ASMS San Antonio 2005

Developing Peptide MRM-based Assays for
Cardiovascular Biomarker Proteins in Plasma
Using a Hybrid Triple Quadrupole Linear Ion

Trap Mass Spectrometer

N. Leigh Anderson!, Christie L Hunter?,
Gerald W. Becker3, and Andrew Breite3

the Plasma Proteome Institute, DC
2Applied Biosystems, CA
3Roche Applied Science, IN

ASMS June 2005 San Antonio PPI

Biomarker Pipeline

Discovery Candidate Validation Clinical use
Analytes:  1,000's 100's 10's

LC/LC-MS/MS

2-D gels
SELDI Patterns LC-MS/MS
Immunoassays
Tissue arrays LA
Pathways
DNA arrays
Samples:  10-100's 1000's 1,000,000+
PPI

(c) Plasma Proteome Institute

9 June 2005



ASMS San Antonio 2005

Plasma Proteome Discovery Platforms Have Limited
Sensitivity and Lack Comprehensiveness
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From: Candidate-Based Proteomics in the Search for Biomarkers of PP[
Cardiovascular Disease, Leigh Anderson, J. Physiol., 563.1, 23-60 (2005)

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)

Table 1. A table of 177 candidate markers of cardiovascular disease (CYD] and stroke, sssembled through literature search

Narmal Con Ugo-  Acute
Name Accossion concentration  cance Reason stion  protein  Pnase
pami "y
1 activini POBATE 6.0 ~02
2 adicanectin Q15848 4BE <06 Higher levels in
(A0PN) essential
hypertersives
5 albumin POaIER 41610 {speciakry
Lahos
2ca)
& adolae C Poa9Tz 40E +02 (s et af, 1990

Poags? 7.0F 07 Progen test insert
B o023 18F -0

0111 42607 ajor plasma

protesse

nhibitor

In Silico Selection of MRM Peptides

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

Term [ Explanation
asnt 2+ Susceptivle to deamidation, whish would change [he mass of a pe

gin* 2+
met” -3+

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

3+
Gys T 10+
o 5+
a2+

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

| Produces enhanced peplide structure and can improve immunoge
| Resulls in an additional positive charge in a peotide

chymo_sites * -3 +
ac

e more likely to be degraded by chymolryplic activily
Multiply accurring peplide would give betler delection

rrences_in_prolein *

2
carbohyd *-50 +
mod_res * <50 +

| Glycosylation of a peplide changes its mass and decreases MS de
mented chemical of & residue in e peptide
changes its mass
conflicts * 20 + Any potential sequence erors in the peptide decrease its usefuine
MS analyle
["Any genetic variants in the peplide decrease its usefulness as an b
analyte by reslricling ils use lo a subset of patents
Applies a negative value ta mass less than 800

Downloaded SP annotation & computed
parameters

variants * 10+
sign{calc_mass-800)* 100

sgn{1800-cals_massy 100 | Applies a negalive value to mass grealer than 2,000

Looked for occurrence in Pounds exptl
data set

sgnidetect - 0.0001) * 10
+delect " 20 +

Gives 10 points for detection in the Pounds experimental MS/MS d
30  the peplide is the most freguently delecled for its protein {dele
afgrementioned index of deleclability)

Ranked peptides on composite index of
desirable properties

PPI™
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Initial Selection of 30 Targets

g
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Protein peplide_compound_accession peplice_seguence 28 = g 8 8
Apolivoorclein A PO264T 25 267 bvosin 32 196 206 ATEHLSTLSEK 1 i 0 00
Alpha-1-acid PO27E3 18 201 tvosin 12 121 135 MNWELEVYADKPETTK 1 a0 00
Haploglobin be POOT37T 162 406 tryy 118 LGGHLDAK 1 o0 o0
Fibringaen gamma chain PO2E73 17 141 151 1.5E+07 DTVQIHDITGK 1 0 0 0 0
PO2ET1 1.5E+07 TVIGPDGHK 2 00 00
1 PO2E75 1.5E+07 QGFGNVATNTDGK 1 0000
ymelryosin PO1011 B.BE+IG EIGELYLPK 1 0000
G2 PO024 23 1662 trypsin 105 883 891 TIE+DG TGLREVEVE 4 a 0 09
Antithrombin-ll PO100& 33 464 lyosin 48 360 370 41E+06 DOLYWSDAFHK 1 a0 00
Caeruloolasmin POD450 20 1065 trypsin 17 159 168 23E+08 YHEHIDAPK 1 a0 00
Prothrombin POO7T34 1 4G 444 455 1.5E+06 ETAASLLOAGYK 2 oo 10
Complemaent C4 gamma chain PO102& psin 26 194 202 1 4E+06 TOVLHFTE 1 o0 10
Apalipoprotein B-100 PO&114 n 416 3764 3772 14E+06 FPEVDVLTK 1 0000
Alpha-2-antiplasmin POBEDT 1213 25 14E+0G LGNQEPGGOTALK 1 0000
Plasminogen POOT4T 2 1 73 BE2 B61 1.2E+06 LSSPAVITOK 2 0 0 00
Apalipoorolein E PO2649 1 46 275 282 1.2E+06 QWAGLVEK 1 0000
Coagulation factor Xlla heavy chain PO0T48 20 372 tryosin 1.1 8 4BE+05 PPWEAPK 1 a0 00
Apolivoorsl POB519 20 4548 Irypsin 249 4385 4388 Z.BE+D5 LFLEPTQADIALLK 1 a0 00
Coagulation factor X POO742 41 488 lryosin 56 436 448 2.0E+05 SHAPEVITSEPLK 3 a0 00
Adiponectin Q15848 19 244 fypsin 13 117 131 Z0E+05 FYNOQNHYDGETGK 1 o000
Bela- PO2T49 20 345 Irvosin 34 309 317 1.5E+05 EHSSLAFWK 1 1000
Coagulatic POOT40 47 461 lrvosin 16 135 142 1.1E+05 VEVSQATSK 2 0 0 00
C-reactive r POZ741_19 224 tryosin 4 14 23 1.0E+05 1 0000
Witarnin K- bant proteir POLOT0 43 461 trvosin 32 234 241 TBE+HI4 2 10 00
Coagulatior POO48BE 28 731 Iryosin G2 587 508 BBE+D4 T 1 a0 00
Coagulation factor X1l B POS1G0 21 681 tvosin 25 198 208 BEE+04 LIENGYFHPVE 1 a 0 00
Cholesteryl ester transfer protein P11597 15 483 JBE+04 ASYPDITGEK 2 a0 00
Coagulation factor V P12259 28 2324 trypsir 2TE+04 DPFPEDLLLLE 1 a0 00
Angiolensinogen FO1018 34 485 fryo Z0E+04 ALODOLVLVALK 1 o0 oo
L-selactin P14151 2@ 372 trvosin 6 33 40 1.8E+04 AEIEYLEK 1 0000

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 €18 column, 250nl/min

PP
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Beavis' GPM Useful in MRM Design

gpmDEB current contains 507 entries for ENSPO0000264613
Your result is compared against the 20 best coverage patterns.

# log(e) coverage
Your result
1. -286.9
2. -282.5
3. -267.1 — .., fl-S=EE-m = ==
4. -263.9 — S S——8 " # log(e) log(I) m+h delta z sequence|validate | studo
~ 1590 .57  6.22 1575.846 0.016 2 888 | ysG| IGPLIVERIO!
5. 2117 —m==m =8 ot 000t
6 206 FT2004110408.3412.3417.2.0t
. - - #® = B
7 200.5 - pLy-s-gLifale L-1ivecr
. =, =] o L
B 8 L = - 100 pras
1 mkililgiflflcstpawakekhyyigiiettwdyasdhgd o 3
o0
el drigrlykkalylgytdetfrttiekpvwlgilgpiikaelw by
ALYLOYTDETFRTTIEKPVWLGFLGPIIKAE * o 2 ) 5 B
121 shgityykehegalypdnttdigraddkvypgegytymlly 2 P ;§~_ %‘5 f = § ET 3 3
SHGITYYK ADDKVYPGEQYTYMLL] G K ilzy 3 1
181 shidapkdiasgligpliickkdsldkekekhidrefvvm vk “e o e e e e
SHIDAPKDIASGLIGPLIICK bond  +1, H-18 41, +1p17
241 zepekvdkdnedigesnrmysvngytfgslpglsmoasdyy O1 1460818 1463.7921442.808 116.034 99.008  98.024
L;
SEPEMKDNEDE‘QESNR 2 1347.734 1330.7081320.724 226.118 ZX%D?% 211.108
- A . - - | v 11sae7sssercensieneso 0202 a7siss 3rasns
ggaltnknyridtinlfpatlfdaymvagnpgewnlscanl s, 1007.63010806:121070.628 479214 462.187 461.203
IDTINLFPATLEDAYMVAQNPGEWMLSCOQON] 65 1040.6171023.5911022.607 536.235 519.209
1A colednd ralbhorrhord aaaad Lg 927.533 910.507 909.523 649.319 632.293

MRM-Trigg

ered IDA to Develop Peptide

MRM Transitions

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

Protein Sequence

Id MRM Methods for Modifications:

=10l x|
Tiypsin -

Enzpme:

MKILILGIFLFLCS TPAWAKERHYYIGIET TWDTASDHGERELISY 4
DTEHSMITLANGPDRIGRLYKKALYLOYTDETFRT TIEKPYWLG
FLGPIKAETGDKYWHLKMLASRPY TFHSHGITY YKEHE GAIYF
DNTTDFORADDKVYPGEDY TYMLLATEEQSPGEGDGNCWTRIY

Missed Cleavages:

o—

Fived Modifications: 0 Warniable Modiffications: 1

HSHIDAPKDIAS GLIGPLICKKDSLDKEKEKHIDREFAMFSYWD Biotin K] =] [amdeiCtem <]
ENFSWYLEDNIKTYCSEPEKVDKDNEDFQE SNAMYSYNGY TFG Bictin (H-erm) iatin IK) =
= - SLPGLS M CAE DRVE W T LFGMGNEVDWHAAFFHGHALTHENTRI BictinNH [¥] Biotin [N-term]
2| |DTINLFPATLFDATMVAINPGEWMLS CONLNHLKAGLOAFFOY Cabamidomethyl (€] | |BitinHH
OFCNKSSSKONIRGKHYAHIAAEE W YAPSGIDIFTKENLT [——T )
AA Residue:  [QWERTVIPASDFGH | 4PGSDSAWFFENGT TRIGGS YKKLVYREYTDASFTNRKERGPE Osidation [M] Carbamidomethyl (K-
o B EEHLGILGPVIWAEYGDTIRVTFHNEGAYPLSIERIGYRFNKNNE ~|  |Odstion(Hw) 7| | Cabaml ) =l
- . EEHLGILGRVIWAEYGD TIRVTFHNKGAYPLSIEPIGYRFNENT
Mass Mass Method
M =] o I [pct set =0 S
[1s> precuser =] [t I~ | [~ Modification: [1one) (GWERTYIPASDFGHKLLY. Charge States
R[> pecwsar 7] [0 || Flioes ][0 Fr— C1 F2 M 4
[ A || e =i s esioe i S
I ] I = =g TERE Masimum Modificatiors in Peptide: [+
Cancel Save I [Mot et S;tl
Maximum MRMs in Method [on
| [Wotser Ser
rv— m MRM Dwell Time [ms] I
" . . Set Rolling CE
+Use script to build de novo MRM's to Consansus Sequence [ CehbmE . |
some plasma proteins
Starter Method: 1226 1AM 2l 1.dam St
. . New Method: 1296 MAM ceruloplasmin 1
*MRM triggered IDA to confirm ID |
Hel | Close Preview and Build | Build All |

+Use first and second y ion above

precursor mass

(c) Plasma Proteome Institute
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Example Evidence for Ceruloplasmin (8 peptides found)

MRM's Selected for polySIS CVD_1 Peptides

B 1 of +MRM (56 pairsy Exp 1, G02.3824.3 amu from Sample 1 (/2 di

S6ed 2340
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Pratain

Apoli ein A-l
Alpha-1-acid glycooroein 1
Hapleglobin beta che
rinogen gamma
brinegen alph:
rinogen bel
Alpha-T-antichymotryosin
Complement C3
Al 11
Ceruloplasmin

Alpha-2-antiplasmin

Plasminogen

ein E

tor Xlla heavy chain

Coagulation factor X
Adiponestin
Beta-2-glycoprotein |

Chelesteryl ester transfer profein
Coagulation factor V
Angiclensinogan

L-selectin

(c) Plasma Proteome Institute

|Peptide

ATEHLSTLSEK
NWGELSVYADKPETTK
LGGHLDAK
DTVQIHDITGK
TVIGPDGHE
QGFGNVATNTDGK
EISELYLFK
TGLQEVEVK
DDLYWSDAFHK
YHSHIDAPK
ETAASLLOAGYK
TCVLHFTK
FREVDVLTK
LGNQEPGGEATALK
LESPAVITOK
QWAGLVEK
PPWEAPK
LFLEPTQADIALLK
SHAPEVITSSPLK
FYNQOKHEYDGSTGK
EHSELAFWK
WEVSATSK
ESDTEYVSLK
WELDLDIK
STVLTIPENTK
LIENGYFHPVE
ASYPDITGEK
DFPSDLLLLK
ALQDOLVLVAAK
AEIEYLEK

Unlabeled Labeled

Qi Q3 | Q1 23

| AD588 BG435 40854 BTZA5

57029 105253 57561 1060853
46226 BOT7.J6 46626 TD5.36
409.54 67035 41221 G78.35
46225 72338 46624 73138
65480 TOG.24 G5E.B0 71434
53129 B1046 53529 82746
50177 73120 50577 73039
43721 B03.40 43387 @11.40
38420 TGT A0 39690 7740
62633 87048 61031 88740
JEZBE 64537 3JB5.55 68327
52428 B0345 52828 81145
656.84 77144 GG0.BE TTH44
51579 74343 51979 75143
4B575 B16.27 46975 62437
46925 T27.38B 47325 73538
TEG45 1060.63 T80.45 1077 63
45592 G32.36 45858 G40.36
58127 T27.23 58394 T3533
55277 B3BA45 53677 84645
41822 T3G.25 42222 74438
5B4.77 G9G6.29 SEETT T04.39
51627 71642 52027 72442
GEZQT Ti2.40 GET.O1 T2040
43957 B47.45 44221 B5545
54076 750.28 54476 TET.I0
53582 B9B.56 559.82 906.56
B34 B8 D56.58 GIEBE OB45B
48775 7443 S01.7T3 80243

CE

PP
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Efficient Production of Stable Isotope-
labeled Standards (SIS) as polySIS™

Apolipoprotein A-I ATEHLSTLSEK
Alpha-1-acid glycoprotein 1 NWGLSVYADKPETTK ’
Haptoglobin beta chain ILGGHLDAK
Fibrinogen gamma chain DTVQIHDITGK
Fibrinogen alpha chain TVIGPDGHK
Fibrinogen beta chain QGFGNVATNTDGK
Alpha-1-antichymotrypsin EIGELYLPK
Complement C3 TGLQEVEVK
Antithrombin-IIT DDLYVSDAFHK
Ceruloplasmin IYHSHIDAPK
Prothrombin ETAASLLQAGYK
Complement C4 gamma chain ITQVLHFTK
Apolipoprotein B-100 FPEVDVLTK
Alpha-2-antiplasmin LGNQEPGGQTALK
Plasminogen LSSPAVITDK
Apolipoprotein E QWAGLVEK

Coagulation factor XIIa heavy chain IPPWEAPK

Apolipoprotein(a) LFLEPTQADIALLK
Coagulation factor X SHAPEVITSSPLK
Adiponectin IFYNQQNHYDGSTGK
Beta-2-glycoprotein I EHSSLAFWK
Coagulation factor IX VSVSQTSK
C-reactive protein ESDTSYVSLK
Vitamin K-dependent protein C WELDLDIK
Coagulation factor XIII A chain STVLTIPEIIIK
Coagulation factor XIII B chain LIENGYFHPVK
Cholesteryl ester transfer protein ASYPDITGEK
Coagulation factor V DPPSDLLLLK
Angiotensinogen ALQDQLVLVAAK J
L-selectin AEIEYLEK

* patent Pending

}—-»

KATEHLSTLSEKNWGLSVYADKPETTKI
LGGHLDAKDTVQIHDITGKTVIGPDGH

KQGFGNVATNTDGKEIGELYLPKTGLQ

EVEVKDDLYVSDAFHKIYHSHIDAPKET
AASLLQAGYKITQVLHFTKFPEVDVLTK

LGNQEPGGQTALKLSSPAVITDKQWAG
LVEKIPPWEAPKLFLEPTQADIALLKSHA
PEVITSSPLKIFYNQQNHYDGSTGKEHS
SLAFWKVSVSQTSKESDTSYVSLKWEL
DLDIKSTVLTIPEIIIKLIENGYFHPVKAS
YPDITGEKDPPSDLLLLKALQDQLVLVA

AKAEIEYLEK 1

v
Synthesize gene CVD_1a (codon
optimized)
+
Clone into pIVEX2.4d
expression vector

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

polySIS protein standard <J PPI

Absolute Protein Quantitation in Relation to
polySIS™ Peptide Standards

polySIS CVD_1 (lys-labeled standard)
ATEHLSTLSEKNWGLSVYADKPETTKILGG
HLDAKDTVQIHDITGKTVIGPDGHKQGFG

NVATNTDGKEIGELYLPKTGLQEVEVKDDL
YVSDAFHKIYHSHIDAPKETAASLLQAGYKI
TQVLHFTKFPEVDVLTKLGNQEPGGQTALK
LSSPAVITDKQWAGLVEKIPPWEAPKLFLE

PTQADIALLKSHAPEVITSSPLKIFYNQQNH
YDGSTGKEHSSLAFWKVSVSQTSKESDTS
YVSLKWELDLDIKSTVLTIPEIIIKLIENGYF

HPVKASYPDITGEKDPPSDLLLLKALQDQL

VLVAAKAEIEYLEK

sL-Selectin (in sample)

WTYHYSEKPMNWQRARRFCRDNYTDLVAI
QNKAEIEYLEKTLPFSRSYYWIGIRKIGGI
WTWVGTNKSLTEEAENWGDGEPNNKKNK
EDCVEIYIKRNKDAGKWNDDACHKLKAAL
CYTASCQPWSCSGHGECVEIINNYTCNCD
VGYYGPQCQFVIQCEPLEAPELGTMDCTHP
LGNFSFSSQCAFSCSEGTNLTGIEETTCGPF
GNWSSPEPTCQVIQCEPLSAPDLGIMNCSH
PLASFSFTSACTFICSEGTELIGKKKTICESS
GIWSNPSPICQKLDKSFSMIKEGDYN

* patent Pending

(c) Plasma Proteome Institute

LC-TQMS of AEIEYLEK

B o1 AR (137 paio) 10819505 am o Sarmpla 1 (BP2 110 PS 130 amol 5 o157 D 1_10 PS03 1
2508
28w polySIS MRM’s

2005

1068

Intensity, cps

ol S

& & M 12 13 18 12 2 22 24 28

115 183 181 228 267 905 ade 331 418 46T 485
Time, min

2 a
R

+ Digest

B iC of +MRM (137 pairsy 407 £/704.4 amu from Sample 1 (DFZ 1/10 FS 130 amol 6) of 6_7 DF 1_10 F3130a 1

1502
; /N =326
Sample peptide \ Peak Int.(Subt.)=1.2e43
Sy5td.Dev (Hoise)=3.e+ 1

A npise -2

2 4 & & 0 12 1 € = o 22 24 28
M5 153 191 220 267 G05 343 %81 410 am7  Aus !
Time, min

1000

s00

Intensity, sps

354 _zan

RIT of *MRM (157 paisy 501808024 amu from Sample 1 (DF2 1110 P 130 amel 5) of 57 DF 1_10 P&130a 1

1588

sa17

a0 Labeled standard ~ f\

SN =109.7
Peak Int.(Subt.)=5.4e+3
3xstd Dev.(Naise)=4.9e+1

Tntensity, chs

! - Moige -
34 & & 0w 1 1 B w2 2 fo =
s 77 18 158 1@l 2 27T 305 B 3 4e 4 4es ¢
Tims min

PPl
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Subtraction of Top 6 Proteins
(albumin, IgG, IgA, haptoglobin,transferrin and antitrypsin)
Using Agilent MARS Column

w 5 3 fiom Sample 1 (DFZ 1710 F5 130 amol 6) 016_7 DF 1_10 FS1203 raps niff (Nanosp ay)

Depleted Plasma

Digest of 0.01 uL

plasma on column

|1
e Whole Plasma
Digest of 0.01 uL
plasma on column
k L

‘‘‘‘‘‘‘

PPl

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

Afamin peptides

LPNNVLQEK : 527.8/844.5

DADPDTFFAK : 563.8/825.4

B 0C of +MRM (52 pairs): 56... Wax. 1056.3 cps. | [ WM RIC of MRM (52 pairy 527 .. Wax. 3654 b2,
3651 a8 19.96
1000 SIN=6 80
300
& £ Plasma
z R
] ]
a z
z -z 150
= =
100
50
a
10 12 14 16 13 20 22 24 26 28 30 32 34
Time, min
B 0 of +MRM (52 pairs): 56 ax. 57750 ops. B0 of +hRM (52 pairs): 52 M. 22702 ops
5776 A 2350 2268
5000 S/N =28 2000 | S/N = 65
@ 4000 o
2 2 Depleted
= 3000 a6 88 = H ep e e
] 2
< ¢ mo0d i
- i Plasma
1000 s00
e

26 28 30 32 34 35 38 40 42 44

mmmmmmm

(c) Plasma Proteome Institute
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Fibronectin
SYTITGLQPGTDYK
1543.8

Fibronectin, a protein of much lower
normal abundance (1.4ug/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.

B C of +MRM (21 pairs) Exp 1, 772.4880.3 amu fram sampl (Sample001) of Pla, Max.4080.0 ops.

000

2000
18212
2000
7187

Intensity, cps

1000
65,54,

10854 qosan

L]

B cR (72.90) F1(25.1788) Exp 2, 97354 min flom Sample 1 (Sample001) of Flasma. Max.5 55 ops.

778

5885
5065

40e5

2088

[ 734

Intensity, cps

2085

10e8 771.4] &l
rerg e ol \ oy

i i b b gt A
788 767 768 788 770 771 772 773 774 798 778 777 778 778 780 781 782 783

W TEF1(772.40) Chargs (+2) CE (36 B255) FT (100) Exp 2, 07 570 min fram Sample 1

Max. & 3e5 ope

THENEny, ¢ps

00 200 300 400 500 60D 700 400 @00 1000 1100 4200 1300 4400 1800)
miz_amu

PPl

Current MRM Method

B of +MRM (137 pairs) 610.8/950.6 amu from Sample 1 (DF2 1710 PS 130 amal 5) of 5...

28e54

2654

2.4e5

2 2ef4

2.0e5 4

1.8e5 4

1.Gef

1.9e5 4

1.2e5 {

Intensity, cps

1.0e5

S.0ed4

G.0ad

4084

Z2.0ed4

oo
& 2 10 12 14 16 12
115 153 191 228 267 305 343

(c) Plasma Proteome Institute

Max. 2.8e5 cps.

2663

137 MRMs

52 proteins monitored

40 cardiovascular markers

17 stable isotope peptides as IS

60 peptides, two transitions each

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

Equivalent of 0.01 uL of
plasma on column

14 h_m .,A.A W

20 2z 24 26 2 20 22 24 26 28 40
381 419 457 495 534 57z §10 848 636 T4 TGO2
Time, min

PPl

9 June 2005



ASMS San Antonio 2005

Designed vs "Random” MRM's

Occupancy of Plasma MRM Space Is Low

+ Apex of the random oo
vs real distributions 35.00%
are >2 orders of
magnitude apart

30.00%

25.00%

- If we use a cutoff of
peak areas for real
signal at 2e4, then only 15.00%
10% of MRM channels

20.00%

Frequency

will contain random 10.00%
SIQHGI 5.00%
0.00% e S

SN=10

—#Peak Area for real signal

—@Peak Area using mass defect
—*Peak area for second highest peak
—%Peak Area using random

uuuuuuuuuuu
€ 2 o 2 8 @ &8 9 § 9 o

1.0E+07
3.2E+07
1.0E+08

Peak area bin (log)

PPl

Reproducibility of MRM Panel in

Depleted Plasma

CV values of Peptide Quant

45

40

= DP2 0.01uL plasma

35 +—

30 +—1

pL 3 —

#Peptides

20 +——

-

5 10 15 20

CV Value

>50

Avg CV with IS 7%
Avg CV overall for good peaks 9.5%

(c) Plasma Proteome Institute
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Dynamic Range of Current Method in
Depleted Plasma: ~4.5 Orders
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Dynamic Range of Current Method
Detection of L-selectin
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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)
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* patent pending

Mass Spectrometric Quantitation of Peptides and Proteins Using Stable
Isotope Standards and Capture by Anti-Peptide Antibodies (SISCAPA). PP[

Anderson, N.L., et al, Journal of Proteome Research, 3: 235-44 (2004).

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

PPl
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