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22 Proteins Comprise 99% Of The Protein Mass In Serum22 Proteins Comprise 99% Of The Protein Mass In Serum

Anderson, N.L., Anderson, N.G. (2002 ) The human plasma proteome: history, character and diagnostic prospects. 

Mol. Cell. Proteomics. 1, 845-867.  www.plasmaproteome.org



•• Global human serum proteome surveyGlobal human serum proteome survey

Can we account for the presence of disease and cellular Can we account for the presence of disease and cellular 
processprocess--related proteins in serum?related proteins in serum?

•• Low molecular weight protein/peptide proteomeLow molecular weight protein/peptide proteome

Can we deplete the high molecular weight fraction for more Can we deplete the high molecular weight fraction for more 
effective interrogation of the source of the diagnostic effective interrogation of the source of the diagnostic 
information?information?

•• Investigation of bound peptides to high abundant serum proteinInvestigation of bound peptides to high abundant serum proteinss

Is there histopathological content bound to the highly abundant Is there histopathological content bound to the highly abundant 
carrier proteins, such as albumin?carrier proteins, such as albumin?

Human Serum Proteomic InvestigationsHuman Serum Proteomic Investigations
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Global Human Serum Proteomic Analysis StrategyGlobal Human Serum Proteomic Analysis Strategy

200 µL Serum
Digest Proteins 

with Trypsin
…KHIYTPLINHGFRITG…

…K + HIYTPLINHGFR + ITG…

Peptide Isoelectric 
Focusing

20 Fractions

Strong Cation 
Exchange HPLC

140 Fractions
Reversed-phase microcapillary liquid chromatography

online with tandem mass spectrometry



IEFIEF IEF/SCXIEF/SCX
1143 Proteins

2071 Unique Peptides473 Proteins
957 Unique Peptides

1444 Unique Proteins
2646 Unique Peptides

Total Proteins and Peptides Identified

Analysis of the Human Serum Proteome
King C. Chan, David A. Lucas, Denise Hise, Carl F. Schaefer, Zhen Xiao, George M. Janini, Kenneth H. Buetow, 

Haleem J. Issaq, Timothy D. Veenstra and Thomas P. Conrads Clinical Proteomics (2004) 1, 1-225.

Analysis Of The Global Human Serum ProteomeAnalysis Of The Global Human Serum Proteome
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High Molecular Weight Protein Depletion Using High Molecular Weight Protein Depletion Using UltrafiltrationUltrafiltration

30 30 kDakDa
MWCO FilterMWCO Filter

Dilute raw serum 1:5 in Dilute raw serum 1:5 in 
25 mM NH25 mM NH44HCOHCO33, pH 8.2 / 20% , pH 8.2 / 20% 

acetonitrileacetonitrile

CentrifugeCentrifuge

MM Raw SerumRaw Serum

HSAHSA

LMWLMW



LMWLMW
340 Proteins

808 unique peptides

Analysis Of The LMW Human Serum ProteomeAnalysis Of The LMW Human Serum Proteome

Characterization of the Low Molecular Weight Human Serum Proteome
Radhakrishna S. Tirumalai, King C. Chan, DaRue A. Prieto, Haleem J. Issaq, 

Thomas P. Conrads and Timothy D. Veenstra Molecular and Cellular Proteomics (2003) 2.10, 1096-1103.

High molecular weight proteins were identified High molecular weight proteins were identified ––
serum is comprised of a variety of proteolytic serum is comprised of a variety of proteolytic 

fragments from larger proteinsfragments from larger proteins
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Protein G Protein G

Bind

Protein G

Incubate
Serum

Wash
Protein G

Elute

30 kDa
MWCO

Centrifuge

Tryptic Digest /
µµµµRPLC-MS/MS (Discovery)

or

MALDI-TOF MS (Diagnostic) 

Human Serum Human Serum ‘‘InteractomeInteractome’’ InvestigationInvestigation



Human Serum Human Serum ‘‘InteractomeInteractome’’ InvestigationInvestigation

High abundant serum proteins may act as High abundant serum proteins may act as ‘‘molecular spongesmolecular sponges’’

Protein Accession Association Mr (kDa)

Glycosylasparaginase P20933 Albumin 37.2
Paraneoplastic antigen MA1 O95144 IgA 39.8
Meningioma-expressed antigen 6/11 O15320 Albumin 90.9
Dihydropteridine reductase P09417 Apolipoprotein 25.8
Coagulation factor VII precursor P08709 Albumin 51.6
ASM-like phosphodiesterase 3a Q92484 Apolipoprotein 51.3
Prostate transglutaminase P49221 IgA, IgG 77.1
Pregnancy-plasma protein-A Q13219 IgG, IgM 181.0
Hsc70-interacting protein P50502 Albumin 41.3
Ryanodine receptor 2 Q92736 Albumin 564.6
Bone morphogenetic protein 3b P55107 IgA 53.1
Prostate-specific antigen P07288 Albumin, IgG 28.7



IPIP
210 Proteins

378 unique peptides

An Investigation into the Human Serum “Interactome”
Ming Zxou, David A. Lucas, King C. Chan, Haleem J. Issaq, Emanual F. Petricoin III, 

Lance A. Liota, Timothy D. Veenstra and Thomas P. Conrads Electrophoresis (2004) 25, 1289-1298.

Human Serum Human Serum ‘‘InteractomeInteractome’’ AnalysisAnalysis

67% not observed in the global human serum proteome67% not observed in the global human serum proteome
73% not observed in LMW serum proteome73% not observed in LMW serum proteome

Twelve proteins currently used as clinical biomarkersTwelve proteins currently used as clinical biomarkers



Identification of proteins from all functional classes Identification of proteins from all functional classes 
and cellular locations.and cellular locations.

Global Analysis Of The Serum ProteomeGlobal Analysis Of The Serum Proteome

Clearly an archive of diagnostic information exists within Clearly an archive of diagnostic information exists within 
serum.serum.

Can we use serum proteome analyses as a tool for the Can we use serum proteome analyses as a tool for the 
identification of clinically relevant biomarkers or for identification of clinically relevant biomarkers or for 
the timely diagnosis of diseased states?  Where do we the timely diagnosis of diseased states?  Where do we 
start?start?



Human Versus Mouse Serum ProteomesHuman Versus Mouse Serum Proteomes

•• Mouse models are extensively used for studying human diseaseMouse models are extensively used for studying human disease
Genetic variability can be controlledGenetic variability can be controlled
Reduce/minimize experimental artifactsReduce/minimize experimental artifacts
Fundamental differences in tumorigenesisFundamental differences in tumorigenesis

•• Mouse serum proteome is largely uncharacterizedMouse serum proteome is largely uncharacterized
Mouse genome is 14% smaller than the human genomeMouse genome is 14% smaller than the human genome
Very similar in content and chromosomal organizationVery similar in content and chromosomal organization
80% of mouse coding regions have a direct orthologue in the huma80% of mouse coding regions have a direct orthologue in the human n 

genomegenome

•• Evaluation of these similarities is Evaluation of these similarities is fundamentalfundamental to the comparative to the comparative 
questionquestion

•• Global characterization of mouse proteome using a multidimensiGlobal characterization of mouse proteome using a multidimensional onal 
fractionation approach on the protein and peptide level without fractionation approach on the protein and peptide level without 
depletion of highly abundant proteinsdepletion of highly abundant proteins



Mouse Serum
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Global Mouse Serum Proteomic Analysis StrategyGlobal Mouse Serum Proteomic Analysis Strategy



SEQUEST / Database Search
Unique Peptides

Mouse Protein Database Text Search
Unique Proteins & Protein Groups

µRPLC-MS/MSµRPLC-MS/MS

WAX Tryptic Digestion /
SCX Fractionation
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Global Mouse Serum ProteomeGlobal Mouse Serum Proteome

4,565 Unique Proteins4,565 Unique Proteins

12,384 Unique Peptides12,384 Unique Peptides

1,399 containing
unique protein

1,510 without
unique protein

2,909 Protein Groups



ABCC Peptide Exact Match FormABCC Peptide Exact Match Form

Unique protein identifier – SPIKES – Unique Proteins

Non-unique protein identifier – Protein Groups



TCF7         1 MPQLDSGGGGAGRGDDLGAPDELLAFQDEGEEQDDKNRDSPVGPER--DLAELKSSLVNE

LEF1         1 MPQLSGGGGGG--DPELCATDEMIPFKDEGDPQKEKIFAEISHPEEEGDLADIKSSLVNE

consensus    1 ****  ****...  .* * **.. * ***. * .*       ** ..***..*******

TCF7        59 SEGAAAGAGVPGPGVRVHGEAEGAPEALGREHTSQRLFPDKLPESLEDGLKAPECTSGMY

LEF1        59 SEIIPASN------G--HEVVRQAPSSQEPYHDKAREHPDEG--KHPDGGLYNKGPSYSS

consensus   61 **   *  ...... ..*     **      *   *  **  ..   ** *   

TCF7       119 KETVYSAFNLLMPYPPASGAGQHPQPQPPLHNKPGQPPHGVPQLSPLYEHFSS-----PH

LEF1       109 YSGYIMMPNMNSDPYMSNGSLSPPIPRTSNKVPVVQPSHAVHPLTPLITYSDEHFSPGSH

consensus  121         *.        *    * *    .    ** *.*  *.**  ..... *

TCF7       174 PTPAPADISQKQGVHRPLQTPDLSGFYSLTSGSMGQLPHTVSWPSPPLYPLSPSCGYRQH

LEF1       169 PSHIPSDVNSKQGMSRHPPAPEIPTFYPLSPGGVGQITPPIGWQGQPVYPITG--GFRQP

consensus  181 *.  * *.  ***. *    *..  ** *. * .**.   . *   *.**.. ..*.** 

TCF7       234 FPAPTAAPGAPYPRFTHPSLMLGSGVPGHPAAIPHPAIVPSSGKQELQPYDR---NLKTQ

LEF1       227 YPSSLSG-DTSMSRFSHHMIPGPPGP--HTTGIPHPAIVTPQVKQEHPHTDSDLMHVKPQ

consensus  241 .*    ..     **.*  .    * ..*  .*******    ***   * ... .* *

TCF7       291 AEPKAEKEAKKPVIKKPLNAFMLYMKEMRAKVIAECTLKESAAINQILGRRWHALSREEQ

LEF1       284 HEQRKEQEPKRPHIKKPLNAFMLYMKEMRANVVAECTLKESAAINQILGRRWHALSREEQ

consensus  301  * . * * *.* ***************** *.***************************

TCF7       351 AKYYELARKERQLHMQLYPGWSARDNYGKKKRRSREKHQESTTGGKRNAFGTYPEKAAAP

LEF1       344 AKYYELARKERQLHMQLYPGWSARDNYGKKKKRKREKLQESTSGTGPRMTAAYI------

consensus  361 *******************************.* *** ****.*     . * ......

TCF7       411 APFLPMTVL

LEF1           ---------

consensus  421 .........

Unique Protein IdentifierUnique Protein Identifier
TCF7_MOUSETCF7_MOUSE

TCF7_MOUSE, LEF1_MOUSE
T7L1_MOUSE, T7L2_MOUSE

Q80UF1, Q80WT9, Q8BGZ9,Q8C834

Non-Unique
Protein Identifier

Global Mouse Serum ProteomeGlobal Mouse Serum Proteome

Unique peptide identification of a protein group which contains a unique protein



Global Mouse Serum ProteomeGlobal Mouse Serum Proteome

4,565 Unique Proteins4,565 Unique Proteins

12,384 Unique Peptides12,384 Unique Peptides

1,399 containing
unique protein

1,510 without
unique protein

2,909 Protein Groups

6,0756,075 Unique ProteinsUnique Proteins

12,384 Unique Peptides12,384 Unique Peptides

Increased confidence?



Number of Unique Peptides per Unique ProteinNumber of Unique Peptides per Unique Protein

11
69.70%69.70%

22
17.85%17.85%

55
0.57%0.57%

>7>7
4.38%4.38%

77
0.42%0.42%

33
4.80%4.80%

44
1.62%1.62%

66
0.66%0.66%

Global Mouse Serum ProteomeGlobal Mouse Serum Proteome
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intracellularintracellular

47.50%47.50%

membranemembrane

43.82%43.82%

axonaxon
0.06%0.06%

cell fractioncell fraction

1.19%1.19% cell surfacecell surface

0.30%0.30%
virionvirion
0.17%0.17%

dendritedendrite
0.08%0.08%

site of polarized growthsite of polarized growth

0.03%0.03%

external encapsulating structureexternal encapsulating structure

0.06%0.06%

extracellularextracellular
6.28%6.28%

flagellumflagellum
0.06%0.06%

Global Mouse Serum ProteomeGlobal Mouse Serum Proteome



•• TMHMM TMHMM –– Model for the prediction of transmembrane helicesModel for the prediction of transmembrane helices

COX2_BACSU COX2_BACSU 
lenlen=278 =278 
ExpAAExpAA=68.69 =68.69 
First60=39.89 First60=39.89 
PredHelPredHel=3 =3 
Topology=i7Topology=i7--29o4429o44--66i8766i87--109o 109o 

•• NN--terminal predicted TM helices may be signal peptidesterminal predicted TM helices may be signal peptides
PHOBIUS PHOBIUS –– predicts TM helices and signal peptidespredicts TM helices and signal peptides

•• Does not account for betaDoes not account for beta--sheet membrane protein structuressheet membrane protein structures

•• 66% of unique peptides from proteins predicted to contain 66% of unique peptides from proteins predicted to contain 
transmembrane helices were extracellular in naturetransmembrane helices were extracellular in nature

Transmembrane Prediction In Serum ProteinsTransmembrane Prediction In Serum Proteins

E.L.L. Sonnhammer, G. von Heijne, and A. Krogh. A hidden Markov model for predicting transmembrane helices in protein sequences.

In J. Glasgow, et al, eds, Proceedings of the Sixth International Conference on Intelligent Systems for Molecular Biology, pages 175-

182, Menlo Park, CA, 1998. AAAI Press.   (http://www.cbs.dtu.dk/services/TMHMM/)



COOH

1 2

3

4

ExtracellularExtracellular

IntracellularIntracellular

Glutamate receptor KAGlutamate receptor KA--22

Global Mouse Serum ProteomeGlobal Mouse Serum Proteome

Clipped or shed proteins from the surface of cells proximal to the 
circulatory system contribute significantly to the makeup of this 

biofluid proteome 



•• Largest mouse serum proteome analysis to dateLargest mouse serum proteome analysis to date
Foundation for future mouse serum experimentsFoundation for future mouse serum experiments
Ultimately webUltimately web--accessible resourceaccessible resource
Comparison to HUPO results vitalComparison to HUPO results vital
Impractical for routine analysisImpractical for routine analysis

Comparative Mouse Serum Proteome AnalysisComparative Mouse Serum Proteome Analysis

•• Global analysis of control and Lewis lung carcinoma mouse Global analysis of control and Lewis lung carcinoma mouse 
serum proteomes serum proteomes 

Can we see differences in this xenograft mouse model?Can we see differences in this xenograft mouse model?



Control SerumControl Serum

Tryptic DigestTryptic Digest

Analyze by Analyze by µµRPLCRPLC--ESIESI--MS/MSMS/MS

SCXLC FractionationSCXLC Fractionation

Lewis Lung Carcinoma SerumLewis Lung Carcinoma Serum

Tryptic DigestTryptic Digest

Analyze by Analyze by µµRPLCRPLC--ESIESI--MS/MSMS/MS

SCXLC FractionationSCXLC Fractionation

Comparative Mouse Serum Proteome AnalysisComparative Mouse Serum Proteome Analysis



Comparative Mouse Serum Proteome SCXComparative Mouse Serum Proteome SCX



Comparative Mouse Serum Proteome AnalysisComparative Mouse Serum Proteome Analysis

576 common proteins576 common proteins
214 common (214 common (≥≥ 2 unique peptides)2 unique peptides)

Control mouse serum proteomeControl mouse serum proteome

1,474 unique proteins  1,474 unique proteins  
4,432 unique peptides4,432 unique peptides

370 identified by 370 identified by ≥≥ 2 unique peptides2 unique peptides

LLC mouse serum proteomeLLC mouse serum proteome

1,608 unique proteins  1,608 unique proteins  
5,258 unique peptides5,258 unique peptides

380 identified by 380 identified by ≥≥ 2 unique peptides2 unique peptides

Individual uniqueIndividual unique
peptidespeptides

Total # of uniqueTotal # of unique
peptidespeptides

Serum proteome comparisonSerum proteome comparison



Reference Ctrl Spikes LC Spikes Spikes Diff Ctrl Total Spikes LC Total Spikes Total Spikes Diff

ALBU_MOUSE 125 184 59 2157 4483 2326

TRFE_MOUSE 68 104 36 394 776 382

HEMO_MOUSE 24 46 22 125 264 139

PLMN_MOUSE 14 35 21 58 83 25

FINC_MOUSE 60 78 18 122 228 106

CFAH_MOUSE 6 22 16 13 38 25

Q9DBD0 15 31 16 38 87 49

Q8K0E8 45 61 16 174 248 74

Q99K47 61 77 16 224 257 33

KNG_MOUSE 18 32 14 55 126 71

HPT_MOUSE 7 20 13 19 89 70

CERU_MOUSE 21 34 13 40 69 29

APOH_MOUSE 5 17 12 12 46 34

THRB_MOUSE 11 23 12 21 45 24

CO5_MOUSE 32 44 12 41 70 29

A2MG_MOUSE 113 124 11 418 685 267

ITH1_MOUSE 16 25 9 41 37 -4

A2HS_MOUSE 19 28 9 44 106 62

FLNA_MOUSE 54 62 8 97 99 2

EGFR_MOUSE 7 14 7 19 38 19

ITH3_MOUSE 7 14 7 21 40 19

Comparative Mouse Serum Proteome AnalysisComparative Mouse Serum Proteome Analysis



PlasminogenPlasminogen, , AngiostatinAngiostatin, And Cancer , And Cancer 

•• First described in Lewis lung First described in Lewis lung 
carcinomacarcinoma

•• Consists of first four Consists of first four kringlekringle domainsdomains

•• TripleTriple--loop, disulfideloop, disulfide--linked linked 
structuresstructures

•• Angiogenesis inhibitorAngiogenesis inhibitor

•• Not likely derived from the tumor, Not likely derived from the tumor, 
lack detectable mRNA for lack detectable mRNA for plasminogenplasminogen

•• Combinations of Combinations of kringleskringles result in result in 
varying inhibitory effectsvarying inhibitory effects

•• Found in a variety of other proteins Found in a variety of other proteins 



Comparative Mouse Serum Proteome AnalysisComparative Mouse Serum Proteome Analysis

Regional peptide map of unique Regional peptide map of unique plasminogenplasminogen peptides observed in control serumpeptides observed in control serum



Comparative Mouse Serum Proteome AnalysisComparative Mouse Serum Proteome Analysis

Regional peptide map of unique Regional peptide map of unique plasminogenplasminogen peptides observed in LLC serumpeptides observed in LLC serum



Isotope Labeling Of LMW Mouse Serum ProteomeIsotope Labeling Of LMW Mouse Serum Proteome

•• Why not use isotope labeling to detect abundance differences?Why not use isotope labeling to detect abundance differences?
Serum is notoriously difficult to labelSerum is notoriously difficult to label

•• Reduce complexity Reduce complexity –– LMW preparation of serum samplesLMW preparation of serum samples

•• EnzymeEnzyme--mediated mediated 1818O labeling of tryptic peptidesO labeling of tryptic peptides

•• LCLC--MS/MS analysis using LTQ linear ion trapMS/MS analysis using LTQ linear ion trap
Dual detectors and faster scan speedDual detectors and faster scan speed
Trap more ions than the LCQ DecaTrap more ions than the LCQ Deca
Data dependent acquisition Data dependent acquisition –– top 5 molecular ions for top 5 molecular ions for 

MS/MSMS/MS



Control Serum Lung Carcinoma Serum

30 kDa MWCO Ultrafilter 30 kDa MWCO Ultrafilter

Tryptic Digest LMW Proteome Tryptic Digest LMW Proteome

Lyophilize LMW DigestateLyophilize LMW Digestate

Resuspend in H2
16O/20% CH3OH Resuspend in H2

18O/20% CH3OH

Incubate with Trypsin Incubate with Trypsin

Quench in TFA Quench in TFA

Combine Samples

Analyze by nanoRPLC-ESI-MS/MS

890 891 892 893 894 895 896 897 898 899 900 901 902
m/z

SCXLC Fractionation

1818O Labeling Of LMW Mouse Serum ProteomeO Labeling Of LMW Mouse Serum Proteome



Enzyme Mediated Enzyme Mediated 1818O LabelingO Labeling

Complete incorporation results in a 4 Complete incorporation results in a 4 DaDa mass shiftmass shift
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Comparative Proteomics In Mouse SerumComparative Proteomics In Mouse Serum

•• Can we use these analyses to help us identify and validate specCan we use these analyses to help us identify and validate specific ific 
targets?targets?

•• VEGF/VEGFVEGF/VEGF--receptor pathway involved in angiogenesisreceptor pathway involved in angiogenesis
VEGFVEGF--R R -- receptor tyrosine kinase familyreceptor tyrosine kinase family
VEGF VEGF homodimershomodimers / VEGF/ VEGF--PLGF PLGF heterodimersheterodimers
VEGF induced cell proliferation is blocked by VEGF induced cell proliferation is blocked by angiostatinangiostatin

•• Comparative mouse serum proteome analysis:Comparative mouse serum proteome analysis:
VEGF and PLGF unique peptides found in LLC but not controlVEGF and PLGF unique peptides found in LLC but not control

•• 1818OO--labeled LMW mouse serum proteome analysis:labeled LMW mouse serum proteome analysis:
VEGFVEGF--R increased 7R increased 7--fold in LLC LMW serumfold in LLC LMW serum

•• EGFEGF--receptor is up in global mouse serum proteome analysisreceptor is up in global mouse serum proteome analysis
UniquesUniques:: Ctrl Ctrl –– 77 LLC LLC –– 1414
Total Total uniquesuniques;; Ctrl Ctrl –– 1919 LLC LLC –– 3838



Mouse Serum ProteomicsMouse Serum Proteomics

•• Global mouse proteome has been investigatedGlobal mouse proteome has been investigated

First proteomic investigation in this significant animal modelFirst proteomic investigation in this significant animal model

Database of information that can be found in serum Database of information that can be found in serum 

Foundation for future proteomic investigations of cancer and Foundation for future proteomic investigations of cancer and 

diseasedisease

•• Comparative global and LMW mouse serum proteome analysesComparative global and LMW mouse serum proteome analyses

Observe relevant changes in serum between two statesObserve relevant changes in serum between two states

Target proteins with significant differences between normal and Target proteins with significant differences between normal and 

cancerous states based on peptide abundancescancerous states based on peptide abundances

Isotope labeling for evaluation of protein changes in serumIsotope labeling for evaluation of protein changes in serum

Validation is necessary to confirm the results from these analysValidation is necessary to confirm the results from these analyseses
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