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Overview

Introduction — QQQ for quantitation
Pharma applications
1290 Infinity + 6490 QQQ application examples

Biopharma applications
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HPLC-Chip + QQQ application examples
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Triple Quadrupole: SRM
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MRM (Multiple Reaction Monitoring)

Quad Mass Filter (Q1) Quad Mass Filter (Q3)
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Small molecules

PHARMA APPLICATIONS
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Main points on LC-QQQ

*Sensitivity
*Extra sensitivity facilitates the sample preparation step

-DMPK, ADME... LoD is critical

*Robustness

*Source robustness: reproducibility over time

*Required for method validation and long term studies

«Software
*Ease of use — not everybody needs to be an expert
Data review in a quick and reliable manner

*User friendly reporting — LIMS compatibility

Agilent Technologies



Mass Hunter Optimizer
Compound Entry & Method Setup

: Dptimator Editor Panel
s New Project = Load Project [ Save Project [P Savefs Project | Save Compounds ! Skart Optimization o -]
{2 Import From DataBiase (=7 Impork From Excel (o) Export To Excel = Hide Intrurnent Status Panel Hide Plat Contraol Panel =
CnmpoundSetup Frecurzor lon Selection || Product lon Selection || Optimator Setup |
Compounds with known precursor and product iong Show rezults [ fragmentar and collizion energy)
Compound Mame *ial Mumber Formula Hominal M azz Group Frecurzor lan Fragmentar Froduct [an Collizion Ernergy Flagged Compound(D
HF ! Alprazolam-274, 2n | P14A8 ECI7H13M4CH ! 308.0828741543 | Pharmaceutical | 309.2 135 f2Ta i35 ‘ = ‘
7 d5-&lprazolam-210, | P1-AT C17HBDENAC] 3131142578898 | Pharmaceutical 4.2 138 2101 45 =
g Alprazolam-208, 2n | P1-48 CI7HT3M4C] 308.0528741543 | Pharmaceutical ans.2 138 2051 45 =
7 d5-alprazolam-279, 1 P1-AT C17HBDENAC] 3131142578898 | Pharmaceutical 4.2 138 279.2 35 =
7 Alprazolam-281, 21§ P1-448 C17HT 3N 4L A08.0828741543  Pharmaceutical ans.2 135 281 a0 =]
7 | dSAlprazolam 285, | PT4A7 [CI7HBDSNACI | 3131142578898 | Phamaceutical | 314.2 135 [ 2862 K &
| Compound Setup || Precursar lon Selection || Product lon Selection || Upbimator Setup |
Sample introduction Fragrmentaor
() Manual infusion using syringe Loarse From 1125 To |15EI | Step |5
() Automatic infusion using Loop injection [] Fine Step I:I [Thiz takes more time]
(*) Injection [with or without column)
Collizion Energy
Folarit | v |
¥ POSITIVE Coarze Frorm |2D | To |5D | Slep |'||:|
b ethod name |D:'\M azzHuntermethodshalprazolam-5tdES]Lm | [ ]
. . p Thiz takes more time
D ata file |D:'xMaSSHunter'xdata'x[lptlmatur"-. | [ ] [ )
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MRM - Database

Database
Filter Compounds Search Compounds
[ Optimized Compaounds ™ Compound Name
[ Date From | J Tao | J I Farmula
[ Group Mame | J ™ Method
[ Project Mame | J
[ Show All Records
I Palarity | J
Compound Infarmation
Caompound Mame Farmula Marminal Mass tMethod Precursor lon Fraarentar Product lon Callision Energy Abundance Project Mame
ke il - [ 7004 |20 12850 | Default_Database
Bromuconazale-2 C13H12M30CI2B 1 37495 ] B REE: 7 45550 Defaul_Database
75 Pesticides 12 375,36 150 ] 70.04 16 17541 Default_Database
] - []: 272 20 116145 Default_Database
5 SilfestiRz S 120 []; 1661 25 435377 Defaul_Database
Bupirimate LISFEREED 1 I8 m - [] 1661 5 571341 Default_Databass
300 Pesticides_1 - 17.18 120 []: 2722 20 164177 Default_Database
] N []: 20111 10 E33148 Default_Database
. 300 Pesticides 1 ; 306.18 120 [] 11E05 15 289754 Defaul_Database
Buprofezin GIERZENEE ] e 0 B [ 2011 10 1227690 Default_Databass
300 Pesticides T 305.T6 120 [] 11605 15 BaR5G4 Default_Database
- 1. []i 162 20 Default_Databasze
Chineze_&F_Pes {31217 a0 ] 26 10 Defaul_Database
Butachlor C17HZECIMOZ a7 u [ 2 0 Defaul_Database
Japanese AE_Pe | 31217 100 [] 17 20 Default_Database
] ] - []: 3308 23 122757 Default_Databaze
Butafenaci C20HT18CIF3N20  : 474.08 75 Pesticides_12  { 43211 a0 RIESE 10 15 Defaul_Database
_ ] []: 180 5 Default_D atabase
Butamifoz C13H2TH204PS | 3321 Japanese AE_Pe | 3331 100 [ 152 10 Defaul_Database
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Quantitation of underivatized 1703-estradiol (E2) in
human plasma

- MRMIBM (275345 26r2)vilOfitrE IEREL+TIILd08doth 10 pg/mL underivatized E2
e - /n\ 0648 min 3 replicates
48 I N Avg. Area = 13.1
475 i oerln " Avg. Height = 5.2
471 | Avg. Accuracy = 108.6 %
| /
e - | Area precision = 3.9%
ar / P
A A |
. |V /
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Linearity — Underivatized E2

Estradiol - 7 Levels, 7 Levels Used, 15 Points, 15 Points Used, 0 QCs

y =0.002719 * x + 0.004566
1.8 R~2=0.99834124

1.7+
1.6

i R2=0.9983
*1 Linear fit, origin = ignore, weight = 1/x

Relative Responses

40 20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640
Relative Concentration
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Related literature

Determination of Fluticasone Proprionate in Human Plasma —

Sensitivity of Agilent 6490 Triple
Quadrupole LC/MS Saves Time by
Simplifying Sample Preparation

Determination of Estradiol in Human Plasma —

Agilent 6490 Triple Quadrupole LC/MS
achieves low pg/mL Detection Limits
without Sample Derivatization

Robustness of the 6490 Triple Quad
LC/MS with iFunnel Technology for
the Analysis of Verapamil in E
Human Plasma

I I I
500 1.000 1,500 2.000

# Injections

Figure 1. Absolute Area Response (2,000 injections over a period of 4 days). Area RSD = 5.3%
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Peptides, proteins, oligonucleotides...

BIOPHARMA APPLICATIONS
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Following from before...

x10 !
8-

_ 6‘

x10 1
8 4

Matrix blank

A_’_\_/__,_/\/'\_/\_,_/

50 amol on-column

The 6490 Triple Quad LC/MS i

Enables the Highest Sensitivity for o+ [250amol on-column

Peptide Quantitation in Plasma d

x10 4

10,000 amol ortco|umn

105 106 107 108 109
Counts vs. Acquisiion Time (min)
Figure 2: MBM chromatograms
(441.3 — 621.4) for the plasminogen
SIS peptide spiked at different levels in
plasma matrix.

Agilent Technologies



HSA Standard Peptide: LVNEVTEFAK
Log/Log Plot of Calibration Curve

LYMEVTEFAK - 9 Levels, 9 Levels Used, 45 Pointz, 45 Points Used, 0 QCs

1% RSD
B w107 | p=2072619091 "« +72592155
< 1 R"2 =0.939368743 4

0.5+

Respon

Curve from 20 amol to 5 pmol on-column
01 2.1 x50 mm column at 0.3 mL/min
0.05- N=5

3.5% RSD

12% RSD
0.074

0.0054

6.3% RSD
0.001 4

0.0005+

2% RSD
0.00074

BE-05414.7% RSD

3.5% RSD

2.7% RSD
5.3% RSD

005 01 05 1 5 10 50 100 500 1000 501
Concentration [fmol an-colurn)

1E-05-
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Agilent Proteomics Biomarker Workflow

SAMPLE1
\SAMPLEZ Candidate
Biomarker
Identification
Rl : | s ———
a;' - - 6520
— QTOF Candidates
\H D
Proteolytic é

Extraction

T M
NN E W W —
e
T

-

- J & : validation \Identification )
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Multiple MRMS

Method transfer QTOF = QQQ

+ MAM:T [9.156-9.391 min, 23 scanz] [5E9.6.
g w102 - B57.4
S 1E-
1.4+
1.2- 797 4
14
0.8+
0.6+
0.4
0,24 5696 335
0 fl . . ]
GO0 7000 BOO 500
M azz-to-Charge [m/z)

Multiple MRM data have similar relative abundance
ratios as seen in the QTOF MS/MS scan. This
provides confirmation of the peptides identity without
having to generate an MS2 scan and with greater
sensitivity

MS/MS Spectrum

w0

154 5172504

5a0

540

+ES1 Product lon [32. 787 minl Frag=1750% CIDGEET. 9 (563 442 (r=13] = ] SamoleC_fuld

EG7. 33z

5539730
*

7228895

EUO0 BX0 BAD  EEOD EHOD 700 FM00 740

TaT ARG

7ERA107
JLI TR AT .J. T P |L -
TEO 780 Al0 e Ad0 @EO @G0 900 Ga0  od0 4950 9B0 10000 10D

Caunke we b azz-lo-Charge [midfz]
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MRM Builder

data

enerates (D)MRM method from discovery QTOF

Initalized MR Builder

oy
Rasults Shown Fillered by Validation Categon; valid 3
Diata Directory: medataSKHT contrel
hit table read- SpecFeatures read
walid hils read from tagSummary file - Files: 5809 Hits; 5585
Fittered to enly nnique paptides: 1182
hegirning ko assemble prodmin= . proteins assembled 0228381 sac
protaire fikarad by uniqua peptides 01208929 sec
calculaled protein coverage rraps 2 B7EIET sec
begirning to mllup proteins into groups . pratains rolled up irko goops 2890592 sec
protein groups ready far dsplaySE& Score
Peak m'z
# Filenaime Shl:;::"';' Sequence [:L Willdth Messined
fsec) [Dal
1 corrgl-iDds. 12594.12594 3 | Ed2e+005 (R) TEQIPGYTWEVUNVEUSFFTIENSAFGYVERR | R 9053 3932 11895030
P4 14 _TFQIPEY TR IVEYEPFTIEMEAF G YRR 2B+ 11835 1837.E 10;,34
P4 14 TFQIPGYTVPWWRVYEYEPFTIEMEAFCGYWFPK_y23[+2] 11886 12709.2 10;;28
2 rol-f]1 12537 1 3 d3eHE (BYVPSTTLILPSLELFVLHVER [H| A IE13 T4E4IT
P41 14 YPEYTULPSLELPYLHYPR_pr [+1] TiH0  HITA 10;;22
PO 14_WPSYTLILPELELPW L HWPR_p1 8(+2) i34 141 10;;212
Paak m'z
# Filemame “I;::ETW“ Sequence 1'53;} Wiih  Measured
fsach [}
Select Results for MRM Building Validation and Saring MEM Paramelers -
ERPRTEN [ o= Sctings | [ Rest | FHlter results by: | De :
walid -
Mode: |Faptida || ek n Transifions: |2 [l Above pracursor only ¥ v-iMﬂl_].r___,_...-p
Validatig

Farmar: |Aolent Tiple Ouad OWFM .

Data direciories: el

o o1 peptidas for MRM; | Lirritla %

]
Fank pep Ly E I = T

e ] D
Filter peprides hy:

Diwiell time (meg: 10

T optinns: | heersed precurzaliiogment charge anks

[ NT ool

Score: | * ¥ 10 %SPl; 2 ¢ 5D

Daclserinn Potantial:
Required Afe: | 80/ *| Disallowed At none ll| [ iz oreakpoint: Potential:
: 1 — —
Search result files; Peptida pl: fiom 30| to 100 | Elan Less than | 0] -
Accession 2% : e
. 8po in between il
Sert MRM List by: | Pracursar més - More than [ [ 1

Collision Energy. {CE= slops™miz + | =
intarcapt]
[ Use achusl CE if available

z-state: slope: intercept:

2 joos | s
3 | 3
4 s | |z
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Enter sequences and select b/y ions for
optimization

R =TE
O Compound b ame Mamina Mazs
O ANFTECCOAADE,
O YLYELAR
O [WYMEWTEFAK
FYPLVSTPTLVEY
LA =T
E AVMOLIFALAE T [1 Compound Harme Marmimal Mazz -
e HETPTAPEL N LYMEWTEFAE
I Piecorzor lon Precurzer lan Charge
[ | GFR3TIRIER P2
) Praduct lah Pioduct lan Change Product o M ame A H teim A8, Cherm
[ i1r4ma18as i i b L i
213160302 i1 b2 W M
32740120 1 b3 H E
O+ 486245525 1 bd E W
[0 1 BhE314239 i1 bA W T 5
[ {BAE3S191E i b& T E
[ 175404512 1 b7 E F
O 1932472926 1 b F A
O Es04EY I Y i Th
1 i 3RRMEEM i1 w3 E F
O AR EaTe i w T E
O (B985 i1 vh ¥ T
W B943775RE i vh E W
W 821470168 1 Wl H E
422133335 iz wr H E
W 33745309 i wa W M
[ 14632594575 iz e b M -
Add Canzel
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Automatic optimization of collision energies for
predicted MRM transistions

A CEOV
; N CE5V
| ;{w CE10V
/| CE15V
1IN CE20V
g i CE25V
/o I/ CESOV
S —— 7 i ;7 -\ CE35V
: ;-*é RN \‘, CE40V
g e Eé;»a.
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Peptide

Results of peptide optimization

- MassHunter OptimiZzer (HSAtestah)

% Mew Project = Load Project Sawe Project E Saveds Project E" Save Compounds >< Dizlete Projecks ﬁ Extrack Peplide

I () Import FromDataBase (o) Inport From Excel o) Export To Excel ii [ start opomization 7 Lon Bredkdown Prodile

| -}
aSbop OptiniZabon (2
pLup -

Cormpound S etup I Precurzor lon Selzction I Praduct lon Selzction I Ophimizer Setup I

[T Show r=aulls SLInmary

sequence

Precursor

Optimized A

-

J - __
product ions

[iw] Compound Mame Giioup Foirmala Mominal Mazs “ial Humber
: P ethod Palanty lok Source Irkrurnent 0 D ate Optrmzed Flagg=d
5 f [DiMassHunletme | wi Pesiive ! HPLE-CHp H12 2000 .
Fiecurzor lon Fragmenio Abundance
= ;| 57501 120

gum— Product lan Callizion Energy | Abundance &
i {16 { B0324

____________ o z= " Abundance of each transition
| | allows customer to choose

best transitions for the final
method
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2,000 Dynamic MRM transitions in digest of
depleted human sera — no time segment boundaries

£10% |+ES| MAM Frag=1300v CID@1E0 (5348 > 795.4) HS_PERSI_dMAM-b-2_1000-2000MAM.4A
'
1.05
14 |
095
0.94
0.854
0.8+
0.75
0.7
0.65-

E | \ |
o | | -

n! i '
o | ﬁ‘ | “"—.! i | ‘ "“ ‘ il ‘J

anh | .1l
0.05 s |. " _I. I:ul "l.;_ ||} 1K

éé1h1'11'z1':aih1551h1'?131'92’0212&2’3242’5552‘?2%2’33]31&2
Counts vz, Acquisition Time (min)

0.4+

0.354 |
0.3

0.25-
0.2+
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nanolLC for extra sensitivity

100 amol on-column 1 fmol on-column
X 2 X 3
1:?.6, 75 um 575.52937.5 13_27 75 pm 575.5>937.5
34 3 column
column
3.2 2.8+
34 2.6
2.84 2.4
2.6 2.2
2.4 2
2.24 1.8+
2+ 1.6
1.84 1.4
1.6 1.2+
1.4 14
2.1 mm
1.2- 2.1 mm 0.8 0.5 mm
1 0.5 mm 0.6 column
column column
0.8 column 04-
.6 0.2
0.6 h ﬂ h A
T 2 3 4 5 6 7 8 o 10 11 1 2 3 4 5 6 7 8 9 10 11
Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min)
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Agilent HPLC-Chip/QQQ LCMS Technology

Nanospray chip configuration brings new era in high sensitivity
quantitation

HPLC Chip Cub t
NanoLC system for Ip Cube system

analytical chromatography

CapLC pump for sample \ |
loading on enrichment column F ‘H

QQQ LCMS

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

Agilent Technologies



HPLC-Chip/MS Interface:
Fluid Connections to the HPLC-Chip

Autosampler E

Waste
Nanopump

-

Side View

HPLC-Chip
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Chromatographic Performance
Protein Digest Mixture

Intensity| -
Conventional x107] Conventional
nanospray LC/MS | hanospray LC/MS 15.7 secs

SEIC m/z 985.6

]

x108]
HPLC- Chlp!MS 207 HPLC-Chip/MS
3] 1 6 secs
53 EIC m/z 985.6
2] \
|
...... L T ™ T T T T T T T T T ™
U 12 14 16 18 20 22 Time

Reduced MS complexity + reduced ionization competition = improved ID
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Retention Time Reproducibility

- h RT sD %RSD
Intensity
Yit EIC 487.8 3.618 0.014 0.40
‘[3 IF 50 EIC 752 3788 0.011 0.29
EIC 740.6 5.018 0.010 0.20
) EIC 874.4 3.968 0.012 0.31
EIC 653.6 4289 0.012 0.28
4 EIC 5117 3.681 0.012 0.31
EIC 722.7 3.547 0.012 0.35
7] EIC 778 4.143 0.010 0.23
EIC 526.3 4.399 0.015 0.34
) . EIC 5475 4472 0.011 0.25
55 Time [min] EIC 7467 5.196 0.011 0.20
\ y, EIC 519.1 4142 0.011 0.26
Extracted ion chromatograms for 17 peaks FIe 5082 o oot 029
from a BSA tryptic digest (50 fmol on-column) Flc 5824 4679 0.0t 0-23
EIC 461.9 3.905 0.012 0.30
EIC 474 4759 0.011 0.22
EIC 628 4584 0.010 0.22

RT reproducibility evaluated using 69 repeat injections
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x10 2

0.95+
0.9
0.85+
0.8+
0.75
0.7
0.65
0.6
0.55+
0.51
0.45+
0.4
0.35
0.3
0.254
0.2
0.154
0.14
0.05+

6490 QQQ sensitivity

+ESI MRM Frag=135.0V CIDE15.0 (487.8000 -= 776.4000) GH_1_Tul_DMREM-cptimized.d
1

6490, 1ul injected,
1290 Infinity LC
400 pl/min

1133
lcd_02;5.88 fmol

CitZ_03;2.83 fmol53*

Upp_02;2.83 fmol
266

L0

Upp_02; 2.83 fmol

EEFB

lcd_02;5.88 fmol

6460, 1l injected,
HPLC-Chip
300 nl/min

CitZ_03; 2.83 fmol

1131

638

L

0 1 2 3 4 5 6 7 8 9 10

11

12

13 14 15 16 17 18 19 20 21 22

Counts (%) vs. Acquisition Time (min}

1290/6490 - HPLC-Chip/6460: approx. 2 — 3 x improvement in signal intensity
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HSA Standard Peptide: LVNEVTEFAK
Log/Log Plot of Calibration Curve

LWMNEWTEFAK - 9 Levels, 9 Levels Used, 45 Points, 45 Points Used, 0 OCs

1.3% RSD
@ w107 | y=47123.272737 " x + 318.866791
g R*2 = 0.97329465
T
o
0.5-
Curve from 1 amol to 500 fmol on-column 1.3% RSD
75 Um X 43 mm column at 0.3 pL/min
0.1 N=5
0.05 2.8% RSD
0.014
0.0059 4.2% RSD
0.0014
0.00054
3.5% RSD
0.00014 4 6% RSD 2.5% RSD
5E-054 b 4 3.8% RSD
4.1% RSD
0.001 0005 0.01 005 01 05 1 5 10 50 100 500

Concentration [frmol/ul)
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Summary

« 1290 + 6490 Agilent system solutions offers the most robust,
sensitive LC-QQQ on the market

— 50 fg reserpine, 900:1 s/n
— iFunnel Technology for improved robustness
— QuanOptimizer and Database Manager for easy compound setup

« HPLC- Chip and 6400 series Triple Quadrupole MS/MS
provides high sensitivity and large dynamic range

— Robust and stable nanoflow with HPLC-Chip

— Good retention time and MS detection reproducibility
— Peptide Optimizer for maximum tune sensitivity

— Dynamic MRM for max sensitivity, minimum cycle time
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