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ASMS San Antonio 2005 9 June 2005

(c) Plasma Proteome Institute 2

PPI

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.E+07

1.E+08

1.E+09

1.E+10

1.E+11

=

117 Proteins 

N
o
rm

al
 p

la
sm

a 
co

n
ce

n
tr

at
io

n
 (

p
g
/m

l) 0 of 3 datasets
1 of 3 datasets
2 of 3 datasets
3 of 3 datasets

Detected in:

From: Candidate-Based Proteomics in the Search for Biomarkers of
Cardiovascular Disease, Leigh Anderson,  J. Physiol., 563.1, 23-60 (2005)

Plasma Proteome Discovery Platforms  Have Limited
Sensitivity and Lack Comprehensiveness

PPI

Role for Candidate-Based Proteomics

• Multiplexed specific assays (candidate approach) can address
three important drawbacks of biomarker discovery platforms
for the middle pipeline stage (verification/validation):

• Throughput
• Sensitivity
• Coverage (range of analytes)

• Candidate-based approaches forego most of the potential for
discovery of new biomarkers, but retain some ability to
“discover” optimal multi-analyte panels.

• Our purpose is to develop an MS-based candidate approach for
high-throughput biomarker verification/validation in human
plasma and serum
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Published List of 177 CVD Candidates
Candidate-Based Proteomics in the Search for Biomarkers of Cardiovascular Disease,

Leigh Anderson,  J. Physiol 563.1, 23-60 (2005)
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In Silico Selection of MRM Peptides

One or more tryptic peptides used as
quantitative surrogates for the
protein (“monitor” peptide concept)

“Inside every bad protein there is
at least one good peptide”

Began with 29,155 peptides from
“mature” protein forms (21,609
unique)

Downloaded SP annotation & computed
parameters

Looked for occurrence in Pounds exptl
data set

Ranked peptides on composite index of
desirable properties
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Initial Selection of 30 Targets
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Additional MRM’s Developed Based on Experimental Data
(35 Additional Proteins)

• Beavis GPM website (historical LC-MS/MS data on plasma)
• Classical IDA analysis of plasma digest
• MRM-triggered IDA to find additional proteins on CVD panel

that were not found by normal IDA

Final Method
• 137 MRM’s
• 17 stable isotope peptides as IS
• 52 proteins monitored
• 60 peptides, two transitions each
• Includes 40 cardiovascular markers

Analytical Platform
• ABI/Sciex 4000 QTRAP
• 75u LC Packings C18 column, 250nl/min
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Beavis’ GPM Useful in MRM Design
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MRM-Triggered IDA to Develop Peptide
MRM Transitions

(workflow now called MIDAS: MRM-Initiated Detection and Sequencing)

•Use script to build de novo MRM’s to
some plasma proteins

•MRM triggered IDA to confirm ID

•Use first and second y ion above
precursor mass
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2+

Example Evidence for Ceruloplasmin (8 peptides found)

S/N 3σ = 930

PPI

MRM’s Selected for polySIS CVD_1 Peptides
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Efficient Production of Stable Isotope-
labeled Standards (SIS) as polySIS*

KATEHLSTLSEKNWGLSVYADKPETTKI
LGGHLDAKDTVQIHDITGKTVIGPDGH
KQGFGNVATNTDGKEIGELYLPKTGLQ
EVEVKDDLYVSDAFHKIYHSHIDAPKET
AASLLQAGYKITQVLHFTKFPEVDVLTK
LGNQEPGGQTALKLSSPAVITDKQWAG
LVEKIPPWEAPKLFLEPTQADIALLKSHA
PEVITSSPLKIFYNQQNHYDGSTGKEHS
SLAFWKVSVSQTSKESDTSYVSLKWEL
DLDIKSTVLTIPEIIIKLIENGYFHPVKAS
YPDITGEKDPPSDLLLLKALQDQLVLVA
AKAEIEYLEK

AEIEYLEK
ALQDQLVLVAAK
DPPSDLLLLK
ASYPDITGEK
LIENGYFHPVK
STVLTIPEIIIK
WELDLDIK
ESDTSYVSLK
VSVSQTSK
EHSSLAFWK
IFYNQQNHYDGSTGK
SHAPEVITSSPLK
LFLEPTQADIALLK
IPPWEAPK
QWAGLVEK
LSSPAVITDK
LGNQEPGGQTALK
FPEVDVLTK
ITQVLHFTK
ETAASLLQAGYK
IYHSHIDAPK
DDLYVSDAFHK
TGLQEVEVK
EIGELYLPK
QGFGNVATNTDGK
TVIGPDGHK
DTVQIHDITGK
ILGGHLDAK
NWGLSVYADKPETTK
ATEHLSTLSEK

L-selectin
Angiotensinogen
Coagulation factor V
Cholesteryl ester transfer protein
Coagulation factor XIII B chain
Coagulation factor XIII A chain
Vitamin K-dependent protein C
C-reactive protein
Coagulation factor IX
Beta-2-glycoprotein I
Adiponectin
Coagulation factor X
Apolipoprotein(a)
Coagulation factor XIIa heavy chain
Apolipoprotein E
Plasminogen
Alpha-2-antiplasmin
Apolipoprotein B-100
Complement C4 gamma chain
Prothrombin
Ceruloplasmin
Antithrombin-III
Complement C3
Alpha-1-antichymotrypsin
Fibrinogen beta chain
Fibrinogen alpha chain
Fibrinogen gamma chain
Haptoglobin beta chain
Alpha-1-acid glycoprotein 1
Apolipoprotein A-I

Synthesize gene CVD_1a (codon
optimized)

Clone into pIVEX2.4d
expression vector

Express in Roche RTS E coli-based
cell-free system (15N,13C-Lys)

* Patent Pending
polySIS protein standard

PPI

Absolute Protein Quantitation in Relation to
polySIS* Peptide Standards

ATEHLSTLSEKNWGLSVYADKPETTKILGG
HLDAKDTVQIHDITGKTVIGPDGHKQGFG
NVATNTDGKEIGELYLPKTGLQEVEVKDDL
YVSDAFHKIYHSHIDAPKETAASLLQAGYKI
TQVLHFTKFPEVDVLTKLGNQEPGGQTALK
LSSPAVITDKQWAGLVEKIPPWEAPKLFLE
PTQADIALLKSHAPEVITSSPLKIFYNQQNH
YDGSTGKEHSSLAFWKVSVSQTSKESDTS
YVSLKWELDLDIKSTVLTIPEIIIKLIENGYF
HPVKASYPDITGEKDPPSDLLLLKALQDQL
VLVAAKAEIEYLEK

sL-Selectin (in sample)

* Patent Pending

WTYHYSEKPMNWQRARRFCRDNYTDLVAI
QNKAEIEYLEKTLPFSRSYYWIGIRKIGGI
WTWVGTNKSLTEEAENWGDGEPNNKKNK
EDCVEIYIKRNKDAGKWNDDACHKLKAAL
CYTASCQPWSCSGHGECVEIINNYTCNCD
VGYYGPQCQFVIQCEPLEAPELGTMDCTHP
LGNFSFSSQCAFSCSEGTNLTGIEETTCGPF
GNWSSPEPTCQVIQCEPLSAPDLGIMNCSH
PLASFSFTSACTFICSEGTELIGKKKTICESS
GIWSNPSPICQKLDKSFSMIKEGDYN

polySIS CVD_1 (lys-labeled standard)

+

LC-TQMS of AEIEYLEK

Digest Sample peptide

Labeled standard

polySIS MRM’s
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Depleted Plasma
Digest of 0.01 uL
plasma on column

Whole Plasma
Digest of 0.01 uL
plasma on column

Subtraction of Top 6 Proteins
(albumin, IgG, IgA, haptoglobin,transferrin and antitrypsin)

Using Agilent MARS Column

120 MRM’s covering 50 plasma proteins

PPI

Afamin peptides 

Plasma

Depleted
Plasma

LPNNVLQEK : 527.8/844.5 DADPDTFFAK : 563.8/825.4

S/N = 6

S/N = 28 S/N = 65

S/N = 7

Immunosubtraction of Top 6 Proteins
Yields 5-9-fold Improved S/N



ASMS San Antonio 2005 9 June 2005

(c) Plasma Proteome Institute 9

PPI

Fibronectin
SYTITGLQPGTDYK
1543.8

Fibronectin, a protein of much lower
normal abundance (1.4µg/ml) could be
measured using peptide
SYTITGLQPGTDYK (selected in
silico) using the transition
772.4/680.3 with S/N of 170,
suggesting an LLOQ of ~100ng/ml.

PPI

137 MRMs
17 stable isotope peptides as IS
52 proteins monitored
60 peptides, two transitions each
40 cardiovascular markers

In Depleted plasma,
successfully monitored 48
proteins: note two were
MRM to high abundance
proteins

Equivalent of 0.01 uL of
plasma on column

Current MRM Method
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• Apex of the random
vs real distributions
are >2 orders of
magnitude apart

• If we use a cutoff of
peak areas for real
signal at 2e4, then only
10% of MRM channels
will contain random
signal

Designed vs “Random” MRM’s
Occupancy of Plasma MRM Space Is Low
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CV values of Peptide Quant
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Avg CV with IS  7%
Avg CV overall for good peaks 9.5%

Reproducibility of MRM Panel in
Depleted Plasma
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Dynamic Range of Current Method in
Depleted Plasma: ~4.5 Orders
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          17,746

Dynamic Range of Current Method
Detection of L-selectin

Peak area ratio for the L-
selectin monitor peptide
(AEIEYLEK 497.8/794.4) and
SIS (501.8/802.4) standard
was 0.216.

Given 1,300 amol SIS loading
(one copy of this peptide per
molecule of intact L-selectin)
= 280 amol L-selectin per
0.01ul injection.

Molecular weight of plasma L-
selectin is ~35,000, giving a
measured concentration of
980 ng/ml vs published normal
value of 670 ng/ml.

The dynamic range between
albumin (~55mg/ml), and L-
selectin is ~4.5 orders of
magnitude
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SISCAPA*: A Method Combining The Specificity of MS Detection
with Sensitivity of Antibody Capture

 (SISCAPA = Stable Isotope Standards with Capture by Anti-Peptide Antibody)

* patent pending

Mass Spectrometric Quantitation of Peptides and Proteins Using Stable
Isotope Standards and Capture by Anti-Peptide Antibodies (SISCAPA).
Anderson, N.L., et al, Journal of Proteome Research, 3: 235-44 (2004).

PPI

Strategies for Progressive Increases in
Sensitivity of LC-MS Peptide Quantitation

Our approach generates a
coherent, layered series
of methods based on a
single analytical platform
(TQMS), with an explicit
sensitivity vs cost
tradeoff



ASMS San Antonio 2005 9 June 2005

(c) Plasma Proteome Institute 13

PPI

Conclusions
• Large numbers of candidate biomarkers already exist to jumpstart

verification/validation, and from which improved panels could be
constructed

• MRM assays of monitor peptides offer a potentially rapid path to
verification/validation with less cost and effort than sandwich
immunoassays

• Optimal MRM design makes use of both in silico and experimental data

• Current MRM’s appear able to access the top 5 logs of plasma protein
abundance, and cover everything visible on a plasma 2-D gel

• Novel paths to creation of internal standards (e.g., polySIS proteins) can
facilitate assays development

• Marker panel development and validation in large sample sets (e.g.,
epidemiological studies) now appears feasible

PPI
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