
Peptide Sequence Description Gene Xcorr ΔCn ppm
Top 10 abundant peptides
R.SEETKQNEAFSLTAK.G ISOFORM LONG OF 

COMPLEMENT C3 (FRAGMENT).
C3 5.01 0.40 -0.12

R.SEETKQNEAFSLTAKGKGR.G ISOFORM LONG OF 
COMPLEMENT C3 (FRAGMENT).

C3 5.80 0.41 -0.06

R.SAGTSLVNFFSSLM*NLEEKPA
PAA.K

APOLIPOPROTEIN A-II. Apoa2 6.23 0.49 -1.38

R.SEETKQNEAFSLTAKGK.G ISOFORM LONG OF 
COMPLEMENT C3 (FRAGMENT).

C3 5.86 0.34 0.50

A.GTSLVNFFSSLM*NLEEKPAPA
A.K

APOLIPOPROTEIN A-II. Apoa2 5.95 0.43 -1.06

T.TDTEDKGEFLSEGGGVR.G FIBRINOGEN, ALPHA 
POLYPEPTIDE ISOFORM 2.

Fga 5.09 0.44 0.88

R.RKEEPPSLRPAPPPISGGGYR.
A

FIBRINOGEN BETA CHAIN. Fgb 4.72 0.42 0.27

R.SAGTSLVNFFSSLMNLEEKPA
PAA.K

APOLIPOPROTEIN A-II. Apoa2 5.85 0.45 -0.99

A.GTSLVNFFSSLMNLEEKPAPA
A.K

APOLIPOPROTEIN A-II. Apoa2 5.97 0.43 -1.06

K.DGGSRGDSPGDSR.G FIBRINOGEN, ALPHA 
POLYPEPTIDE ISOFORM 2.

Fga 3.69 0.24 -1.13

P.SKPDNPGEDAPAEDMA.R NEUROPEPTIDE Y. Npy 3.11 0.37 -0.44
Y.PSKPDNPGEDAPAEDMA.R NEUROPEPTIDE Y. Npy 4.23 0.39 -0.36
K.GKYVVFFFYPLDFTFVCPTEIIA
FSDR.A

PEROXIREDOXIN-1. Prdx1 6.57 0.46 -2.20

R.ILGWGVENGVPYWLAANSWN
LDWGDNGFFK.I

CATHEPSIN B. Ctsb 4.75 0.35 -1.79

K.DTTEKELLDSYIDGR.I PROTHROMBIN (FRAGMENT). F2 3.49 0.25 0.34
R.NAEENSAIQKVAKDIAYLGITD
VR.V

MANNOSE-BINDING PROTEIN 
C.

Mbl2 3.52 0.08 -1.29

K.SLKDTTEKELLDSYIDGR.I PROTHROMBIN (FRAGMENT). F2 3.72 0.18 1.44
K.NTLPTKETIEQE.K THYMOSIN BETA-10. Tmsb10 3.02 0.18 0.67
K.IFYYIDSLSYTVDAFDYDLQTG
QISNR.R

REGUCALCIN. Rgn 3.83 0.23 -1.37

R.GVDLDQLLDMSYEQLMQLYS
AR.Q

40S RIBOSOMAL PROTEIN S15. Rps15 3.38 0.20 -2.73
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• IgY7 and SuperMix columns were applied 
online to separate mouse plasma proteins, 
which provided a nearly 2-fold 
improvement in the overall proteome 
coverage, as well as more than 2-fold 
increase in the coverage of cytokines, 
growth factors, and other low abundance 
proteins compared to single column 
depletion using IgY7. 

• Mouse plasma was filtered by 10 kDa 
MWCO to collect the low molecular weight 
fraction, and analyzed by high resolution 
LC-MS/MS to identify plasma peptidome

• The IgY7-SuperMix and MWCO systems 
were combined to achieve deeper profiling 
of growth factors.

• Our initial global characterization of the 
mouse plasma proteome using SuperMix 
depletion and LC-MS/MS resulted in 
identification of ~1000 unique proteins, with 
472 proteins identified by more than two 
unique peptides.

• More than 30 known cytokines and growth 
factors and many other putative factors in 
mouse plasma, such as insulin, leptin, 
adiponectin, insulin growth factor 1, 
granulin, and prosaposin, were identified.  

• Different protocols for further enriching the 
LMW fractions are being explored and are 
anticipated to significantly expand the 
coverage of putative growth factors.  

• Currently we are integrating the IgY7-
SuperMix depletion and LMW fractionation 
methods to achieve deeper profiling of low 
abundance plasma actors.

• We anticipate this integrated methodology 
will greatly facilitate the discovery of novel 
growth factors related to different disease 
conditions.

IgY7-SuperMix depletion

Figure 4. Improved detection of low abundance pathways. 
After combining SuperMix_FT and SuperMix_B data, the 
coverage of a number of top mapped canonical pathways 
based on Ingenuity Pathways Analysis was significantly 
improved.
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Figure 5. LC-MS/MS analysis of LMW fraction without digestion.  After 10 
kDa MW cut off filtering of 50 µL original plasma, the LMW fraction was 
directly analyzed by LC-MS/MS. A combination of Xcorr, ΔCn and mass 
accuracy was used to control the identification FDR.  >900 unique peptides 
with FDR<1% at the peptide level were identified from duplicate LC-MS/MS 
analyses. ~80% of identified peptides belonged to the top 5 proteins.

• The discovery of novel circulatory growth factors 
in plasma has significant potential for advancing 
our understanding and therapeutic treatment of 
metabolic disorders such as obesity, insulin 
resistance, and diabetes.

• The relative low abundance of these factors and 
the enormous complexity of the plasma proteome 
make it challenging for proteomics identification 
and quantification. 

• In this study, we explored multiple protein 
fractionation techniques to enrich the low 
molecular weight growth factors to facilitate the 
effective detection of these proteins by LC-
MS/MS.

IgY7_FT SuperMix_FT

Description Gene IPA category Peptide 
number

spectral count

IgY7_FT SMIX_FT

Osteopontin precursor Spp1 cytokine 8 2 10

Uteroglobin precursor Scgb1a1 cytokine 2 5

Transitional endoplasmic reticulum 
ATPase

Vcp enzyme 32 56

Guanine deaminase Gda enzyme 19 52

Isoform IGF-IA of Insulin-like 
growth factor I precursor

Igf1 growth factor 2 10 16

Regenerating islet-derived 
protein 3 beta precursor

Pap growth factor 4 16

Regenerating islet-derived 
protein 3 gamma precursor Reg3g growth factor 4 7

Phosphoglycerate kinase 1 Pgk1 kinase 16 1 59

Transforming growth factor-beta-
induced protein ig-h3 precursor

Tgfbi other 24 6 60

Protein DJ-1 Park7 other 9 16

Epithelial cadherin precursor Cdh1 other 4 1 9

Isoform 1 of Alpha-synuclein Snca other 5 1 8

Neuropeptide Y precursor Npy other 3 3

C-reactive protein precursor Crp other 18 6 160

Proteasome subunit beta type-1 
precursor Psmb1 peptidase 17 1 39

Insulin-degrading enzyme Ide peptidase 7 8

Table 1. Improved detection of low abundance proteins

Detection of LMW proteins
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Table 2.  List of selected peptide identifications

Figure 6. An example MS/MS spectrum of Neuropeptide Y, a 36-amino acid 
peptide neurotransmitter associated with a number of physiologic processes in 
the brain.

Figure 2. Extensive protein fractionation. Four different 
fractions—1) IgY7 bound, 2) IgY7 FT, 3) SuperMix bound, 
and 4) SuperMix FT corresponding to high, moderate plus 
low, moderate, and low abundance fractions, respectively—
were collected from the IgY7-SuperMix system. 

Methods
Online IgY7-SuperMix separation

• Plasma proteins flowing through the IgY7 
column were used as antigens to generate 
antibodies for the SuperMix column

• The IgY7 and SuperMix columns were 
applied online to separate mouse plasma 
proteins

• 125 µL mouse plasma per injection was 
used for tandem depletion

IgY7
column

SuperMix 
column
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T
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Figure 1. Online IgY7-SuperMix 
separation for mouse plasma. 4 different 
fractions corresponding to proteins of 
different abundance can be collected from 
the IgY7-Supermix system. 

Low molecular weight (LMW) protein 
enrichment

• 50 µL mouse plasma was filtered using 10 
kDa MW cutoff, and the flow-through (FT) 
fraction was collected for direct LC-MS/MS 
analysis.

• Protein samples were separated by SDS-
PAGE and the low molecular weight 
fractions (<14 kDa) were digested by in-
gel digestion and analyzed by LC-MS/MS

LC-MS/MS analysis 
All samples were analyzed using an LTQ-
Orbitrap instrument equipped with an 
automated column LC system.

Data analysis
• SEQUEST was used to search all the 

MS/MS spectra against the mouse 
International Protein Index (IPI) database 
(version 3.35, released October 24, 2007). 

• A decoy-database was used to control the 
false discovery rate (FDR) to <1% at the 
peptide level.

Figure 3. Improved proteome coverage by IgY7-SuperMix. 
2D-LC-MS/MS analysis of IgY7_FT and SuperMix_FT 
revealed a nearly two-fold improvement in proteome 
coverage. Only proteins with ≥2 peptides are counted. 

Selected interesting peptides from low abundance proteins



<<
  /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


