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Clinical and Forensic - A Lot of Overlapping Areas

CLINICAL FORENSIC

NewBorn Screening
Endocrinology
TDM (Immunosuppressants,
Vitamin D, Antiepileptics, etc)

Trace Analysis
Explosives
(non biological)

CLINICAL FORENSIC

TOXICOLOGY M TOXICOLOGY

TDM (Abuse of Drugs, Abuse of Drugs
Alcohol, Benzodiazepines, etc
Benzodiazepines, etc) POSTMORTEM

Environmental Toxicology
Occupational Health
Antidoping
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Customers Expectations/Requirements

| want to perform
targeted screening
with database/library
searching

| want to
identify unknown
and need
retrospective analysis

| want to do
guantitation
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Screening Approaches — Some Definitions

Targeted
Screening

“Search for what you
know”

Untargeted
Screening

“Search for what you
suspect”

Unknown
Screening

“Search for the rest”

Compound search after targeted acquisition using a
specific list of compounds

Detection parameters need to be numerous and selective
to avoid false positives

Compound search following acqusition based on most
intense signals NOT on a list of compounds

Identification based on compound databases and/or
spectral libraries

Search of compounds with an totally untargeted
acquisition

Putative identification typically followed by structural
elucidation
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Screening Workflow

Sample Preparation

* Related to sample matrix
(urine, blood, serum,
plasma, etc)

Filtration
Dilute-and-Shoot
Protein Precipitation

Solid Phase
Extraction

TurboFlow
Liquid Liquid
Extraction

Supported Liquid
Extraction

* lon Trap

* Triple Quadrupole

» High Resolution MS

A
A
\
\
\

e TraceFinder

 Compound

databases
TRE N, o
+ Spectral B0 TR
I I b rarl eS HRAM MS/MS Spectral Library and

 Compound
Discoverer
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Front Ends and Sample Preparation

Liquid
Chromatography

Ultimate 3000 Vanquish
Flexibility High-end UHPLC

AAR
: E

Transcend Il Prelude
Flexibility Robustness

TurboFlow

Paperspray

Velox 360
Simplicity
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Third Party Vendors lon Sources

* Paper Spray (Prosolia)
* No sample preparation

* LDTD (Phytronix)
« Some sample preparation

* DART (lonSense, Inc.)
« Some or no sample preparation
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TurboFlow for Online Sample Extraction

* Online sample extraction that adds less
than 2 minutes to the normal LC runtime

 Allows for the direct injection of complex
matrices

* A cleaner sample reaches the mass spec
* less background noise — better sensitivity
 longer LC column lifetime
 cleaner mass spec — less routine cleaning

* You can inject more (up to 100uL)
* better sensitivity

%; %'o - °s ©

“e,  Particle Pore
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Paperspray — No Sample Preparation

http://www.prosolia.com/resources/videos/velox-360
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Paperspray on TSQ Quantiva — DoA Quantification in Urine

amitriptyline Y= 0.060314+0.00(?gjtg.g§f)[(n"§‘2 =0.9098 W:1/X

Y = 0.146009+0.0161053*X R”"2 =0.9870 W: 1/X 1
* LOQs in the 0.5 to 50 ng/mL . .
Q J -3 // :
* LODs in the 0.5-1 ng/mL g o

0
T [0 I o e s e B S N LI L L L AL B LA
0 500 1000 1500 2000 2500
* No sample preparation 0 w0 1000 1500 2000 2500
cocaethylene cocaine
Y =0.000134274+0.00128168*X R"2=0.9958 W: 1/X Y =0.00086511+0.00260058*X R"2=0.9923 W: 1/X

* No chromatography i

- - - ] L s B B I B B B B s I I o
I ' l Itrl pty I n e 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
. methamphetamine PCP
Am p h et am I n e Y=0.00628846+0.010073X R'2 =09967 W: 1IX ¥=000805257+0.00922576"X R"2 =0.9954 W: 1/X

Area Ratio

Codeine
Methamphetamine
PCP
Temazepam

L I O B O O O
L s O B O B
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
temazepam
Y=0.0262972+0.00528053*X R"2=0.9802 W:1/X

L ) B
0 500 1000 1500 2000 2500
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Mass Spectrometers — A Leading Portfolio

Non-targeted

Exactive - Tribrid Orbitra
. Analysis P
SeriesMS 4
HR/AM
* Metabolomics » Biomarker Discovery
* Proteomics * Proteomics
» Bioanalysis = 0 TranSform Z C;E * Metabolism
QO O D o
Quantitative B < - A o Qualitative
& @i
« Food Safety <= Your SCIence w & 7 . Metabolomics
e Environmental  PTM Analysis
 Clinical/Toxicology  Lipidomics
Triple Quads lon Traps
: MS, MS"
U'
: Targeted
Analysis
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Triple Quadrupoles for Targeted Screening and Quantitation

TSQ Quantiva

Extreme Quantitative Performance

TSQ Endura

Extreme Quantitative Value

* Best-in-class performance * Attogram sensitivity

& \\_\\\\\\\\\\\\'\\\\\“‘- W
S \ \ \

 Unprecedented usability  Unprecedented usability

= RN ANRRAL AW AW L
\ \ : i

 Exceptional robustness  Exceptional robustness

I Data Review - SRM Example [SRM]

;Samulzs X l(ampnunu Results
1
@ Swaws | Filename | @[] Selected « Confirm « Compound 3 R Precursorm/z = Productlon 1m/z « Productlon2m/z « lonRatio2? « Expected RT «| Actual RT = RTDelta = RelativeRT « Height Area
Ba O A - = = 2 - = = Ba - 2 - A2 A - A - B2 - a - 2a - M - A
1 @ SRMO1 el M Temazapam_D5 ® 306110 260,087 288.065 1320 366 366 000 N/A 11516141 44106074
2 @ SRM.2 2 &l ® Pregabalin ® ® 160205 97.020 124062 8081 147 155 008 0422 169907 889380
3 @ sAMo 3 el L] Zonsamide neg @ ® 211055 119033 147.028 9318 256 245 -011 0568 1283338 4584049
4 @ s i) e Zonisamide pos @ ® 213045 132046 104045 465 256 245 -0a1 0659 2194574 7881601
il - Temazepam - 301070 255105 3 2256 366 367 ). 1001 23831861 90842699
] L] Methadone Fl ® 310200 265113 105.017 816 550 538 012 1467 52310508 182132248

Compound Details

i = § jil
“-IChromatogram Chromatogram : .
ToxFinder 1.0 The!rno

: or
Confirmation

i
5!
=

B

- Quantitation

vvvvvvv

(min)
r/z: 41,020
80.00% - 120.00% 100.00%. miz: 260.087.288.065

Rimin)
! m/z: 97.020,124.062 ApeRRT: 154 -
ApexRT: 155 = Ares: 439314 E [ApexRT: 3.66

H Area: 889360 - ~ - Area: 44106074
« | m » h
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Triple Quadrupoles for Quantitation

Area Ratio

Quantitation of 72 Drugs of Abuse on Urine on TSQ Quantiva
« Simply dilute-and-shoot

 Polarity switching

* One SRM for quantitation and one or two for confirmation
 Calibration range 5 to 5000 ng/mL

Buprenorphine
Y = 1.876e-4X - 1.124e-4; R*2: 0.9983; Origin: Ignore; W: 1/X*2; Area

i - QUANTIFIER QUALIFIER
0.94
0.8+ ;:::::::Dmils > B@W =
0.7 Buprenorptine. RT: .18 10-15-UC05 e [l e ey 10150
0.6 880
700-
0.5 Zeo
Zon
EIUB

o

§ N

1
i

(=]
>
Py
(0))]
O
BB EESEEE

A a8

0.3+
! QCA 1.4
02 e g
nnnnnnnnnnnn
7 ( B 2 6 mz 396.250 iz 414300
0.1 . 5 = g _4604%- 60.06% 414.300/306.250 = 6552%
_ ApexRT:5.18 - | ApexRT: 5.18 |
. Area: 2059 = | | |Arex:1939

0.0

TTTTTY

U I I I I I I I I I I I R I A I A I I A A I I R T
0 500 1000 1500 2000 2500 3000 3500 4000 4500
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Why Q Exactive and Q Exactive Focus MS for Forensic Labs?

Versatile lab of the future

» Targeted screening
 Untargeted screening

* Unknown screening

* Quantitative confirmation

Ultimate performance

« High sensitivity

« High selectivity

* High Resolution & Mass Accuracy
* Polarity switching

Ease of use

 Simple calibration, holds for days
* No need for optimization

* No compound-specific setup

* Robust platform, low maintenance

Affordable Focus version

* Price comparable to high end Triple Quad

Your High Resolution Accurate Mass lab of the futur e

ThermoFisher
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Resolution vs. Competition

=+=Qrbitrap Elite —#-AB Sciex Triple Tof 5600 ——Bruker Maxis —<Agilent 6540
400 000

350 000

300 000

250 000

200 000

150 000

Resolution (FWHM)

100 000

50 000 X/‘_-—qﬂ'%i/;;dzk A

0

0 200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

»Outperforming High Res QTofs by a factor >5
»2013 Fusion by a magnitude
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Race for Resolution — Q Exactive vs. Q-Tof

500000 - e
® Orbitrap _ _
Orbitrap Fusion @
¢ Tof / QTof A
A00000 - Lo
!
S !
. — I
= 300000 QExactlvePlus"Q
[= |
8 Orbitrap Elite @
I
X 200000 L B
|
Exactive Series, 8
100000 rorerrrrmmmmmmmmmmmmmmm Toomirap ©
L A
Bendix Tof First Q-Tof __‘/”
0 "‘ T T T e e -"'___ T T \
1955 1965 1975 1985 1995 2005 2015
Year
ThermoFisher
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# of Publications

Nature and Science Family of Publications: Orbitrap vs Competition

500

450

400

350

300

250

200

150

100

50

W Orbitrap

B All QTOFs

JJJJ-IEL

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
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Nature and Science Family of Publications 2015: Orbitrap vs QTOFs

# of Publications

500

450

400

350

300

250

200

150

100

50 -

Agilent

Bruker

Sciex

Thermo

Waters

Unknown
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1t Rule of High Resolution Accurate Mass Quantitation

5207733 100 163.1?\09
100 R=29001 ] / \
- 80 | R = 20,000
R =30,000

Relative Abundance
(4.}
4 ]

60 | \

60 5302750 B
R=28104 4 / \

50 / \
45 \
45 40 /
35 / \

z e 2
15 7 \
10 - y \
2 E AN 7 / N\
0 ; . - : r - r T 0 \ I I T ‘ I I ARERARE \ I \
9298 2202 o906 oo 163.10 163.12 63.14 163.16
m/z ' .m Iz 163.13217 ' '
529 7872 CgH1903
R=117201 o= 100 A
* A9gmmy R =50,000
_ 1 —
1 — 0 _ " “\ | —
R = 100,000 | ’
|
| |
| . . [
8 530.2889 607 Nicotine \‘ ‘\‘
g o R=117004 : ] | |
i- ) | oz, ‘0 ('0-5) |
: ] ppm)\,
~ 20 163.1229
s ] C1oH15N2 |
3 AI A i /A /
e Y e = et 0

m/z

You can’t quantify, what you can’t detect.
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Benefits of Using Q Exactive for Screening

Mass stability and
mass accuracy
Fast polarity
switching
No trade-off between

resolution and sensitivity

Minimum scan to scan
variance

ThermoFisher
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Screening Approach Using a Q Exactive

FullMS Fragmentation
positive positive
R = 70000 R =17.500

¢ 1 second | >

Fragmentation types:
1. “Confirmational MS2” for targeted screening
Triggers all compounds of a specific list

2. ‘“Discovery MS2” for untargeted screening
Triggers compounds having the highest intensity

3. “AlF” or “vDIA” MS2 for unknown screening
Fragments everything

ThermoFisher
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TraceFinder Software for Data Acquisition and Processing

Targeted and Untargeted
Routine Quan Screening Unknown Screening

ERERREER "L

cecocecccecocccce |
555555§§§§§555555

1.4E5-

1265
10854
B0E
BOE4
40E2
2084
2082
1884
1864
1464
12644
1.0E4-§
80E3}
6.0E3~
40E34
oE34

~

* Rugged and robust  Provides multiple forms of * New in 3.3, allows for
quantitation for multiple confirmation for targeted screening for unknowns in
markets, across LC and screening applications (spectral conjunction with quan or
GCMS systems library, MS/IMS2 database, targeted screening

Isotopic pattern confirmation)

Providing a complete quantitation and screening wor kflow for
routine applications

23 ThermoFisher
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TraceFInder WorkFlow for Targeted / Untargeted Screening

ThermoFisher
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TraceFinder and Targeted / Untargeted Screening

[Samples + X lJCompounds v I x|
e Scre:ﬁ*'ng-ddM52-urine.w.fragme “|/|® 1 UZClinTox_Database_NCE70_urine_ddMS2 2
! M Screening_ddMS2_004 I EI
» M Screening_ddMS2_005 E g8[C] Selected MZ RT P F LS Fl Compound Name Match Result Name
i [l Screening_ddMS2_006 Aa - v v v v v v Aa v Aa -
i M Screening_ddMS2_007 e =
b B Screening ddMS2.007. chec 1 F 9 9 P ®  Amoxicilline Amoxicilline@RT 4.77
i M Screening_ddMS2_008 2 F) @ P @ ®  Cotinine Cotinine@RT 3.69
‘ SCfee"i ddMSZ- 0 3 ® * ® ® ®  Midazolam Midazolam@RT 10.13
I [l Screening_ddMS2_010 : . —
‘ L -Screeninﬂ ddM52 011 - : 4 ] ] F) @ L Nicotine NICOt!nE@RT 374 v
[« " o [ ] m ] »
| Chromatogram + I Xx %m v I x
M+H Spectrum | @ Isotopes 100% (6 of 7) | @ Fragments (5 of 5) |
Screening_ddMS2_009 Midazolam NL: 2.59E6 mM/z: 326.08385 - 326, .. ||| e
F: FTMS + p Full ms [150.00-800.00] iScreening_ddMS2_009 #: 2465 RT: 10.13
RT. 10.13 iF: FTMS + p ESI Full ms [150.00-800.00]
AA: 17598563.90 279.15942 G
3 _ . L: 4.34E6
100_. AH: 2449135.21 160-. Mok
> 80 o
@ J 2
g 1 2 o] 326.08585
£ 60 =z ]
= E ]
Z ] g 1182.98546
= 40 £ 40 391.28470
o ] s
j i 1 704.51648
20 P20 536.16614 [
- 1 61018494 | 79779885
0 T T T T T T T 1 ! I 0
98 10.0 10.2 104 10.6 200 300 400 500 600 700 800
RT(min) miz

* multiple forms of confirmation: spectral library,
MS/MS2 database, isotopic pattern confirmation
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TraceFinder and Targeted / Untargeted Screening

Samples + B X || Compounds v 1 x|
e Scresm'ng-ddM52-urine.w.fra9me “|/|® 1 UZClinTox_Database_NCE70_urine_ddMS2 -

! Screening_ddMS2_004 2 £

» M Screening_ddMS2_005 E g8[C] Selected MZ RT P F LS Fl Compound Name Match Result Name [I

i [l Screening_ddMS2_006 Aa v - - - - - - Aa - Aa -

i M Screening_ddMS2_007 - e ==

» B ScreeningddMS2_007_chec 1 F @ F) I ®  Amoxiilline Amoxicilline@RT 4.77

i M Screening_ddMS2_008 2 F) ® P @ ®  Cotinine Cotinine@RT 3.69

‘ Scfee"i ddMSZ- 09 3 ® N ® P ®  Midazolam Midazolam@RT 10.13

i Il Screening_ddMS2_010 - o~ -

i B Screenina ddMS2 011 - 4 ] ] F) @ L Nicotine Nicotine@RT 3.74 -
< [; m o “ | m ] »
Chromatogram v B X Epecmuﬁm v m

M+H I Spectrum ] @ Isotopes 100% (6 of 7) I @ Fragments (5 of 5) '
Screening_ddMS2_009 Midazolam NL:2.50E6 miz: 326.08385-326. .. || |[i§ Alllsotopes ] Scan #: 2452-2478 RT: 9.96 - 10.35 AV: 3
F: FTMS + p Full ms [150.00-800.00] Screening_ddMS2_009
RT: 10.13 (@ Mutti-Isotopes || F: FTMS +p ESI Full ms [150.00-800.00]
AA: 17508563.90 :
- AH:- 2449135.21 [. #1: 326.08548 ] 10 i 1

[. #£2:327.08883 ] ‘326.09
> 80 (@23:32808254 || 5 3 3 32901
a B =
g (@=24:32800217 | ssos [ sorss|® 3269275 088 7
F (@=5:32008589 |
g 40 (m=6:32000539 |

(@27:33008025 |

20
0 T T T T T T T 1 ! I
938 10.0 10.2 10.4 106 326 327 328 329 330
RT(min) miz
* multiple forms of confirmation: spectral library,
MS/MS2 database, isotopic pattern confirmation
ThermoFisher
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TraceFinder and Targeted / Untargeted Screening

Samples v 1 X || Compounds v 1 x|
= Scresm'ng-ddM52-urine.w.fra9me “1|® 1 UZClinTox_Database_NCE70_urine_ddMS2 :
! Screening_ddMS2_004 = =
» M Screening_ddMS2_005 E g8[C] Selected MZ RT P Fi LS Fi = Compound Name Match Result Name [I
i [l Screening_ddMS2_006 Aa v - - - - - - Aa - Aa -
i M Screening_ddMS2_007 - e ==
» B ScreeningddMS2_007_chec 1 F @ F) I ®  Amoxiilline Amoxicilline@RT 4.77
i M Screening_ddMS2_008 2 F) ® P @ ®  Cotinine Cotinine@RT 3.69
1 ‘.. "ee" _::c');o 3 ® N ® P ®  Midazolam Midazolam@RT 10.13
creemng_ i - - ) P a
[ -Screeninq ddMSZ 011 - 4 ] ] F) @ L NlCOtIne NICOtinE@RT 374 v
< [; m o “ | m ] »
Chromatogram — i x‘ etrum vm‘. :
M+H | Spectrum I @ Isotopes 100% (6 of 7) | @ Fragments (5 of 5) ‘
Screening_ddMS2_009 Midazolam NL: 2.59E6 m/z: 326.08385 - 326. .. | Minimum # of fragments needed: 2
F: FTMS + p Full ms [150.00-800.00] (@ A Frag ] Screening_ddMS2_009 #: 2456 I;% 10.09
RT: 10.13 (@ =1: 29111676 || F: FTMS +p ESI d Full ms2 326.09@hcd70.00 [50.00-350.00)
AA: 17598563.90 s *
- AH: 244913521 (@ 2224008233 | e “
|®23:20006367 | ' i
4 0E4 *5
> 80 (@24:22307930 | y 0
w
g (@#5:25000015 | 20F4 L- | |
£ 60 2z ol ol o L B B WY Roa G
@ & | #3 i #2
=z 2 H #1
= 4 £ 6.0E4 i ~
@ ' 1
- 4.0E4 ! #5 !
2.0E4 #4 i 1
. " 1
= i n [
0 T T T T T T T T T T 0 (- T T g | T T T ™
9.3 10.0 10.2 10.4 106 220 240 260 280
RT(min) m/z
* multiple forms of confirmation: spectral library,
MS/MS2 database, isotopic pattern confirmation
. ThermoFisher
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New in TraceFinder 3.3 — Unknown Screening

ThermoFisher
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The Importance of Databases and Spectral Libraries

Over 900 unique compounds of interest to
the clinical research and forensic toxicology
communities:

* Prescription drugs

HRAM M |

nd i dus/tflal toxins

www.mzcloud.org/

o | O
“1bf a

Compoul | Of | ntere t for m |tor|n earch
Providing the ultif]| Ieswsr N % Hgﬁéﬁ-] ase
b i1 ragmentatl ss spectra
(MS/MS and MS" spectra)

W t-r'."‘ 13 Trer
AI“ Ll
Ly cop

e ] e - Structural info for compounds
ey are nﬂt rep! E;elrlsented in
’? 1 d5ficagion of

prowdlng fast text and
structure search access
to over 43 million
structures from
hundreds of data
sources.

ChemSpider

The free chemical database

4,427 com

ThermoFisher
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Compound Discoverer 2.0

0,
Sooyene®

CLOUD é-z%w‘"
ThermoFisher
SCIENTIFIC
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Compound Discoverer 2.0

Workflow Tree

[c.ag SearchmzCloud 6
[a -

(@ e ]

* Unknown compound
detection

« Automatic background
filtering

e Composition prediction
» Mass list search

 Pattern Scoring

e Search mzCloud

e Search ChemSpider

ThermoFisher
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Unknown Screening

e Targeted Screening using dabatase/library is one approach

* 10 new Street drugs every week — Impossible to keep
database up-to-date.
* Need for an alternative approach

* Impossible to use ChemSpider only.
« 28 millions of structures
e Codeine C;gH,,NO; : 4902 structures in ChemSpider

ChemSpider

The free chemical database

ThermoFisher
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* A novel mass database/library
of MS/MS and MS" spectra (140.000

FWHM at m/z 200)

e https://www.mzcloud.orqg/

e Structural info for compounds - -

even if they are not represented in the 1=

library through identification of IRl .ﬁ/Ll e

substructures * rE e P
 Multi-energy, Multi-fragment level, k L

Multi-fragment technigque j il
« Open consortium to establish a large ' '

public domain library which our

I\/Iar_ﬁually Curated Data

. Compounds Trees Spectra Anotations Peaks
1821 2 489 134 087 669 190 219 394 860 ke
ThermoFisher
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