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Different Paths To Biomarker Discovery
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22 Proteins Comprise 997 Of The Protein Mass In Serum

Fibrinogen

lgA Total
Alpha-2-Macroglobulin
lgM Total
Alpha-T-Antitrypsin
3 Complement
Haptoglobin

Transferrin

lgG Total

Yo

Albumin

90 %

Alpha-1-acid Glycoprotein

— Lipoprotein(a)
_ Factor H
_ Ceruloplasmin
C4 Complement
Complement Factor B

Prealbumin
(9 Complement

Clgq Complement
8 Complement

1%

Apolipoprotein A-1
Apolipoprotein B

10%

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




Human Serum Protieomic Investigations

> Global humaniserum proteome survey.

Can we accounii for the presence of disease andi cellular
process-relatied proteins iniserum?

> Low molecular weight proiein/peptide proteome

Can we depletie the high molecular'weight: fraction fior more
effective interrogation of the source of the diagnostic
ihformaiion?

* Tinvestigation of bound peptides to high abundani serum proteins

Is there histopathological content' bound to the highly abundant;
carrier proteins, such as albumin?
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Globall Human Serum Proteomic Analysisi Strategy

Digest Proteins

S ’ with Trypsin - KHIYTPLINHGFRITG...

\4 \ 4

l

...K + HIYTPLINHGFR + ITG...

Peptide Isoelectric
Focusing

20 Fractions

Strong Cation
Exchange HPLC

Reversed-phase microcapillary liquid chromaTogrcphy )
online with tandem mass spectrometry - 140 Fractions




Analysis Of The Global Human Serum Profteome

/ IEF\ IEF/SCX

. | 1143 Proteins
473 Proteins / 2071 Unique Peptides
957 Unique Peptides |

Total Proteins and Peptides Identified

1444 Unique Proteins
2646 Unique Peptides

Analysis of the Human Serum Proteome




Human Serum Protieomic Investigations

> Global humaniserum proteome survey.

Can we accounii for the presence of disease andi cellular
process-relatied proteins iniserum?

> Low molecular weight proiein/peptide proteome

Can we depleteiie high molecllar weight firaciionifor more
effeciive interrogation of hiie source off The diagnositic
information?

* Tinvestigation of bound peptides to high abundani serum proteins

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




High Molecular Weight Protein Depletion Using Ultrafiltration

Dilute raw serum 1:5 inh
25 mM NH,HCO:, pH 8.2 / 207
acetonitirile

30 kDa
MWCO Fil"'erl—b

Centiirifuge

Raw Sertum




Analysis Of The LMW Human Serum Proteome

"

‘ \
k 340 Proteins J

. 808 unique peptides /

Highymolecular weighit proteinsiwere identified -
Serum, sl comprised off a variety of proteolyfic
firagmentts from larger proifeins

Characterization of the Low Molecular Weight Human Serum Proteome




Human Serum Protieomic Investigations

> Global humaniserum proteome survey.

Can we accounii for the presence of disease andi cellular
process-relatied proteins iniserum?

> Low molecular weight proiein/peptide proteome

Can we depletie the high molecular'weight: fraction fior more
effective interrogation of the source of the diagnostic
ihformaiion?

* Tinvestigation of bound peptides to high abundani serum proteins

Is there histopaihelogical conteni bolnd tor e ighly abundant
carrier proteins), such as albumin?




Human Serum Interactome’ Investigation

e
o <

Incubate
l Serum

] Ak Wash ‘../%%
@\% @\

é Centrifuge @8 MALDI-TOF MS (Diagnostic)

—
or

Tryptic Digest /
URPLC-MS/MS (Discovery)




Humani Serum Interactome’ Investigation

Protein

Accession

Association

Glycosylasparaginase

Paraneoplastic antigen MA1
Meningioma-expressed antigen 6/11
Dihydropteridine reductase
Coagulation factor VII precursor
ASM-like phosphodiesterase 3a
Prostate transglutaminase
Pregnancy-plasma protein-A
Hsc70-interacting protein

Ryanodine receptor 2

P20933
095144
015320
P09417
PO8709
Q92484
P49221
Q13219
P50502
Q92736

Albumin

IgA

Albumin
Apolipoprotein
Albumin
Apolipoprotein
IgA, Ig6

IgG, IgM
Albumin
Albumin

Bone morphogenetic protein 3b P55107 IgA
Prostate-specific antigen PO7288 Albumin, Ig6

High abundanii serum proteins may act as molecular sponges




Human Serum Interactome Analysis

el

k 210 Proteins
\ 378 unique peptides

61770 noii observed infthe global humani serum proteomme
/3776 noit observediin LMW serum proiieotie

Twelve proteinsicurrently usedias clinical biomarkers

An Investigation into the Human Serum “Interactome”




Globall Analysis Of The Serum Proteome

Ldentification of proteins from all functional classes
and cellular locations.

Clearly an archive of diaghostic information exists within

serum.

Caniwe use serum, proteome analyses as a fool for ihe
identification of clinically relevant biomarkers or: for
the timely diagnosis o diseased states? Where do we
stiari?




Human Versus Mouse Serum Proteomes

* Mouse modelsiare extensively used for studying humandisease
Genetic variabilify: can be controlled

Reduce/minimize experimental artifiacts

Fundamential dififierences in fumorigenesis

* Mouse serum proieome is largely uncharacterized

Mouse genome: is 147 smaller’ than tihe human genome

Very: similartin contenitand chirromesomal erganization

807 of mouse coding| regions hiave a direct orthologue in the human
genome

* Evaluation of these similarities: is fundamental fo the comparative
duesiion

* Global clhiaracterizaiion off mouse proteome Using a muliidimensional
fractionation approeach oh the protein and pepiide level without
depletion of highly:abundant proteins




Global Mouse Serum Proteomic Analysis Strategy

Mouse Serum

/’_/

Weak Anion Exchange

Weak Cation Exchange

Chromatography Chromatography

. B

77 fractions 5 fractions




Global Mouse Serum Proteomic Analysis Strategy

WAX Tryptic Digestion / WCX Tryptic Digestion /
SCX Fractionation SCX Fractionation

URPLC-MS/MS URPLC-MS/MS

SEQUEST / Database Search
Unique Peptides

A 4

Mouse Protein Database Text Search
Unique Proteins & Protein Groups




Globall Mouse Serum Protieome

4569 Unique Profeins
12,864 Unique Pepifides

2,909 Protein Groups

S

1,399 containing 1,510 without
unique protein unique protein
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ABCC Peptide Exacti Match Form

2 http:/iwwwdev.abcc. ncifcrf.goviapp/htdocsiproteomics/plainText. php?file/fabcc/usersiweb/95023.f - Microsoft Internet Expl... : : 3

File Edit

au;} Back,

Views  Favorites

Tools  Help

'\.,; @ @ i:j ﬁSearch *Favurites a‘rﬂedia @ E{:gv ,,i_% B LJ ﬁ ‘ﬁ

Address @ http: [ fvmaadew . aboc, nciforf . gov/ appfhtdocs)proteamics) plainText. php?file=fabce Jusersfweb 95023 . Fasta, exact, peptides2&outputMode=HTMLE: G0

3

Links *

List of protein hits by peptide:

repl
pepa
pep3
pep3
pep3
pep3
pep3
pep3
pep3
pep3
pep3
pepd
peps
pept
pep”
pepd
peps
peplld
prepll
prepll
prepll
prepll
peplz
peplz
pepls
prepld
pepls

nenl A

QIK1FO

HJS6 MOUIE
HJ717 MOUZE
HJ15 MOUZE
HJ719 MOUZE
HVZ0 MOUZE
HVZ1 MOUZE
HVZz MOUZIE
HVZ3 MOUZE
HJ7Z4 MOUZE
HJVZ25 MOUZE
QIzZ0EY

MRTE MOUZIE
APM1 MOUZE
I10FR MOUZE
QICE03

PDXE MOUZIE
GTP1 MOUZE
HEE1 MOUZE
HEBZ MOUZIE
QIR0S6

QI1VES

HEA MOUSE
QI 1VES

Q311F5

EgPP MOUZE
QIKOES

MME4 MOTTRR

4—
«—

)

Unique protein identifier - SPIKES - Unique Proteins

Non-unique protein identifier - Protein Groups

@ Done

l‘ Internet




Globall Mouse Serum Protieome

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

TCF7 MPQLDSGGGGAGRGDDLGAPDELLAFQDEGEEQDDKNRDSPVGPER--DLAELKSSLVNE

. . ‘P
LEF1 MPQLSGGGGGG-—-DPELCATDEMIPFKDEGDPOKEKIFAEISHPEEEGDLADIKSSLVNE Un'que Pr'ofe'n Idenf'f'er
consensus KxkK KokkKk KK Rk ok kkk k% I S N TCF7_MOUSE

TCE7 SEGAAAGAGVPGPGVRVHGEAEGAPEALGREHTSQRLFPDKLPESLEDGLKAPECTSGMY
LEF1 SEIIPASN-————— G-—HEVVRQAPSSQEPYHDKAREHPDEG—--KHPDGGLYNKGPSYSS
consensus *x .. wx * KRR *x

TCF7 KETVYSAFNLLMPYPPASGAGQHPQPQPPLHNKPGOPPHGVPQLSPLYEHFSS
LEF1 YSGYIMMPNMNSDPYMSNGSLSPPIPRTSNKVPVVOPSHAVHPLTPLITYSDEHFSPGSH
consensus *. * *ox . KrROK Kk k%

TCE7 PTPAPADISQKQGVHRPLQTPDLSGEFYSLTSGSMGQLPHTVSWPSPPLYPLSPSCGYRQH
LEF1 PSHIPSDVNSKQGMSRHPPAPEIPTEYPLSPGGVGQITPPIGWQGQPVYPITG--GFRQP

consensus T O .x I

TCF7 FPAPTAAPGAPYPRFTHPSLMLGSGVPGHPAAIPHPAIVPSSGKOELQPYDR———-NLKTQ
LEF1 YPSSLSG-DTSMSRFSHHMIPGPPGP——HTTGIPHPAIVTPQVKOQEHPHTDSDLMHVKPQ

consensus X .. FROx, L S KK oooL. L x

TCE7 AEPKAEKEAKKPVIKKPLNAFMLYMKEMRAKVIAECTLKESAAINQILGRRWHALSREEQ
LEF1 HEQRKEQEPKRPHIKKPLNAFMLYMKEMRANVVAECTLKESAAINQILGRRWHALSREEQ

consensus * . *  * *.* KAk Kk khkk ok kkhkkkkkk *'***************************

TCF7 AKYYELARKERQLHMQLYPGWSARDNYGKKKRRSREKHQESTTGGKRNAFGTYPEKAAAP
LEF1 AKYYELARKERQLHMQLYPGWSARDNYGKKKKRKREKLOQESTSGTGPRMTAAY I

consensus *******************************.‘k * KK ****.*

Lor1 TCF7_MOUSE, LEF1_MOUSE
T7L1._MOUSE, T7L2_MOUSE
Q80UF1, QB0OWT9, Q8B6Z9,Q8C834




Globall Mouse Serum Protieome

)96 Unigue Proteins
12,384 Unique Peptides

2,909 Protein Groups

S

1,399 containing 1,510 without
unique protein unique protein

Increased confidence?




Globall Mouse Serum Protieome

2
17.85%

|
69.70%

Number of Unigue Peptides per Unigue Protiein




Globall Mouse Serum Protieome

[ Unique Peptides
[l Unique Protein Identifiers

[] Unique Proteins

Fully Tryptic Partially Tryptic Fully Partially Fully Elastic  Partially Elastic No Protease
Chymotryptic ~Chymotryptic Constraint

Identifications based on Enzymatic Constraint




Globall Mouse Serum Protieome

cell fraction

A 1.19% 11 surk :
Virion cell surface
0.17% axon dendrite

06% 0:307% 0.08%

external encapsulating structure
0.06%
site of polarized growth ul
0.03% g Y Ll R~ e extracellular

6.28%

N o o L G o A
0.06%

membrane
43.82%

intracellular
47.50%




Transmembrane Prediction In Serum Proteins

- TMHMM - Model for the prediction oft transmembrane helices

COX2_BACSU

len=278

EXpAA=68.69

First60=39.89

PredHel=3
Topology=i7-29044-66i67-1090

* N-terminal predictied TM helices may: be signal pepiides
PHOBIUS - predicts TM helicesiand signal peptides

* Does noif accouni for beta-sheet membrane protein structures

* 667 of unique peptides from proteins predicted to contaih
transmembrane helices were extracellular in nature

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/TMHMMY/)




Globall Mouse Serum Protieome

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

Glutamate receptor KA-2

Extracellular

Intracellular




Comparative Mouse Serum Proteome Analysis

> Largest mouse serum, proteome analysisi fo date
Foundation for fiuture mouse serum experiments
Ultimately: web-accessible resource
Comparison to HUPO results vital
Impractical for routine analysis

> Global analysis of' control and Lewis lung carcinoma mouse
serum proieomes

Can we see differences|in thisi xenografi mouse model?




Comparative Mouse Serum Proteome Analysis

Conirol Serum

'

Tirypiic Digest:

|

SCXLC Eractionation

}

Analyze by URPLC-EST-MS/MS

Lewis; Lung Carcinoma Serum

|

Iiryptic Digest

|

SCXLC Eractionation

'

Analyze by URPLC-EST-MS/MS




Comparative Mouse Serum Proteome SCX

Mouse serum, control

o 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96

Mouse serum, lung carcinoma

12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96

Time (min)




Comparative Mouse Serum Proteome Analysis

Control mouse serum proteome LLC mouse serum profeotme

U474 unique proieins 1,608 unigue’proteins

4 432 unique peptides 5,258 unigue peptides
370 identified by = 2 unique peptides 380 identified by = 2 unique peptides

0i/6 commoni proieins
214 common (= 2 unique peptides)

Serum proteome comparison

A

Individual unigue Tottal # of unique
peptides pepiides




Comparative Mouse Serum Proteome Analysis

Reference Ctrl Spikes LC Spikes Spikes Diff Ctrl Total Spikes L.C Total Spikes Total Spikes Diff

ALBU_MOUSE 125 184 ol 2187 4483 2326
TRFE_MOUSE 68 104 36 394 776 382
HEMO_MOUSE 24 46 2D 264 1139
PLMN_MOUSE 14 35 58 83 23
FINC_MOUSE 60 78 122

CFAH_MOUSE 6 02 1L} 38 s
Q9DBD0 15 31 38 87 49
Q8KOES8 61 ) 174 74
Q99K47 61 77 224 33
KNG_MOUSE 18 32 03 71
HPT_MOUSE 7 20 19 70
CERU_MOUSE 21 34 40 29
APOH_MOUSE 5 17 12 34
THRB_MOUSE 14 21 24
CO5_MOUSE £ e 41 29
A2MG_MOUSE 267
ITH1 _MOUSE 25 41 -4
A2HS_MOUSE 28 44

FLNA_MOUSE

EGFR_MOUSE 19

ITH3_MOUSE 21




Plasminogen, Angiostatin, And Cancer

Plasminogen

YAV R

K1 K2 K3
77777755

K2 K3
DR NN\ E—

AT, K2

* First described in Lewis lung
carcinoma

> Consistisiof first four kringle domains

* Triple-loop, disulfide-linked
siiruciiures

* Angiogenesis inhibifior:

> Nott: likely derived from the fumor,
lack detectable mRINA for plasmihogen

* Combinaiions! of kringlesiresuli in
varying inhibitory effects

» Found in a variety of other proteins




Regional peptide map of unique plasminogen pepitides observed inicontrol serum

Reference:

Database:

Header:

Avg Mass:

Comparative Mouse Serum Proteome Analysis

PLMN_MOUSE

new mouse 121803.fasta

PLMN_MOUSE (P20918) Plasminogen precursor (EC 3.4.21.7) [Contains: Angiostatin]

o0781.8

Coverage:

155/812 = 19% by amino acid count

A0751.5
S7TEE.

{512
507

MDHKEVILLFE
KTSSIIRMRD
GPWCYTTDPD
PRPWCETTDP
ENYCRNPDGE
WAAMEPHRHS
CMYGNGEKDYR
ASASSFECGK
AHEEYTIRGSD
AQLPVIENKV

FVDWIEREMR

LLLLKPGQGD

VILFEKRVYL

KRYDYCNIPE

TKRWEYCDIP

TAPWCYTTDS

KTPENFPDAG

GKTAVTAAGT

POVEPKKCPG

VOQEISVAKLIT

CNRVEYLNNR

NN

SLDGYISTQG

ASTESTTKKQ

SECKTGIGNG

CEEECMYCSG

RCTTPPPPPS

QLRWEYCEIP

LEMNYCRNPD

PCOQGWAAQEDP

RVVGGCVANP

LEPNNRDIAL

VESTELCAGQ

YRGTMSRTKS

EKYEGKISKT

PTYQCLKGRG

SCESSASPDQ

GDKGPWCYTT

HROSIFTPQT

LAAGGVSDCL

GVACQKWGAT

MSGLDCQAWD

ENYRGTVSVT

AKCEGETDEV

FPHVPNYSFES

SQSPHAHGYT

VSGKTCQRWS

CRSFQYHSKE

THPNEGLEEN

PAKFPSKNLK

EQTPHRHNRT

SDSSVPPEEQ

DPSVRWEYCN

NPRAGLEKNY

HSWPWQISLR

TRETGQHECG

DEKVIPACLFES

LKLSRPATIT

LAGGVDSCQG

DSGGPLVCEFE

TPVVQECYQS

LKRCSETGGS

CRNPDGDVNG

GTLIAPEWVL

PNYMVADRTI

KDKYILQGVT

DGOQSYRGTSS

VVELPTVSQE

PWCYTTNPRK

TAAHCLEKSS

QOCVIMAENS

YCRNPDNDEQ

MNYCRNPDGE

PENFPCEKNLE

TTITGKKCQS

PSGPSDSETD

LYDYCDIPLC

RPEFYKVILG

CYITGWGETQ

GTFGAGRLKE

SWGLGCARPN

KPGVYVRVSR




Comparative Mouse Serum Proteome Analysis

Regional peptide map of unique plasminogen pepitides observed!in LLC serum

Reference:

Database:

Header:

Avg Mass:

PLMN_MOUSE

new mouse 121803.fasta

PLMN_MOUSE (P20918) Plasminogen precursor (EC 3.4.21.7) [Contains: Angiostatin]

90781.8

Coverage:

331/812 = 41% by amino acid count

A0TEL. &
TEEA.

{512
{507

MDHKEVILLF

Rliogl [ ML

GPWCYTTDPD

LLLLKPGQGD

Vi1 ERERY Y,

KEYDYCNIPE

Rlebig bl D

ENYCENPDGE

WAAMEPHRHS

CMYGNGKDYR

ASASSFECGK

KEWEYCDI D

TAPWCYTTDS

KTPENFPDAG

SLDGYISTQG

ASTFSLTKEKQ

SECETCIGNG

CEEECMYCSG

B LRy

UL EWE LT D

LEMNYCRNPD

GKTAVTAAGT

POVEPKEKCPG

AHEEYTIRGSD
AQLPVIENKV

FVDWIEREMR

VOQEISVAKLT

CNRVEYLNNR

NN

PCOGWAAQEP

RVVGGCVANP

YR EMSl LRl

EEKYEGKISKT

PIYOCLEKGRG

Sonesl e BBlE

GG WO Y T

LAAGGVSDCL

GVACOKWCAT

MSGL.DCOAWD

ENYRGINV S v

slasVDEERG

DPSVRWEYCN

AKCEGETDEV

EEHVPNYy S b

SO DAY 1

VSGKICORWS

CRSFQYHSKE

THPNEGLEEN

BARP DKM K

20 PHIECHNG

QOCVIMAENS
YCRBNPDNDEQ
MNYCRNPDGE

PENFEPCKNLE

VNV OEL Y D8

LEKRCEETGGS

HROSIFTPQT

NPRAGLEKNY

HSWPWQISLR

LEPNNRDIAL

VEKSTELCAGQ

TRETGQHFECG

DKVIPACLPS

LKLSRPATIT

LAGGVDSCQOG

DSGGPLVCEE

CRNPDGDVNG

GTLIAPEWVL

PNYMVADRTT

KDEYILOGVT

DGOSYRGTSS

AMvE L DIV SOT

PWCYTTNPRK

TAAHCLEKSS

LTI TORECS

PSGPSDEETD

LYDYCDIPLC

RPEFYKVILG

CYITGWGETQ

SWGLGCARPN

GTFGAGRLEKE

KPGVYVRVSR




Isotiope Labeling Of LMW Mouse Serum Proteome

> Why noti use isotope labeling fo detect abundance differences?
Serum is notoriously difficul’ to label

> Reduce complexity - LMW preparation of serumisamples

* Enzyme-mediatied 0! labeling of tryptic pepiides

* LC-MS/MS analysis using LTQ linear: ioni trap

Dual detectorsiand faster scan speed

Trap more ions than the LCQ Deca

Data dependent: acquisition - top 5 melecular ions; for
MS/MS




80 Labeling Of LMW Mouse Serum Proteome

Control Serum Lung Carcinoma Serum
30 kDa MWCO Ultrafilter 30 kDa MWCf Ultrafilter

v

Tryptic Digest LMW Proteome Tryptic Digest LMW Proteome
Lyophilize LMW Digestate Lyophilize LMW Digestate

Resuspend in H,°0/20% CH,OH Resuspend in H,'80/20% CH,OH

Incubate with Trypsin Incubate with Trypsin

Quench in TFA Quench in TFA
Combine Samples

SCXLC Fractionation

Analyze by nanoRPLC-ESI-MS/MS

|
J‘\uJ‘r

890 891 892 893 894 895 ;37513/9 897 898 899 900 901 902




Enzyme Mediated 20 Labeling

Completie incorporation results in a4 Da mass shift




Alpha-1-Antitrypsin 1-1
RLAQIHFPR.L
[M+2H]%*: 985.56

Relative Abundance
(9]
=)

y6+2_NH3
390.52

Relative Abundance

)
Q
=}
<
=)
=}
=
15
<
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>
=
=
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180-labeled LMW Mouse Serum Proteome

6,003 proteins
8,998 unique peptides

Fully tryptic peptides
1,647 proteins / > 2 peptides

\9)
=
(\Y)
+—
O
| 38
a
Y-
(o)
| &
(\Y)
0
&
=}
Z

1115

300
103 34 28 20 16 31
1 2 3

4 5 6 7 8 >8
Number of Unique Peptides




Comparative Proteomics In Mouse Serum

* Caniwe use these analysesi o help) uslidentify andvalidate specific
fargets?

* \VVEGF/VEGF-receptor pathiway: invelved in angiogenesis
VEGF-R - receptor tyrosine kinase family

VEGE homodimers;/ VEGF-PLGE heterodimers
VEGF induced' cell prolifieration isiblocked by angiostatin

*' Comparative mouse serum profeome analysis:
VVEGF and PLGF unique peptidesifound in LLETBUt noit: control

* 80-|abeled LMW mouse serum, proteome analysis:
VEGE-Riincreased 7-foldiin LLC' LMW serum

' EGF-recepior isiupiin global mouse serum profeome analysis
Uniques: Cirl -7 LLC - 14
Total uniqgues;  Ctrli=19 LLC - 38




Mouse Serum Proteomics

* Global mouse protfieome has: beeniinvesitigated

First proteomic investigationiini this significant animal model

Database of information that can be fiound in serum

Foundation for future profeomic investigations of cancer and
disease

* Comparative global and LMW molse serum proteome analyses
Observel relevanii chianges in serum between two states

Target proteins with sighificant dififerences befween normalland
cancerous siates based onipeptide abundances

Isotope labeling for’evaluationiof profein changes in serum

Validationiis necessary: o confirm the resulis from these analyses
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