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Overview

HPLC-Chip/MS for reproducible, robust nanoflow LC/MS

Biomarker discovery using accurate mass with a mass profiling 
approach

Advanced statistical analysis using GeneSpring MS

Biomarker validation using HPLC-Chip/QQQ for quantitative 
measurements



Why Use Microfluidics For Nanospray LC/MS?

Integrate functional components 
onto a reusable, biocompatible 
chip

• enrichment and analytical 
nanocolumns, 

• nanospray emitter
• fittings and connection 

capillaries 
• directly on a reusable 

biocompatible polymer chip.



HPLC-Chip/MS Interface:
Fluid Connections to the HPLC-Chip
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Better Chromatography Reduces Interferences in 
Complex Matrices 
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Retention Time Reproducibility

RT SD %RSD
EIC 487.8 3.618 0.014 0.40

EIC 752 3.788 0.011 0.29

EIC 740.6 5.018 0.010 0.20

EIC 874.4 3.968 0.012 0.31

EIC 653.6 4.289 0.012 0.28

EIC 511.7 3.681 0.012 0.31

EIC 722.7 3.547 0.012 0.35

EIC 778 4.143 0.010 0.23

EIC 526.3 4.399 0.015 0.34

EIC 547.5 4.472 0.011 0.25

EIC 746.7 5.196 0.011 0.20

EIC 519.1 4.142 0.011 0.26

EIC 508.2 4.972 0.011 0.23

EIC 582.4 4.679 0.011 0.23

EIC 461.9 3.905 0.012 0.30

EIC 474 4.759 0.011 0.22

EIC 628 4.584 0.010 0.22

Extracted ion chromatograms for 17 peaks 
from a BSA tryptic digest (50 fmol on-column)

RT reproducibility evaluated using 69 repeat injections



Mass Profiling- Find The Differences Between 
Samples Molecular Feature:  a discrete molecular entity 

defined by the combination of
• retention time, mass and response in an LC/MS 

analysis
• retention time, mass spectrum and response in a 

GC/MS analysis 

LC/MS or 
GC/MS 
Analysis

Identification
Find 
molecular 
features

Compare 
sample 
sets

Validation

• Find real differences in sample sets using statistical analysis
• Reproducible measurements minimize the number of samples!



MS Profiling And MS/MS Identification With The 
Agilent 6520 Q-TOF And HPLC-Chip

Protein ID 
HPLC-Chip

6520 Accurate Mass  QTOF

MS 
Profiling

MS/MS 
Identification

MassHunterTMGeneSpring MS
Targeted 
MS/MS

Spectrum Mill 

Sample 
Preparation

Enzymatic 
Digestion



59 up-regulated unique mass features

25,157 unique mass features

Mass Profiling Software

Mass Profiler



GeneSpring MS

GeneSpring MS for Biomarker Discovery

• Collect/compare 
RT and mass from 
many MS systems 

• Abundance Tests

• Class Prediction

• Clustering

• Hierarchy Trees

• Pathway Analysis

• Function Analysis



Candidate Identification From Targeted MS/MS

Spectrum Mill



Protein Biomarker Model Study on a Complex 
Mixture
Five mixtures prepared which contained:
• Tryptic digest of an E. coli lysate (complex background)
• Tryptic digests of bovine serotransferrin and BSA at specified levels

Each mixture was prepared 10 times

One injection of each sample (1 µL injection volume) 

Long (100 min injection-to-injection) method used



Complex Model Study: Spiked E. coli Lysate

Sample
E. coli lysate

(ng total protein)
BSA 

(fmol)
Serotransferrin

(fmol)

1 400 25 200

2 400 50 100

3 400 100 50

4 400 200 25

5 400 400 5



Complex Model Study: Spiked E. coli Lysate
Total Ion Chromatogram 

Digest of E. coli lysate creates a complex background of thousands of 
peptides

Profiling software must be able to find the bovine peptides that were spiked 
into the E. coli mixture
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Complex Model Study: Molecular Feature 
Extraction

Raw Data Extracted Features



Complex Model Study: Reproducibility With 
Technical Replicates

Single File Features vs. Group Average
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Complex Model Study: Clustering of Features That 
Are Significantly Different (ANOVA)

Selected Mass Tree: QTOF ecoli with 2 outliers removed (Level)
Colored by: QTOF ecoli with 2 outliers removed, Level
Mass List: 1-Way ANOVA (55)

Selected Mass Tree: QTOF ecoli with 2 outliers removed (Level)
Colored by: QTOF ecoli with 2 outliers removed, All Samples
Mass List: all Masses (37544)

Cluster by sample Cluster by level



Complex Model Study: Finding The Differential 
Features in GeneSpring MS



Complex Model Study: K-Means Clustering of 
Differential Features And PMF Search

1 group of clustered masses



Complex Model Study: Mass Spectra From a 
Targeted Peptide
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Biomarker Discovery Using Protein Profiling: 
Summary
• Targeted biomarker discovery can reveal and identify proteins usually 

missed when using the shotgun data-dependent approach

• Label-free workflow saves cost during discovery

• Biomarker discovery software is essential for identifying candidates

– Molecular feature extraction algorithm detects low level peaks in complex 
mixtures

– MassHunter Profiling software determines differentially expressed features
– GeneSpring MS software offers a powerful data analysis/visualization tools when 

analyzing large sample sets 
– Spectrum Mill Protein Identification software provides confident protein results to 

move onto the next steps of biomarker research



Jump From Discovery Phase to Validation Phase

• Reduce the time needed for analysis
• Increase throughput
• Improve CV
• Reduce cost

Research Clinical

# of 
samples <100

Hundreds 
-

thousands

# of 
proteins 50-500 1-20

Time Months -
years

minutes -
hours

Cost $100k-1M $10-100

CV 20-50% 3-5%



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 LC/MS

CapLC pump for sample
loading on enrichment column

Sensitivity: down to low amol
Dynamic range: up to 105



Agilent’s New Axial Acceleration Collision Cell

Collision Gas

+ Axial Acceleration Potential -

Overcomes memory or cross-talk effects!
- using high speed ion transport

Maximum sensitivity
- using wide mass range hexapole design

Simple to operate
- no complicated wave forms
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Precursor Ions Enter
Collision Cell -

Collide with
Ar Gas and
Dissociates

Q1 is Parked Allowing
Only Precursor Ions

of a Single m/z to Pass
to the Collision Cell

Q3 is Parked Passing
Only Product Ions

of a Single m/z
to the Detector

Ion Guide
Transports
Ions to Q1

Ions and
Neutrals Formed

in  nanospray source

API
Source

Detector

Energy

Triple Quadrupole: SRM



Excellent Reproducibility of MS Response
SRM of HSA Peptide LVNEVTEFAK from 10 amol to 1 pmol (n=6)

All RSDs are within 15%
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Spike in standard protein digest at different level

Biomarker Discovery and Validation Method 
Development

Human serum

MARS14 depletion

Denature, reduce, alkylate and digest

OFFGEL fractionation based on peptide pI

Data dependent MS/MS  
on QTOF

MS profiling on QTOF followed 
by statistical analysis and 

targeted MS/MS
QQQ MRM quantitation



Limit of Quantitation for Peroxidase Spiked in 
Human Serum: 10 amol to 10 fmol
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External Quantitation Curve of Peroxidase Peptide 
DTIVNELR From 10 amol - 10 fmol Spiked in Human Serum

peptide1 - 4 Levels, 4 Levels Used, 12 Points, 12 Points Used, 0 QCs
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Absolute Protein Quantification in the Context of 
Non-clinical Drug Safety Evaluation

Vehicle Low Dose High Dose

Day 2,4,15 Day 2,4,15 Day 2,4,15 Day -3/-4, 1/2, 3/4, 12/13

Histopathology
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Clinical Biochemistry

Metabonomics
Clinical Biochemistry

VehicleVehicle Low DoseLow Dose High DoseHigh Dose

Day 2,4,15 Day 2,4,15 Day 2,4,15 Day -3/-4, 1/2, 3/4, 12/13

Histopathology
Transcriptomics

Proteomics

Histopathology
Transcriptomics

Proteomics

Transcriptomics
Proteomics

Metabonomics
Clinical Biochemistry

Metabonomics
Clinical Biochemistry

Collins B. C. et al.  ASMS 2008 MPQ 477

InnoMed PredTox Consortium:  15 industrial and 3 academic partners

Goal:  Assess value of combining “omics” data with traditional toxicology 
data for preclinical safety evaluation



Experimental Design

Rat liver lysate were prepared 
from rats treated with troglitazone
(hepatotoxicant) or vehicle control

Peptides and MRM transitions 
were selected using Peptide 

Selector in Spectrum Mill and 13C, 
15N labeled peptides were 

synthesized

Catalase was selected based on 
previous 2D-DIGE data

1 mg of soluble protein extract 
was reduced, alkylated, acetone 
precipitated and trypsin digested

The liver digest were spiked with the isotope-labeled 
peptides and analyzed by Agilent 6410 QQQ system



Using Spectrum Mill Peptide Selector for 
Optimizing MRM Transitions

Chemically reactive residues
(Cys = C, Met = M, Trp = W)

Residues with variable PTM

Peptides adjacent to multiple 
cleavage site

Size of the peptides

Uniqueness of the sequence in 
the database 



Peptide Selector – Catalase Results



Catalase Peptide EAE – Peptide Selector
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External Calibration on Catalase Peptide
Linearity : five order of magnitude

External quantitation curve of 
catalase peptide L*AQEDPDYGLR 
from 78 amol to 7800 fmol

LAQ* - 6 Levels, 5 Levels Used, 12 Points, 10 Points Used, 0 QCs
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Catalase Quantitation Results



Catalase Quantitation Results

Sample Peptide
Catalase
(fmol/µg
protein)

Catalase
(pg/µg 
protein)

Fold Change 
EAETFPFNP
FDLTK

Fold Change 
LAQEDPDYG
LR

Fold 
Change 

2D-DIGE

EAETFPFNPFDLTK 8.84 14.63
Vehicle 
Treated

LAQEDPDYGLR 4.61 5.89

1.00 1.00 1.00

EAETFPFNPFDLTK 32.69 54.36
Troglitazone
Treated

LAQEDPDYGLR 10.13 13.00

3.7 2.2 1.45



HPLC-Chip/QQQ System For Biomarker Validation

Offers high sensitivity and large dynamic range

Provides robust and stable nanoflow with HPLC-Chip

Demonstrates good retention time and MS reproducibility

Peptide Selector helps determine SRM transitions
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Wrap-up E-Seminar Questions

Thank you for attending Agilent e-Seminars. 
Our e-Seminar schedule is expanding every 

week. Please check our website frequently at: 

www.agilent.com/chem/education

Or register for 

to receive regular updates

Stay current
with e-notes
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