samples
compared to one baseline treated sample. Obviously, there is a need for elution time
alignment between experiments. (b) An example of a zoomed in mass and retention
time region, before alignment, after alignment and after clustering.
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Fig. 3. Heatmap of the expression patterns from treated
and control samples; the color is proportional to the
intensity of the observation of that cluster in an
experiment (e.g., black indicates low intensity peptides;
red, greater intensity, etc.).

Here, the features are sorted by decreasing value of
probability for over abundance in treated samples. As
can be seen, the higher scoring peptides show greater
abundance in the treated samples while the lower

scoring peptides show higher abundance in the control

samples. Higher scoring features were exported to the

target list used in subsequent LC-MS/MS experiments.

Table 1. Examples of phosphopeptides that have shown statistically significant changes in phosphatase inhibitor treated samples

Protein Name Phosphopeptide Max. Xcorr Control (C) Treated (T)  T/C Ratio T-test value
(observed in #of replicates)

Vimentin2 DGQVINETS*QHHDDLE 2.72 4/4 5/5 9.55 8.00E-06

Heterogeneous Nuclear?

Ribonucleoprotein K (hnRNP-K) RDYDDMS*PR 2.71 4/4 5/5 33.48 3.85E-03
Elongation Factor 22 AGETRFT*DTR 2.69 4/4 5/5 14.52 2.53E-04
CDK1a IEKIGEGT*Y*GVVYKGR 3.56 4/4 5/5 0.335 1.61E-03
Kinesin Light Chain 11 ASS*LNVLNVGGK 2.68 4/4 5/5 10.20 1.50E-03
Transcription Factor JunB SRDAT*PPVS*PINMEDQER 3.53 4/4 5/5 2.74 1.60E-02
Rho Guanine Nucleotide

Exchange Factor 10 SDLSSSS*GSLS*LSHGSSSLEHR 297 4/4 5/5 0.60 1.26E-02
Ran Guanine Nucleotide

Exchange Factor(RCC1) RRS*PPADAIPK 274 4/4 5/5 8.46 3.27E-05
Phosphatidylinositol 4-kinase VAAAAGSGPS*PPGS*PGHDRER 3.12 4/4 5/5 1.68 6.59E-03

Type Il
NuMa1 Protein KRVS*LEPHQGPGT*PESK 3.04 4/4 5/5 1.67 7.43E-04
Catenin Delta 1 HYEDGYPGGSDNYGSLS*R 3.68 0/4 5/5 1090.74b
Kinase Suppressor Of RAS-1 SKS*HESQLGNR 2.61 0/4 5/5 201.60°

a proteins known to be regulated by PPP family.

b Using the minimum abundance for the identified phosphopeptides in control to calculate the T/C ratio.

Conclusions

« Label-free comparative phosphoproteomics study using
targeted analyses effectively revealed both qualitative
(new) and quantitative (up- or down-regulated)
phosphorylation changes induced by phosphatase
inhibition. More than 110 phosphopeptides showed
statistically significant changes with the treatment and over
20 phosphopeptides were uniquely identified in the treated
sample.

« Improved quantitation results were obtained by using a
20 pm i.d. monolithic column with high separation
capability (40 cm long) operated at ~20 nL/min.

< Successful quantitative detection of changing features
in label-free experiments was accomplished using
improved alignment and clustering algorithms.

« The AMT tag approach was extended and improved by
employing peak matching between targeted LC-MS/MS
experiments and LC-MS feature lists to identify peptides
that had changed in abundance.

« Data-directed analysis provides an improved focus on
peptides showing statistically significant changes and
reduces the time required for manual examination of
phosphopeptide spectra. Moreover, data-directed MS3
experiments can be more effectively implemented.

< Many of the phosphopeptides identified in this study
contain novel phosphorylation sites and represent proteins
not previously known to be regulated by PPP family
phosphatases. This provides new information about
phosphorylation sites in these proteins and how their
phosphorylation status is regulated in a direct or indirect
manner by PPP enzymes.

Acknowledgements

This research was supported by the NIH National Center for
Research Resources (RR18522) and NIH grant NS031221 (to SR).
Experimental portions of this research were performed in the
Environmental Molecular Sciences Laboratory, a U.S. Department of
Energy (DOE) national scientific user facility located at the Pacific
Northwest National Laboratory (PNNL) in Richland, Washington and
the Department of Biochemistry, Purdue University, W. Lafayette IN.
PNNL is a multiprogram national laboratory operated by Battelle for
the DOE under Contract No. DE-AC05-76RLO 1830.

References

. Stover, D. R. et. al. 2004, Clin. Proteomics 1, 069-080

. Gruhler, A. et. al. 2005, Mol. Cell. Proteomics 4, 310 — 327

. Luo, QZ et. al. 2008, J. Proteome Res. April 1, ASAP Article
DOI: 10.1021/pr050424y.

. Jaitly, N. et. al. 2006, accepted by Anal. Chem.

WN =

IS

Contact Information

Feng Yang, Ph. D.

Biological Sciences Division, K8-98
Pacific Northwest National Laboratory
P.O. Box 999, Richland, WA 99352
e-mail: feng.yang@pnl.gov
Phone:509-376-4140





<<
  /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


