Liquid Chromatography 1
Mass Spectrometry Platforms

New Developments in LC/MS

Dr Shaun Bilsborough
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Agi |l entdos 35+ Years 1 n Ma:
Nearly 40,000 systems 7 Applied to Chromatographic Analysis
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Core LC/MS Platforms and Technologies
Maximum Performance for our Applications

Select Mass Spec Technologies for both Quantitative and
Qualitative applications.

I Quadrupole technology is the ideal combination of

sensitivity, dynamic range, reliability and cost for target
compound analysis

I Time-of-Flight technology is the best choice for high mass
accuracy, resolving power, sensitivity, dynamic range and
speed and vacuum requirements as applied to gualitative
mass analysis

I lon Source development has long been realized as the most
critical contributor to sensitivity, both in ion generation and
sampling. JetStream ESI, APCI, Multimode, APPI,
Nanospray CHIP, AP-MALDI.
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Relentless Innovation

6460 LCMS QQQ System
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Cutting Edge 6460 QQQ Performance

Wi t he s
Agilent Jet Stream Technology ‘j [ron—

Unmatched sensitivity

‘e

The 1 ndus
sensitive QQQ

1 pg on-column = 1,000:1 S:N sensitivity and less than 10% RSD !!!

Workflow improvements

(@)
n
—_—

Faster Method development ry

Fast Pos/Neg switching (30 msec)

More MRMs per time segment and faster MRMs (1 msec dwell)

X X X X

New Optimizer software enables faster Method development
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NEW: Agilent Jet Stream lon Generation
Gas Dynamics View

Enhanced efficiency nebulizer

Nozzle voltage \

The super-heated sheath gas
collimates the nebulizer spray and
creates a dramaticalll brﬁeglﬁtlyegarmphggol

llary

Patent Pending
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Agilent 6460 QQQ Performance
Shattering the Femtogram Barrier i 500 Attograms

1.E+07 -
R2 =0.999
LEr06 - Verapamil
9 1.E+05 -
[
S femtogram
O 1.E+04 - .
< barrier
<Ti 1.E+03 A
4
®
(]
0 1.E+02 -
1e+01{ 900 1.8 nm C18, 2.1 x 50mm
attogram 0.4 mL/min
1.E+00 T T T T T |
0 1 10 100 1000 10000 100000

Amount, fg

Five Decades of Linearity
6460 triple quad with Agilent Jet Stream technology exhibits outstanding performance with 5 decades of
linearity from sub-femtogram to 100 picograms of verapamil injected on-column.
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MassHunter Software

ilent MassHunter Quantitative Analysi ugsOfabuse Demo c_Amph_Meth+MS! in_Oral_Fluids

File Edit WYiew Analvze Method Update Report Tools Help
P L | 23| LE snaveesatch | @ b Lavout: B B B E A Restore Defaulk Layout
i Batch Table X
Sample: ﬂ ﬂ | Sample Type: <Al ~ | Compound: (4] 1: Amp-d0 - ISTD: Amp-dS | Time Segment: <&l = | “ | ' t; ? (,'-"'
Sample Amp-dl Results Cocaine-d0 Results MDMA-d0 Results Meth-d0 Results f
@ v Name Type Level 4&cq Date-Time AT Calc. Conc. | Accwacy  RT | Cale. Conc. | Accuracy Calc. Conc. | Accwracy . RT | Calc. Conc. | Accuiacy
¥ | CMamMStd_01.d | DbEIK | | £.9031
¥ | ChAMStd_02.d | Blank n0.0132 0.0113
¥ | ChakStd 03.d | Blank 0.0000 2.474 0.0516 0.0143
¥ | ChiamdStd 05.d | Cal 1 2135 27193 108.8) 2452 3747 937 21573 86.3[ 2.248 26191 104.8
Cal 1 37822 2.2601 o
1
ChaStd 08.d 2 4.1618] 7.1664 5.1279) 5.5367 O B a t C h a t
ChAbStd 09.d | Cal 2 2142 4.4652 89.4| 2.453 7.0218 878 4.8087| 96.2| 2.248 4.9965 9349
¥ | CMAMSHd_10.d | Cal 2 2.140 4.9567 99.1[ 2.454 E.9957 874 4.5725 91.6[ 2.248 4.8588 972 Pal
CMAMS 114 | Cal 3 Z134| 1287 ge.a| 2453] 189274 946 11,1639 ga3| 2247] 144484 1156 a G a n G e O
ChiahdStd_12.d | Cal 3 2105 12,8892 103.1) 2446 18.0408 90.2 10,6595 95.3[ 2.236 135153 1081
¥ | ChiamdStd 13.d | Cal 3 2.097 11.4962 92.0( 2.443 17.8644 833 10.6615 853 2.235 13.0075 1041
¥ | CMaMStd 14.d | Cal 4 2.022 26,2029 100.8] 2.449 41.4218 1036 24,6855 98.7| 2.228 26.0142 104.1
ChAStd 15.d | Cal 4 2135 25,4689 101.9] 2.455 40,1857 100.5 227752 91.1] 2.245 26,6095 106.4
ChAStd 16.d | Cal 4 213 26,9820 103.9] 2.453 41.0446 1026 22,9037 91.6| 2.244 263499 101.4
ChAMSH_17.d | Cal 5 2101 115.2883 92.2[ 2.448 205.0058 1025 124.0947 99.3[ 2.237 121.4394 972
¥ | ChMAMSHd_18.d | Cal 5 2078 12653904 101.3) 2.458 196.2403 981 127.5429 102.0) 2.237 126.5662 101.3
ChamStd_19.d | Cal 5 2.083 1328785 106.3 99.4 124.8254 99.9( 2.232 126.0283 1o08
W) [ ¥ | ChiamStd_20.d | Sample 2192 E.8467 14.2455 12.4379
W [ ¥ | ChiamStd_21.d | Sample 240913 329770 E 4504
J | ¥ | CMaMSd 22.d | Sample 5.5580) 34768
O | % T eMaMS 23d [ Samnle [ 21ml SRioa7 ! e
Compound Information X ||: Calibration Curve x
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Parameter-Less Integrator & Peak Validation

[ + TIC Scan ROYHOOO00_G4min.d )
017" Traditional derivative-based 6000 53000 Addition$sgpe  E3300 53300
5 370,000
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44
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1|y ‘ bl ‘E‘ Wi lraant, ) W ““}”L beip_ .
+ TIC Scan RDYHNOOOO E4m|n
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011 Parameter-Less I g 7oH737  7EOEIE Eeelpe3
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14 '1 ] L 1 -8 A [ J L Ll ¥ [] fl 4 m 1 4
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A Traditional derivative-based integrators
A need tedious adjustment of integration parameters
A perform poorly near the Lower Limit of Quantitation

A need to apply smoothing to work
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Parameter-Less Integrator & Peak Validation

A New parameter-less MSMS Integrator
validates Peak Quality based on

+ MRM [185.2 = 136.1) Caf _erge_2.d ; 2> af _Pealk_1+8_Meige_7.d
% Merge | p
; P eak : =1 Merge Inspect
A Peak height : ] R iy Merg P
- Valley .1 Valley Peak
5| .

Peak area

Peak width

Peak symmetry

To To To >

Merged peaks to the right or left

A Level of spikes on a peak
Peak
Rejected

A Classifies peak quality as ) Valley

A Accepted

A Inspect

A Rejected

ALetds you focus on peaks in quest

Agilent Technologies



MassHunter Optimizer
Automated MRM Method Development
Software for 6400 series Triple Quad LC/MS

Compound-specific optimization for MRM experiments

A Selection and optimization of precursor ion and fragment ions
A Support of optimization with multiple methods (e.g. pos/neg)
A Creation of a compound database with optimized results

WITHOUT Optimizer:

A Manual optimization for multiple compounds
=> WEEKS of tedious interactive work!

WITH Optimizer:

A Optimization can be fully automated
=> One or two days unattended work!

‘7%~ Agilent Technologies



MassHunter MS/MS Method Optimizer
Basic Steps

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

Run 2: Coarse product ion scan finds the largest 4 product
lons with corresponding Collision Energy. As a default
0, 10, 20, 30, 40 volt CE are surveyed.

Run 3: Fine adjustment of each product ion to establish
optimal Collision Energy.

‘7%~ Agilent Technologies



MassHunter Optimizer
Step 11 Setup Compounds

® Masshunter Optimizer,

f\j Mew Project =% Load Project M Save Project E Saveds Project _:'|] Save Compounds = =
{§3 Import From DataBase @ Impork From Excel {§3 Expork To Excel =
Compound Setup | Precursor lon Selection " Praduct lon Selection " Optimizer Setup |
O Compound Mame Group Farmula MNominal Mazs “Wial Number ~
4 O Sulfamethoxazole PFCP C10HT1M3035 25308211197 P1-41 ¥
O Carbadox FPFCP C11H10M404 2620702048378 | P1-A1
O Sulfamethizale PFCP CaH10M40252 270.0245170632 : P1-A1
O Sulfachloropyridazin | PPCP C10HICIN 4025 2840134740013 | P1-42
O Sulfadimethoxine PFCP C12H14N4045 J10.0735756954 © P1-A1 L
O Thiabendazole PRCP C10H7H3ES 201.0360679755 | P1-42
O R anitidine FFCP C13H22N4035 41412613283 | P1-ad
O Sulfamerazine PFCP C11H12M4025 264.068096337  : P1-A1
O Cimetidine FPFCP C10H1ENES 2821157152848 | P1-44
O Metfarrmin PFCP C4H11ME 1291014453873 | P1-44
O Carbamazepine FPFCP C15H12N20 236.0949630199 | P1-42
O Tetracycline PFCP C22H24N208 4441532657588 © P1-A2
O Codeine PRCP C18H21ND3 2991521435442 | P1-46
O Albuterol PFCP C13H2INDOZ 2391521435442 | P1-44
O Ibuprofen PFCP C13H1802 2061306738183 | P1-43
O Caffeine FPFCP CaH10M402 194.0803755932 | P1-A1
3 | Sulfanilamide PPCP CEHEM2025 172 0305482446 © P1-A1 A
Project Mame : FFCF1 Optimizer Status : Ready [W] [W

A Setup compounds manually or via import from XLS
A Provide either formula or molecular weight
A Optionally assign compounds to groups

Agilent Technologies




MassHunter Optimizer
Step 21 Setup Precursor lon Selection

® Masshunter Optimizer,
f\j Mew Project (= Load Project M Save Project E Saveds Project jj Save Compounds £

C] Skart Cpkirnization Ion Breakdawn Prafilz Skop Cptimization =

Irnpork From DakaBase Irmport From Excel Expork Ta Excel £

Compound Setup | Precursor lon Selection | Praduct lon Selection " Optimizer Setup |

Positive ionz Megative iong Charge ztate
[] +H 1 Usze most abundance precursar ion
[W] +MNH4

S — ] # #
+ %

G Y [ =

) Do not exclude masses

(&) Exclude masszes
Precurzor lon
1 mizvaluels] |

Mimimurn abundarnce 3000 counts

| [separated by commas]

Curren t Record Al Records

Project Mame : FPCF1 Optimizer Status : Ready

A Define up to 4 adducts and/or charge states for each polarity
A Define exclusion of ions based on m/z or intensity

Agilent Technologies




MassHunter Optimizer
Step 31 Setup Product lon Selection

® Masshunter Optimizer,

% Mew Project = Load Project M Save Project E Savehs Project jj Save Compounds = C] Skart Cpkirnization Ion Breakdawn Prafilz Skop Cptimization =

Irnpork From DakaBase Irmport From Excel Expork Ta Excel £

| Compound Setup ” Precursor lon Selection | Product lon S election | Optimizer Setup |

Loww mazs cut-off

© Mase g

) % Precursor mass [mz]

) Do nat exclude masses
(&) Exclude masses

Product lon

[ mz aluelz) | | [separated by commaz]  Neutral Losses

Finumum abundance 1000 counts

[ 1=

Project Mame : FPCF1 Optimizer Status : Ready Currenl t Record Al Records

A Optimizer will find the 4 most abundant product ions
A Define minimum product ion mass
A Define exclusion of ions based on m/z, intensity or neutral losses

Agilent Technologies



MassHunter Optimizer
Step 41 Setup Optimization Parameters

® Masshunter Optimizer,

% MewProject [ Load Project [ Save Project ] Saveds Project < o D

o &=
| Compound Setup ” Precursor lon Selection " Praduct lon Selection | Optimizer 5etup |
. . ~
Sample introduction —
Path for data files | D:\MassHunter\data\Oplimizer',
(@) Injection [with or withaut colurnn) | [:]
() Automatic infusion using Loop injection MethodM arme Palarity lonSaurce | lonMode Comme:
) Manual infusion using syringe ¢ D:\MassHunter\methods\PPCPSYPPCPs Optimizem | Positive (ESI {Esl :
Fragrnert
Coarze Fram |50 | To |150 | Step |25 |[MaxEsteps]
Fine Step [Thiz takes more time)
Caollizion Erergy
Coarze Fram |5 | Ta |50 | Step |15 |[MaxSsteps]
Fine Step [Thiz takes mare time]
-
Froject Mame : FPCF1 Optimizer Status : Ready Curen t Record Al Records

A Setup Sample introduction mode
I Manual or automatic infusion, Injection with or without column

A Select data file directory
A Select range and step size for Fragmentor and CE coarse and fine

‘7%~ Agilent Technologies



MassHunter Optimizer
Step 51 View Results for Project

® Masshunter, Optimizer

f\j Mew Project =% Load Project M Save Project E Saveds Project _:'|] Save Compounds = =
Imnpork From DakaBase Import From Excel Expork To Excel
Compound Setup | Precursor lon Selection " Praduct lon Selection " Optimizer Setup |
Show results summary
Compound Mame Method Precursar lon Fragmentor  Prad  Collision Energy  Abundance Compound| D Formula GroupM ame MNominalMass Prajecttethad|D Prajec »
» B4.67 1613 03d93ale-3aa8-46 ; C10HTIN3035 ; PPCP 283.05211197 ; ppoplld:vmasshunt | PPCPY
Sulfamethoxazole D:vMassHunterm | 254.0599 i) 91.92: 35 3754 03d93ale-3aad-46 : C1OHTIN3035 : PPCP 283.05211197 ¢ ppoplld:vmasshunt | PPCPY
1077120 2754 03d93ale-3aa8-46 | C10H11N3035 | PPCP 253.05211197 | ppeplld:\masshunt | PPCP1
897 31 E42 0dE33441-e817-47 : C1TH1OMN404 | PPCP 262.07020482 ¢ ppeplldvmaszshunt | PPCPY
Carbadox D:vMassHuntersm | 263.078 a1 2308: 8 2377 0d633d41-e517-47 : C1TH1ON404  : PPCP 262.07020483 | ppoplld:vmasshunt | PPCPY
2447 H1B 1033 0dE35d41-e517-47 { C11H10M404 | PPCP 262.07020483 | ppoplld:‘masshunt | PPCP1
919 {27 1616 2978a3bE-b5c1-45 | CHH10M40252 | PPCP 270.02451705 | ppeplld:vmasshunt | PPCP
Sulfamethizole D:\MassHuntersm | 271.0323 75 o722 1125 2978a3bE-b5c1-45 | COH10W40252 | PRPCP 270.02451705 ¢ ppeplld:vmasshunt | PPCPY
10 3043 2978a3b6-b5c1-45 § COH10N40252 : PPCP 270.02451705 | ppoplld:vmasshunt | PPCPY
Sulfachloropyridazin § Do\MassHunterm | 285 91 156 12 3968 2d28913f-144f-46d | CT0HACIN4D2 : PPCP 284.01347400 | ppoplld:smasshunt | PPCPI
92 3 4682 2F28843f-36b8-4af4 : C12HT4N4045 : PPCP 21007357569 ¢ ppeplld:imasshunt | PPCPY
Sulfadimethoxine D:vMassHuntersm | 311.0814 7w 1073129 3276 2f28843f-36b8-4af4 | C12H14M4045 | PPCP 31007357563 | ppoplld:vmasshunt | PPCRY
156 118 3464 2f28843f-36b3-4af4 ;| C12HT4N4045 | PPCP 210.07357569 ¢ ppoplld:vmasshunt | PPCPY
Thiabendazale D:tMassHunterm | 202.0439 75 17811 27 51844 32298403-db9e-4c | C1OHTM3S FPFCP 20103606757 | ppoplid:\masshunt | PPCPT
< | ~
Froject Mame : FPCF1 Optimizer Status : Ready Current Record Al Records

A Results for the project can be immediately viewed after optimization
A Results get also automatically written into the compound database

Agilent Technologies




Agilent 1290 Infinity LC
- Infinite possibilities

AN ew 1290 Infinity Binary Pump
with integrated degasser

AN @w 1290 Infinity Autosampler

AN @w 1290 Infinity FlexCube
(extend the autosampler possibilites)

ANew 1290 Infinity TCC
AN ew 1290 Infinity Diode-Array Detector

AN @w Chemstation Software Control

AN @w Third party SW control

| A\ @w High Pressure RRHD columns
AN @w Diagnostics capabilities

‘7%~ Agilent Technologies



1290 Infinity T Compatible with any HPLC and UHPLC

A new power range providing maximum performance,
flexibility, compatibility and investment protection

.

1290 Infinity

5  ml/min

Agilent Technologies



Agilent 1290 Infinity LC
- Separation Power per time

*P. = based on 2nd peak Wy,

DAD1 D, DAD1C, DAD: Signal C, 210 nm/Bw:4 nm Ref 360 nm/Bw:100 nm (ZADZV12345_MIX1_0052.D)

mAl - 2
| o

0.095sec PW

. Tranquilizer Sample

0.033

1000 —

Column: Superficially porous

i / é 50 x 2.1mm, 2.7um
300_: 9.14OSGCP : Flow 3.5ml/min, ~ 700 bar
600_; ay Gradient 2-92% ACN in 0.4min
= T=80°C
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MassHunteria Dy na MR MO

Allows 10,000 MRMs per analysis!
A simple comparison of MRM and Scheduled MRM

Time Segment 1 Time Segment 2 Time Segment 3 Time Segment 4
Time (min) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

MRM

Compounds (10/block) 50 80 100 70
Cycle Time (sec) 0.5 0.8 1 0.7

Scheduled MRM I [ [ ] [

L 1 [ [
Max Coincident 20 40 40 30
Cycle Time (sec) 0.2 0.4 0.4 0.3 —

ﬁ

=> 2 X shorter cycle times supports narrow chromatographic
peaks, more analytes or longer dwell per analyte.

Agilent Technologies



Analysis of 300 Compounds in 15 min.

Agilent 1290 Infinity LC + 6460A Triple Quad with Agilent Jet Stream
Technology ~600 Dynamic MRM Transitions

11 9 replicates analyzed at 200 pg level
Mean area %RSD = 3.2, Mean height %RSD= 3.6

0.15

0.1 l |

0.051 , l
k ﬁ 1 i -

1

!
0.5 ! 152 25 3 35 4 45 5 55 6 6'5Cou71'1ts vgisAcqtﬁsitio%q'imeg(min

5 10 105 11 115 12 125 13 135 14 145 15 155
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Dynamic MRM Targets the Analyte when it Elutes
ElI Cos of 40 Compounds Eluting

Frag=120.0v CID@15.0 (275.1000 -> 88.0000) PSALL_1290-AJS...

=
=

<105 +ESI MRM Frag=120.0v CID@20.0 (3141000 » 1620. 103 |*ESI MRM Frag=80.0v CID@10.0 (333.0000 -> 224.0000) PSAL. | 195 +ESI MRM Frag=80.0v CID@S5.0 (3641000 > 134.0000) PSALL.  xi0 4 |+ESI MR
5

251 251 4

-

=

104 +ESI MRM Frag=1200V CID@150 (2921000 > 7000.  xip4 *ESI MRM Frag=80.0V CID@5.0 (3212000 > 203.0000) PSALL.  qp4 +ES| MRM Frag=80.0v CID@10.0 (270.1000 - 233.0000) PSAL. 105 *ESI MRM Frag=120.0V CID@15.0 (3041000 - 234.0000) PSALL_1250-A)

x105 +ESI MRM Frag=120.0vV CID@20.0 (314.0000 = 1200. x103 *ESI MRM Frag=120.0v CID@25.0 (331.0000 -> 268.0000) PSA.. %103 +ESI MRM Frag=80.0v CID@10.0 (311.0000 = 158.0000) PSAL . x104 +ESI MR

x104 +ESI MRM Frag=80.0V CID@5.0 (336.1000 - 304.000. x105 +ESI MRM Frag=120.0V CID@15.0 (242.1000 > 136.0000) PSA.. %103 +ESI MRM Frag=120.0v CID@20.0 (215.1000 -» 131.0000) PSA. xip4 ~ESI MR

i k N /L . :

x104 +ESI MRM Frag=80.0v CID@15.0 (346.0000 = 13200.. x104 *ESI MRM Frag=80.0V CID@25.0 (302.1000 -> 97.0000) PSALL . %105 +ESI MRM Frag=120.0v CID@15.0 (272.2000 - 171.0000) PSA.. x105 +ESI MR
/k | /k | /k |
x10 5 +ESI MRM Frag=120.0V CID@20.0 (242.1000 = 2000.. x104 *ESI MRM Frag=120.0v CID&20.0 (320.1000 -> 121.0000) PSA.. %105 +ESI MRAM Frag=120.0v CID@15.0 (254.1000 - 192.0000) PSA.. x104 +ESI MR

1] A g /L 2s] /}m 5

<104 +ES| MRM Frag=160.0v CID@20.0 (230.1000 > 2020.  ,qp5 +ES| MRM Frag=800V CID@10.0 (3641000 > 1520000) PSAL . qp5 +ESI MAM Frag=120.0v CID@20.0 (29 > 930000) PSAL.  4ypé +ESI MR

1A | A A

x104 +ESI MRM Frag=120.0v CID@20.0 (230.1000 -> 1220 303 +ES| MRM Frag=120.0v CID@10.0 (270.1000 -> 148.0000) PSA.  qp 4 [+ESI MRM Frag=120.0v CID@15.0 (2841000 > 176.0000) PSA.. | 4105 +ESI MR

2] /L N 5l A 1

x10 & +ESI MRM Frag=80.0vV CID@5.0 (330.1000 - 227.000.. x105 +ESI MRM Frag=80.0V CID@5.0 (3641000 -» 194.0000) PSALL %104 +ESI MRM Frag=120.0V CID@20.0 (337.1000 -> 70.0000) PSAL.. xi0# +ESI MR
] /L i K i j\ 2
x104 +ESI MRM Frag=120.0v CID@30.0 (218.2000 > 1740.  ,qp4 +ESI MAM Frag=80.0v CID@100 (270.1000 - 236.0000) PSAL. 105 +ESI MRM Frag=120.0V CID@20.0 (2342000 > $1.0000) PSAL.  yq04 +ESI MRM Frsg=1200v CID@40.0 (226 1000 -> 93 0000) PSALL_T23-AIS

N z- i .

05 106 107 198 109 1 105 106 107 108 109 1 111 05 106 107 108 109 11 111 112 113 08 109 0 11 12 113 114 115
Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min)

-

=
=

Frag=120.0v CID@20.0 (299.1000 - 147.0000) PSALL_1280-AJ ..

?

=
=

Frag=120.0v CID@20.0 (395.1000 -> 213.0000) PSALL_1280-AJ ..

?

=
=

Frag=120.0v CID@25.0 (317.2000 -> 166.0000) PSALL_1230-AJ

-

=
=

Frag=120.0v CID@15.0 (316.1000 -> 247.0000) PSALL_1280-AJ ..

-

=
=

Frag=120.0V CID@10.0 (3021000 -> 116.0000) PSALL_1290-AJ

-

=
=

Frag=80.0v CID@5.0 (321.0000 -» 247.0000) PSALL_1290-AJS_..

=

=

Frag=120.0v CID@30.0 (226.1000 - 108.0000) PSALL_1280-A) ..

P

=
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LCMS Analysis: What is Nanospray

Type of Electrospray Flow Rate Sheath Gas
Conventional 507 1000 uL/min Yes
Microspray 17 20 uL/min Usually
Nanospray 0.01 to 0.5 uL/min Not usually

‘7%~ Agilent Technologies




Nanospray: The concentration advantage!

Column ID Flow Rate Relative [C]
Standard 4.6 mm 1 mL/min 1
Microbore 1 mm 50 uL/min 21
Capillary 0.3 mm 5 uL/min 206
Nanobore 0.075 mm 250 nL/min 3750

(75 um)

ANanospray must be used for proteomics BUT difficult and unreliable

From Tomer & Mosely, Mass Spec. Rev., 1994, 13:431

‘7%~ Agilent Technologies




HPLC-Chip Platform for Nanospray LC/MS
- = 7 ™
/ 4“ \ RF tag & }
Nano LC Column
Enrichment column,
capillaries, fittings, frits
Electrical contact '
- HPLC-
Nanospray tip, tip _Chip/MS
o assembly and fittings f F interface
% J * \

i

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

Agilent Technologies



Application: Protein Biomarker Profiling
HPLC-Chip design

Separation Column
75x50 um id, 150 mm length

p-Fluidic 6 Port Valve

p-filter L

e

Laser Ablated Nanospray Tip

N/

o —

160 nL Enrichment Column .

Tip Channel
10x14 um

Agilent Technologies



research articles

Journal of

sresearch

proteome

Chip-Based Enrichment and NanoLC—MS/MS Analysis of
Phosphopeptides from Whole Lysates

Shabaz Mohammed," Karsten Kraiczek,” Martijn W. H. Pinkse,”* Simone Lemeer,?
Joris I. Benschop,™ and Albert J. R. Heck**

Biomolecular Mass Spectrometry and Proteomics Group, Bijvoet Center for Biomolecular Research and Utrechr
Institute for Pharmaceutical Sciences, Utrecht University, Sorbonnelaan 16, 3584 CA Utrecht, The Netherlands,
and Agilent Technologies R&D and Marketing GmbH & Company KG, Hewleti-Packard-Sirasse 8,

76337 Waldbronn, Germany

research articles

(a)

Loading Pump
RP-TIO2-RP

(c)

P1

P4

Analytical Pump

(d)

Mohammed et al.

(b)

Loading

(e)

Flowthrough - BPI

el

MMAINPRPSKEMLCSTFCK

Elution - BPI

J..LJ.

MMAINPpSKENMLCSTFCK

|

-
Isobaric
TVDMEpSTEVFTK— .
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el N - _-i
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Figure 2. {(a) Schematic of the RP-TiO.-RP ‘sandwich” HPLC-chip: The graphic highlights the three discrete sections for precolumn RP
(100 nL}—TiO, (45 nL}—RP (100 nL) and 15 em, 75 wm analytical column. (b} 2D zoom of the actual design of the precolumn indicating
flow path during loading of sample; note design only allows analysis in forward flush mode. (¢} Cross section of precolumn indicating
the use of 6 layers in order to achieve the discrete precolumn sections. Green squares indicate zero dead volume links. {(d) RP-TiO.-RP
‘sandwich” HPLC-chip analysis of BSA, alpha casein, and hemoglobin (50 fmol each). The flow-through analysis where the uppermost
panel is the BPI chromatogram, while the lower panels represent extracted ion chromatograms for the main phosphopeptides. (e}
Chromatograms of what bound and eluted from the TiO. enrichment colummn. All panels are extracted ion chromatograms for the

indicated sequences.




Rapid Nanoflow LC/MS T 3 Minute Analysis
21 MRM Transitions From 7 Peptides

x10 1
9.5
9,
8.5
8,
x10 1 7
6.5
9.5 Sg,
9- ]
8.5- a5
8- 4
75 3.5
. iy
77 251
6.5 Y
64 1.5
1,
5.5 osl
5- 0l
4.5 158 159 16 1.61 162 163 164 165 166
4 Counts (%) vs. Acquisition Time (min)
3.5
3,
2.5
2,
1.5
1,
0.5
04 L A
T

13 14 145 15 155 16 165 17 175 18 185
Counts (%) vs. Acquisition Time (min)
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Reproducibility of MRM response of HSA Peptide from
10 amol to 200 fmol: (n=6)

Calibration Curve *
[&=] EH Type: Linear * Origin: Ignore * Weight: 1fv - | ISTD
L A

HS54 peptide - 16 Levels, 14 Levels Used, 95 Pointz, 83 Points Used, 0 QCs

& w105 [ w=67318807 % + 35617
R*2 =0.99749345

1.3

Rezponz

1.2
1.1

14
0.9
0.5
0.7
0.6
0.5
0.4
0.3
0.2

20 A0 0 10 20 30 40 S0 B0 70 80 90 100 110 120 130 140 150 160 170 180 190 200 20 Z
Concentration [frol/pL)
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SM-Chip/QQQ in DMPK

Application
I . developed with

) NOVARTIS




Chip/QQQ ‘_

A 4

ldea

AAchieve substantial ﬁ savings in the DMPK Lab
AMice cheaper to keep and breed

AMice require less active pharma ingredient than dogs or rats...

Problem
AMice cannot donate as much blood

ASerial bleeding, which increases the result-quality A small sample-V

Chip solution

ASensivity, allows to handle smallest sample quantities

‘7%~ Agilent Technologies
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Ultra High Capacity (UHC)-SM-Chip

C Main Objective

AEnrichment of small molecules comprising a wide range of polarities

| ) o~ 7 -
500nL enrichment column | shall | H

N
L ‘

| Chipl >+~ ‘Separation Column 150mm x 75
?,5 4 p 2.,:1 e X -
6o — \ ==
& 3 — B -
= = @1/ 1
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ESI versus SM-Chip

4> 446.1) WorklistData15.d 7+ MRM53.1-> 446.1) test_121107.13.d
508
7.051
11 o
13 ESI 1.061 Chlp
121 b
Ny — 0.95 NG —
. Amount inj. = 5pg - Amount inj. = 1pg
1 Area: 932 | Area: 85403
094 (.75
0.74
o4 0851
071 %) .
= (~400 tim
" 045
] . 04
N C18 150mm x 4.6mm; Sum ! C18 43mm x 75um;
i 034 :
M {l/min 1 400nl/min
0 i 02] .
. MeOH/water 0.1% ammponia ** MeOH/water 0.1% ammpnia
o Inj-V 5pl " Ini-
w -V 1l
0{—r a 04
KR -0.05
T T T T T T T T T T T T T T T T T T T T -0'17
A1 42 43 44 45 46 47 48 43 5 61 52 53 B4 B5 56 57 B8 5% 6 61 62 63 64 65 66 67 68 69 7 71 72 73 74 75 76 17 78 19
Acquisiion Time (min) Acquisition Time (min),
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10fg on Column Level in Plasma

C 1ul injection following protein precipitation
C LOD not reached

+MRM (281.2 -> 58.0) 10fg_300nl_2.d 281.2->58.0 ,290.1 ->86.0 +MRM (290.1 -> 124.1) 10fg_300nl_2.d 290.1->124.1 ,290.1 ->93.0
£ x102 - £ x10 2- Ratio=236.9 £ x102 | £ x10 2] Ratio=23.3
5 B Imipramine = = =
8 3.4 8 8 8 3.6 Atropine 8 364
i 3.4+
32 7.5 3.4
3 74 3.2 3-2*
2.8 6.5 39
2.8 287
2.6 6
2.6 26
2.4 5.5 9al 241
2.2 54 29 2.24
27 45- 2] 2+
1.8 2] 1.8 1.8
169 3.5 1.6 1.6
1.4 N 141 1.4
1.2 251 1.2 1.2
1 14 14
2
0.84 0.8 0.8
064 1.5 0.6 0.6
0.4 19 0.4+ 0.4
0.24 0.5 0.2 0.2+
0 0 Lo 0 A~ A 0 ~_ N
104 10.6 108 11 112 114 116 104 106 108 11 112 114 116 8 82 84 86 88 9 92 8 82 84 86 88 9 92
Acquisition Time (min) Acquisition Time (min) Acquisition Time (min) Acquisition Time (min)
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Quantitative enrichment on the UH8M-Chip

Intensity

Atenolo
logP 0

1 Atenolol

2 Caffein

3 Quinine

4 Atropine

5 Metoprolol
6 Propranolol
7 Imipramine

5

6

Imipramine
logP 4

Time

Bx108]

0.8

" R"2 =0.9905

Atropine- 6 Levels, 6 Levels Used, 12 Points, 12 Points Used 0 QFSGLQI

(A)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56 58 6 6.2 64
Concentration (ng/ml)
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Precision, reproducibility and IHeme

x10* Atropine

.« Precision 0.08% %RSD RT

87 %RSD Area
7.57 3.30% ) .
71 Imipramine
6.5
6 0.07%
5.54
5- 8.10%
4.5+
4
3.59
3
2.54
21 Atenolol

1.5+
y 0.21% L /\im% L
o.z: 109 5-009(04\m. A J

T T T T T T T T T T T T T T
55 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 125
Counts vs. Acquisition Time (min)

Metoprolol

Test for: No of Chips Result

Chip-to-chip reproducibility 11 0.7 % RT-RSD

Spray tip lifetime 2 > 2 weeks continuous spray
Lifetime with 4-compound mix 4 > 500 injections

Lifetime with 4-compound mix in plasma 2 200-500 injections

after protein precipitation

- Agilent Technologies




Agilent 6540 Ultra High Definition QTOF

Agilent Technologies



Ultra High Definition

Optimizing all Analytical Dimensions
ASensitivity

ADynamic Range
Signal Response

ALinearity

ASeparation Speed

APeak Capacity JJ\)\)\/ l
. |, . Il.

Mass Spectrum
&
JJ\[\ \OQ»‘ AMass Accuracy

AResolving Power

AAcquisition Rate

Agilent Technologies



Agi |l ent 0s New 6540 Ul tra
Accurate Mass Q-TOF

Exceptional accurate mass, sensitivity,
dynamic range and resol ut.i e . .
match for 1290 Infinity UHPLC

A500 ppb mass accuracy
AFemtogram sensitivity

A5 decades dynamic range
A40,000 resolving power
A20 Spectra/sec

AExcellent Linearity and Isotopic
Fidelity

ASupports Agilent Jet Stream and
HPLC-Chip

Agilent Technologies



6540 Ultra High Definition QTOF
Mass Accuracy T 10 Repetitive Injections

+ESI EIC(609.28066)
Scan Frag=240.0V Reserpine_40pgms3.d

0.511

0.0 0.25 0.5 0.75
Counts vs. Acquisition Time (min)

250 ppb mass accuracy calibration and very accurate isotopic ratios

N\

5
x10 /\
Isotope |/Obs % | Ca % | Obs m/z Calc m/z Diff m
Error 12, 609.28081 P (ppm)

Run | (ppm) 1 100 100\ | 609.28081 | 609.28066 0.25

1 0.94 1 | 2 35.87 | 37.24| | 610.28425 | 610.28393 0.52

2 -0.11 3 8.58 8.50 | | 611.28650 | 611.28671 -0.34

3 0.25 >

7 001 ©8 4 1.41 1.4 612.28987 | 612.28941 0.75

U4

5 0.3d 5 N\o0.14 Igél 613.29210 | 613.29203 0.11

6 0.13 06 | N

; ggf 610.28425

D4 04 | N

9 0.04

10 +—0,3C
Mean| 0.25 \0-2 - 611.28650

Std 612.28987 613.29210

Dev 0.32 0 T T T 'ﬂ T T : T .\ T

609 610 611 612 613 614

Counts vs. Mass-to-Charge (m/z)
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Why Accurate Mass?

A

MS

hd

Low Mass Accuracy

MS

*

v

m/z

High Mass Accuracy

Unit accuracy instrument

e.g. ion trap, QQQ, Q

T

High mass accuracy
instrument

e.g. QTOF, TOF

T

Agilent Technologies




ldentify Compounds Not in Database
Molecular Formula Generation

Scoring algorithm considers
accurate mass and abundances
of all isotopes

: Gl MS Formula Results: + Scan (0.859-0.957 min)

Formula Abundances

Formuls (] lon Formuls Score | Cross Soore Mass Calo Mass | Diffarance [ppr] | Abs Diff (ppm) DBE
| CIHT4NAD4S|  CI2HISN4O4S) 100] 00738 Ho07Es 1.04] 1.04) g

|zatope Lg% Calc mdz Calemiz ©  Difference [ppm)
1 8615 2158 11.08053 311.08085] 104

10.21 1275 3,2.08238 312.08345 1.52
3E5 527 IIE 07807 31307938 419

x10 2+ Scan (0.859-0.957 min, 7 scans) sulfas_10ng_4GHz-016.d

i 311.08053
7 18256

0.95 4
094
0.85
0.8+
0.754
0.7+
0.65
0.6
0.55 4
054
0.45 4
0.4+
0.35
0.3
0.25

0.2+

312.08298
0159 15460

017 313.07807

0.05 13417 314.08097
A 13088

3094 3096 3098 310 3102 3104 3106 3108 311 3112 3114 3116 3118 312 3122 3124 3126 3128 313 3132 3134 3136 3138 314 3142 3144 3146 3148
Counts (%) vs. Mass-to-Charge (m/z)
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Data Mining - Molecular Feature Extraction

species [AT [msz [mase [2bund. |

miz
Ma3H 13243 5215025 2761.4856 356754
Ma3H1 13247 9218373 2761.4874 549320 . .

Export

s Madta2 13248 9221722 2761.4837 476780 &I features:4664/ groups:1167
Ma3H+3 13243 5225072 2761.4928 256680 - -
Ma3Had 13249 G228416 27614334 117149 [HT? mlm??ﬂ Ewlab”"fmslh%[m“’i
MadH5 13251 Se3174s 27614832 45705 : :
Ma3H46 13252 235058 27614310 15721 7.718)1579.7000 1223 188
Ma3HeT 13246 9238307 27614775 4432 T.OIE| 7423860 18753 1218
Me3H+E 13.263) 9241643 2761.4535 677 7718 1970.7935 2788 281

00— 8 7| 13242 28264043 11853 662

g Me2HsNa 13248 920.6203 2761.4842 29521 13244 26144034 G0TEE| 1698

: 13.245 28164113 8707 E20
0| 13.245) 2331.1504 391 23
13.247 1407.6368 4377 385
13.243 27614877 4778072 7S
13.250 24332736 373 333
13.250  2806.4575 16286 ES0

. —— M+2H+Na+1 13243 8291643 27614863 46140
tl+2H+Na+2 13247 5294957 27R1.4781 43278
— M+2H+Na+3 13.247 9208283 2761.4737 33217
M+2H+Nard 13258 9301614 27614706 23203
t+2H+Na+5 13285 9306000 27E1. 4842 11741
M+2H+Na+E 13.277) 9308343 2761.4846 3970

~
BT IR PN N R N PR PR AN PRI TN

700
. e+ 2ZH+K 13.247 9341483 2761.4673 8064 12.252] 11236411 4248 46
- Ma2H Ko 12241 9344889 27614863 1373 13.253| 20630013 140231 685
i MaZHaks2 13244 3IBI36 27614753 11070 7| 13253 27834528 2728|1212
500 - M+2H+K+3 13250 9351568 27614847 6895 8| 9159 677.2975 8801 714
= W+ 2H+K o4 13247 9354933 2761.4926 3721 3l 9159 21738354 32 427
= MeZHekoS 13200 FEAME 27RI 42T 12 0 918 1F0E477 1832 vos0 2
1N 12218 1
MeH+2Na 1028 GEIEe 27EL4793 £%E 9182 1336137 teave 2ea 1

MeH+2Na+1 13241 3364933 27614313 9325
t+H+2NE+2 13.244 5368264 27E1 4853 8407
M+H+2Na+3 13.251) 9371567 2761.4763 T4
MeH+2Na+d 13256 3374817 2761.4437 3386
t+H+2Na+ 6 13.242  §37.8123  27R1.4352 2586

Individual m/z peaks

— grouped into isotope—
clusters molecular

features

5003 10.385 15406853 2023 344

N207 1N R4 27677 o

|sotope clusters

Background noise grouped into

Raw data —
removed

A Map signals
A Remove noise
A Identify all mass signals with a common RT

A Combine mass signals with common RT and chemical relation (isotope, adduct,
dimer, different charge state)

A Create Extracted Compound Chromatograms (ECC) and Compound Mass Spectra
from ions associated to a molecular feature (compound)
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Easily ID 400 Compounds in Complex Sample in 5 min

= Agilent MassHunter Qualitative Analysis
i File Edit View Compounds Chromatograms Spectra Method Actions Toolks Help

A== W= N RA T N A IR RN

Data Navigator /\ Chromatogram Results X ||} G CompoundList X
Sort by Dats File i et OF% ¢lSA0 e x[e]LA K R % % H Mt - ShowHide Cod BT lons  Mass FormlalM) | BasePeak Heigh |
(S 152| 5:383| 3| 24210603 CleHanznz| 2431181 eas
s 4106 |Cpd 174+ ECC Soan Control_honey_1_1_OnCol0i.d ERIERE L e R T e L . t f d
g 18 & | 154] 5397 2| 20919004 TI2HTSN702| 20013732] 347639 IS O CO m po U n S
e 17] @ | 15| 5393 3| 25710678 CISHTEND3| 25811108 123170 .
- aal [ [ 155 54| 3 3700047 C1ZHTEND4| 23810563 98064 Wlth CaICU Iated
] el ERIEEERE 200@' C101604| 20111097 -
& & | 158| 5421 2| 18203238 CEHTONED| 18 ?Easss
@ i = | 153] 5az1| 2| 2113w CEHT4NED3 ﬂf 42060 M I I F |
g i3 @ |60 54| 2| ze0mr CI4H12N20| 22510085 122096 0 eCU ar Orm U aS
& 124 & | 61| 543] 2| zmiam CTTHZIND2S | 232713750] 96581
@ 114 & | 182] 55| 2| 2mnes CBHTNEDZ| 22712617 65728
& - 1 [@ | 163] 558 3 711479 CIGHT7ND4| 28812205 231906
& al \ [2] | 164] 5565 3] 25111477 TIIHT7HO4| 25212208 51266
o Ml "] | 165] 5591| 2| 2550842 C1ZHT7NO3S| 266.10147] 61675 .
« o) o INEEEEE Ci3H1802| 20713671 64626 Ove rlal d CO m po u n d
& g & | 167] 5621 101602 163.12113] 467
® ey [ | 69| 56| 2] 154048 ToHgO3| 1650538 132703
& 05+ & | 1ea| 573m| 2| tenmeam C 388961 Chromatograms ShOW
g 04 [@ |70 574 2| eo61a0iy TBHTBNES
& e & | 17| 5749 3 221405 1302003 . ..
& - ’ | ‘ & | 72| 576 2] 19610821 CT1H1E03| 19711648 ea IndIVIduaI
“ o] SO ” i CT N | \I}\ a o ‘
g ‘ i Bl D ) AW AN s [ [ 175 2| 2041353 C10H2004| 20514258 126283
® =
& " 28 & 32 34 36 38 & 42 44 46 48 5 52 54 56 58 & 62 64 B6 68 ¢ 72 74 [ | 178] 5773 3| 18811403 CioHTE2] 1631213] 103572 Compound found
& Counts s Acquisiion T (i) & | 177| 5773] 2| 15010649 CI0HTAD | 16111078| _ga0dg]
E || /4, Chromstogram Resuts [ug MS/MS Formula Detais | iz DT T
; [5f Method Editor: Calculate Compound Fomulas % |[; 11l MS Spectium Resuls % |[: S MS Formula Results: Compound 174 x
P9 e -] ()] Method Tems < | (2 33 AlD 1L = [30] % %, miz Species | Fomul | Abundanc

A Caluiste Fomulss | Charge Stete| 104 [Cpd 174+ Sean (55435.857 min) Contal_honey_1_1_OnCel01.d
e T a5 30012300 Best Fomula | Score™| Mass | Cale Mass | Difference (ppm) | 4b
Posiive ions @ | ciivhos|  100| 23311sv2| 2331157 013
8 0] | ciomimNinz| 802z| 2sai1572] 2931164 242 .

Wi s 754 0 TiamaNG|  8359| 23911572 Z3a 11T 15 Detalled Molecular
Elemerts and livits 24 | CIHZTM30ES 7282 29911572] 29311511 205

Element Minimum Masimum - 551 .

SR — . Formula Calculation

H o 120

[1] [ kil b | 551

. ’ > a 1 Results

5 0 5

hd 45

) = 47
Match quality 359
O — “ +— Compound mass
Max, mass eror 750000 o 25

Minifrum score é 12498 e Spectrum Wlth
theoretical isotope

0 [1]
2975 2% 2obs 2 2095 3o =obs ol als a2 wlds e aods a4 ahs s aks

Courts vs. Massto-Charge [m/2] ~|[le | atte rn Ove rI al d
Wl MS Spectrum Resubs [{7 M5 Spectum Preview | GH MS Fomula Results: Co.. [l Pesks One: + Scan (5.54.. [Tl Peaks Two: + Scan (0.6 \
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6540 Ultra High Definition QTOF
Maintaining Resolving Power T Across the Mass Range

622.00822

m/z 622 and isotopes

922

5
x10 55- 622 R=42424

| 623.01059
5 R=39702
| 1221 ] J j 624.01219 625.01471

4.5 R=43674 |
4- Counts vs. Mass-to-Charge (m/z)

3.5+ 1521

3 R=42750
2121

2.51 1821 R=41825

2+ R=40405 2421

R=39332

0 ‘H ly L | ‘m ! ‘ Liw “\ K I | h L

I I I I I I I I I I I I
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
Counts vs. Mass-to-Charge (m/z)

Scan Rate Independent
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Novel lon Beam Compression (IBC)* Technology
Drives higher resolution without requirement for long flight tube

Compressed and cooled ion beam ensures the best sensitivity

performance in high resolution mode

Exit from collision cell

Into pulser region

- s —

Narrowed beam enables mass resolution
of 40K

Up to 10-fold ion beam compression

* Patent pending

Agilent Technologies



New High Speed 32 Gbit/sec Acquisition System
Provides up to 5 Decades of In-Spectrum Dynamic Range
(no beam attenuation required, unlike TDC-based TOF)

M aX Ab d x10 6 + Scan (# 31-35, 5 scans) niacinamide_erythromycin.d

3x107

9l
8.8-|
8.6-|
8.4-|
8.2

s
7.8
7.6
7.4
7.2

71
6.8
6.6
6.4-|
6.2

6
5.8-|
5.6-|
5.4
5.2

5
4.8
4.6
4.4
4.2

4l
3.8
3.6
3.4
3.2

3]
2.8
2.6
2.4
224

2]
1.84
1.64
1.44
1.24

1
0.8
0.6
0.4

0.2+

0

*123.055391

Ox1068 cts

Erythromycin, 500 fg/uL
+Scan (#3135, [l\/H-H]+ =734.468518 m/z
Niacinamide, 10 ng/uL 250 CtS:s| === |Error = +0.6 ppm

[M+H]* = 123.055289 m/z 2
Error =+0.8 ppm 2]

102

1.6+ 735.416113

736.387755

) %MMM

734 7345 735 7355 736 7365 737 7375 738 7385 739 7395 740 7405
lo-Charge (m/z)

In-Scan Dynamic Range

This Example
ox108/250=3.6 104

Maximum
ax107/250 = 1.2X 10°

" 207.007866 329.056151 425.138434 659.287715 759.355249 922.009798 1221.991581 1521.971969

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700
Counts vs. Mass-to-Charge (m/z)
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Accuracy, Resolution & Speed Simultaneously

10 spectra/second

1 spectrum/second

\

-0.60 ppm -0.37 ppm
R =40,600 R =41,400

azoxystrobin
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