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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
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Why Use Microfluidics For Nanospray LC/MS?

Integrate functional components

onto areusable, biocompatible

chip

e enrichment and analytical
nanocolumns,

* nanospray emitter

 fittings and connection
capillaries

« directly on areusable
biocompatible polymer chip.
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Mano LC Column e
Enrichment column,
capillaries, fittings, frits
HV ESI contact )
Nanospray emitter, emitter
assembly and fittings
HPLC -Chip in chip holder
for use with the HPLC-Chip interface
/
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HPLC-Chip/MS Interface:
Fluid Connections to the HPLC-C
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Better Chromatography Reduces Interferences in
Complex Matrices

Intensity
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nanospray LC/MS 6 Conventional 15.7 secs
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Retention Time Reproducibility

a2 h RT SD  %RSD
Intensity
Y1 | EIC 487.8 3.618 0.014 0.40
ﬂ]B v 50 EIC 752 3.788 0.011 0.29
EIC 740.6 5.018 0.010 0.20
i EIC 874.4 3.968 0.012 0.31
2 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
55 Time [min] EIC 746.7 5.196 0.011 0.20
\ ) EIC 519.1 4.142 0.011 0.26
Extracted ion chromatograms for 17 peaks FIC 5082 4972 001 023
from a BSA tryptic digest (50 fmol on-column) FlC 582.4 4.679 0.01L 0-23
EIC 461.9 3.905 0.012 0.30
EIC 474 4.759 0.011 0.22
EIC 628 4584 0.010 0.22

RT reproducibility evaluated using 69 repeat injections
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Mass Profiling- Find The Differences Between
Samples

ﬁ& )

Yy

LC/MS or
GC/MS
Analysis

Molecular Feature: a discrete molecular entity
defined by the combination of

e retention time, mass and response in an LC/MS
analysis

* retention time, mass spectrum and response in a
GC/MS analysis

Find Compare

molecular sample
features sets

Identification Validation

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

‘7%~ Agilent Technologies



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

Sample
Preparation
Enzymatic
Digestion

Protein ID —
HPLC-Chip '

MS
Profiling

Targeted )
| MS/MS GeneSpring MS
MS/MS
Identification

6520 Accurate Mass QTOF a &
Spectrum Mill
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Mass Profiling Software

Mass vs. Retention Time
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GeneSpring MS for Biomarker Discovery
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Candidate Identification From Targeted MS/MS

2 ProteinfPeptide Summary - Agilent Spectrum Microsoft Internet Explorer provided by Agilent Technologi

dit  ¥iew Favorites Tools  Help

eBack @ \_/\l E @ (h pSearch *Favorites @ B- I; [ - LJ ﬂ .'3

Address | &] http:Jspectrummilletdmilhtmljsummaryframe. htm v|Be ks > @
Agilent Spectrum Mill - Protein/Peptide Summary
m Summary Settings Build TIC | MS/MS Search | Spectrum Summary | Tool Belt m
30min 60min mcnakf‘:sv“hl’x' Datahase %AA Distingt | >"Mmed & L
# spectra # spectra Accession » Peptides P Protein Name
# spectra Coverage MS/MS #
mean mean A 0 # #)
- P n P mean intensity Search
intensity tensity Score
1_11:”]"5 1_242:{['“5 P20029 B 21 319.95 11 2% | 78 kDa glucose-regulated protein precursar (GRP 78) (Immunoglobulin heanvy chain-binding pratein) (BiF) =
2.2353+IJIJS 2.1213008 PO09103 B 18 261.60 21 ‘ Pratein disulfide-isomerase precursar (EC 5.3.4.1) (PDI) (Prolyl 4-hydroxylase beta subunif) (Cellular thyroid hmmnne—bmdmn_
9 33
3.260+006 17264006 QB4458 38 14 215.05 31 |3X | Cytochrome P450 2C29 (EC1.14.14.13 (CYPIC29) (P-450 MUT-2) (Aldehyde oxygenase) V‘
6 12 s
1.866+006 2,506 +006 Q8VCT4 33 13 201.81 11 4% | Carboxylesterase 3 precursor (EC 3.1.1.1) (Triacylglycerol hydrolase) (TGH)
2 19
TS ATTS OB4459 | 31 13 19662 | 4 | Cytochrome P450 3411 (EC 1.14.14.1) (CYPIllATT) (P-4501ILaM1) (P-450UT) v
1_7531005 QE3880 34 13 195.98 Bl ‘ Liver carboxylesterase 31 precursar (EC 3.1.1.1) (ES-Male) (Esterase-31) V‘
3 it
§.260+005 1.23e+006 F37040 22 10 154.70 Al ‘ MNADPH-cytochrome PA50 reductase (EC 1.6.2.4) (CPR) (P450R) v|
1 12
71504005 8.57e+005 P27773 20 10 142 58 81 ‘ Pratein disulfide-isormerase A3 precursor (EC 5.3.4.1) (Disulfide isomerase ER-B0) (ERpED) (58 kDa microsomal protein) (ph
5 9
2.966+006 1.81a+006 P24456 27 9 140.41 91 3 | Cytochrome P450 2D10(EC1.14.14.1) (CYPID10) (P450-16-alpha) (P450CE) (Testosterone 16-alpha hydroxylase) |
1 73i1+008 QB3666 25 9 136.68 oq B | UDP-glucuranosyltransterase 1-1 precursar, microsomal (EC2.4.1.17) (UDPGT) (UGT1*1) (UGT1-01) (UGT1.1) (UGTTA
it r .
0.006+000 1.212+006 Q90379 23 10 2.3 (Microsomal epoxide hydrolase) (Epoxide hydratase) V|
1 SBluflJlJB Q2397 22 9 41 (CYPIB10) (Testosterone 16-alpha hydroxylase) (P450-16-alpha) (Clone PF3/46) V‘
2_722+005 2.17:+IJIJS PO8113 13 8 smic reticulum protein 99) (94 kDa glucose-regulated protein) (GRPA4) (ERFI) (Polymorg
5 3 -
7.290+005 1.062+006 Q08601 ] g rotein large subunit precursor V‘
9 14
3.900+005 7.13e+005 QBJ7R0 18 7 ase 5 (EC 6.2.1.3) (Long-chain acy-Cob synthetase 5) (LACS 5)
3 6
1.126+006 13564006 Q05421 14 7 4.1 (CYPIET) (P450-J) (P450-ALC) v|
- 0 - -_‘ L POBO03 15 7 ecursor (ECE3.4.11 (Protein ERn-721 (ER072) L -
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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 pL injection volume)

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

‘7%~ Agilent Technologies



Complex Model Study: Spiked E. coli Lysate

E. coli lysate BSA Serotransferrin
Sample (ng total protein) (fmol) (fmol)
1 400 25 200
2 400 50 100
3 400 100 50
4 400 200 25
5 400 400 5

Agilent Technologies



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

+ TIC Scan group2-2.d

x10 71 1

5.5
4.5
3.5+

2.5+

1.5

0.5 —{pme W
! I I I I I I I I f l l I I I I I I I
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Abundance vs. Acquisition Time (min)

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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Molecular Feature

Complex Model Study
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Extracted Features
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Complex Model Study: Reproducibility With
Technical Replicates

Log2 Abundance - Single File Features

29 -

21

285
275
26 -
25 -
245
235

22 4

Single File Features vs. Group Average

Color-coding by molecular

feature

Total of 762 features shown

Average SD is

0.0519 min for RT

1.6 mDa for mass

<o
o@ae

23 24 25
Log2 Abundance - Group Average

26 27
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Complex Model Study: Clustering of Features That
Are Significantly Different (ANOVA)

Cluster by sample Cluster by level

QTOF ecoli with 2 outliers removed, Leve
1-Way ANOVA (55)




Complex Model Study: Finding The Differential
Features in GeneSpring MS

"4 Condition Scatter Plot for, QTOF E coli-all, All Samples

o [PCA component 1

1 FRchAco rnpan ng_:-‘i'f 3 {4.86% variance))

Conditions:  QTOF E coli-all, All Sa...
Colored by: Parameter Mix

Agilent Technologies



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

Sample 1D (comment): Enter_Comment

Databage searched: SwissProt.mammals Parameters uged in Search
Idolecular weight search (1000 - 100000 Da) selects 31701 entries.

Full pI range: 35824 entries.

Combined molecular weight and pl searches select 31701 entries.

PLIF search selects 25 entries.

Dyamic  Static  #(%)  MassEmor o Protei Accessi
Rank Probability Probability DMasses g;‘f) é’mim.n oLeim Species CEESSION P otein Name
Score Score MMatched \ overage LW (Da)/pl #
1 302888_ 301,?68_ 320515 (6% 3.6 (6.6) 49% TTTI3 7675 BOVINT Q29443  Serotransferrin precursor (Transferrin (Siderophilin (Beta-1-metal-binding globulin
2 07 071 2AA15 (3% -2 5109 40% 7373550534 MOTSE Pl4824  Annenn AR (Annexin VI (Lipocortin VT) (PAE) (P70 (Protein [T (Chromobindin 20 (67 kDa cal
3 18 18 13515 (2% -2 8 (114 30% 4651276 54 NMOTSE Q91WLE WW domain-containing axidareductase (EC 1.1.1.0
4

276 276 14/515 (2%) -2.8 (10.3)  28% 41450.6/10.65 HUMAN O75683 Surfeit locus protein 6

£ FEW TR V- N e

Create Inclusion List for QTOF

Selectthe parameters to create inclusion list
Select RT Tolerance

) wide

Select criteria for lon selection
) All Z states

) Most Abundant

() Prefer 2+ ahove threshald

Select output file-

|

[ [0]54 ” Cancel ” Help ]
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Complex Model Study: Mass Spectra From a
Targeted Peptide

+ Scan (28.02-28.61 min, 37 scans) group4-2.d
x10 5 371,104
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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

‘7%~ Agilent Technologies



Jump From Discovery Phase to Validation Phase

Reduce the time needed for analysis
Increase throughput
Improve CV

Reduce cost

Research| Clinical
Hundreds
sarﬁlores <100 ]
P thousands
#ol | 50500 | 1-20
proteins
. Months - | minutes -
Time
years hours
Cost [$100k-1M| $10-100
CV 20-50% 3-5%

‘7%~ Agilent Technologies




Agilent HPLC-Chip/QQQ LCMS Technology

Nanospray chip configuration brings new era in high sensitivity

guantitation

HPLC Chip Cube system

NanoLC system for
analytical chromatography

CapLC pump for sample 1
loading on enrichment column P F

i

Sensitivity: down to low amol
Dynamic range: up to 10°

Agilent Technologies




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

Beam Turn-off Characteristics

\—ngzz —mzlls‘
Quadrupole r:]tgance Exitlens ~ Beam shaper 100000
HEXAPOLE RODS ]
10000 4 A Sub millisecond
oo ion transport
100 | 600usec
—»
Beam shaper 350usec
10 T T T T
3rd -500 0 500 1000 1500 2000

uadrupole .
Q P microseconds
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Triple Quadrupole: SRM

Agilent Technologies



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

0.16
0.14
0.12
0.1
()]
& 0.08 ] * ‘Weight: 1y v| 157D
0.06 - od, 0 0Cs
0.04
0.02
0 _
I LI YT O P DL S
fmol
0.5
0.4
03
024
014 2 —
. R4 =0.9975
014
20 A0 0 10 20 30 40 S0 60 70 80 490 100 190 120 130 140 150 160 170 180 130 200 210 2
Concentration [fral/pL)

All RSDs are within 15%

Agilent Technologies



Biomarker Discovery and Validation Method
Development

Human serum

|

MARS14 depletion
v
Denature, reduce, alkylate and digest

v

Spike in standard protein digest at different level

OFFGEL fractionation based on peptide pl

MS profiling on QTOF followed
by statistical analysis and QQQ MRM quantitation
targeted MS/MS

Data dependent MS/MS
on QTOF

Agilent Technologies



Limit of Quantitation for Peroxidase Spiked In
Human Serum: 10 amol to 10 fmol

x10 2
2
1.5+
1
0.54
0

x10 2

1.5+

0.5+

x10 2

N
1

x10

+ MRM (480.29999 -> 630.39844) per10a-c2-1ug-+002.d

10 amol peroxidase in 1 g serum

i
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e Y | [ I |
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|
| w
n)
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‘r\ “\
Lo AN o

100 amol peroxidase in 1 ug serum

A

1 fmol peroxidase in 1 pg serum

| A A
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IEOTN
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T
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Counts vs. Acquisition Time (min)
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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

P x104 | y=5287.8283 * x +29.6860
2 5.5 R"*2=0.99866123

ptide1 - 4 Levels, 4 Levels Used, 12 Points, 12 Points Used, 0 QCs

7.8283 * x +29.6860
7 R*2=0.99866123
i1 10amol
4 . 5 7 n.;:
oy 100amol
0.6+

iEE

54 1fmol

Respon
Resaons)e(s 3

3.5+

3,

254
21—

R2=0.9988

| | | |
05 0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105
Concentration (fmol/ uL)
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Absolute Protein Quantification in the Context of
Non-clinical Drug Safety Evaluation

InnoMed PredTox Consortium: 15 industrial and 3 academic partners

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

] 1
Day 2,4,15 Day -3/-4, 1/2, 3/4, 12/13
r
EE =
ﬁ i i
Histopathology Histopathology Transcriptomics Metabonomics
Transcriptomics Transcriptomics Proteomics Clinical Biochemistry
Proteomics Proteomics Metabonomics

Clinical Biochemistry

Collins B. C. etal. ASMS 2008 MPQ 477

Agilent Technologies



Experimental Design

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

Catalase was selected based on
previous 2D-DIGE data

Peptides and MRM transitions
were selected using Peptide 1 mg of soluble protein extract
Selector in Spectrum Mill and 13C, was reduced, alkylated, acetone
15N labeled peptides were precipitated and trypsin digested
synthesized

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

Agilent Technologies



Using Spectrum Mill Peptide Selector for
Optimizing MRM Transitions

A Peptide Selector - Agilent Spectrum Mill - Microsoft Internet Explorer provided by Agilent Technologies, Inc.

Chemically reactive residues [ & moe e s | L
Qe - () @ @ (h ps&arth *Favurites & D}R- ; m-d 3

(CyS — C M et j— M Tr p - W) Acchess [ €] bitp ismappsimibtmljmsshice. htm Ve s
) ] 2

Agilent Spectrum Mill - Peptide Selector

. . . 1 Hide HTML links (better Excel cut/paste)
Residues with variable PTM Digest Parameters

Digest; | Trypsin *| Maximum # missed cleavages:

Criteria for Excluding Peptides
Maximum # basic residues (RHK): Peptide exclusion criteria: AA Composition Filteri

[— fide MH*:  |300.0 Has nearby cleavage site within residues  Required AhAs:
1 H M . ' Contai tide Nterminal Gln to pyroGlu
i " " e Disallowed AAs: [CM
Pep tides adj acent to multi P le Wadmum peptide WH': 22008 | ) Contans protoin N torminus Acsylated e

[ Contains consensus N-linked glycosylation site

C I eav a e S I te [ Contains no variable modification
Modifications
Chaoose Fixed: Carbamidomethylation (C) Variable:

S 1 f t h t 1 d Protein(s) to Select From Search Mode
I Ze O e p e p I eS Database: Count Peptide Uniqueness in Databhase hy: >3

Select Peptides from only the Database Entries | Species: | All V‘
with the accession numbers below
Allowed delimiters (-[:,)

PO0433

Uniqueness of the sequence in |, S
the database

Agilent Technologies




Peptide Selector — Catalase Results

Peptide Selector Results =

Number of database entries:211104

Database: SwissProt

Exclusion criteria: | Peptide N-terminal Gln to pyroGlu |
Required AA's: KR Disallowed AA’s: CM

Exclude if Nearby Cleavage Sites within 3 residues

Digest Max. # Missed Peptide Peptide

Fixed Mods Unigueness

Masses are

Used Cleavages M terminus C terminus Count by
Sequence

carbamidomethylation Monoisotopic

Trypsin 0 Hydrogen (H) Free Acid (O H)
Protein Name: Catalase (EC 1.11.1.6)

Species: RAT

SwissProt Accession # P04762
MS-Digest Index # 18675

pl of Protein: 7.13

Protein MW: 59626.3 Da

Amino Acid Composition: Ad, E25 F31 G35 H21 120 K30 L31 M12 N33 P

Yn'Y1
Next b, Cside of Asp, Glu
N-side of Pro

Protein Name MH+ mf2

catalase (EC 1.11.1.6) P04J62 1363 9845109 4927591 1 243 251 (GIK) NLPVEEAGR (LAQ) 228.14 87047 [NiETE8| 66033 56126 G2 NSOl 23214 1751
3 <+4=+8T P04762 18.97 10015666 5012869 6 306 314 (PHK) DYPLIPVGK (LvL) 279.10 [NEEEIEH) FEEME 2642 51334 HOOIEE 30320 20413 1471
Catalase (EC 1.11.16) P04762 19.22 12766168 6388120 2 252 262 (AGR) LAQEDPDYGLR (DLF) 185.13 116353 109250 964 44 |JESEISE 0ISH 23 31 EGEES| 3452
Catalase (EC 1.11.1.6) P04762 2202 16557952 8284012 2 287 300 (TFK) EAETFPFNPFDLTK (vwP) 201.09 [HEZEITE] 1455 72 [HEEEIET 1225 63 [BTEIBEl 98150 534 44 RN
Catalase (EC 1.11.1.6) P04762 2689 2518.2038 1259.6056 7 135 155 (AVK) FYTEDGNAB\VGNNTPIFFIR (DAM) 311.14 237114 2208.07 2107.02 1805.93
Catalase (EC 1.11.1.6) P04762 9

1  ADSRDPASD( MEQWEEQRAP QKPDVLTTGG GNPIGDKLNI MTAGPRGPLL VQDVVFTDEM AHFDRERIPE K Vit
81 FGYFEVIHDI TRYSEAKVFE HIGKRTPIAV RFSTVAGESG SADTVRDPRG FAVEFYTEDG NWDLVGNNTP IFFIRDAMLE 160
161 PSFIHSQERN PQTHLKDPDM VWDFWSLCPE SLHQVIFLFS DRGIPDGHRH MNGYGSHTFE LVNANGEAVY CHKFHYKTDQG 240

241 TIENLPVEEAG ERLAQEDPDYG LRDLFNAIAS GNYPSWIFYI (VMTFEEAET FPFNPFDLTE VWPHEDYPLI PVGELVLNEN 320

PEGEE 23214 17512

30320 20413 14711

321 PANYFRAEVEQ MAFDPSHMFP GIEPSPDEML QGRLFAYPDT HRHRLGFNYL QIFVNCPYRA RVANYQRDGF MCHMHDNHQGGR 400 623.31 - 34522 28820 17512
401 PNYYPNSFSA PEQQGSALEH HSQCSADVER FNSANEDNWVT QVRTFYTEVL NEEERERLCE NIAWNHLEDAQ LFIQEELVEN 480 981.50 834.44 - 623.34 4T76.27 - 24816 14711
481 FTDVHPDYGA RVQALLDQYN SQKPKNATHT YVQAGSHIAA KGKANL 526 1805.93 1691.89 1505.51 [{BG0MS] 1277.70 1178.63 1121.61 1007.57

The matched peptides cover 12% (64/526 AA’s) of the protein.

Peptide Selector - Agilent Spectrum Mill Rev. 3.3.073

Agilent Technologies




Catalase Peptide EAE — Peptide Selector

Peptide Sequence: EAETFPFNPFDLTK

Peptide Mass MH*(Average): 1656.84

Peptide Mass MH™(Monoisotopic): 1655.7952
Elemental Compositon: €78 H111 MN16 024

Amino Acid Composition: A1 D1 E2 F3 K1 L1 N1 P2 T2

Fixed Modifications: Carbamidemethylation
Variable Modifications: PTM - KMQSTY
All fragment ion masses below are calculated as: Monoisotopic masses

(MH)*3(Average): 828.9225
(MH)*3{Monaisotopic) 828.4012
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External Calibration on Catalase Peptide
Linearity : five order of magnitude
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Catalase Quantitation Results
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Catalase Quantitation Results

Catalase |Catalase|Fold Change|Fold Change Fold

Peptide EAETFPFNP|LAQEDPDYG| Change
protein) |[protein) |[FDLTK 2D-DIGE

EAETFPFNPFDLTK  8.84 14.63

Vehicle
Treated 1.00 1.00 1.00
LAQEDPDYGLR 4.61 5.89
EAETFPFENPFDLTK 32.69 54.36
Troglitazone 3.7 29 1.45

Treated
LAQEDPDYGLR 10.13 13.00

Agilent Technologies



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

‘7%~ Agilent Technologies
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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

Stay current
with e-notes

to receive regular updates
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