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Approaches to Drug Screening using QTRAP® Systems
—~@——o

QTRAP® 4500 System QTRAP® 5500+ System

QTRAP® 6500+ System QTRAP® 7500 System
SCIEX/ jrovenforsaence. ©2018 AB Sciex




Advantage of QTRAP® System Technology

Triple Quad OTRAP® system
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—Quantitation —Quantitation
—ID with MRM ratio —ID with MRM ratio
—ID with MS/MS library
searching

increasing confidence in compound ID
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EPI — Enhanced Product lon
EMS — Enhanced MS full scan
MS3 (MRM3) — MS/MS/MS
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Enhanced Product lon Scan (EPI)
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Increased sensitivity - EPI
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Enhanced MS Scan (EMS) - Search for Present Ions
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50 msec

Q1l: RF only
Q2: RF only
LIT (Q3): Trap scan

Sc I Ex Answers for Suen.ce.w © 2018 AB Sciex
Knowledge for Life.




MS3 - additional structural information

Q1. SIM (selection of 15t precursor ion)
Q2: Fragmentation

LIT (Q3): Trapping, isolation and fragmentation of 2" precursor ion
by single frequency excitation
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Multi-Target Screening Approach
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Multi-Target Screening (MTS) Approach with MRM
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MRM detection provides ultimate sensitivity and selectivity

Two MRMs may be monitored, for additional confidence/confirmation
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2608 Example: Urine screen for 700
- ‘ target drugs using AB SCIEX
| QTRAP® system

2365
22e64
2165
20s65
195
1.8e6-
17661
165
1.5e6-
14661
1366
1266+
1165+
106
9.0s5 |
80s5
705
605+
5051
40e5

with Scheduled MRM™
Algorithm

Sc I Ex Answers for Science. RUO-MKT-11-7435-A  © 2018 AB Sciex
Knowledge for Life.




Multi-Target Screening + Confirmation
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MRM-IDA-EPI workflow on QTRAP® LC-MS/MS systems
1. MRM survey scan screens for target compounds

2. IDA (Information Dependent Acquisition) criteria is set to trigger dependent
scans

3. EPI (Enhanced Product lon) scans rapidly collect high-quality MS/MS data
4. Search MS/MS Library
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MS/MS Library Searching
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Chemical Fingerprint
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Multi-Target Screening + Confirmation
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Survey Scan: MRM, Dependent Scan: EPI
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Summary: Multi-Target Screening Approach with MRM
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* MRM detection provides ultimate sensitivity and selectivity
* MS/MS library searching provides unambiguous confirmation
e Screening for hundreds of compounds is possible
* Only compounds on the “target list” are detected
Scheduled MRM™ Algorithm Example: Urine screen for 700 target drugs

using AB SCIEX 3200 QTRAP® system
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Reminder: Tandem MS Provides Greater Selectivity
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Single-stage mass spectrometry cannot provide the selectivity and
specificity required to distinguish analytes at low levels
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General Unknown Screening Approach
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General Unknown Screening + Confirmation on QTRAP®
o@ O

EMS-IDA-EPI workflow on QTRAP® LC-MS/MS systems
1. EMS survey scan rapidly screens for all compounds
. IDA criteria is set to trigger dependent scans

2
3. EPI scans rapidly collect high-quality MS/MS data
4. Search MS/MS Library

on Rail of the SCIEX QTRAP® 5500
System
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General Unknown Screening + Confirmation on QTRAP®
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EMS detection identifies all compounds and metabolites (whether

they were anticipated or not)
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General Unknown Screening + Confirmation on QTRAP®

Survey Scan: EMS, Dependent Scan: EPI
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Summary: General Unknown Screening with EMS
& @ S,

Full-scan EMS detection identifies all compounds and metabolites

MS/MS library searching provides confirmation
Data “mining” is laborious; automated software is very helpful

Sensitivity and selectivity is worse than MRM
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Multi-target Screening vs. General Unknown Screening
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* Multi-target screening (with MRM) cannot detect unknowns

e Multi-target screening (with MRM) offers the best sensitivity, and will
detect low-abundance target compounds

* General Unknown Screening (with EMS) can detect all compounds and
metabolites

* General Unknown Screening (with EMS) will not detect all of the low-
abundance compounds

MTS and GUS are truly complementary screening
techniques.
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Combined Approach
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A New Approach: Combining Methodology

r\m VAR
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Why not combine “targeted” and “unknown” screening in a single
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A New Approach: Combining Methodology

MRM survey scan

— Highly sensitive & selective MS/MS
detection of target compounds

EMS survey scan

— “Full-scan” MS in linear ion trap

IDA Criteria

— Trigger dependent scan if ion signal (cps)

exceeds a specified threshold
EPI dependent scans

— High-resolution, high-sensitivity “full-scan’

MS/MS in linear ion trap

Answers for Science.
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Targeted + Unknown Screening on a QTRAP® Systg\m
o (@ O
(1) MRM: Targeted screen -

* The Scheduled MRM™ algorithm provides high-sensitivity detection of

hundreds of target compounds in a single scan.

* |n this example, the total scan time is 1 second.

Acquisition method M5 | Advanced MS i
= Acquisition Method Esperiment: 31 v] W Scheduled MAM Irnpuot List i
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Targeted + Unknown Screening on a QTRAP® System
7\

@ -
(2) EMS: Unknown screen

* Rapid and sensitive Enhanced Mass Spectrum (EMS) scan identifies
any compounds not included in the MRM “target list”

* Acquisition of EMS data permits retrospective data processing (which is
not possible with MRM-only data).

Acquizition method M3 | Advanced M35 I
EEI Acquisition Method Experiment: |2 vI I Center / width Impart List |
=4 Mass Spec 17,517 min ¥ Parameter Range —
- = Perod 17517 min Scanpe:  [Erhanced MS (EMS] v = —
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e Equilibrak
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9
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Tatal Szan Time el =
ol
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Targeted + Unknown Screening on a QTRAP® System
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(3) Information Dependent Acquisition (IDA)

* Information Dependent Acquisition (IDA) criteria ensure that dependent
scans are triggered when ion intensities exceed a specified threshold.

* Dynamic Background Subtraction (DBS) corrects for the presence of
background ions, and increases likelihood of detecting co-eluting peaks.

* Dynamic exclusion criteria ensure that dependent scans are triggered
for all co-eluting peaks.
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Dynamic Background Subtraction

()

6.8e6
6.5e6

6.0e6
5.5e6
5.0e6
4.5e6
4.0e6
3.5e6
3.0e6
2.5e6
2.0e6
1.5e6
1.0e6

5.0e5

0.6

SCIEX

Moving as
LC progresses

~

AL
~
Current
Survey Scan
(1 Spectrum)
Background
Section

(3 Spectra)
Previous Surveys

51.4 51.6

Answers for Science.
Knowledge for Life."

51.8

52.0

52.2

Region of Peak

prioritized

Region
Automatically
Eliminated

Increases
likelihood of
detecting
lower
intensity
closely
eluting
species

52.4

Time, min

52.6

52.8 53.0

RUO-MKT-11-7435-A

®
)

© 2018 AB Sciex




Targeted + Unknown Screening on a QTRAP® System
7\

—~® o
(3) Information Dependent Acquisition (IDA)

Acquisition method IDA - First Level Critdlia | Include/Exclude | lsofipe Pattern 1
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Targeted + Unknown Screening on a QTRAP® System
7\

@
(4) EPI: MS/MS for Library Search Confirmation

* The information-dependent acquisition of EPI scans in the linear ion trap
permits MS/MS spectral library searching, for confirmation of (i) “target”
compounds, and (ii) “unknown” compounds.

* The total cycle time for this entire method (sSMRM + EMS + EPI + EPI),
on a QTRAP® system, is less than 2 sec.

Acquizition method b3 | Advanced M3 I
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Targeted + Unknown Screening on a QTRAP® System
7\
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[ W TIC of +EMS: Exp 1, from Sample 1 (DOA-1) of HSCTox - EMS,MRM - DFT on (include targets).wiff (Turbo Spray) Max. 1.2e9 cps.
1250, EXpeEriment 1: TIC of EMS 1037
1.00e9 502 6.20 ' 13.70
5.00e8 7.988.11  9.29_
0.00 T T T T T T T T T T T T T T
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
Time, min
W TIC of +MRM (52 pairs): Exp 2, from Sample 1 (DOA-1) of HSCTox - EMS,MRM - DFT on (include targets).wiff (Turbo Spray) Max. 1.1e6 cps.
10es; EXPeEriment 2: TIC of MRM 621
4.48
5.00e5 £ 0.93 3.86
2.93 7.77
0.00 T T T T T T T T T T T T T T
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
Time, min
W TIC of +EPI: Exp 3, from Sample 1 (DOA-1) of HSCTox - EMS,MRM - DFT on (include targets).wiff (Turbo Spray) Max. 6.4e7 cps.
4.49 H .
6.067 294 g sz EXperiment 3: TIC of EPI (dependent scan)
0.95
4.0e7 : 6.15. 7.12
2.0e7 0.44 .6.48 8.15 9.31
0.0 T T T T T T T T T T T T T T
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
Time, min
B TIC of +EPI: Exp 4, from Sample 1 (DOA-1) of HSCTox - EMS,MRM - DFT on (include targets).wiff (Turbo Spray) Max. 8.4e7 cps.
8.4e7 6.24 .
Experiment 4: TIC of EPI (dependent scan)
5.0e7
7.75
0.97 219 275 13.69
0.0 &A/\\"\/\/\’ /\\/\/\/\/\/\\ ——— — T %M/V\/\N — L T T T —T — 1
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0
Time, min
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Targeted + Unknown Screening on a QTRAP® System
7\

\/

EPI spectra are triggered from EMS and MRM survey scans )

EPI spectra are library-searched for confirmation of compound IDs

Max. 2.7e6 cps.

W +EP| (290.14) Charge (+1) C... Max. 8.3e5 cps. W +Epi (278.13) Charge (+1) C... Max. 1.3e6 cps. W ~EPI (226.12) Charge (+1) C...
8.3e5 1660 290.0 1.28¢6 278.2 2766 226.2
g 41.00e6 J 2.0e6
2 5.0e5 = 234.1 = 142.1
‘@ Q) ‘D 184.2
5.00e5
g 1050 1501 3 186.2 49.1 g 1.0e6
£ 1.3 8 2723 = 011 1721 | || |e9s7 = 86.0 100.0 208.2
0.0Prdt ot ; by T 0.00M T O B WA} = T 0.0P—trrdrt— : : —— T
100 150 200 250 300 350 100 150 200 250 300 350 100 150 200 250 300
m/z, Da m/z, Da m/z, Da
SEiawr: e Viax. I.1€8 Cps.
1.4e8
EM
1.0e8 )
5.0e7
*selected XICs j\
0.0 T T T T T
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Time, min
W XIC of +MRM (51 pairs): Exp 2, 150.100/91.000 Da ID: Methamphetamine 1 from Sample 8 (EMS MRM IDA no exclusion) of May 31 Ne... Max. 6800.0 cps.
3.9e5
o) MRM
2.0e5 ¢
1.0e5 f
2.24 \ 1\
0.07 T T T T T T T T T T T T T T T T T T T
0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.0 55 6.0 6.5 7.0 75 8.0 8.5 9.0 9.5 10.0
Time, min
B +EPI (202.06) Charge (+0) C... Max. 1.3e6 cps. | B+ (310.70) Charge (+0) C... l Max. 4.M +EPI (202.05) Charge (+0) C... Max. 1.1e6 cps.
202.1 yod 311.0 202.1
: 1.3e6 : 4.0e5 1.00e6
J 1.0e6 9 o
2 1751 ) 2
2 5.0e5 1309 @ 2.0e5 156.0 5.00e5
g £ 108.1 g 1039 1321
£ 92.2.104.2 134.0 158.0 = 2.0, | 730 2452 = 9,091 | | il
0.0p -t T + T T 0.0p R b 1 T T T 0.00p T T 4 1 T
100 150 200 250 100 150 200 250 300 350 400 100 150 200 250
m/z, Da m/z, Da m/z, Da
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“Unknown” Detected and Confirmed by EMS-MRM-IDA-EPI
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Example 1 (For Research Use Only. Not for use in diagnostic procedures)

* Metoclopramide: Antiemetic and gastroprokinetic agent. Used to treat nausea
and vomiting, and to facilitate gastric emptying. Also used to treat migraines.

""""""""""""""""""""" Created with Reparter |
......................... Printect 171 0/2010 52345 PM |
DOA-13
Retention Time: 5.76 minutes Peak Height (cps): 1 02e+007 . .
Mass (miz): 30037 Fit (%): 1000  RFit (%): 355 Date: 10/5/2010 5:0045 AM
XIC: 300.120 - 300,600 Da Collision Energy = 35 £+ 15 eV
1107 e
i 576 A3 -3
wooe? | Akl
XIC of m/z v 1] -
EL E § B0l .
25008 -3 £ S0a3 A d
300.3 - Al = | || <= Acquire
28005 | s s wal
- 1= spectrum
L4 1.0a3 001 |I 12 1682 21
5080 e [ L
B soces = i 150 200 250 ]
3 iz, Dy
Possae
H
5 S00e8 |
1 Oad \
A S0etl . Ee
A OOl .
R.5tian E bl L1
I00e8 E (1 .
-~ B Library spectrum
200e8 7] 4 e m?
= |- f Metoclopramid
oo, 5 - . il ) etoclopramide
50085 | L !85‘5\
. Lok
000l w0 100 1= 200 250 00
miz D
Compourd Hame Pedk Area (cournts) Purity (%)
Metoclopramide 1 .56e+0035 955
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“Unknown” Detected and Confirmed by EMS-MRM-IDA-EPI
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Example 2 (For Research Use Only. Not for use in diagnostic procedures)

* Nizatidine: Over-the-counter drug that inhibits stomach acid production. Used to
treat peptic ulcer disease and gastroesophageal reflux disease. Also used to
prevent weight gain associated with some antipsychotic drugs. Considered to be
equipotent with ranitidine.

Created with Feparter
Prirted: 174 0/2010 &31:42 PM
DOA-9
Retention Time: 1 .77 minutes Peak Height {cps): 2.41e+003 . o
Mass fmizk: 332.32 Fit (%) 799 RFit (%) 100.0 Date: 10/5/2010 3:58:00 M
XIC: 331.800 - 332.880 Da Collision Energy = 35 15 eV
£ ™
254 | 1.77 Lk s
e B0a3
e E 7 el m
2268 = e
2 el E E_ E0a3
o | e Acquired
1 el E 203
1 Pl | = 20a3 — LT 2?-7’2? My
soeb| @ ri_)u I t
T 1.0a3
- ] e spectrum
| S 50 10 150 E) 250 300
F3 . B
R
XIC of m/z e
| e 1004 iy
t0ed a0m3 e
332.3
el | 15 T3
707 ‘5 g Goe3 .
B 0e? T ma
e . Library spectrum
4o E, 2083 s « . . .
2087 g 200 1542 F2-F) ¢ mm2 f N t d
‘.’0', E 1.003 :: nan [t ‘*H IB?Z)1|52 m1 ( 4 O Iza I Ine
e Q0u0 ot Bl .1 s I i
0 Oed 50 100 150 200 0 300
....... iz Da
Compound Hame Peak Area (counts) Purity (%)
1 Mizatidine 5.28e+009 EEE]
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Conclusions
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e

* Multi-target Screening (MRM-based) and General Unknown Screening
(EMS-based) are truly complementary techniques:
— MTS provides the ultimate sensitivity for detection of low-abundance compounds
— GUS provides detection of unknowns

* The QTRAP® system allows rapid acquisition of full-scan MS/MS during
MRM and EMS analysis, for additional confidence in IDs.

* The speed and versatility of the QTRAP® system allows users to
simultaneously detect “target” and “unknown” compounds, by combining
two survey scan-types in a single experiment.

* The collection of EMS “full-scan” spectra throughout acquisition allows
the user to re-interrogate the data for additional “unknowns” at a later
date.
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