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With An Agilent 6410 

QQQ System
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Agilent Proteomics Biomarker Workflow
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Discovery, Validation, Verification - 
Biomarker

Discovery Validation Verification

100s of proteins
50s of samples
Technical and
Biological replicates
Intense data analysis

Identify differences
Between the samples

ID of proteins

Selection of a few
Candidate proteins

Internal standards

20s to 50s of proteins
100s of samples
Technical and
Biological triplicates
Intense data analysis

Statistical validation of
Candidate proteins

Quantitative analysis

Internal global standards

< 10s to 20s of proteins
1000s of samples
Technical and
Biological replicates
Intense data analysis

Statistical validation of
Candidate proteins

Quantitative analysis

Internal global standards



Off-gel and mRP
Fraction from off-gel IEF run on mRP
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Biomarker Validation – Jump From Research Lab 
to Clinical Lab

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

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%
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New 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: low -mid amol
Dynamic range: 103 -105
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HPLC-Chip/MS Interface:
Fluid Connections to the HPLC-Chip

Rotor

Stator

inner rotor

outer rotor

Stato
r

Rotor
Side View

Nanopump

Autosampler
Waste

Microvalve

HPLC-Chip
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LC-MS Reproducibility

HeLa cell lysate, mRP-subfraction, tryptic digest, run on 15 cm C18 LC-chip 
(AGILENT) and analysed by MS only on a QTOF (AGILENT 6520)
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19

Clustering
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1920

Principal Component Analysis
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Triple Quadrupole Mass Spectrometer
Extending Outstanding Performance

6400 Series – Triple Quad – NEW Functionality
 Compliance (CFR 21 Part 11 Support)

 Chip Cube (Ultimate sensitivity)

 Extended mass range (2000 amu) Upgrade Kit

 Additional autotune support (Chip Cube)
Chip 
system

QQQ 
MS
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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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Agilent’s New Axial Acceleration Collision Cell
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

Sub 
millisecond ion 
transport
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More Sensitive
than an Ion Trap

Parent Ions Enter
Collision Cell - 
 Collide with
Ar Gas and
 Dissociates

Q1 is Parked Allowing
Only Parent 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  API Source

API
Source

Detector

Energy

Triple Quadrupole: SRM
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Mass Hunter Optimizer
Compound Entry & Method Setup



Peptide MRM
Lorne

Feb 8th, 2008Page 11

MassHunter MS/MS Method Optimizer
Basic Steps

Run 1: The precursor adducts (H+, Na+, etc) and corresponding 
Fragmentor value are optimized.  Based on user criteria, the 
optimum precursor mass and Fragmentor value are set.

Run 2: (optional) fine adjustment of the Fragmentor value. 

Run 3: Coarse product ion scan finds the largest 4 product ions with 
corresponding Collision Energy.  As a default 0, 10, 20, 30, 40 volt 
CE are surveyed.

Run 4: Fine adjustment (profile) of each product ion to establish precise 
mass value.

Run 5: (optional) fine adjustment of the Collision Energy.
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Scheduled MRM
Increased Utility and Performance

2 x shorter cycle times supports narrow chromatographic 
peaks, more analytes or longer dwell per analyte.
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Reproducibility of MRM response of HSA Peptide from 10 
amol to 200 fmol: (n=6)
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Limite of quantitation in the low amol range
Peroxidase spiked into 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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External Quantitation Curve of Peroxidase Peptide 
DTIVNELR From 10 amol to 10 fmol Spiked into Human 
Serum

100amol

1fmol10amol
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Absolute Protein 
Quantification in the 

Context of Non-clinical 
Drug Safety Evaluation

UCD Conway Institute
University college Dublin
And
Agilent Technologies

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

Rat liver lysate were prepared from 
rats treated with troglitazone 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
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Using Spectrum Mill Peptide Selector for 
Optimising MRM Transitions
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Using Spectrum Mill Peptide Selector for 
Optimising MRM Transitions

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

Peptides adjacent to multiple cleavage 
site

Chemically unstable residues (Asp-Gly 
= D-G; Asn-Gly = N-G; N-term Glu = 
E; N-term Asn = N)

Eliminate “LC-incompatible” peptides

Uniqueness 
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Spectrum Mill – Peptide Selector
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Spectrum Mill – Peptide Selector
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Spectrum Mill – Peptide Selector
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Peptide Selector – Catalase Results
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Peptide Selector – Catalase Results
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Peptide Selector – Catalase Results
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Catalase Peptide LAQ – Peptide Selector
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Catalase Peptide LAQ – Peptide Selector
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Catalase Peptide LAQ – Peptide Selector
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Catalase Peptide LAQ – Peptide Selector
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Catalase Peptide LAQ – Peptide Selector
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Catalase Peptide LAQ – Peptide Selector
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Catalase Peptide EAE – Peptide Selector
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Catalase Peptide EAE – Peptide Selector
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Catalase Peptide EAE – Peptide Selector
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Catalase Peptide EAE – Peptide Selector
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Catalase Peptide EAE – Peptide Selector
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Catalase Peptide EAE – Peptide Selector
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External Calibration on Catalase Peptides
Linearity : five order of magnitude

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

RSD < 6%
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External Calibration on Catalase Peptides
Linearity : five order of magnitude

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

78aMol

78fMol

780 fMol

RSD < 6%
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External Calibration on Catalase Peptides
Linearity : five order of magnitude

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

78aMol

78fMol

780 fMol

0.99648783

RSD < 6%



Peptide MRM
Lorne

Feb 8th, 2008Page 23

External Calibration on Catalase Peptides
Linearity : five order of magnitude

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

78aMol

78fMol

780 fMol

0.99648783

RSD < 6%
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Catalase Quantitation Results
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Catalase Quantitation Results

Sample Peptide
Catalase 
(fmol/ug 
protein)

Catalase 
(pg/ug 

protein)

Fold 
Change 

EAETFPFNP
FDLTK

Fold 
Change 

LAQEDPDY
GLR

Fold 
Change 

2D-DIGE

Vehicle 
Treated

EAETFPFNPF
DLTK 8.84 14.63

1.00 1.00 1.00
LAQEDPDYGL

R 4.61 5.89

Troglitazone 
Treated

EAETFPFNPF
DLTK 32.69 54.36

3.7 2.2 1.45
LAQEDPDYGL

R 10.13 13.00
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Quantitation of protein 
phosphorylation using 

MRM

Erk1 
intact protein

+2 PO4

+3 PO4

+4 PO4
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Selection of MRM transitions

TY: IADPEHDHTGFLTEYVATR
y5

b14

t202y204:
P

IADPEHDHTGFLTEYVATR
y16

y5

P

y204: IADPEHDHTGFLTEYVATR
y16

y5

P

t202: IADPEHDHTGFLTEYVATR
y16

y5

P

Precursor ion Product ions

TY
545.3 615.3 782.5

[M+3H] 3+ y5 b14 2+

t202
753.3 615.3 979.9

[M+2H] 2+ y5 y16
2+

y204
753.3 979.9 695.3

[M+2H] 2+ y16
2+ y5

t202y20
4

780.0 647.6 695.3

[M+2H] 2+ y16
3+-

H3PO4
y5
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Chromatographic Separation of the Four Peptide Standards 
allowed the selection of the same Q1 and Q3 transitions for 
two different peptides

TY

t202t202y204

y204
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y204

R2 =0.9956

t202y204

R2 =0.9967

TY

R2 =0.9981

t202

R2 =0.9959

0.5fm
2.5fm

5fm

0.5f
m

2.5f
m

5f
m

0.5fm
2.5fm 5fm

0.5fm
2.5fm

5fm
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Quantitation of the degree of phosphorylation at 
T202 and Y204 in active Erk1 protein

peptide % Molar 
ratio RSD (n=9)

TY 20% 0.13

t202 25% 0.15

y204 21% 0.12

t202y204 34% 0.08

In this batch of active Erk1 sample, 59% of T202 
and 55% of Y204 were phosphorylated
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HPLC-Chip/QQQ System

 Provide high sensitivity and large dynamic range

 Robust and stable nanoflow with HPLC-Chip

 Good retention time and MS detection reproducibility

 Peptide selector helps choosing MRM transitions


