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Agilent in Life Sciences and Chemical Analysis
$20 billion total addressable market... ample opportun ity for growth

Pharma, Biotech, Academia & Clinical Petrochemical Environmental Food Forensics
CRO, CMO Government Diagnostics DX QA/QC Testing Testing Testing
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Addressable Market: $14B Addressable Market:
Market Growth Rate: 7-9% Market Growth Rate:
Agilent Projected Grpwth: 12-15% Agilent Projected Growth:
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New Agilent High Performance 1200 Series LC:
Best in Class “Front End” Systems for MS

Preparative LC Standard LC Rapid Resolution Capillary & High Sensitivity
LC Nano LC HPLC-Chip/MS

The industry’s most comprehensive LC portfolio to ¢ onfigure an
iIntegrated LC/MS system
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6000 Series LC/MS Portfolio ‘
New Platforms

5 LA i 5 =
g @
6410 Triple Quad LC/MS 6510 QTOF LC/MS

* Femtogram sensitivity
» Excellent reproducibility,
» Cost of ownership advantages

10X sensitivity advantage
2X typical mass accuracy
Attomole MS and MS/MS
Wide in-scan dynamic range
Fast scan speeds (20/s)

Food, Forensic, Environmental, Chemical, Proteomics, Metabolomics,
Pharmaceutical, Proteomics, Metabolomics Pharmaceutical

HPLC-Chip/MS
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6000 Series LC/MS Portfolio
Enhanced Platforms
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6300 Series lon Trap LC/MS 6210 TOF LC/MS
Speed, resolution, range, sensitivity “FTMS Like" Performance
«MS and MS" Workhorse * 2 ppm Mass Accuracy
« 6340: Electron Transfer Dissociation * High mass resolution
provides soft ion fragmentation » Wide dynamic range (3-4 orders)
» Use on chromatographic time scale  Fast scan speeds for high

throughput screening

Proteomics, Pharmaceutical, Food Safety, Food, Forensics, Environmental,
Environmental, Clinical Chemical, Pharma, Metabolomics

HPLC-Chip/MS
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6100 Series Single Quads

Higher Performance
6140 handles 1200 Rapid Resolution LC data

Greater Choice and Full Investment Protection
4 Models, Each One Upgradable to the Next

: e 6140:
Better Price/Performance on All Models ) .
1-picogram sensitivity, fast-scan
40% smaller footprint to 10,000 amu/second

» 6130, 6120, 6110:

High performance to entry level
models,

1 to 10 picogram sensitivity,
Mass range to 3,000 amu

Food, Forensics, Environmental Chemical,
Pharmaceutical

HPLC-Chip/MS
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First Lab-on-a-Chip Product

Agilent 2100 Bioanalyzer
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Proteins iIn human serum

Fibronectin
. . 0.42%
al-Antitrypsin ’
3.83% Prealbumin (thyroxine-binding)
B 0.32%

a2-Macroglobulin
C1 Esterase inhibitor

3.64%
. 0.32%
Immunoglobulin G Immunoglobulin A
3.45% Complement C4 a1B-Glycoprotein
: 0.45% 02900

16.61% .
Transferrin _
3.32% Cerulop;lasm| B2-Glycoprotein |
. . 0 . o
Haploglobin 0.45% 0.29%
2.94% B2-Glycoprotein II
] /_ 0.27%
Complement C1
0.58% 0.22%
al-Antichymotrypsi ..
Remaining

Other

9.91% 0.58%

al-Acid glycoprotein
1.25%

Hemopexin
1.05% Complement C3
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A Big Biological Challenge

In human serum the concentrations of proteins range over twelve orders of
magnitude
(mg/ml) 1 Level 1 Current
mg/m | —
| :I MARS level 1 Current technologies
2 { = level2 :  permit one to only
3 - — Level 3 mMRP + MS look at the top layers:
ugim) 4 - _ : Higth _abundance
: proteins
Level 5 - — ) --.:;
(Orders of 6 - ] :
Magnitude) . ;!ssue K A major goal is to look
(ngiml) /" el at clinically useful
8 - proteins (biomarkers)
9 _ which are typically
oam) 10 : Moderate to Low
r ) = Cytokines i abundance proteins.
11 - — :
12 - —
(fgiml)

Y

Number of Proteins
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Outline

Liquid Chromatography and hyphenated techniques

— Liquid chromatography, detection
— Hyphenated techniques
— Miniaturizing HPLC-MS

The Agilent HPLC-Chip/MS system

— HPLC-Chip manufacturing and chip layouts
— HPLC-Chip system hardware components
— Key performance parameters

Application examples

Outlook
— Future applications and functionalities
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Liquid chromatography
For separation of compounds in solution

? " Pressure
A )

Solvent

@ S i
L / T — -y
r

Silica gel
- . -
wzm A A A
How it used to be done l Agilent 1200 Series HPLC l
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High Performance Liquid Chromatography

HPLC is an analytical technique for the separation of compound mixtures
as a function of time based on multiplicative distribution of the sample
component between a moving mobile phase and a stagnant stationary
phase

Well establlshed in:

Environmental analysis

» Pharmaceutical analysis

» Bioanalysis (Genomics, Proteomics
and Metabolomics)

* Food analysis

* Quiality control

* Process control

HPLC is universal and of superior significance inr outine analysis as
well as research

HPLC-Chip/MS
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Detectors for HPLC

A HPLC detector locates, in the dimension of time, the sample components
that have been subjected to a chromatographic process.

Optimal characteristics:

 High sensitivity M eg. UV detectors

» Defined response for quantitative Fluorescence detectors
analysis RI detectors

» Broad applicability > Conductivity detectors

« Unaffected response to
chromatographic parameters

* No contribution to extra-column
band broadening _/

» Provides reliable qualitative Mass Spectrometry detectors
information upon the separated analytes -

HPLC-Chip/MS
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Pharmaceutical example
ldentify and quantify impurities in drug manufactur ing

HO
COoH
.-\"DH
mAU ]
i 2

2 350 ', /\g\g \EDH H(}m/ .
= dg/ Pravastatin
© o | _ Desired
= ; Mevastatin
D 2 Impurity /
Eg 150 j
o ]
$ w0
x

50 _

(| —

T T T T T

Time (identity)
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Hyphenated techniques: HPLC - MS

Hyphenation techniques comprises all methods for coupling HPLC

with detection units , which provide any qualitative information  upon the
eluting sample components, eqg:

HPLC Coupling device

10000

HPLC-MS
HPLC-NMR ! N
HPLC-ICP-MS

| T
A wﬂML W“\ MM

h ’ u il L
h} J MLJW \J |.w - 1000 1500 2000 :::E 3000 3500 4000

time [min] (MS, NMR, IR spectra, ...)
Conventional detector (e.g. UV)

8000

signal

The HPLC system and predominately the separationco  lumn
properties have to be adapted to the respective det  ection device.

HPLC-Chip/MS
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Why miniaturize HPLC/MS?

Radically reduces sample volume

Decrease solvent and stationary phase consumption

Increase mass sensitivity with decreasing column I.D.

Increase column efficiency with decreasing column 1.D.

Faster reaction time in smaller volumes (surface to volume ratio)

AND

there is a clear trend in the (Bio)Pharmaceutical industry and Life Science
community to put advanced equipment like LC-MS, in the hands of
research workers who are not liquid chromatography or MS specialists

=» Strong need for easy-to-use & robust analytical tools

HPLC-Chip/MS

Agilent Technologies
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Why use microfluidics?

Nano LC Capillary LC Micro LC HPLC Prep LC
Flow Rate (uL/min) 0.1 1 10 100 1,000 10,000 100,000
Column i.d. (mm) 0.05 0.2 1 2 4 50
Sensitivity gain 6400 400 16 4 1

HPLC-Chip/MS

Agilent Technologies
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Achieve Sensitivity by Reduction of ID (2r)

. m
: — : Intensitiy = f(c) = —
sp
2r =4.6mm
‘ B

@ constant
linear velocity

2r=15mm | | | (v, () () ‘ I
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Nanospray LC/MS

Nanospray LC/MS combines both high
resolution chromatography and high
sensitivity MS detection and is used for
ultra-trace analysis applications but...

Nanospray LC/MS is challenging to
Implement and maintain: multiple small
capillary tubing connections, frequent
clogging and leaks at the columns and
nanospray tip and chromatographic
degradation caused by tubing dead
volume compromise reliability, ease of
use, robustness and chromatographic
performance.

HPLC-Chip/MS
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Why use Microfluidics for nanospray LC/MS?

Microfluidic chip devices are designed to be used at nano and pico
flow rates and can integrate most functional compon ents of a
conventional nanocolumn LC/MS directly on to a chip

A microfluidic HPLC-Chip can integrate enrichment and analytical
nanocolumns, nanospray emitter, fittings and connec tion
capillaries directly on a reusable biocompatible po lymer chip.

An automated HPLC-Chip interface ensures solventan  d sample
delivery to the chip, high pressure flow switching and automated
chip loading and positioning in front of the MS inle t.

HPLC-Chip/MS

Agilent Technologies
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HPLC-Chip platform for nanospray LC/MS

.

ra ;{; -

Nano LC Column

RF tag

Enrichment column,
capillaries, fittings, frits

HV ESI contact

e
HPLC-

Nanospray emitter, emitter Chip/MS

assembly and fittings = interface

HPLC -Chip in chip holder
for use with the HPLC-Chip interface

6000 Series Mass Spectrometer
1200 NanoLC System (lon trap, SQ, QQQ, TOF, Q-TOF)

HPLC-Chip/MS

Agilent Technologies
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How Do You Make an HPLC-Chip?

e Films 25 - 150 pm

| S

e Special brand with
high solvent resistance

« Multiple layers to make a HPLC-Chip

HPLC-Chip/MS

Agilent Technologies




Rapid and High-Precision Fabrication of Polymer
Microfluidics using Direct Write Laser Ablation

UV Laser  CAD Drawing

1. Ablate
Biocompatible, 4 Trim
polyimide fi|m* | {
X-Y Stage*
2. Clean o

. HV-ESI contact
D 5. Metallize

3. Laminate Top fiim with holes

— Finished HPLC-Chip

Bottom film with channels

HPLC-Chip/MS
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Laser Ablated Microfluidic Elements

HPLC-Chip/MS
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Laser Ablated Polyimide Electrospray Tips
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Visualization of Electrospray

50 V=-1200 V
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HPLC-Chip design features

. o ZORBAX 300SB-C18, 5um
u-fluidic holes Laser ablation of polyimide film 75um, 43 mm length

HIGH FRESSURE AREA #3

Registration holes

oy

Laser Ablated
Cylindrical
nanospray mitter

Electrical Interface to Internal
Grounding Electrode

Enrichment Column
40 nL ZORBAX 300SB C18

Counter
Robust spray performance under all solvent conditio NS  MSinlet electrode

Polyimide nanospray emitter lifetime measured inwe  eks o°rifice

HPLC-Chip/MS

Agilent Technologies
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HPLC-Chip/MS system hardware components
- Putting it all together

r

Autosampler

Waste
Nanopump

Side View

~ 0 inner rotor

(=
O Y | outer rotor

Microvalve

i

L HPLC-Chip

HPLC-Chip/MS

Agilent Technologies
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Putting it all together: how does it work?
- Easy to use HPLC-Chip system

Set up the nanoLC
flow and gradient

Click on the Operate

HPLC-Chip automatically
command in Chemstation

moves into spray position

HPLC-Chip/MS
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Chromatographic Performance

/

o

Intens.
x106

"I 1

HPLC-Chip/MS System
HPLC-Chip column 43 mm x 75 um,

Width at half
height 51 nL

| ¥

LA U N\

15.0 16,5 16.0 16.5 17.0 17.5 18.0
Time [min]

Conventional nanocolumn system
Column 50 mm x 75 pum,

Intens.
x106 6 ]
5 g
1 Width at half
height 74 nL
3 r
2 g
1 4

17 18 19 20 21 22 23 24
Time [min]

J

The integrated HPLC-Chip eliminates dispersion and

and increases chromatographic performance and MS se nsitivity.

Page 30
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Chromatographic Performance:
HPLC-Chip Vs. Nanocolumn

Intensity -

x10°1 ZORBAX 300SB-C18
504 90x0.075 mm, 3.5 pm

Nanocolumn

1.51

. MWJMWWW

BSA tryptic digest ,
10 fmol, 1ul inj.

«106 ] ZORBAX 300SB-C18
43x 0.075, 5 pm

3‘ |
L. L

HPLC-Chip

| ==
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Nanospray performance

Use of the orthogonal
dual electrode
nanospray ion source
shows constant
signal-to-noise for all
types of Taylor cone
plumes when
10% HZO combined v_vith the
polymer chip

99% ACN

0.G

06

0.4

90% H,0 65% H,0
---EIC m/z 433 +3 Angiotensin |

. wﬂm"‘"ﬂ ---EIC m/z 450-640 Noise Measurements

L y f T — T T . 1 T T T T
1 10 a0 30 4rC =0

Flow: 320nL/min V: 2100volts
Angiotensin infused at constant flow rate over the 50 min gradient.

99% H,0 °*

 HPLC-Chip delivers robust spray performance for all solvent conditions.
» Does not require voltage change or optimization dur ing a gradient.
» Polyimide nanospray emitter lifetime measured in we eks!

HPLC-Chip/MS

Agilent Technologies
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Retention Time reproducibility

(- ) Average AT S %RSD
ntensity

X1t EIC 487.8 Al MS 3618 0.014 040

EIC752 3.788 0.011 0.9

6l EIC 7406 Al MS 5018 0.010 0.20

EIC 8744 3.968 0012 031

4 59 EIC 6536 4.289 0012 028

| EIC511.7 3681 0012 031

EIC7227 3547 0012 0.35

2 EICT78 4143 0.010 023

EIC526.3 439 0.015 034

: | | L o FIC 5475 1M 0011 025

35 40 45 5.0 55  Timelmin]| E|C 7467 h.19%6 0.01 020

¢ / EICH19.] 4142 0.011 0.26

Extracted ion chromatograms for 17 peaks EIC508.2 49 00t 0.23

from a single analysis of BSA tryptic EIC 5624 4679 0.011 0.3

digest (50 fmol on-column). EIC 461.9 3905 0012 030

Rapid gradient method EIC 474 4759 0011 022

EIC 628 4584 0,010 022

RT reproducibility evaluated using 69 repeat inject  ions
Worst case variation was 0.4% RSD, typical 0.25% RS D

HPLC-Chip/MS

Agilent Technologies
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HPLC-Chip/MS

Application
examples
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Sensitivity of the HPLC-Chip/MS System:
Results for 100 amol HSA Digest

lnterzi[t]g 4453 IVI S
6 371.3
4 519.2
Distinct Distinct Mean
sroup Spectra . Summed % AA Peptide Database g ]
(#) (#) Pep;::}des MSIMS Search Coverage Spectral Accession # R e 391.4
Score Intensity ,{ 3552
1 G 5] 83.98 12 140e+006 |PIO0022434 Serum albumin
miz MH*
# Sequence Measured | Matched Irﬂ‘:a[:lﬂs-iiy
{Da) {Da) 0
T HKIFQNALLVRY) 48097 | 9605631 | 1.80e+006
2 [{KIKVPQVSTPTLVEVSRIN) 547 47 | 16399383 | 1 50e+006 '"“"ff]i[‘]z
3 [KILYNEVTEFAKI(T) 57546 [ 1149.6156 | 1.93e+006 MS/MS Of 722
4 [{K)QNCELFEQLGEYK(F) 820491657 7532 | 1.04e+006
5 [{RIRPCFSALEVDETYVPKIE) B37.96 | 19109322 | 1.02e+006 3
B | (KIVICENQDSISSKIL) 722431443 6426 | 1.13e+006
2
1167.7
8786
1007.6

HPLC-Chip/MS
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Proteomics: Protein ID from yeast gel band tryptic digest.

Inlensa, C4220005.D: BPC 100-2000 +All MS FullScan
Standard HPLC-Chip, 43 mm, 5.0 pm particles Comparison of HPLC-Chip/MS and
conventional analysis with nanocolumns
0.25 100 O Standard chip, 43 mm,
0.00 5 um particle size
Xlléo 1 CL43_504.D: BPC 45072200.*AII MS 79 . Com arable column' 43 mm,
] Comparable nanocolumn, 43 mm, 5.0 um particles E 4] 80 5umpparticle size
] 2 O Standard column, 150 mm,
il 2 5 60- .5 um particle size
S5
0.2 4 :N: *
x?ﬁQ’_ = CL150308.D: BPC 100-2000 +All MS FullScan g § 40 N
. Standard nanogolumn, 150 mm, 3.5 um particles S =
= o 20
-° < 20 _
N ESES
0 ) ,
0.0 . - - : . . . ; . ; Peptides Proteins
5 10 15 20 25 30 35 40 45 Time [min]
Yeast proteome sample. The proteins from the yeast cell extract were A\(erage number (triplicate) of iQentified peptides. and proteins (Spectrum
separated by SDS-PAGE. Fifteen micrograms of protei  n was loaded in Mill) from the yeast gel band using the HPLC-Chip/M  S(43 mm) versus
each lane of the gel. A single gel band was excised . Resulting peptides conventional LC/MS with nanocolumns (43 mm and 150 mm).

were isolated using the Agilent Protein In-Gel Tryp  tic Digestion Kit

« 4X more proteins were identified  with better sequence coverage for
the tryptic digest of the yeast gel band with HPLC-  Chip vs.
comparable conventional nanocolumn.

» Better chromatographic performance and MS sensitivi ty than
conventional nanocolumns.

b HPLC-Chip/MS

<2 Agilent Technologies
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Protein Biomarker Workflow: Protein Identification
Approach

|dentify proteins in each sample

Sample Protein Enzymatic Peptide

: : : o _ : |dentification
Preparation Fractionation Digestion Fractionation

Compare identified proteins across multiple samples

TDistinet 8

Protein Database Distinet Summed

ol vias it Growp
Fepecos Fopectra | MW |Accession| AR pepties| (OO rotein Name

meanintensity | meanintensiy | (Da) | # G | Soun,

S \
2 3

_‘ saeey U3 mmel z | 7 | umss| 1 B-100 precursor |
‘ a 187165.1| 4557385 49 65 | 100717 2 | Complement C3 precursor [Contains: C3a anaphylatoxin] i ‘

[

Proteins R o - | e =
B IEOR
_‘ someer 19725 Maes B | 3 | 51733 5| dI34F74 (complement component 44)

- L - _—‘msm a57Em1| & 2 45265 6 | Seratransferrin precursar (Transferin) (Siderop hilin) (Beta-T- binding glat
identitied In =r oz 2 | | #557 * [mromeen: scemet pemmmse e etan

{063 wams 2 2

4
‘ L0 4024/ 8 | Complementfactor H precursor (Hfactor 1)

Sam |e 1 (DL o sz 2 1 | 2o | spolopeinaipecie pos) Y]
- e ‘Smsnl og45255) 3 | 17 | 28887 10 | group-specific component (vitamin D binding protein); hDBP
mparison .
2
21339 13| Prathrombin precursor (Coagulation factor 1) ¥

of samples e EE
‘ 0566 5234 U | 15 | MB04 14 | plasmin ECIA21.7) precursor [validted] v

amse amst2 3 | 13 | 19959 15 |Hoptoglokin2 precursor

a 2392 11 | ceruloplasmin v

a5 261] 12 | hemapexin v

5
2150007

Proteins BN~ o = | | i o s mecur e
3
144e+007 ‘4533!3 4502151 34 13 19131 17 | apolipoprotein A4V precursor
. . P 0 _ ‘36152212[!54072 50 12 18327 18 | immunoglobulin heavy chain constant region gamma 1 v
Identlfled In oo duman) 4 o | g H precursar [validated]
‘6251[!5 57919 26 12 16089 20 [ Ig mu chain precursor, membrane-bound (clane 201) |

|swnt| goms g5 | 8 | 4098 % [Transthyretin precursor (Prealbumin) (TBPA) (TTR) (ATTF) ~|

sample 2

s5i9410| 69090 29 s 14541 22 | alpha-1-B-glycoprotein v

1033730 dw6san 16 s 12973 23 Iphactiypsin inhibitor family heavy protein

526027 as02061| 29 10 | 1346 24 orecursor (ATIN (PRO0303! L
i) il I
5] pone. J vy Computer
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Sample Preparation For Biofluids Sample
Blood, Plasma, Cerebral Spinal Fluid, Urine Preparation

A polyclonal antibody based system to rapidly deple te multiple high abundant
proteins in serum/plasma/CSF.

=» Launched in August 2003

= Individual Ab materials are mixed in
selected percentages and packed into a

column format

=» Agilent continues to innovate and lead

this market

Unbound Fraction (low
abundance proteins)

/

Bound Fraction (high
abundance proteins)

/

¥

¥

T(;tal RunﬁTime (3;] min)

Page 38
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Apply Crude
Human Serum

Low-Abundance
Proteins Free from
Interferences

Buffer A

Buffer B

High-Abundance
Proteins

HPLC-Chip/MS




Agilent Multiple Affinity Removal System: Sample

. P :
Where Are We? What is Next? reparation
Capacity Depth
AN —~
2004 2005 2006 2007
“Original” Top-6 "High Capacity” Top-6 “High Capacity” Top-7 “High Capacity”
Human Serum > Human Serum Human Plasma Level-1l human
Spin Tube format Spin Tube format
_/

HPLC-Chip/MS
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Multiple Affinity Removal System 7 Sample
New depth with speed Preparation

Fully removes seven most abundant proteins in
human plasma to unmask important otherwise
undetectable proteins

® Highest reproducibility

» Lowest cost puL/sample

* Rapid methodology (30 minutes)

* Reusable for more than 200 experiment runs

e i - _“
- L -
_ . s ff- . * -
e v -l
v -
2DGE- Before 2DGE- After

Page 40
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Multiple Affinity Removal System 14
Coming Soon!

;:.. g o b ;
@ Anti — HSA Be eom 7 Ty
O Anti - 1gG :J}:U?l.w.}tl%
. . I-‘T:_} - %' Fe
@ Anti — Transferrin FRT 3
@ Anti — Haptoglobin % %

@ Anti — Alphal-antitrypsin
O Anti — IgA
@ Anti — Fibrinogen
O Anti — Alpha2- Macroglobulln—>
@ Anti — Alphal-Acid Glycoprotein—»

Proteomic Sample

;‘3 High Abundance Protein

O Anti — IgM > % ° Low Abundance Protein
@ Anti — Apolipoprotein Al
@ Anti — Apolipoprotein
@ Anti - ComplementW . ’é .'. Om IU.
— @
@ Anti — Transthyretin = a0y .U. —
Ule g® g U
@
Removes 92-949% of total prOtein Proteomic Sample with Low Abundance

Proteins In Column Flow-through

HPLC-Chip/MS
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pl-based Fractionation: OFFGEL Principle
|

Srares weith micro walls filled | :
« after rehydration the IPG gel seals tightly / l : N
against the well frame ||| e |||
» the diluted sample is distributed across all — — -
wells in the strip
« after fractionation, the liquid fractions }-.
are recovered with a pipette s ooy
Number of fractions: 12 or 24 | : ‘ e e e s |
_ R U U U R U
Fraction volume: 150 pL — -~
Resolution: 0.1/0.6 pH N
Loading capacity: 50 ug — 5 mg per sample I F
Fractionation time: 8 - 24 h Fuoten Freten s TN
N N

HPLC-Chip/MS
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OFFGEL Protein Fractionation

ngh pl resolution - theoretical resolution 0.1 pH
pH 4 pH 7 7
kba T N 1 1 R
20 —» 9 10 11
= 2 -
Ity g 3 . 3
w 2 — : & : e I . -
S 14 . < \ -e h -u;
v 60 _» 3

[

1
f

E.coli Iysate pH 4-7, 24 fractions

.

2D-Gel Fraction 5 7 9

OFFGEL Electrophoresis

Electrophoresis

1D-Gel

Electrophoresis

fUEMIAL 11!
f UEeEERt 11
¢ SIUEEENL 1!

o

pH 4-7, 12 fractions

HPLC-Chip/MS

Agilent Technologies
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OFFGEL Peptide Fractionation

E.Coli Tryptic Digest

=> 90% of peptides

0.3% (12)
0.6% (20) 75.3% (2603) gre found in 1 or 2
1.2% (42) — o3 fractions!

2.6% (90) _
B 1 Fraction

65.5% (192) m 2 Fractions
m 3 Fractions
® 4 Fractions

b Fractions
15.5% (536) — m 6 Fractions

1 Fractions

Number of OFFGEL fractions containing each individual peptide
(absolute numbers of peptides in parenthesis)

HPLC-Chip/MS

Agilent Technologies
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Mass Profiling- Find The Differences Between

Samp_le_s | 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

LC/MS or
GC/MS
Analysis

Identification Validation

* Find real differences in sample sets using statisti cal analysis
» Reproducible measurements minimize the number of sa mples!

HPLC-Chip/MS

Agilent Technologies
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Protein Biomarker Workflow: Protein Profiling
Approach

Sample

Preparation

Goal:
extract proteins
from sample

Typical samples:

* Cells

» Conditioned media
* Tissue

* Body fluids

Techniques

* Laser capture
microdissection

e Subcellular
fractionation

Page 46

Enzymatic
Digestion

Goal:

Clip proteins
into smaller
pieces
(peptides) for
subsequent
analysis

Goal:

Obtain
identifying
information:
accurate mass
MS and
retention time

lonization:
s ESI

Mass

analyzer:
« TOF

« QTOF
«FT MS

Identify

molecular
features

Goal:

Identify peptides
that are up- or
down-regulated

Software:

« “identify” features
e compare “features”
between data sets

Goal:

Obtain targeted
MS/MS on
features of
interest only

lonization:
« ESI

Mass analyzer:
e lon trap

« QTOF

» TOF/TOF

Agilent Technologies

Identification

Goal:
Identify
peptides and
thus proteins
via database
searching

HPLC-Chip/MS




MS Profiling And MS/MS ldentification With The
Agilent 6510 Q-TOF And HPLC-Chip

Sample
Preparation

MS

Enzymatic .
: . Profil
Digestion roriing '

Protein ID —

HPLC-Chip '

Targeted

MS/MS

___ ldentification

)

6510 QTOF

Agilent Technologies
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MassHunter Profiling Software

Mass vs. Retention Time

5000

4000

ique mass feature

3000 4-

Mass

2000 | &

1000 4§

Retention Time (min)

1-sampleA vs. 2-control
26

1 59 up-regulated unique mass features .

27 [EE

e 0 o 5 e - .

181

16

14 1%

Log? Abundance - 1-sampleA

12 J==

10 ;
13 14 15

21 22 23 24

Mass Profiler
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Importance of Informatics In Integrating Systems
Biology

Genetics mm) Transcriptomics mm) Proteomics mm) Metabolomics

Chrom. DNA/Genes mRNA Proteins Metabolites

A

AcO -
Ephedra  andina Haplopappus  rigidus

i oM OCH;§
HCO o @ Ho GT/©/
O ol L
oHo ° on © M

Haplopappus  rigidus Haplopappus  rigidus

Informatics

Knowledge

HPLC-Chip/MS
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GeneSpring Platform

Integrated Browser-Viewer

Project Assessment Tool

19 Bunudgauan
y1 bulidgauay
X9 Bulidgauar)
SN Fundgauar

Data Storage

High-throughput Data Mining

A NN

Chromosome Genotype Gene Expression Protein Biomarker Profiling
Structure Data Data Data Expression Data Data

4
R
5

£

Agilent Technologies
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Candidate Identification From Targeted MS/MS

Page 51

A Protein/Peptide Summary - Agilent Spectrum Mill - Microsoft Internet Explorer provided by Agilent Technologies, Inc.

Edit  View Favortes Tools Help

Q- @ [¥] B @ Pscath Slprawis € -2 B - H 3

Acdress |E] hitpjspectrummillstdjmilhtrljsummaryframe htr v| Go  Liks @y
Agilent Spectrum Mill - Protein/Peptide Summary
w Summary Settings Build TIC | MS/MS Search | Spectrum Summary | Tool Belt m
30min 60min ‘Archakfnv\\bt.)\— Database "AA Distingt | Stmmed G ol
#spectra # spectra 4 spLS[:lra Accelssion Cu\:erage Pep‘tides MS/MS r;up Protein Name
mean mean 2 2 #)
i 5 ¢ : mean intensity Search
ntensity intensity Senia
1'242:@06 P20028 39 | 319.95 112X ‘ 76 kDa glucose-regulated protein precursar (GRF 78) (Immunoglobulin heawy chain-hbinding protein) (BiF) -
2__1;29:2']“ PO09103 35 15 261.60 24 | Pratein disulfide-isomerase precursor (EC 5.3.4.1) (PDI) (Prolyl +hydroxylase beta subunit) (Cellular thyroid hormaone-hindine |
1_-?21:1'005 QB4458 ] 14 21505 4,4 |g ‘ Cytochrome P450 2C29 (EC1.14.14.1) (CYPIC28) (P-450 MUT-2) (Aldehyde oxygenase) V|
12
2.50e+006 QBVETA a3 13 201.87 41 4% ‘ Carboxylesterase 3 precursar (EC 3.1.1.7) (Triacylghsceral hydrolase) (TGH)
1
2.'&!3*1106 0B4458 3 13 196.62 51 | Cytochrome P450 3411 (EC 1.14.14.1) (CYPIIATT) (P-4501IAK1) (P-450UT) i
1_751'1“5 Q53880 34 13 195.98 51 | Liver carboxylesterase 31 precursor (EC 3.1.1.1) (ES-Male) (Esterase-31) Vl
3 14
SIS T pa7odD 2 10 18470 5, | NADPH-gytochrome P45D reductase (EC 1.6.2.4) (CPR) (P450R) v
7_15;+[||]5 - H.ﬁ?:i[l[lﬁ B27773 20 10 142.58 a1 | Frotein disulfide-isomerase A3 precursor (EC 5.3.4.1) (Disulfide isomerase ER-60) (ERpED) (58 kDa microsomal protein) (ph
5 9
2.960+006 -‘ 1.81e+006 P24456 27 g 140.41 31 33X ‘ Cytachrome P50 2010 (EC1.14.14.7) (CYPID1 0) (P450-16-alpha) (P450CE) (Testosterone 16-alpha hydroxylase) 5
-- 1 Tﬂilﬂﬂﬁ Q53566 25 @ 136.88 g |LE ‘ UDP-glucuronosyliransferase 1-1 precursor. microsomal (EC 2.4.1.17) (UDPGT) (UGT1*1) (UGT1-01) (UGT1.1) (UGT1A
I Qa0373 23 10 i 2.3) (Microsomal epoxide hydrolase) (Epoxide hydratase) V‘
1.21e+006
1 581eu+lJDE QB2397 22 8 411 (CYPIB10) (Testosterane 16-alpha hydroxdase) (P450-16-alpha) (Clone PF3/4E) V|
3 8 s "
2.726+005 2.176+006 PO3113 13 9 smic reticulum protein 39) (94 kDa glucose-regulated protein) (GRP34) (ERFS9) (Polymorg
5 3
7.290+005 1.06e+006 Q08601 n 8 ratein large subunit precursor V|
9 14 "
8.90e+005 7.13e+005 Q8J7R0 16 7 ase 5 (EC 6.2.1.3) (Long-chain acyl-CoA synthetase &) (LACS 5)
3 6
1.120+006 1.350+006 Q05421 14 7 4.1) (CYPIET) (P450-J) (P450-ALC) V‘
= L _ --4 ___ POB003 15 7 ecursar (EC5.3.4.11 (Protein ERo-721 fERR72Y = ~
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Protein Biomarker Studies: Simple Model Mixture

Three mixtures prepared which contained:

e 100 fmol/uL BSA digest and
 either 25, 50 or 100 fmol/uL serotransferrin digest

Five replicate injections (0.2 pL injection volume)
Rapid (9 min injection-to-injection) method used

Optimization of acquisition rate also investigated

HPLC-Chip/MS

Agilent Technologies




Simple Model Study: Molecular Feature Extraction

Page 53

Raw Data

Inten=ity [10°6]

% Original TIC

1400—

1000— -

GO0 —

400—

Extracted Features

Proceszed TIC

1.4 4
1.1
1.0
0.8+
0.6 -
0.4

Irten=ity [(10™6]

0.2+

0.0

ik
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Simple Model Study: Finding The Differential
Features in GeneSpring MS

'9 Condition Scatter Plot for, 2mix-081206, All Samples

vod LT e Fi ' '
oo Filter data by relative frequency in

replicates, fold change etc.

» Perform ANOVA to identify features
that account for differences between
sample groups

 PCA to visualize results shows clear
differentiation between 3 sample
groups

« Export list of m/z and retention time
| Displa\,fomians...| L= S atter Plo fOr targeted MS/MS

HPLC-Chip/MS
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Simple Model Study: Protein Identification From

Targeted MS/MS

+ TIC MS(all) mix-C.d
1

0.9+

0.8

0.7

0.6

0.5

0.4+

0.3+

0.2+

0.14

- T =T T
25 3 35 4 45 5
Abundance vs. Acquisition Time (min)

05 1
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T
55

S Distince Mean
LI gUp) Shetld IP;]?I]J'“d:s S;‘;’“I;?Sd xan haplida R:::;?}‘:n Protein Name
#) #) ) Ghaeh Coverage ﬁ::ectl_al =
Score L
1 ;) “ 12639 13 5.96e+005 029443 | Serotransferin precursor (Transferrin)
m'z *
# Filename z Score ?:,:: “:::::un;:;“ Sequence 1::;"—1} Me::)s:]retl M{g;f;ecl
1 mix-C11631169.2 2 17.75 936 7.19e+005 (K) CGLVPVLAENYK(S) 4.08 681.8701 1362709
2 mix-C 103310472 2 1B.53 962 7.683e4005 (K)GYLAVAVVK(K) 360 4802933 919.561
3 mix-COF9507932 2 1509 802 484e+005 (K)CLASIAE(K) 272 3817190 762418
4 mix-COBE7 09072 2 1232 813 59404005 (K)DSADGFLE(I) 3068 42657164 852410
5 mix-COM30931.2 2 1480 856 4.29+005 (K)ELPDPQESICOR(A) 3.16 E656.3430 1311.654
6 mix-COMNTO9172 2 883 841 63224004 (K)DOTVIQNTDGNNNEAWAK(N) 3.17 10094843 2017.921
7 mix-CO95609622 2 1294 854 2.83e4005 (K)NYELLCGDNTR(K) 33 B77.9183 1354606
8 mix-CO9B508732 2 989 G680 1.63e+006 (K)ENFEVLCK(D) 335 519.7610 1038.493
9 mix-C102110282 2 16.24 97.7 3.78e+005 (K) TSDANINWNNLK (D) 355 B95.3555 1389676
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Protein Biomarker Studies: Complex Model 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

HPLC-Chip/MS

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

HPLC-Chip/MS

Agilent Technologies




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

+ TIC Scan group2-2.d

x10 771 1

6,
5.5
5,
4.5
4,
3.5
3,
2.5
2,
1.5
1,
0.5

| | | | | | | | | | | | | | | | | | |
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 0 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

HPLC-Chip/MS
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Complex Model Study: Molecular Feature
Extraction
Raw

rmilz

Data | Extracted Features

2000

1400

E00—

400

rmin
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Agilent Technologies

Page 59




Complex Model Study: Reproducibility With
Technical Replicates

N
[(]

Log2 Abundance - Single File Features

Single File Features vs. Group Average

N
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Log2 Abundance - Group Average
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Color-coding by
molecular feature

Total of 762 features
shown

Average SD is

0.0519 min for RT
1.6 mDa for mass
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Complex Model Study: Clustering of Features That
Are Significantly Different (ANOVA)

Cluster by sample Cluster by level

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)

HPLC-Chip/MS

Agilent Technologies
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Complex Model Study: Finding The Differential
Features in GeneSpring MS

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

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

HPLC-Chip/MS

Agilent Technologies



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

Fle Edt Mew Favaries

BRERPS

Todks  Help

iddress ] CiiTemp)_wb14165604951156474454861 \SMResult 1156474907526, Rt

PMF Search Results

Sample ID (comment): Enter_Comment

Database searched: SwissProt.mammals

Melecular weight search (1000 - 100000 Da) selects 31701 entries
Full pI range: 35824 entries

Combined molecular weight and pl searches select 31701 entries
PMEF search selects 25 entries

Parameters used in Search

Page 63
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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 B 371,104
1.6
1.4+
1.2
1,
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0.4
0.2 740.843 1009.972
0- 1350.473 1521.984
I I I I I I I I I I
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spectrum for
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Fragment ion
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(from transferrin)
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Post-translational Modifications (PTMSs)

*Are chemical structures added to proteins AFTER they are translated
«Control or regulate the protein’s structure or activity, such as ability to
form a complex or interact with other proteins

Glycosylation

Protein Complex

Phosphorylation

HPLC-Chip/MS

Agilent Technologies
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Most Common Post-translational Modifications

Table A.1C.4 Mass Changes Due to Some Post-Translational Modifications of Peptides
and Proteins”

Modification® Monoisotopic ~ Average
- mass change mass change

Common modifications
Pyroglutamic acid formation from Gln —-17.0265 —17.0306
Disulfide bond (cystine) formation —2.0157 —2.0159
C-terminal amide formation from Gly -0.9840 -0.9847
Deamidation of Asn and Gln -0.9840 —-0.9847
Methylation 14.0157 14.0269
Hydroxylation 15.9949 15.9994
Oxidation of Met 15.9949 15.9994
Proteolysis of a single peptide bond 18.0106 18.0153
Formylation 27.9949 28.0104
Acetylation 42.0106 42.0373
Carboxylation of Asp and Glu 43.9898 44,0098

== Phosphorylation . 79.9663 79.9799
Sulfation 79.9568 80.0642
Cysteinylation 119.0041 119.1442
Glycosylation with pentoses (Ara, Rib, Xyl) 132.0423 132.1161
Glycosylation with deoxyhexoses (Fuc, Rha) - 146.0579 146.1430
Glycosylation with hexosamines (GalN, GlcN) 161.0688 161.1577

=P Glycosylation with hexoses (Fru, Gal, Glc, Man) 162.0528 162.1424
Modification with lipoic acid (amide bond to lysine) 188.0330 188.3147
Glycosylation with N-acetylhexosamines (GalNAc, GlcNAc) 203.0794 203.1950
Farnesylation 204.1878 204.3556
Myristoylation 210.1984 210.3598

HPLC-Chip/MS

Agilent Technologies
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PTMs Are Dynamic In An Organism

The number of phospho groups on a phosphoprotein, or the
number and type of glycans on a glycoprotein, change in
response to changes in the environment

* Phosphate (sugar) concentration
 Enzyme concentration

» Cofactor concentration

* Nutrients present

« State (healthy or diseased, etc.)

In turn, the phospho- or glycoprotein interacts with other
proteins (or enzymes, receptors...), triggering other actions

HPLC-Chip/MS
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PTM ldentification Workflow

Sample
Preparation

Goal:

Extract
phosphoproteins
from sample

Typical samples:
* Cells

« Conditioned media
* Tissue

* Body fluids

Techniques:

* Laser capture
microdissection

e Subcellular
fractionation

Page 68

Protein
Fractionation

Goal:
Reduce sample
complexity

Techniques:
e Immunodepletion
* Affinity purification

* SDS-PAGE (1D)
» 2D gel
* OFFGEL

* mMRP

* RPLC

* lon exchange
* Size exclusion

Enzymatic

Digestion

Goal:

Clip proteins
into smaller
pieces
(peptides) for
subsequent
analysis

Peptide
Fractionation

Goal:
Reduce sample
complexity

Techniques:
*OFFGEL

* RPLC

* lon exchange

* IMAC trapping
*TiO2 enrichment
*Chemical methods

Agilent Technologies

Goal:
Obtain MS/MS
information

lonization:
« LC/ESI
e LC/MALDI

Mass

analyzer:

* lon trap

* lon trap with
ETD

* QTOF

* TOF/TOF

*FT MS

Identification

Goal:
Identify
peptides and
thus proteins
via database
searching

Software :

» SpectrumMill
*Mascot

HPLC-Chip/MS




Global Proteomic Profiling of Phosphopeptides
Using HPLC-Chip Electron Transfer Dissociation
lon Trap Mass Spectrometer

ldentified 1435 unique phosphorylation sites from e . o
500 proteins | "
*ETD identified 60% more phosphopeptides than
CID, with an average of 40% more fragment ions
*Discovered 15 novel phosphorylation motifs

Global proteomic profiling of phosphopeptides
using electron transfer dissociation tandem
mass spectrometry

Henrlk Maolina*t, David M. Horn®, Ming Tang*, Suresh Mathivanan*s, and Akhllesh Pandey*?

*McKigick-Mathans Instituie for Genetic Medicine and Departments of RBiological Chemistry, Pathology, and Oncology, The Johns Hopkirs Wniesrsity Schosl
of Medicire, Baltimor=, MD 21205 'Department-:hf Bicchemistry and Moleaular Biclogy, Lniversity of Southern Denmark, Odense 5220, Denmark;

*Aagilent Techmaolagies, Sarta Clara, C& 95052; ard *retitute of Bicirdormatics, nternational Tech Park, Bangalors 560 066, India

Communicated by Paul Talalay, Johns Hopkirs Lniversity Schoed of Madicing, Baltimore, MD, December 25, 2006 received for review Novembeer 1, 2006)

EPNAS

PHAS | Febmuary 13, 2007 | wol 104 | no.7 | 2199_7204
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ETD Fragmentation

*Produces ¢ and z fragment ions, while CID produces b and y

fragment ions

*Preserves post-translational modifications

*ETD fragmentation is random and less sequence dependent

b, C,

P — Pa—

Agilent Technologies

OH

+H
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Instrument Schematic For ETD lon Trap

Fluoranthene
NCI Solid
Source

B,
!

Negative lon
lon Trap
ES| Packet With
. lons
Positive Positi
Peptide | ositive
lons from F?n ket
LC Chip acke

HPLC-Chip/MS
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ETD Advantages:

« Complementary fragmentation to CID by providing additional
c and z ions

« Soft fragmentation process which maintains intact phospho-
residues allows phosphorylation site determination

 Multiple MS(n) fragmentation methods with the combination
of CID and ETD enrich information content

* Provides a new gas phase ion reactor for studying gas
phase ion-ion chemistry reactions in real time

HPLC-Chip/MS

Agilent Technologies




Experimental Design

Lys-C

Cell lysis
— —_— Trypsin P.rotea.tse
T digestion

293T cells R ?%%?%% Glu-C

— —

mRP-C18
Protein fractionation

Phosphopeptides

Spectrum Mill _ _ _
Enrichment using TiO,

Database search

HPLC-Chip/MS

Agilent Technologies
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Fractionation of Intact Proteins Using mMRP Column

*Protein recovery > 98%
*Achieve high resolution
*Highly reproducible

Agilent
FLOW

HPLC-Chip/MS

Agilent Technologies
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Detailed Analysis of Phosphorylation Sites
ldentified Using ETD From the Lys-C digests

*676 unique peptides were identified,
derived from 287 proteins

*606 (90%) were phosphorylated

«344 singly phosphorylated, 208
doubly phosphorylated and 54
peptides contain three or more
phosphorylation residues

*84% serine phosphorylation, 14%
threonine phosphorylation and 2.3%
tyrosine phosphorylation

54

‘ h
208

B Single Phosphorylation m Double phosphorylation
Three or more phosphorylation

100%

80%

60%

40%

20%-

NN NN

0%

Serine Threonine Tyrosine

Agilent Technologies
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Phosphopeptides Identified by ETD and CID From
LysC digest

&, B

Lys-C phosphorylated peptides Lys-C non -phosphorylated
peptides

ETD CID ETD CID

{Total = 228} (Total = 132) (Total = 44 {Total = 53)

ETD resulted ~40% more back-bone fragment ions transforming into a
23% better sequence coverage over CID

HPLC-Chip/MS

Agilent Technologies
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Charge State Distribution of the Identified
Phosphopeptides

CID ETD

ETD identified more phosphopeptides with higher charge states, while
CID identified more doubly charged precursors.

HPLC-Chip/MS
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Phosphopeptides ldentified by Three Proteolytic
Digestion and CID/ETD

*ETD identified 60% more
phosphopeptides than CID 0 ETD
6 20y ETD
*Trypsin and Lys-C identified similar E
number of phosphopeptides using ‘% 200 1 cID
ETD o 17
£ 10 CID
*Glu-C identified fewer 0 132
phosphopeptides than Trypsin and g 10
Lys-C “g ETD CID
E 50 1 54 51
£
5 0
Lys-C Glu-C Trypsin

HPLC-Chip/MS
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Correct Phosphorylation Location Determined by ETD
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ETD Provided More Fragment lons And Higher Sequence
Coverage

E S E/D/K\P E/IEDNIG\sDEE EEKK

2 Then "I
100 %4
m-l - I T l T T T T 1
0 200 1000 1200 1400 1600 1800 2000
ETD CID L12 A0405 0411 .0.phi Mazz [miz) PMH+: 2402 3782 mfz: 60136 2.4
E/S/EID/K PIE/NEIDN GIS\DIEIEIEIEIK\K
2 ATehim ET D Fl:mm" '3
1 E% 1n
%4
TN :3 l:nghH 21' ey, o, Mo e
(n ! |I|f.j.rl .Elaﬂfll " |Ha. |1 el | 3 Lk z13.|.]i.4 j|.1l5 Ly |EJ1||Ei )
] 200 ann il 00 1000 1200 1400 1600 1800 2000
ETD_CIO_L12_AD0400.0:42 4.phl Mass [miz] bH+: 2402 3782 miz; 60136 2 4
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Discovery of New Phosphorylation Motifs

*80% of identified
phosphorylation sites were
novel

|ldentified 294 of 368 reported
phosphorylation sites from 103
separated publications

*Of the 1141 novel

phosphorylation sites, 85%
matched known motifs

*15 new motifs were identified
by hierarchical clustering

Page 81

Occurrence in
Novel motif phosphopeptides
1 pS[E/D]X[E/D][E/D] 55
2 PSPXXXP 31
3 PSPXXXT 27
4 DXXXp[S/T]P 14
5 GGpS 13
6 p[S/T]PPP 12
7 QXp[S/T]P 12
8 PSp[S/T]P 11
9 PPXp[S/T]P 9
10 PPp[S/T]P 9
11 EXSXp[S/T]P 9
12 PXpSPX[R/K] 8
13 PpSXL 7
14 PLp[S/T]P 6
15 TpTP 5

HPLC-Chip/MS
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Summary

*A complete solution for phosphoproteome analysis has been
demonstrated

«1435 unique phosphorylation sites from 500 proteins has been
identified from human embryonic kidney cells

*ETD identified 60% more phosphopeptides than CID, with an
average of 40% more fragment ions

*Discovered 15 novel phosphorylation motifs

HPLC-Chip/MS
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Glycan Profiling

The majority of recombinant protein drugs used for treatment of disease are
glycoproteins, parts of glycoproteins, or contain glycoproteins (examples:
recombinant antibodies, vaccines)

The glycan portion of the product varies dramatically depending on the cell
line used, fermentation conditions, and other production parameters, leading
to batch-to-batch variations

The product quality and efficacy (e.g., circulation lifetime) varies dramatically
depending on the identity and amount of the glycans present

One way of monitoring the quality of recombinant protein drugs is to profile
the glycans, verifying that the product quality has not change appreciably

HPLC-Chip/MS

Agilent Technologies
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Some Product Names You May Recognize...

Product Used to treat Manufacturer A” Of these pI’OdUCtS
Activase ®, TNKase® | Heart attack (> 1 million US [ Genentech . . .
(t-PA, tissue cases/ year), stroke (700,000 e are glyCOprOtelnS or Contaln glyCOprOtelnS
plasminogen activator) | US cages/ year), pulmonary produced by recombinant techniques
embolism (600,000 US cases/
- e ﬁ‘?:f) — _ - * have been approved by the FDA
i) (darbepoetin | Kidney failure, anemia maen (commercially available) or are in the final
Avastin ® (monoclonal | Colorectal cancer Genentech stages of approval
antibody) .- . .
Enbrel ® (dimeric fusion [ Inflammation (e.g., Amgen  need to be checked for Stablllty durlng their
protein) rheumatoid ariritis) product development and phase 1 trials
EPOGEN® (epoetin Kidney failure, anemia Amgen _ .
E'fg)t = R T — * need to be checked for consistency during
rbitux ® (monoclonal olorectal cancer mClone .
antibody) Systems product development and phase 1 trials
Gardasil ® (genetically | HPV infection leading to Merck : :
engineered vaccine) cervical cancer (10,000 US * need ong0|ng QA/QC checks du”ng .
cases/ year) production, especially of the glycan portion,
Herceptin ® HER2-positive breast cancer | Genentech to ensure
(mopoplo(;al antit_)ody) _ _ _ _ _ . .
Ped_|ar|x (genet_|cally Dlpth(_apa, pertu55|s_, t(_atanus, GlaxoSmithKline _ batch-to-batch unlformlty Of the product
engineered vaccine) hepatitis B, and polio in
infants — consistent performance
Raptiva ® (monoclonal | Plaque psoriasis Xoma, _
antibody) Genentech — they are safe for human consumption
Rituxan ® (monoclonal | Non-Hodgkin's lymphoma Genentech
antibody)

v b HPLC-Chip/MS
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Human Serum IgG N-Linked Glycan Alditols

Page 85

BPC, 700-2200 m/z W e E-n
Glycans from 1 pmol o a o or a
starting glycoprotein Y T
_.e-m-m G1l o Gal
GO N ® Man
s moe-mm m GIcNAC
G2 ¢ NeuAc
\ A Fuc
D—.—.\ A
m-o & E-o-EH-N e-r-EH-o n
I—jo—l—ll o-m-e
o-m-o Isoform u
Isoforms
m-o : of G1 soform
E-¢-EH-H of G2
B l\ l

T T T T T T T T T T T T T

10 12 14 16 18 20 22 Time [min]

Assuming a GlycoSuite database search segment score of 1, 2, or 4; species Homo sapiens, tissue

hemic system or immune system; and attached protein is |0G, then these identifications are the only
results that pass all criteria

HPLC-Chip/MS
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Human Serum IgG N-Linked Glycan Distribution

Page 86

. . m/z value of peak heightin relative
Glycan (including isoforms) Structure i s
alditol [M+2H] averaged spectrum percent
&
GO T I 733.4 46886 14.3
F Y
" mm
o-H-¢
Gl or N 814.4 103172 314
[l I -
. .- -1
u-&® L3
GO + bisecting GIcNAc B-v-m-m 835.2 30969 9.4
" &
G2 2: - m-m 895.4 35483 10.8
- l
G1 + bisecting GIcCNAc E-¢-N-W 916.0 25222 7.7
RN X
. . > B @
G2 + bisecting GIcNAc - fuc E-0-N-N 924.0 7623 2.3
[
. F3
G1 + NeuAc ‘o :_:':-—:—i 959.9 16101 4.9
D-H-® Y
G2 + bisecting GIcNAc Be-m-w 997.0 24573 7.5
o W
G2 + NeuAc * :::..: 1041.0 38886 11.8

Some inaccuracy in the relative amount is to be expected because of variations in response, charge
state distribution, and adduct formation among the various analytes

Agilent Technologies
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Metabolite study: 30uM Buspirone Incubation

EIC m/z 360; 376

Narrow bore column
x1(?_' 4

Zorbax SB Ag 2.1 x 50 mm

41 Inj Vol = 5 pl
21 1 2 o o
(:: hg total drug injecte
b M ETTE >100x
| T T e sensitivity
HPLC Chip
4

Enrichment : 40 nl Zorbax SB Aq 5um
2 Analytical 75 pm x 43mm Zorbax SB Aq 3.

1 Inj Vol = 5 ul
JU\J\C’A,A g total druﬂ injected
''''' 5|IIII1|0IIII1|5I‘II2|0‘III2|51III3|0'IT|'mel[m|n]
* Peaks 1to 3 [M+H]*=376 N,N-desethyl hydroxybuspirone
* Peaks 4 [M+H]*= 360 N,N-desethyl buspirone

HPLC-Chip/MS

Agilent Technologies

Page 87



Pharma: HPLC-Chip sensitivity, sulfadimethoxine in

Serum y 1 UI— |nJeCt|On Spiked plasma sample was
centrifuged in a 3 kDa MW
intens. | cutoff spin tubes. 1uL is
ad | 10 f lon Trap MS data injected on to the enrichment
- g (32attomoles) MS/MS of 311.1 column of the HPLC-Chip.
2 2 of 155.9, 217.9 and 245.0 m/z
(%. e T Enrichment column
x1 E
0.75~;
050 100 f J
0.25 -
gl%gg o al [ — o MMA ku Au.l NPT UURIEY N WV O VT DR ROV T U AT WO T | I W PPN Analytical column
3
1000 fg | =
1
(%5 . M Area RSD's of 2.6% (10 pg) to 10 %
T (10 fg) are obtained for 1 uL
153 10 injection (without ISTD use).
10 .
05 ] Pg Estimated LOD: 10 fg
00 i N A\l\

T T T T 1 T T T T T T T T T
2 4 6 8 10 12 14 Time [min]

» Automated sample enrichment at physiological concen tration
 Small sample size: 1 ML
» 125 X better sensitivity  that best reported QQQ data (1.25 pg/ ML in milk)

HPLC-Chip/MS
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Environmental: Residual herbicides in drinking water
with automated sample pre-concentration.

« EU drinking water regulations require monitoring fo r neutral and acidic
herbicides at the ppt level.

* Current procedures involving collecting from1to 5 liters of sample and
then concentrating the herbicides using SPE prior t o analysis.

 Detection using conventional 4.6 mm ID columns with LC/MS

- Water sample spiked with herbicides at 1 pg/pL lev  el.

- Direct injection of 0.5 pL of water with automated sample pre-concentration on
HPLC-Chip (500 fg on-column).

- Detection on 6340 lon Trap MS

Enrichment column

1]

Analytical column

HPLC-Chip/MS

Agilent Technologies
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Environmental: Residual herbicides in drinking water
with automated sample pre-concentration.

Agilent 6340 lon Trap MS with HPLC-Chip Isoproturon.
+ EIC of m/z 72 (207)

: \soproturon \.]\k 500 fg on-column “ S/N : 36:1
y i Atk Ao b Fuormyish . oyt i YT, W

X0 | TESTEO0F 000005.D; EIC 232 +All ME, Smecthed 0.4,1, GA) 4
. Di - 500 fg on-column
iuron
2]
I i S gt e
Faluy TESTS00F 6000005 [ L GA)

EIC 222 +All W3, Smocthed (04,1
: Carbofuran - l .
" M D
: Metazachlor \:/\ \ﬂ )
etk . Lo, TRV A TR TN VU A i el sl o by s A T -

,
" " e A Ao R I I y y
105 TESTS00F G00D00S.D: EIC 43% +All M3, Smoothed 04,1, GA) I g e g / & & il H2RRTims il
intens. Jq 720 +MS2(207.0), 7 2.7 4min #(1706-1738)
6 o 2
5]
R Triforine A
. a
4 P Ml ot At e Al et s Do caucdlln o ) 7
310" TESTS00F 6000005 0: EIC 301 +AIl WS, Smoothed (021, GA) M S/M S S eCtra Of
. Y

Phenmedipha

Isoproturon m/z 72
wd TTT

_ﬂ_\
5]
TESTA00F GOOOD0S D: EIC 248 +AIl MS, Smaothed (0.,1, GA) . [OC N (C H ) ] +
- 3)2
Linuron .
RO = = TESTE00F G000005.0; EIC 226 +AIl MS, Smeothed (0.4,1, GA) Gt
J\\ 1127 11486
¥ N 5 -
] Methlocarb ) o ) a0 @ 10 110 miz
P P reecyun by, o,
2 a [} 2 10 1z

Time [min]

« Sensitivity enhancement of nanospray LC/MS allows d  etection at levels
that meet EU drinking water regs (< 100 ppt) withou t SPE pre-
concentration (reduced sample handling/preparation cost).

« HPLC-Chip enables routine, reliable use of nanospra y LC/MS.

HPLC-Chip/MS
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Chip system

o O
0%
ce0@® @
L P\
Michael Zumwalt and Hongfeng Yin

® | Agilent Technologies, Inc.

Diana Wilkins and Shannon McOmber
Center for Human Toxicology, Univ. Utah

ASMS 2007

HPLC-Chip/MS
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MS Solution: Sensitivity and

confirmation

QQQ - MRM (Multiple Reaction Monitoring)
Quad Mass Filter (Q1)

Quad Mass Filter (Q3)

Spectrum with
background
ilons (from ESI)

Q1 lets only
target ion 210
pass through

210

210
222
268
165 280
170 210 250 290 190 210

Page 92

1
1
Collision Cell
Collision cell Q3 monitors only
breaks ion 210 characteristic
apart fragments 158
and 191 from ion
210 for quant and
qual.
158
191 210 158
0 P A
150 170 190 210 160 190

Agilent Technologies
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HPLC-Chip/QQQ Technology - system configuration

Chip system

NanoLC system for
analytical chromatography

CapLC pump for sample \ F P

loading on enrichment column

L

T R
|

iy
I3

—

b

L}

4]
m

I
i

) B
:_I_ju-.. am
I
"

HPLC-Chip/MS
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Analysis of cTHC using HPLC-Chip/QQQ

LC conditions

L 1200 Series NanoLC
solvent A: 0.1% formic acid in water
solvent B: 0.1% formic acid in 95/10 acetonitrile/water
flow: 300 nL/min
Analysis of standards
isocratic: 30% B
Stop 5 min

d 1200 Series CapLC (2nd pump for sample loading on enrichment column)
1 yL inj. vol. (standards ) 2 pL inj. vol. (extracts )
30:70 water/acetonitrile
flow: 3 uL/min
2 min load time

Q HPLC-Chip/MS
Analytical column: 75 pm x 43 mm, 300 A, 3.5 pm, C18

Agilent Technologies

Page 94
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Analysis of cTHC using HPLC-Chip/QQQ -wms

conditions
Q Agilent G6410A QQQ Mass Spectrometer

Source (positive nanoelectrospray)
Capillary: 1800 V

Dry gas: 6 L/min

Gas temp.: 350 C

Analyzer

Monitored MRM transitions:

Cmpd  Transition Dwell (msec) Frag (V) CE (V)
cTHC 345.1 > 299.2 (quant) 100 140 18

345.1 > 327.2 (qual)

d3-cTHC 348.1 > 302.2 (quant)
348.1 > 330.2 (qual) v

HPLC-Chip/MS

Agilent Technologies
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Increase In sensitivity over standard HPLC

Chip
system

Resulls

H atogram Flesu
(2o 2 QEMYIEMD G |[B]E A K IR]% % E
[==0] 0. 327.2000) 10pgeTHC_30ACN003.4

An2  + MRM [345 1000f=0] <> 239 200

7]

(28] 022 L v
BE- 21850
5.4
52
&

55? 2.1 mm id column | i @

484 .
46 7
200 pL/min |
424

4 »
384
2E4
344
324

o
23 -
264 i /\ Chromatogram Results x
244

(2ot QB YISO 6« A IR % % E

; ; w104 |+ MRM [345.1000[=0] > 239.2000, 327.2000) long-aradient-<THE4003 4
i A 24772
4] ™~ 3405547
124 E

n 1.8
084
064 1.7
04
g 1.6
o \

02 a3 04 05 0g oz 08 03 1 11 12 13 14 15 168 17 18 T8 ] Z1 22 23 Z24 25 268 27
Abundance vs. Acquisition Time (min) 1.4 \

30 x increase in signal

14

= 0.075 mm id column

Injection of cTHC standard +| 300 nL/min

0.5+

0.4
0.3
0.2
014

18 185 13 195 20 205 21 218 22 225 23 235 24 245 25 255 2 285 27 275 28 245
Abundance vs. Acquisition Time (min)

HPLC-Chip/MS
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Linearity and reproducibility of cTHC standard

Calibration Curve x

[4m] [mh] | Type: Linear *  Origin: n “Weight: Mome = | ISTD
e T K-
cTHC -6 Levels, B Levels Used, 15 Points, 15 Points Used, 0 QCs

ain 1 v=1.2851%% -0.0714
139 R™2=0.99921227

1.2+

"1 0.1 —50 pg/uL
1 R2>0.999

Relative Responses

0.7 -
_ ¢THC - 6 Levels, B Levels Used, 18 Paints, 18 Paints Uzed, 0 QCs
061 Unextracted standards P—
054 £ 3254 R"2= 00002736
Eooaq
0.4 % 275+
2 254
0.3+ 3 225 H
0.2+ 21
1754
0.1 154
1254
04 1 8
-I:l -I n 075
’ T T T T T T T T T T T T T T 054
45 0 05 1 15 2 25 3 35 4 45 5 55 B 0254 &
4~ - -
Three replicates overlaid
05+
0 007 002 007 0.04 0.05 006 007 006 003 01 011 012 053 0.14 0.15 096 D17 098 019 02 021022
Relative Concentration

s . . HPLC-Chip/MS
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Limit of quantitation in the low femtograms level

Chromatogram Besults b
FAN

2o 2 QEI S []AD s -] EI

Page 98

%101
4
3.5
2
2.5
2|
1.5
14
0.5+
0

w101

4.5
4
3.5
a4
25
el
1.5
14
0.5
=

+ MRM [345.1000[z=0] = 299.1992] «THC-=tds09+001 .4

T

+ MR [345.1000[z=0] = 299.1992] s THC-=td=09+002 .4

3.432
1426

w101
4 5
4
3.5
3
25-
2]
1.5+
14
0.5

n-

+ MR [345.1000[=0] = 293.1992] cTHC-=td=09+003 .d

3.454
1400

3.2 3.3 3.4 35 26 27 3.
Abundance ws. Acquisition Time {min

Replicate injections of
20 fg on-column

Area RSD = 12.5%

Average relative difference
between calculated and
expected concentrations

is only 7%

Agilent Technologies
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Results of standards — all transitions at lowest level

_ﬂL Chromatogram B esults

e et QBE# ¢S] D s - I[e] A [P% % &

w1+ MR [345.1000[=0] == 293.2000] < THC-s1d=03+007 d

5432
384 1138

20 fg on-column | cTHC quant |

% amount normally

05 - injected on-column
(01 + MRM [345.1000[=0] » 327.2000] cTHC-std=09+001 d by GC/MS/ M S or
5 3.417

719 GC/GC/MS
- | cTHC qual |

win 3+ MRk [345 1000 =0] = 302 2000) ¢ THC-=td=08+001 d

3427
1.24 4E52 4

| d3-cTHC quant |

w03 | + MR [348.1000[==0] == 330.2000] :THC-s1d=03+007 d

3427
124 146

075, | d3-cTHC qual |

26 28 3 32 34 36 38 4 42 44 4B 48 &
fbundance vs, Acquisition Time (min)

HPLC-Chip/MS
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Results of standards — compound Information

 Compound Information /- 20% x
T T Frs e e —r—— +/- 0 |
3 o)) ATELE] &G 2 e A )
+ MRM [345.1 == 299.2] cTHC<td=03+001.d 345.1=209.2,327.2 / acceptance 12-3.606 min. 35 scans) e THC<td=03+4001.d
o irre T |V S A T S I T
£ w102 3.482 £ 110 2 [ Ratio=103.8 £ w1l 2o 3272
o 7826089 2 i z
: : E 1+
4 184 & 1 &
¢ g 0.8
4 q u ant #:J ns 0.8+ /
! 58 DR N s L e, RSB A Ak :
1.2+ i i O . 1 pg u L
10N @ 07 07 2992
14 E|
cTHC quant / 5 level
0.3 054
5 qual 04
034
041 overlay
024
0.2+
0
Befy 345.1
04 .14
T T T T T T T T T T T T T T T T 1] T T T T T T
3559 34 345 35 355 36 365 37 355 34 345 35 355 36 365 37 300 310 320 330 340 350
Aequisition Time [mik) Aaquizsition Time [min) Mazs-ta-Charge [miz)
+ MRM [348.1 = 302 2] o THC-stds034001 d B 3022 3302 + MRM [3.3893 666 min, 53 seans) eTHC=stds03+001 d
o —_— T 14 e I AL T L URIETT LTI RTI TERTERIETIOT I TR LTEIERIERIETIT LO P RIIU T RIETS o
2 w103 3,475 £ w102 | Ratio=127.7 £ w1 d | 0.2
2 364356530 2 114 m
g & g 14 5 254
7 ] 2 5,
e} .
74 & 0 oo 3022
.g 0.5+ ad
= a
E 0.7 184
54 0.6+ 164
ns+ 1.4+
d3-cTHC ol i
R 03 L
&4
4 0.2+
i 0.1 S
14 i 0.4+
04 074 3481
0 014 a
T T T T T 1 T T T T T T T T T T T T T
33 34 35 36 37 3.5 335 34 345 35 355 3B 365 37 300 310 320 330 340 350
Aequisition Time [mik) Aaquizsition Time [min) Mazs-tao-Charge [miz]
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_inearity of cTHC in hair — >2 orders of magnitude

Calibration Curve x

F:l rﬁ” Tvpe: Linear * Origin: Force * Weight: Mone V| ISTD

2 ]e ¢ 3~

«THC - B Lewels, B Lavels Used, 13 Points, 13 Points Used, 0 GCs

ﬁ win 1 Jy=1.1358"x
§ o |R"2=0.99822412
:
A 1154
L R
B 105
a
=1 0.01 - 5.0 ng/mg
0.85
=] R2>0.998
0.754
0.7+ i Calibration Curve X
065 - i (&) ()| Type: Linsar v Orgn: Force v | Weighti None v | ISTD
0.6 HE . e g
055 T oTHC -E Levels, B Lavels Used, 18 Paints, 18 Points Used, 0 QCs
054 § w101y =11356"
0.45 - EL N R*2=033822412
- Close-up of lowest
0.35 I g .
031 three calibrants
0.2 454
0.15 - al
0.1+ el
0.05 - a2
0+ 25
40,05+
-D--I_ T T T T T T T T T T T T T T Tz Overlap Of
405 u} a5 1 15 2 25 3 35 4 45 g 55 B B 4 5
three replicates
" 1
- each
" -0.0‘25 6 0.0|25 065 00‘75 0‘1 01‘25 0.‘15 01‘75 D!2 02‘25 0.‘25 02‘75 D!ﬁ 03“25 0‘35 0.3“75 D!J 0.4‘25 0!45 0.4‘75 0‘5 0.5‘25 0‘55
Relative Concentration
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Limit of quantitation for cTHC in hair

i /1, Chromatogram Results

a0t QB[O 6 x|
wig2  + MR [3451000[=0] > 299.1992) s THC_Hair_3+001.d

*15.768
124 7a0.0

] 5k %] % % B

14
0.8+
0.6+

0.4+

400 fg on-column
spiked blank

0.2+

n-
wig2  + MRM [345.1000[=0] == 299.1992) «THC_Hair_3+002.d

154 “ 15,768
e B7ED

o Corresponds to 0.50 pg/mg
1" in hair with 100% extraction
= recovery

0.6+
0.4+
0.2+

1 | Area RSD = 9%

w102 | + MRM [345.1000[==0] = 299.1992) ¢THC_Hair_3+003.d

“15.755
1.6+ g88.0

1.4+
1.24

14
0.8+
0.6
0.4+
0.2+

o4

15 151 15.2 153 154 155 156 157 158 159 16 161 162 163 164 165 16F
Abundance ws. Acquisition Time (min)
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Summary

0 HPLC-Chip increases sensitivity by factor of 30 over standard LC flow
O Excellent sensitivity with standards, 20 fg on-column easily seen
O Excellent reproducibility at each level and R? > 0.999

0 Good linearity of sample calibration curve, R? > 0.998, with excellent
reproducibility at each level

U LOQ of 0.01 ng/mg in hair with RSD = 6%

U 400 fg matrix spike on-column (0.5 pg/mg) RSD of 9% shows
sensitivity of LCMS using HPLC-Chip is 10x level achievable by GCMS
without the need for derivatization. Note that this assumes 100% sample
extract recovery. Results can be improved with better sample extraction.

HPLC-Chip/MS
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Protein Quantitation | e
with HPLC-Chip / MS and
Stable Isotope Labeled Peptides

r—t aQo mMs

Christine Miller and Hongfeng Yin
Agilent Technologies, Inc.

ASMS 2007
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Protein Quantitation Strategy

VPQVSTPTLVEVSR

\/

SELECT PEPTIDE FROM
PROTEIN OF INTEREST

[

VPQVSTPTLVEVSR*

1

SYNTHESIZE ANALOGOUS PEPTIDE
INCORPORATING STABLE ISOTOPE
("“C. "N} LABELED AMINO ACID

OPTIMIZE SEPARATION AND / OR
ANALYSIS SCHEME FOR QUANTITATION
“ BY MASS SPECTROMETRY

1

Information is kindly provided by Jon Gingrich of S

Agilent Technologies
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EXTRACT PROTEIN FROM

BIOLOGICAL SAMPLE AND

ADD TO KNOWN QUANTITY
OF AQUA PEPTIDE

PROTEOLYSIS WITH ENZYME TO
GENERATE PEPTIDE OF INTEREST

AMNALYZE USING MASS SPECTROMETRY
AND QUANTITATE BY COMPARISON
OF NATIVE PEPTIDE SIGMNAL TO
AQUA PEPTIDE SIGNAL

SIGMA-ALDRICH

igma-Aldrich Co.

HPLC-Chip/MS




Protein-AQUA
Peptide Selection (myoglobin)

1-16 Chemically reactive residues
VEADIAGHGQEVLIR 17- 31 _ _ _
LFTGHPETLEK 32- 42 (Cys=C, Met=M, Trp = W)
43- 45
46- 47
48- 50
51- 56
S57-62 Chemically unstable residues (Asp-Gly = D-G; Asn-
63- 63 Gly = N-G; N-term Glu = E; N-term Asn = N)

64- 77

78-78

79- 79 Eliminate “LC-incompatible " peptides

80- 96

97-98

99-102 BLAST remaining sequences
YLEFISDAIIHVLHSK 103-118

119-133

LELFR ) 134-139 AQUA peptide

140-145

146-147

148-153

Peptides adjacent to multiple cleavage site

Information is kindly provided by Jon Gingrich of S igma-Aldrich Co.

3 o HPLC-Chip/MS

.,
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MRM Transitions for Peptide ALELFR

Abundance

LC-MRM

AL ELFR*

(379.7 > 574.3)

AL ELFR

(374.7 > 564.3)

Agilent Technologies

Time




Quantitation of Myoglobin Digest Spiked In
Digested Human Serum

Myoglobin
calibration final Internal
. added amount Serum water
level concentration standard
1 0.4fmol/puL  2pL*20fmol/pL  10pL 2uL 86uL

1fmol/uL SuL*20fmol/uL ~ 10pL 2uL 83uL

2fmol/puL 10pL*20fmol/pL  10pL 2uL 78uL

5fmol/puL 25uL*20fmol/uL  10pL 2uL 63uL
10fmol/uL  50pL*20fmol/uL  10pL 2uL 38uL
20fmol/pL 13.5uL stock 10pL 2uL 74.5uL
50fmol/pL 33.5pL stock 10pL 2uL 54.5uL
100fmol/uL 67uL stock 10pL 2uL 21pL

0 N o O b WODN

Myoglobin Stock Concentration is 150fmol/pL

Internal Standard Stock Concentration is 10fmol/pLALELFR* and 100fmol/pL LFTGHPETLEK*
Final Internal Standard Concentration is 1fmol/pLALELFR* and 10fmol/pL LFTGHPETLEK*
Serum Concentration is 12mg/mL. Final concentration is 240ng/pL

Aqua peptides were kindly provided by Jeffrey Porte r and Jon Gingrich of Sigma-Aldrich Co.

b HPLC-Chip/MS

<2 Agilent Technologies
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Detection Sensitivity of the Native Myoglobin

x | ALELFR
Digested Myoglobin
80amol/uL
[
Pept i de pr ecur sor f ragnent guant / gual
. LFTGHPETLEK 636. 3 716. 4 t
HPLC Chip: 43mm Zorbax SB C18 Frareiex| 636 3 016 oul
nanoPump: 400nL/min, A. water+0.1%FA, B. 95%ACN 0.1%FA | FraPenLee 640. 3 724 4 quant
0 min 5%B, 10min 30%B, 12min 80%B LFTGPETLEK* 640. 3 1019.9 qual
CapPump:  3upL/min, 2%ACN water AR <374.7 564. 3 quant >
Sample: 0.4fmol/uL * 0.2uL injection, sample is in 240ng/uL ALHFR 374.7 435.3 qual
ALELFR 379.7 445. 3 qual

HPLC-Chip/MS

Agilent Technologies
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Calibration Curve for ALELFR Using ALELFR* as

Internal Standard

100fmo

ALELFR - 8 Levels, 8 Levels Used, 24 Points, 24 Points Used, 0 QCs
8 x1027y=0.4233*x"1.1980
5 1.14 R*2=0.99903716
2 1.05
o 14
(3
2
T 0.954
€ 09
0.85+
0.8+
0.754
0.7
0.65+
0.6
0.55+
0.5
0.45+
0.4+ N
0.354 £
0.3 ERRTE
0.25+ 154
0.24 1.44
0.154 1
1.24
0.1
1.14
0.05+ N
0+ 0.9+
-0.05 0.8
0.1 T T T T T T T 074
5 0 5 10 15 20 25 30 35 40 45 50 55 6 064
|05
\ 0.4
0.3
400amol
amo
-0.14

Triplicate injections at each level
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Detection Sensitivity with HPLC-Chip/QQQ

x10 1 |+ MRM (379.70001 -> 574.20688) 40amol-ag-r001.d
J
381
40amol ALEFLR*
3.4 . e
Triplicate runs
3,
238
26
24
22
2,
18
164
14
121
1,
0.8
0.6
0.4
0.21
’ 805 81 815 82 825 83 835 84 845 85 855 86 865 87 875 88 885 89 895 9 905 91 015 92 925 93 935 94 945 95 955 96 9.65 97
Counts vs. Acquisition Time (min)
Pepti de precur sor f ragnent quant / qual
. LFTGPETLEK 636. 3 716.4 uant
nanoPump: 400nL/min, A. water+0.1%FA, B. 95%ACN 0.1%FA | FraPerLEe 640. 3 724. 4 quant
0 min 5%B, 10min 30%B, 12min 80%B LFTGHPETLEK* 640. 3 1019.9 qual
CapPump: 3uL/min, 2%ACN water ALEFR 374.7 564. 3 quant
Sample: 0.04fmol/uL * 1pL injection, sample is in 240ng/uL ALHFR 374. 7 —435. 3 qual
ALH FR 379.7 445, 3 qual
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Quantitation with Internal Standard

x10 1 |+ MRM (379.70001 -> 574.29688) 40amol-ag-r002.d
28 1]2 87190
2| 40amol ALEFLR*
1.6
06)
0.4+
0.24
0,
x10 1+ MRM (374.69998 -> 564.29688) cal1-r002.d
4 12 8.810
“  ALELFR
=1 Digested Myoglobin
. 80amol/pL
6.4 6.6 68 7 7.2 76 78 8 sféoums v:}i chisn:is;ﬁ e (:]fii ) 9 92 94 96 98 10 102 104 106
Pepti de precur sor f r agnent quant / qual
LFTGPETLEK|  636.3 716. 4 quant T_he ALELFR pealf from 80amol
LLFFFFGPEILEif gﬁgg 1702141 f qual digested Myoglobin is calculated
GPETL . . ant .
Frarenee| e 3 g o to be 63 amol using the 40amol
ABFR | <47 564. 3 j@ ALEFLR* Aqua peptide. One
ALH MR 374.7 24303 qual f . Id b h h
ABFR | <379.7 574.3 __ quani> reason for it could be that the
ALBLFR 319.7 445.3 qual digestion efficiency is 80%.
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Serum Protein Quantitation using Aqua Peptides

Aqua Peptides from PRS proteomics

Peptide sequence Aqua peptide fragment native peptide native peptide fragment
P1 ESYSGVTL*DPR 615.8++ 272 (13eV) 612.3 ++ 601.3 (y5 ion singly charged) and 272 (y2)
P2 DIPTNSPELEETLTHTITK*  716.5+++ 640.3 (9eV) 713.7+++ 637.6 (y17 triply charged)
P4 TNLESILSYPK* 636.9++ 815 (17eV) 632.9 ++ 807.5 (y7 singly charged)
P6 SLDFTELDVAAEK* 723.4++ 882.1 (18eV) 719.4 ++ 874.5 (y ion singly charged)

<101 [+ MAM (716 5220 > 6403 aqua- 1000070 Smoath (1

o r

+| P2 100amol f\

: |

5 | \

Nl

x10 1+ MRM (615.8[z=0] -> 272.0) aqua-100amok001.d Smooth (1)
1

144
1.24
N P1 100amol
0.8
0.6 x10 1 |+ MRM (723.4[z=0] > 882.1) aqua-1fmol+001.d
0.4 164
*2 P6, 1fmol
odl N 1.2 )
] 05 1 15 2 25 3 35 4 45 5 55 6 6.5 7 75 8 85 9 95 10 105 11 115 12 12517
Counts vs. Acquisition Time (min) 08
0.6
0.4
0.2
x10 1+ MRM (636.9[z=0] > 815.0) aqua-1fmol+001.d Smooth (1)
1441
1.24
" P4 1fmol
0.8
0.6
0.4
0.2

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17

. . . . Counts vs. Acquisition Time (min)
Samples provided by Richard Jones of Proteomic Research Services, Inc.
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Conclusions:

O High sensitivity peptide analysis using HPLC-Chip/QTOF
and HPLC-Chip/QQQ MS

O High efficiency chromatography separation with HPLC-Chip
O Good retention time and MS detection reproducibility

O Excellent quantitation when using stable isotope labeled
peptides as internal standard

O Sample loading capacity is at least 300ng total protein
digests on a standard short analytical column/40nL
enrichment HPLC-Chip

HPLC-Chip/MS
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HPLC-Chip portfolio

 MS Calibration & Diagnostic chip : Easy infusion of MS tuning mix, Calibration
of the Chip Cube valve

e Protein ID Chip#1 : 43 mm column, peptide separation. Low/medium
complexity tryptic digest mixtures. Dilute samples 100-400 ng on-column

e Protein ID Chip # 2: 150 mm column, peptide separation, medium/high
complexity tryptic digest mixtures. Concentrated samples 500 ng to 1 ug on column.

» Graphitized Carbon Chip: Glycan (oligosaccharides) separations, 43 mm
column. Highly polar compounds normally not retained on C-18 material. Structurally
related compounds such as geometric isomers and diastereoisomers

« Small molecule Chip: Metabolite ID, DMPK, dilute samples. Small molecules
retained and well characterized by SB-C18. 43 mm column

e Infusion Chip: direct infusion or automated flow injection of the sample directly in
to the mass spectrometer at nanoflow rates for the collection of MS and MS/MS data.

* SPQ Chips: high capacity enrichment column, or intact protein separation chip
using C-8 material

e Custom Chip: Custom packing, enrichment and/or analytical column.

HPLC-Chip/MS
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HPLC-Chip Interface: Part of the
Agilent LC/MS platform.

6300 Series lon Trap MS 6100 MSD: Fall 2007

6400 Series QQQ: June 2007

6200 Series TOF _—
1200 Series Nano-LC

HPLC-Chip/MS
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HPLC-Chip/MS: Conclusions S

HPLC-Chip/MS Features: .

» Increased productivity: easy to use, fast system setup and optimization, integrated
workflows.

» Increased uptime: robust, reliable, plug and play operation designed for reliability
and supportability

» Enhanced performance: improved MS/MS data quality, high sensitivity and high
resolution chromatographic separations.

» Flexibility: optimized application and system performance simply by changing
HPLC-Chip.

Customer feedback:

“The Chip changed my life”

“I have been able to triple the throughput in my lab!”

“Once you use the chip, you don’t want to go back to needles!”
“My technician can now run nano-LC/MS!”

“So reliable, | now run nanoLC sequences over the weekend!”

HPLC-Chip/MS
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Thank you very much for your attention!
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