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Overview
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Improvements in LC/MS instrumentation

Impact of flow rate and column i.d. on sensitivity
Robustness of analysis for complex samples
Reduced sample complexity using SISCAPA

Automation of sample preparation using Bravo system
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IFunnel Technology in the Agilent 6490 — 3 Key Elements

More efficient ionization Increased ion sampling Greater ion transfer

 Thermal confinement of

ESI ion plume 6 capillary inlets » Removes the gas but

« Samples 12x more ion rich captures the ions

gas from the source » Helps to remove source
generated noise

« Efficient desolvation to
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Two Stage lon Funnel Manages the Gas Load

High Low
Pressure Pressure
Stage 1 Stage 2

Existing
RF lon
Guide

Stage 1
8-12 Torr

Stage 1 offset breaks up the high pressure gas exiting the Hexabore Capillary
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High and Low Pressure Funnels
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How much difference does the iIFunnel make?
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Impact of iIFunnel on Sensitivity: Standard Flow
LC/MS with JetStream Source

Calibration Curves
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HSA Standard Peptide (LVNEVTEFAK, 575.5 - 937.5), Poroshell 120 2.1 x 150 mm column at 0.5 mL/min
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JetStream Source vs. ESI at Capillary Flow Rates
(17 pL/min)

10 fmol on-column
peptide LVNEVTEFAK
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2.1vs.0.5mm ID Columns: JetStream Source
Shows Mass Dependent Behavior
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Comparison of Standard (0.3 mL/min), Capillary (17
uL/min) and Nanospray (600 nL/min)
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Robustness of LC/MS System

Goal: Demonstrate the performance of the instrumentation for
the analysis of peptides in a complex matrix

Instrumentation: 1290 Infinity LC system with 6490 QQQ

Samples: Stable isotope-labeled standard (SIS) peptides (12
total) in non-depleted plasma digest

GMAN BLOOD

< &0 PFASMA
PROTEINS

These samples were kindly provided by Derek Smith and Christoph H. Borchers from the UVic-Genome BC Proteomics Centre
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Injecting Less Sample Reduces Matrix Effects

Plasminogen: LFLEPTR

von Willebrand Factor: ILAGPAGDSNVVK
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These samples were kindly provided by Derek Smith and Christoph H. Borchers from the UVic-Genome BC Proteomics Centre
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Standard Flow LC/MS: Quantitation of the
Plasminogen Peptide in Plasma

Linear plot

F'Iasminogen_LFL_h - 11 Levels, 11 Levels Used, 33 Points, 33 Paints Used, 0 OCs
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The samples were provided by Derek Smith and Christoph H. Borchers from the UVic-Genome BC Proteomics Centre
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Reproducibility for 110 Injections (10 fmol SIS
Peptides and 2.5 pg Plasma Digest On-column)
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The samples were provided by Derek Smith and Christoph H. Borchers from the UVic-Genome BC Proteomics Centre
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Reproducibility for 110 Injections: Overlay of TIC
for Runs 1, 10, 20, 30, 40, 50, 60, 70, 80 and 90

x10 4

5.5+

4.5+

3.5+

2.5

1.5+

0.5+ ‘
[ e ——— i, s A A-«_‘_A__LL-_._.__.L.._..

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Counts vs. Acquisition Time (min)

The Mealsure| of Confidence ._ - -
%8 Agilent Technologies

15



Standard Flow LC: Excellent RT Reprodumblllty N

Complex Matrices

The Mea of Confidence
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SISCAPA™ Process Schematic Diagram:
Stable Isotope-labeled Standards with Capture on Anti-Peptide Antibodies

Standardization
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Sample

A
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SISCAPA: Enrich Target Peptides and Decrease
Sample Complexity

Direct injection of unfractionated plasma digest

10 nl plasma
O

RERRRRNE

P F bt g

non-specific
binders | === e G S

10 ul plasma

1000x larger digest Reduced ion & Same = >1,000-fold increased
input volume suppression LC-MS/MS MRM assay sensitivity
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Two Key Components of SISCAPA Automation

1. Automation of sample processing steps to

— Increase throughput to hundreds of samples per day
— Improve assay precision (replacing hand pipetting etc)

2. Robust, high-throughput MS platform

— Overcome robustness limitations of nanoflow chromatography
— Reduce LC/MS cycle times from 30-45 min to 5 min/sample

The Mea of Confidence
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Magnetic Bead Implementation of SISCAPA Assay

Technology

.
.®

“'SISCAPA Kit

Biomarker concentration
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Automated Sample Handling for Protein Biomarker

Studies

The Mea

21

o0 @ @e..

Authars

Lelgh Anderson
Anaderson Farschimy Group
Washingion, 0.C. USA

Matt Pope. Angela Jscison, and
Ty WL Pearson

Undversity of Victaria
Victorla, BC Canada

Peler Wemer and
Christing Miies

Agient Technoiogles, Inc.
Santa Clara, CA USA

of Confidence

Automation of a SISCAPA Magnetic
Bead Workflow for Protein Biomarker
Quantitation by Mass Spectrometry
Using the Agilent Bravo Automated
Liquid Handling Platform

Application Note

Abstract

An automatzd protoced has been developsd Implementing SISCAPA
Imenunaztinity enrichment of biamarker peptides prior to quantitation by mass
spectrometry. In this protocal, magnetic beads costed with ant-peplise antibodies
bin specific tange peptides from tryplic digests of samples such s plasma and
serum, afier which the beads are washed to remove unbound peptides. and the
bound, purifiad peptides are slutad In small volumes fof Ingsction Info an
LC/ME/MS sysiem. Intemal standards {stable oiope-labeled verslons of the
same peptides) slow sccurate quantitation, The Aglient Bravn mplamantztion
allows SISCAPA processing of 36 samples Inbess than 30 minuies.
Introduction

Mass specirometry (M3) has become the benchmark technology for analysts of
peptidas based on thres Impartant advantages: 1) precis2 quantitation [paricutary
wihian 1552 with Intemal standards); 2) near-ahsoute structural specificity
{hasEd oN UNkgUE MAIECUIEr ITagmentation patiems); and 3) facile multipliexng

of hundrads. of messurements. In 3 single anatytical run. These sfvantages can
be explaited In the analysls of “proteatypic™ paptides. which occwr uniquely In

a singis protein seq o reveal the lnns af the parznt proteins

In proteolytic digests of complex samgples such as patlent plasma or sensm. The
principal Bmitstian of the technology In resssrch on proten blomarkess has been
senslitvity for kow-abundance proteins, which may be present at levels 10 orders
of magnitude bebow the major plasma prot=ins such 35 albumin. This problem has
besn solved thugh spacilc capture of target peplides by purpose-designed antl-
peptidz antibodias (the SISTAPA technology). yleiding =100.000-tald enrichment
of tanget vs albumin peptides, and thus extending the sensithity of quantitstie
mzss specirometry i match that of Immunoassays. When Implemented using
established aMfinity camlers such as magnedic beads. lange nembers of samples
can be processed with efficiency and pracision. As 2 result, the Inherant quallty
adwantages of ME measurement can be obtained over the Tull range of exdsting
and candigate prolens DIOmsTkers.

}."._: Agilent Technologies
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SISCAPA Protocol

The Bravo can be set up to perform

1. Enzymatic digestion, reduction
and alkylation steps

2. The SISCAPA process in 2 scripts
to fully utilize the magnetic bead-
based antibody capture and to
elute off the same beads

«o* | +ESITIC MRM Frag=380.0V (**—"*) LHmix.d
An 11-plex SISCAPA assay "
run on the Bravo and 6490 —— _—
- - n 38 )
QQQ combination : % T 1
__Mk NL\ K £ f\ k

"0 w0s 1" ns
Counts vs. Acquisition Time (min)
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11-Plex SISCAPA Using iFunnel QQQ-MS at
Standard Flow Rate

SI TIC MRM Frag=380.0V (** -> **) LHmix.d

Meso
LPSBH

£ Tg2

PCI
CA125
Her-2
g STIR
Tgl
FLC

10.824
=z
o
f\ @) 13.559
13.024
J \ J & A K ]
7 ‘ ) ‘ ‘ 12 125 13 13.5 14 14.5

0.5 11 11.
ts vs. Acquisition Time (min)

Column: ZORBAX Eclipse Plus RRHD C18, 2.1x150mm, 1.8 um, 95A
Injection volume: 10 uL containing 200 fmol each peptide

Flow rate: 0.4 mL/min

MS: 6490 QQQ with iFunnel technology

MS Mode: Dynamic MRM

The Mea of Confidence
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Comparison of Standard Flow lon Funnel QQQ-MS

to Nanoflow QQQ-MS

Mesothelin forward and reverse curves (log/log)

100 ¢
i Agilent 6490 (400ul/min) + Bravo

10 + —*—Bravol-Forward-Meso
'% 5 -#-Bravol-Reverse-Meso
x
©
g
o Endogenous level:
=~ 3fmol/10ul = 16ng/ml
=
I
6 0.1 ¢
%‘ F
£
<
—o.01 |
0.001 : = L — =

0.001 0.01 0.1 1 10 100 1000
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fmol Spiked Varying Peptide

Standard flow ion funnel QQQ-MS

100

10 ¢

0.1 +

(fwd) or H/L (rev) Area Ratio

L/H

0.01 +

AB 4000 Qtrap (300nl/min) + Kingfisher

-#-Meso:Xlink:Reverse
—+—Meso:Xlink:Forward

Endogenous level:
3fmol/10ul = 16ng/ml

0.001

0.001

0.1 1 10
fmol Spiked Varying Peptide

Nanoflow QQQ-MS

0.01

Forward curve: 1IS=heavy, standard addition above endogenous level with light
Reverse curve: 1S=light, heavy peptide spiked in at known levels (no endogenous of heavy)
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Effect of Column Temperature on Separation:
Eclipse Plus EC-C18, 1.8 ym, 2.1 x 50 mm Column
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Counts (%) vs. Acquisition Time (min)
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Standard Flow Results: Rapid LC/MS Method
Using Bravo-prepared SISCAPA Samples

Mesothelin Peptide LLGPHVEGLK Alpha-fetoprotein Peptide GYQELLEK
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,/’ 1.00E+02
7
l'
7 ——

1.000 + » 1.00E+01 AFP-Fwd-Area P
.o /’ o /":f.
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www.siscapa.com

HOME TECHNOLOGY PRODUCTS SERVICES RESOURCES ABOUT US

[>

SISCAPA® technology — the smart shortcut to
sensitive quantitation of protein biomarkers and
targets.

SISCAPA assays combine the precision of MRM
mass spectrometry with the power of affinity
enrichment to deliver a superior alternative to
conventional immunoassavs for protein quantitation.

The SISCAPA workflow can be automated is
several formats, and exploits familiar LC-MS/MS
platforms widely used for drug and metabolite
quantitation.

In comparison to conventional sandwich immunoassays, SISCAPA provides a range of practical advantages:

Done (% & Internet +1009% -

The Meaﬁ of Confidence s . .
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What’s Coming? SRM Atlas

Agilent’s collaboration with the
Institute for Systems Biology will lead Hiiffian SRVIAtEs
to the incorporation of the SRM Atlas
into a product.

20,333 proteins (20,277 2010 version)
32,562 proteins incl. isoforms
658,684 tryptic peptides (any length)
480,284 distinct peptides (7-30aa)

The Atlas is a look up facility for MRM
transitions to form QQQ acquisition
methods

o1l _,_/_Qj
The Atlas includes complete QTOF " e
MS/MS spectra of chosen peptides for ;g:gg;n"g@
each protein Biology

The Mea of Confidence
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SRM Atlas - Background

Agilent is pleased
to be working with
ISB to be making a
commercially
available database
by the end of 2011.

The Mea of Confidence
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Developments at ISB - SRMAtlas

Human proteins

(from natural source or
synthetic)

Develop Human
PeptideAtlas

(from tryptic digests or
synthetic peptides)

Develop Human

SRMAtlas

(verified quantitative
assays)

-
o©
Q.
<
o
=]
3

Agilent Technologies

Synthetic
“proteotypic”
peptide

(from cheap synthesis)

Develop
optimized
transitions from
PeptideAtlas

Systems &
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Conclusions

*The iFunnel system shows at least a 5x improvement in sensitivity
compared to a standard QQQ

*The QQQ + iFunnel system demonstrated robust performance for peptide
guantitation in plasma digests using standard flow LC/MS

*SISCAPA enrichment enhances sensitivity and reduces the complexity of
the samples

*An integrated, automated, high-throughput SISCAPA assay is now feasible
using Agilent components
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