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Overview
Purpose: Develop a fast, robust method for accurate, quantiative analysis of targeted proteins in complex mixtures.

Method: Whole human serum (Sigma) was analyzed by nano flow LC/MS/MS with a 75 pm diameter C18 PicoFTit® column on a
TSQ Quantum Ultra™ instrument. 103 MRM transitions were monitored for the targeted quantitative analysis of 53 major proteins,
in human serum (1). Data were acquired at different Q1 quadrupole resolution settings (0.7 FWHM, 0.4 FWHM & 0.2 FWHM)
and different scan times (20ms & 2ms). MRM-triggered MS/MS scans (1+10E4 signal threshold) were also acquired for peptide
verification. In addiion, a known amount of interleukin 6 (IL-6) was spiked into the whole human serum to test the abilty to predict
MRM transitions in silico with an predictive software, *P3 Predictor” (2), and successfully detect and quantitate the predicted
peplides with the TSQ Quantum triple quadrupole mass spectrometer.

Resulta: AL MR ravilons wers unamb\guous\y detected from the whole human serum, using high resolution (0.2 FWMH) in
the Q1 quadrupole. Mos! by MSIMS spectra. Among 53 targeted
proteins, 51 proteins recuced sctopaie Quar\mahve eta (CVS28%) Tho CVs 0=6) wao fom 5.26% (50% ofMRMshad CVs < 10%)
Proteins present at concentrations as low as pg/mi levels, such as L-selectin and fibronectn (1), were reiably detected, yielding a dynamic
ronge ofgresor 4 ardars of magniade (1om ovest pesk arese of 6 +04 for rnogen b chan o hahost paak rece o
6E+08 from albumin peptides) in a single experiment. More than 20 scans were acquired for each MRM transition when using a
2ms scan time. The predicted MRM transitions for IL-6 were dlearly detected. The linear dynamic range for spiked IL-6 was over
four orders of magnitude (0.02 - 400 fimol on column) and the limit of detection was 20 amol on column with a SN of 22

Introduction

A common endpoint for a biomarker discovery experiment s a st o putative marker proteins. A reasonable nex! step s t then
perform targeted quantitative measurements of these proteins in an expanded patient population o assess their valiity as
markers. Analytical accuracy and precision are required for unambiguous quaniitative analysis o targeted proteins from very
complox idurs. Wi ynamic rang and ighsarsivity aro ia for delccing ow abundanceprofoins

One approach for licationis the use oftandem nitor  ique peptide (or peptices) from a
oo o morse by  sdece roacion oniorg (M) assay, oy smmmeaus analysi of many peptices by a multple
reaction monitoring (MRM) assay. This approach can further argeted proteins

oproptate el oiope el papti ae el Sndacs, Alhough 1S Sppench g vy Speate an Soncie
responses for targeted peplides, it is st difictfo diferentiate belween the targeted pepide signal and chemical background,
partculary when detecting very low abundance proteins i highly complex samples. The unique high resolution SRM (H-SRM)
capability of the TSQ Quantum Ultra can overcome this problem by increasing MRM assay specificity.

In this presentation, we demonstrate the TSQ Quantum Ultra mass spectrometer’s unparalleled capability for highly sensitive and
acurato mlil o uaniain fom uman serum by using igh resouion e reaton asseys, A M assay s
ovlopd o delacing 5 gl protinsfom human sorum by usig ot it mass rescion an i eslution o h Q1
quadrupole. The sensiti rall high resolution MRM assays
were ovalualoa. Addtonally, & spocf: MRV assay was doveloped for dtactig & Known blemarker (L-8) fom human serum

Methods

Sample Preparation

Whole Human Serum and interleukin-5 (Sigma) were used. The serum was diluted 40 times with 6M Guanidine. 1 mi of the
diluted human serum sample and 104g of IL-6 were reduced and S-carboxymethylated, exchanged into 100mM ammonium
bicarbonate buffer and enzymatically digested. The digested mixtures were dried with a SpeedVac (Thermo Electron) device and
reconstituted with 200p! water containing 0.1% TFA.

Peptide Selection and MRM Transition Design
Figure 1 shows two ction and MRM was detected in
v LEMOINS expeente v popties ) e pad oo delocied reps Ao o hees xpuiments. o) wers e
for one single protein, ) contain nio Cys, Met or other commonly modified residues and d) have proper mass range 600 — 2000
MW were selected for MRM assays. Usually, multiple fragment ions for each selected pepide will be used to maximize

ecifc
1 no HPLC/MS/MS data was available for the targsted protein, an MRM predictor tool (P3 Predictor) was used to predict
candidate peptides and mulple fragment ions for MRM assay design (Figure 2). P3 Predictor takes amino acid sequences of
targeted proteins of interest and performs in slico digestion. Peptides which contain no Cys, Met, His, NxS(T) modification, R-P
or K-P and user defined peptide length willbe listed as candidate pepides. A user simply selects one or mutple candidate
peplides from the list and P3 Predictor will predict Q1 and Q3 MRM transitions automatically with proper colision energies and
add them to an output csv method which Quantum can accept directly. In our experiments, for the 53 major serum proteins, 103
MRM transitions (Table 1) were used based on previous work by Anderson et al. (1). Six MRM transitons (560.82/616.38,
560.82/731.41, 560.82/844.49, 663.36/698 42, 663.36/812.46, 663.36/1012.54) were used for nterleukin-6 based on the P3
Predictor tool. The collision energies were assigned by a generic formula of CE=0.034 x miz +3.314.

FIGURE 1. Basic approaches for peptide selection and MRM assay design

[Previously detected in proteomics experiments?
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Pepide selection and MRM assay
were designed based on pept ico
MSIMS spectra acquired from e coence e
previous proteomics experimens et

Popio sacion and WRM assays|
fesigned

‘Table 1. MRM assays and reproducibility for 53 major serum proteins with TSQ Quantum Ultra

FIGURE 2. P3 predictor - an MRM transition prediction tool by Michael J. MacCoss et. al from
University of Washington

HPLC

A PicoFit C18 column, 75um x 100mm was used for peptide separation. A Surveyor™ MS pump was used to produce and
deliver a solvent gradient (A:0.1%FA/2%ACNI98%H20, B:0.1%FA/100%ACN) to the column by means of a flow splitter. The
flow ate post splitter was 300nLimin. The linear ramp was from 2% B to 50% B in 85 min. Samples were loaded directly onto the
column by a Micro AS autosampler after the flow splitter. The sample loading rate was 5uLimin and loading time was 15 min.

5 Quarium Ui vithlon Max'™ soure oquped it a ol adaplor orranoflow (Now Objectives)vas sod
SRM-triggered MS/MS:

S o up1 Q1,07 FWHM; Q3,07 FWHM  Scan E: Q1&Q3,0.7 FWHM; Q2, 1.5mTorr

SRM s¢ Q1,04 FWHM; Q3, 0.7 FWHM Scan width, 0,002 miz; Scan time, 20ms

SR s » H (h_SRM): Q1,02 FWHM: Q3,07 FWHM  Scan Event2: DD precursor mass from Scan Event 1,

Q2,15 mTorr (Ar) Q1,0.7FWHM, signal threshold 30,000 counts,

Scan width, 0.002 miz Q2, 1.5 mTorr; CE, 0.034 x parent miz + 3.314;
Scan time, 20ms & 2ms. Dynamic exclusion on: repeat, 1

Results

Quantitative results for 53 targeted major serum proteins by using 103 MRM assays

'With the same human serum sample, five nano flow HPLC/MS/MS experiments were performed in each of which the same 103
MRMs were monitored with different resolutions and scan times mentioned above. The high resolution MRM assays (Q1: 0.2
FWHM) gave the best restits and clearly resoived targeted analyte transitons from interference peaks that were seen at lowe
Q1 resolutions. Fig. 3 showed one example where high resolution helped to unambiguously detect peptide QGFGNVATNTDGK
(representing fibrinogen bota chain) from complex serum. The 103 MRMs were detected with enough scans for rliable
quantitation by using both 20ms and 2ms scan tmes, although the 2ms scan time gave twice as many scans with some
decrease in signal intensity (Fig. 4). For testing this method's reproducibiily, the same MRM experiment at Q1

20 ms scan time was repealed six imes and the results were summarized in Table 1. Among the 53 targeled proleins, 51
proteins produced acceptable quaniiative data, while only two were ot relably observed. For the whole serum digesls, CVs
(n=6) were from 5-26% (50% of MRMs had CVs 5 10%). Proteins present at concentrations down to pg/m_levels, such as L-
selectin and fibronectin (1), were reliably detected, yielding a dynamic range of greater than 4 orders of magnitude (from lowest
peak areas nV EEOM from fibrinogen beta chain to me mghes{ peak areas of 6E+08 from albumin peptide) in a single
experiment . once the tich y series and some b
series "aneM ions and were of good quality, Pefmmmg database searching with SEQUEST® in BioWorks 3.3 (Fig. 5}

FIGURE 3. MRM traces for peptide QGFGNVATNTDGK (fibrinogen beta chain) at different Q1 resolution settings,
showing the power of high resolution SRM (H-SRM) for unambiguious detection of targeted peptides from serum
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FIGURE 4. MRM traces for peptide VVGGLVALR with different scan time (MRM dwell time)

ELECTRON CORPORATION

Detection limit and linear dynamic range of IL-6, using MRM assays developed with P3 Predictor
AN IL-6 digest mixture was spiked ino human serum to create a dilution series, and was run sequentially to evaluate the
detection limit and linearity of the developed MRM assay. Good analytical sensitvity and linearity were seen (Figure 6). The
finear dynamic range for spiked IL-5 was over four orders of magnitude (0.02 — 400 fmol on column) and the fimit of detection
was 20 amol on column with a SIN of 22.

FIGURE 6. Detection limit and linear dynamic range of IL-6 spiked into human serum
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Conclusions

An H-SRM based specific, sensitive, robust assay for targeted proteins, developed
on a TSQ Quantum Ultra triple quadrupole mass spectrometer, offers significant
benefits for biomarker verification studies. 103 MRM transitions were monitored for
the quantitation of 53 serum proteins.

1) Q1 resolution of 0.2 FWHM dramatically reduces non-specific interference from
serum background, improving assay specificity. At Q1 resolution of 0.4 or 0.7
FWHM, significant interference was seen for many targeted transitions.
Analytical assay performance was excellent.

1) %CV varied from 5-26%, with 50% of protein CV’s < 10%
2) Peptide response was linear over 4 orders of magnitude

3) Sensitivity was excellent, with the ability to detect proteins present
at pg/mL levels and to detect IL-6 at levels as low as 20 amol on
column

4) MRM:-triggered MS/MS spectra were of good quality and in most

cases sufficient to permit confirmation of peptide ID by database
searching with SEQUEST
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