
Christine Miller

Senior Application Scientist

Santa Clara, CA

IMSC 2009 

2 September 2009

Agilent Solutions for 

Proteomics

IMSC 2009

September 2009



Technologies for Proteomics Analysis

Sample preparation

HPLC-Chip

Q-TOF and QQQ Mass Spectrometers
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Protein Analysis Workflow

Simplify      Fractionate Separate Identify
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Sample Prep

Extraction of unique proteins or from diffent samples

Extraction 

Reagents – FFPE & 

MS Detergent
Proteases

Standards for 

Validation & 

Quantitation

New!



Agilent 1290 + 6530 Accurate Mass Q-TOF: Rapid 

Peptide Mapping of Proprietary IgG

100% sequence coverage for both light AND heavy chains!

TIC

ECC for Matched Peptides

Poroshell 120 column

2.1 x 150 mm, 2.7 µm

Flow rate 1.2 mL/min
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HPLC-Chip/MS Benefits

Max Efficiency & Sensitivity

• Zero dead volume for better 
chromatographic performance

• LC/MS sensitivity

Hassle-free – All-in-One

• Laser-ablated channels

• Analytical column

• Enrichment column

• Micro valve connection

• Nanoelectrospray tip

• Micro-filters

Maximum Uptime

• No clogging of spray needle

• Plug-&-Play replacement
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Enrichment column 

Sprayer-tip

µ-filter

Analytical column

Inert polyimide 



New HPLC-Chip: Phosphochip

Phosphochip Features

• Completely integrated microfluidic 
design 

• Simplified enrichment/analysis 

• Increased sensitivity for 
phosphoproteome analysis

• Faster time-to-result

• More routine PTM analysis

Phosphochip Workflow

• Sandwiched RP-TiO2-RP trapping 
column for phosphopeptide enrichment

• Dual modes of analysis for both 
phosphorylated and non-
phosphorylated peptides from complex 
protein digest
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Analytical Pump
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RP-TiO2-RP Enrichment Column



Phosphochip Kit: HPLC-Chip, Reagents, Tubing 

and Manual
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Phosphoproteomics on a single embryo

Zebrafish 
embryos

60 embryos   180 mg n= 1067

10 embryos     30 mg n=   321

1 embryo          3 mg n=     47

70% detected in the 10 embryos 
also detected in the 60 embryos

MASCOT peptide score ≥ 35 

p-value ≤ 0.005 

On-line automated zebrafish phosphoproteomics; From Large scale analysis to a single embryo
S. M. Lemeer, et al. J Proteome Res. 7 (2008) 1555-1564.

Comparative phosphoproteomics of zebrafish Fyn/Yes morpholino knockdown embryos
S. M. Lemeer, et al. Mol. Cell. Proteomics 7 (2008) 2176-2187.



All Fractions

Fraction 7

SCX only (n=549)

SCX-TiO2 Flow-through (n=55)

SCX-TiO2 eluate (n=2152)

“Harvesting” Phosphopeptides with Phosphochip

IMSC 2009

Mohammed, S., Kraiczek, K., Pinkse, M. W., Lemeer, S., Benschop, J.J. and Heck, A. J. R. (2007). J Proteome Res
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HPLC- Chip II  

with Ion Implantation Technology

New Carbon Ion Implanted Filter

• Improved surface characteristics for optimal contact and 

sealing

• Reduced friction between rotor and polyimide chip

Benefits

• 2X Longer chip lifetime resulting

in lower cost per analysis

• Improved chip to chip and

run-to-run reproducibility
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HPLC-Chip Research: Glycan Chip for Antibody 

Characterization
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Separation of glycans

Immobilized PNGase F 

on 5 µm silica beads

180 nL column

180 nL C-8 column

160 nL porous 

graphitized carbon 

trapping column

43 mm porous 

graphitized carbon 

separation column

Cleavage of glycans from 

antibody (~ 6 seconds)

Purification of glycans 

from antibody 

Concentration of 

glycans

Identification and 

quantitation of glycans 

mAb sample

MS

PNGase F Deglycosylation Configuration

1. Antibody sample loaded 

(in aqueous volatile buffer)

2. Glycans 

enzymatically cleaved 

from antibody

3. Glycans purified via 

antibody retention 

column
4. Glycans concentrated 

before analysis

5. Nanopump gradient generated

(aqueous to organic gradient)

6. Glycans eluted 7. Glycans 

separated on PGC 

column and 

identified with MS

Glycan Analysis Configuration

ASMS 2009: Bynum et al,  An Integrated Microfluidic LC/MS Chip for Rapid On-line Deglycosylation and Characterization 
of N-glycans from Recombinant IgG Antibodies 



HPLC-Chip Research: Glycan Chip for Antibody 

Characterization
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ASMS 2009: Bynum et al,  An Integrated Microfluidic LC/MS Chip for Rapid On-line Deglycosylation and Characterization 
of N-glycans from Recombinant IgG Antibodies 

Glycan Profiles from 100 ng of Ab1 and Ab2

G0 G1

G2

glycosylamines

free reducing 

end glycans

glycosylamine [M+2H]+2

free reducing end 

glycans [M+2H]+2



Agilent HPLC-Chip/QQQ LCMS Technology
Nanospray chip configuration brings new era in high sensitivity 

quantitation

NanoLC system for

analytical chromatography

HPLC Chip Cube  system

QQQ LCMS

CapLC pump for sample

loading on enrichment column

Sensitivity: down to low amol

Dynamic range: up to 105
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Excellent Reproducibility on the 6400 QQQ LC/MS/MS
MRM of HSA Peptide LVNEVTEFAK from 10 amol to 1 pmol (n=6)

All RSDs are within 15%
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6400 series LC/MS/MS LOQ in the Low Amol Range
Peroxidase 10 amol to 10 fmol spiked into 1 µg human serum

10 fmol peroxidase in 1ug serum

1 fmol peroxidase in 1ug serum

100 amol peroxidase in 1ug serum

10 amol peroxidase in 1ug serum
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6400 LC/MS/MS Performance
External Quantitation Curve of Peroxidase Peptide DTIVNELR From 10 

amol to 10 fmol Spiked into Human Serum

100amol

1fmol
10amol

R2 = 0.9988
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MRM Method Optimizer for Peptides

Setup Optimizer: Import peptide sequences, then view predicted b/y fragment 

ions and select ions for optimization

Optimize CE in MRM mode optionally using CE setting from Q-TOF or user 

specified formula as a starting point 

Advantages:

• Optimize CE in 1 run

• Can optimize on more than 1 charge state for the same peptide

• Pre-select b and y ions (including multiply-charged product ions)

• Only limit is on total number of transitions per optimization run – software 

will suggest limit based on user-entered chromatographic peak width
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2. Enter peptide sequence

Peptide Optimizer:  Define Peptide Sequences and 

Modifications

1. Specify peptide sequence and type

3.  Save peptide sequences
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Peptide Optimizer: Import Peptide Sequences and 

Select Transitions for Optimization 
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Peptide Optimizer: Results Stored in Database for 

Easy Import into DMRM or MRM Methods
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Abundance of each transition 

allows customer to choose 

best transitions for the final 

method

Precursor

Optimized 

product ions

Peptide 

sequence



Biomarker Validation Workflow
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• Run samples on Q-
TOF for protein ID in 
data-dependent 
MS/MS mode. 

Step-1

Q-TOF

• Search QTOF data 
using Spectrum Mill

• Use Spectrum Mill 
MRM Selector to 
create a list of MRM 
transitions with RT

Step-2

Spectrum Mill • Import the MRM list 
into QQQ Acquisition 
software

• Run samples on 
QQQ in Dynamic 
MRM mode

Step-3 

QQQ 

• Integrate the MRM 
chromatograms

• Import quantitation 
results into MPP to 
perform statistical 
analysis

Step-4

Mass Profiler Pro



Step 1: Analysis on Q-TOF for Biomarker 

Discovery
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5 replicate injections of immunodepleted human serum 

spiked with peroxidase

IMSC 2009:Tang et al. Optimizing the Peptide Quantitation Workflow from Biomarker Discovery to Validation



Step 2: Use Spectrum Mill MRM Builder for 

Creating Ion Transition Lists
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IMSC 2009:Tang et al. Optimizing the Peptide Quantitation Workflow from Biomarker Discovery to Validation



Step 3: Build Dynamic MRM Method for Peptide 

Quantitation
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2000 transitions

IMSC 2009:Tang et al. Optimizing the Peptide Quantitation Workflow from Biomarker Discovery to Validation



Step 4: Import Quantitative Results Into Mass 

Profiler Professional for Statistical Analysis
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IMSC 2009:Tang et al. Optimizing the Peptide Quantitation Workflow from Biomarker Discovery to Validation

All Samples                                

B1          B2         B3          A1         A2          A3         M1         M2
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www.proteomics-lab.com
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