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Background to Veterinary Medicines

« What are veterinary medicines?
« Pharmacologically active compounds which are used to treat and prevent diseases of animals

» Restore, correct or modify physiological functions by exerting a pharmacological,
Immunological or metabolic action

« Residues of veterinary medicines in food?
» Residues or their transformation products can remain in foods after treatment of animals
* Frequency of residues is very low

« Approvals and usage are highly regulated and monitored

« Concerns over antibiotic resistance from over-use in farming world-wide
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Regulation of Veterinary Medicines

 Definition of Maximum Residue Limits (MRLS)
« Maximum amount of each veterinary medicine that is safely and legally permitted
 Definition may include metabolites
» Sub ug/kg to 1000s ug/kg
» Frequently updated (Commission Regulation 37/2010)

* In the EU specified in Council Regulation 2377/90 (as amended)
» Annex | - substances for which a full MRL has been fixed
* Annex Il - MRL is not required

* Annex Il - Provisional MRL has been established

 Annex IV — MRL can not be established because residues of those substances,
at whatever limit, constitute a hazard to human health

« United States - US FDA, Code of Federal Regulations, Title 21, Part 556 (21 CFR 556), 2014
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EU: Many Compound Classes and Sample Types

Group A: Group B: .
Substances with anabolic effects Veterinary drugs and contaminents

and unauthorised substances B1 : Antibacterials

Al: stilbenes and derivatives _
B2 “other” veterinary drugs

A2: Anti thyroid agents; eg. thio uracil Anthelmintics (B2a)
Anticoccidials (B2b)
A3: Steroids; eg. boldenone Carbamates and pyrethroids (B2c)
Sedatives (B2d)
A4: Resorcyclic acid lactones; eg. Zearalanol Non-steroidal anti-inflammatory drugs (B2e) eg ibuprofen

Other pharmacologically active substances (B2f) eg dexamethason

A5 :Beta-agonists; eg. clenbuterol _ _
B3: Other substances and environmental contaminants

A6 :Prohibited substances; no MRL eg. chloramphenicol Organochlorine compounds including PCBs (B3a)
Organophosphorus compounds (B3b)
Chemical elements (B3c)
Mycotoxins (B3d)
Dyes (B3e) and
Others (B3f)
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Challenges of Multi-Residue Methods

» Generic enough to apply to several different matrices - e.g. meat, fish, dairy.....
- Stability of Matrix Extracted Spikes (MES) and spiking standards

« Chromatography - Column must handle wide polarity range; be rugged

« Sample preparation must minimize loss of analytes, be simple and cost effective
- Sufficient sensitivity for certain compounds

* Need for polarity switching

« Avoid reporting residue result not actually in sample (False +ve)

« Avoid missing residue result in a sample from not being detected (False -ve)
» Results need to be in compliance with regulations & accreditation requirements
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Can we solve these challenges in a single workflow?
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Analytical Approaches

Historically based on class specific methods

Increase in the use of generic extraction approaches

» e.9. QUEChERS - based approach - screening as many compounds as possible in a single analysis
« Broad scope, but less clean-up and lower recoveries for some compounds

MS based screening approaches accepted in veterinary medicines

« Validation of screening method based on detectability (CCR)
« Use of internal standards and matrix-extracted calibrations
» Low frequency of residues

In Reality:

* Many labs use a combination of MS screening and class specific methods
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LC-MS Workflow Solutions

If positive: confirmation
analysis is required

Sample preparation Targeted acquistion
— mm— ~ ~

 Off line homogenization followed by _ « 2nd sample extraction
ACN/HZO extraction and filtration ¢ Typlca”y LC-QQqQ . Hydrolysis step if required
* On line SPE * LC-HRAM (PRM mode) « Analysis by LC-QqQ or LC-HRAM
4 )

 LC-HRAM - Full scan + fragmenation
» Full scan — detection and quantitation /
« ddMS2, vDIA, AIF — identification
* Libraries and data bases for unexpected compounds

Non -target acquistion

guantification and screening

® Identification of residues by HRMS is included in the latest US FDA guidelines, but not current EU regulations
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Critical Challenges in Targeted Quantitation

* Information * Right platform for right application
» Beneficial to have sufficient knowledge » Address critical issues pertaining to
about molecule of interest choosing the right MS platform
« Cost/Sample * New technology/vendor/instrument
« Address constant demand to reduce « Enable transition

cost/sample

* Transition to LC-MS/MS
» Reduce barriers to using LC-MS/MS

* Develop robust, reliable, sensitive
workflows

* Protect Investment
 Future proofing investment
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Types of Quantitation: Leverage the Best
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Environmental and Food Safety

Clinical Research
Pharma QA/QC
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TSQ Fortis

Mass Range m/z 5 — 3000
Max Resolution 0.4 FWHM
Max 30,000 transitions per run
Polarity Switching <20 msec
Dynamic interscan time

600 SRM/sec

TNG software

Chromeleon support
50,000:1 S/N

Food Safety
Pharma
Clinical Research
Forensic Toxicology

TSQ Quantis

Mass Range m/z 5 — 3000
Max Resolution 0.4 FWHM
Max 30,000 transitions per run
Polarity Switching <20 msec
Dynamic interscan time

600 SRM/sec

TNG software

Chromeleon support
150,000:1 S/N

VALUE

Environmental and Food Safety

Pharma/Biopharma

Omics

TSQ Altis

Mass Range m/z 5 — 2000
Max Resolution 0.2 FWHM
Max 30,000 transitions per run
Polarity Switching < 20 msec
Dynamic interscan time

600 SRM/sec

TNG software

Chromeleon support
500,000:1 S/N
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TSQ Fortis Triple Quadrupole MS: Affordable Productivity, For Everyone

AlM+

TECHNOLOGY

Enhanced dual-mode electron multiplier
detector
Ensures excellent linearity and dynamic range
¥4 Y 9 Active collision cell with axial DC field
A ) Facilitates more SRMs/sec

lon beam guide with neutral blocker acked ring ion guide (SRIG)
Reduces chemical background - Increases ion flux
‘ = ypdebolic surfaces AN

_ o\ /. ‘Ath N DA (N 4 FWHM)
pgme.. 5 sgadrupoles

High capacity lon transfer tube 3
(HCTT) hypgbolic sur. -2 for eiginced pe Segmented quadrupoles
Increases ion flux . ~"wl and H-SRM (0.4 FWRSWITS hyperbolic surface for enhanced performance with both
SRM and H-SRM (0.2 FWHM)

WLy NEw!
\\ \ = = . A b
; 68 2
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R ARITT )

Active coIIisQ’c vith\ S i . - = e ﬁ ) | N> \
Facilitates = Yt B . BT /-5 P — - A
8- 17 \ Electrodynamic ion funnel (EDIF) 5 ) . o ;
Increases ion flux 4 — A ; thermosciiii rsaFomms

Pl - 4 b < A Al

Eutral blocker

Opia N=Bnckground N Enhanced dual-mode electron multiplier detector
a A D ' Ensures excellent linearity and dynamic range DptaMax™ NG

APCI ready
APCI ready

Active collision cell with axial DC field
Facilitates more SRMs/sec
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OptaMax NG Source Housing

Benefits: Reliable and consistent

performance with improved usability! Re-designed APCI discharge assembly
*  Built-in to every source (separate APCI sprayer required for APCI mode)
_eTTT T S~ * Re-designed on/off switch (to improve usability)
7’ < g - -TT T EN
Ve -, ~

S N
’ s RN
N

. “/ * Re-designed HESI Sprayer

VN * Needle adjustment is no longer possible during acquisition (locked

\ position)

« Tool available to help the user to correctly set needle protrusion
I
|

! —e Usability and Consistency

~
[ ]

Vertical adjustment moved to the side for easier access
 New drain insert with improved latching and locating pin to prevent
rotation

« Improved sprayer alignment and stability

* New finer threads on HESI and APCI sprayers to make installation easier
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Segmented Quadrupoles

Benefits: Increased Sensitivity (more significant at higher mass range)

Flat tuning for consistent and robust performance

« The use of RF only pre-filters (segments) between
the entrance lens and the quadrupole minimizes
the effects of fringe fields, leading to improved
transmission (and therefore sensitivity) at unit and
higher resolution.

« With the RF only pre-filter, the tuning of several
lenses is flat across mass range allowing the
voltage to be set and not tuned. This helps
reducing the complexity of the tune and making
the systems more consistent.
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Benefits: Increased electron multiplier lifetime. Increased Uptime!

* Increased number of dynodes (21) for extended
lifetime.

* Improved electron multiplier calibration routine.

« Excellent linearity and dynamic range across the
mass range.

» Reduced number of service visits leading to more
uptime.
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Features that Enable Every Analytical Laboratory

e Robustness
% Consistency in day to day performance,

sample to sample results, and user to user
productivity

2

would enable higher throughput, faster
analysis of complex mixtures
_\/\]\/\_ Sensitivity
Best-in-class sensitivity for all molecule
types regardless of matrix complexity

SMO|JXI0M\
uoyelnuend) palabire]

—)
m]

Unusual for QgQs, however, significant
benefits for complex mixtures, large
molecules in complex matrices
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TSQ Quantis: Demonstration of Robustness — Food Safety

Atrazine QC monitored in leek for more than 400 injections with 4.5% RSD . Red lines
represent + 20% response at 10 ug/Kg. Yellow lines show the time the system was placed in
standby mode for 12h to demonstrate consistent performance after standby period

625000 - Atrazine (QC 10pg/Kg) monitored in Leek
525000 - +20%
(%
ey
5 425000 - ®e
S ® [ ® e o [
o ®e 000,09, 0e®® Coo ®e® ", 0.0000..0000'
8 e %o 4.5% RSD
=~ 325000 -
<
-20%
225000 -
125000 T T T T T T T T
0 50 100 150 200 250 300 350 400

Number of Matrix Injections

Application Note 64971

Ic: Proprietary & Confidential Thermo FiSher




Performance at the extreme — 500 SRMs/sec vs 600 SRMs/sec

Equivalent Quantitative performance between 500 and 600 SRMs/sec!
Good Performance at extremely low dwell times!

5.0E+06
SRMs/Sec Total Nu_n_wber of Dwell Time
-o—Average Area for 500 Transitions (mSec)
4.0E+06
SRM
500 1075 0.769
L 600 1291 0.437
— 30E*06 I _m Average Area for 600
S SRM
o
© 2.0E+06
© - i : 500 SRM/Second 600 SRM/Second
g y =43385x - 43841 Cor?ct:rea:lztlrr;(teion
R2=0.9999 (ppb) A\frage %CV  Average Area  %CV
1.0E+06 43198x + 9438.4 ks
y= X - 1 21682 9 18090 9
R2=0.9998
10 (MRL) 475465 4 369612 5
0.0E+00 : ' ' ' ' '
0 20 20 60 80 100 120 100 (MRL) 4326117 1 4296555 1

Atrazine Concentration (ppb)

TP 387 - Application of high speed TSQ MS with a prototype RF/DC rod driver to pesticide analysis
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TSQ Platform: Robust, Reliable, Fast Quantitation Workflows

Excellent Quantitative Performance at Lower Dwell Times!

Azoxystrobin 1ppb in Leek
2.5 msec Dwell Time

M Transitions
Number of Transitions per Cycle

Inj #10 — Area 467150
840 850 8.60 ‘Timi.zgﬂ‘n) 880 890 900

Inj # 410 — Area 465485
\

8.40 8.50 8.60 8.70 8.80 8.90 9.00

2 4

Time (min)

SRM Visualization from Instrument Control Software 3.0
displaying the number of transitions per unit time

Application Note 64971
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Multi-Residue Method - Overview

« 160+ compounds in 3 matrices: bovine muscle, salmon fillet,
and milk (plus addition of labelled internal standards) included
In the method from the following classes of veterinary

medicines:
« Cefalosporins, macrolides, penicillins, quinolones, sulfas,
tetracyclines, anthelmintics, nitroimidazoles, NSAIDs, sedatives,
avermectins and coccidiostats, dyes (applied to fish), steroids (milk)

* Experimental Design:

« 8xspikes@ 0.2,0.5, 1, 3, and 5 x STC = [Screening Target
Concentration] for each compound with 2 blanks and one recovery
spike per batch

« Analyze the batches on 3 separate LC/MS/MS systems

« Use basic elements of the same sample prep applied to all 3 matrices
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Compounds Studied and Chemical Classes

m Antibiotics-68

m 3-agonist-11

m Coccidiostat-17

m NSAID-13

m Aquaculture (Dyes and

metabolites)-12
m Antihelmintic-23

. Ster0|dS'9 v ey com - BURGAN

m Other-23
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Sample Preparation and LC Conditions

QUEChERS based approach

o EDTA/NH, oxalate solution and acetonitrile
Sample homogenised until fully dispersed CREmEs e

Sodium sulphate added before centrifugation 5 Rl E L
Dispersive SPE (CEC-Cg) clean-up ELSEVIER journat hamepage: . isvisr.com/locat/a
Add 1 mL H20 to 3mL extract, filter, inject

Analytica Chimica Acta 637 (2009) 68-78

O O O O

The development and validation of a multiclass liquid chromatography tandem
mass spectrometry (LC-MS/MS) procedure for the determination of veterinary
drug residues in animal tissue using a QuEChERS (QUick, Easy, CHeap, Effective,

LC Conditions Rugged and Safe) approach
o Thermo Scientific™ Vanquish™ Acclaim™ PA2, b ey g b
2.1x 150 x 2.2 um —
o MP A: 0.05% formic acid + 0.1 mM NH,F (aq)
MP B: 0.05% formic acid in 1:1 MeOH:MeCN
o 2 uL injection

O

« Acquire Data on TSQ Altis

o Use pos/neg switching
o Comprehensive CDB with all optimized SRMs
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Steps for Evaluating Method Performance

4 )
e Calculate Absolute % Recovery Based
e . _upon a ‘post spike’ at 3 x STC )
a7 5286 A 4 )
g T Calculate MDL @ or below a cut-off
e mae  aow \(Lowest XSTC factor at or below 15% RSD) )

T+ ¢ ESI S”RM ms2 251.000 [92.070-02.072. 107.660-108.00

RT 587 N 22880

AL ¢ MEs

[Calculate %RSDs at each level to check precision ]

Prepare Matrix Extracted Spike (MES) Replicates at 0.2 - 5x STC
(Establish ‘Calibration Line’ for screening)

Establish Screen Target Concentration (STC) Level
- Levels typically Y2 the MRL
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Extracted SRMs for Multi-Class VetDrugs

XC Overlay
Show Peaks: () Top20 O Selected @ Al
100
95
40
85
80
75
70
65
g0
55
50
45
40
ki
30
25
20
15
10

Relative Intensity

| [Rl 881

RT-9.06

RT.085

RT-9.00

foN9.29 dirs 70,

RT- 1053

RT 10.

4

RT 11.18

RT 1212

RT 1176

RT 4176
3 * tlaolor 18
s L

RTAMB RT 1392

I

120

= =3 =
=]

Mumber of transitions

=
=1

B Transitions
Number of Transitions per Cycle

oo

g%n
o
; e % « b,
. 8 2 vs
: %
. o
g L
0
o o
o -
- -
-— o L]
e = I O
2 4 ] 10 12 14

8
Time (min)

10

12

13

e
14

Extracted SRMs at 0.5 x STC in MES

TSQ Altis- total of 525 transitions
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Quantitative Results- 0.2 to 5 x STC- Bovine

Compound Details ) B > @ x
Quan Peak - E]@ Confirming Ions - E]E] Calibration Curve - E@ -
Sulfamerazine
0919_MES_STC_1_3 Sulfamerazine m/z: 155.970 @ All Peaks 0919_MES_STC_1_3 S .. 0919_MES_STC_1_3 S. ¥ = 1.74406X - 4.406e4; R*2: 0.9985; Origin: Ignore; W: 11X*2; Area
@ Peak1 (265.075->172.000)
RT-6.37 8500000
AA 1768761 @ Peak 2 (265.075->108.000)
00— AH: TT2653 00— 00— 2000000
_ J J 7500000
90 90| 90 7000000
20 20| 20 6500000~
7 ] 7 6000000
2 704 z 70 =
Z i g J g 5500000~ .
£ a0 £ 60 = 5000000
: ] : ] : ] Susoomo uifa Drugs- suifamerazine
£ 50 Z 50 E 50 z
& 1 2 b 2 1 4000000
40— 40| 40+
e 4 4 3500000+
30| 30 30 3000000
204 204 204 2500000+
R R R 2000000
10 10 10 1500000
0 RGRRE SRS RS Baass any nana nanas nan 0 0- 1000000-]
62 63 6.4 65 66 65 65
RT(min) RT{min) RT{min) 500000
m/z: 155.970 - myz 172.000 < m/z108.000 - 0 i T T T T T T T T T
ApexRT: 637  LeftRT: 629  Right RT: 657 - 73.21%-10982%172. ~  64.27%- 9641361080 ~ 0 1 2 ; 3 4 5 L
8 replicates plotted per each point
Compound Details B B - 1 x
= = =x-
0919_MES_STC_1_8 Flunixin_M+H m||| @ All Peaks 0919_MES_STC_1_8 FI._ 0919_MES_STC_1_8 FI ¥ =3.14186X - 1.41485; Ré‘?‘;‘;;‘gﬁ‘s‘ig.m Ignare: Wi 16X*2; Area
@ Peak1 (297.085->264.000) ™
RT. 11.23 RT. 11.23 RT. 11.23 -
AAT 3034270 @ Peak 2 (297.085->259.071) AA9TBI20 AA- 321950 15000000 — I
100+ AH 1121187 100+ AH: 374904 1004 AH:- 124038 4
9 14000000
30 a0~ 90+ 13000000 |
a0 a0 a0 IZGDDGDCIi
i | - 11000000
70 70+ 70 q
= i = i = i 10000000 = -
£ oo NSAIDs- Flunixin
= b 2 ] £ ] £ s000000-]
£ 50 £ 50 £ 50 = ]
@ i @ - @ - T
= = = 7000000
40 40— 40| i
1 1 1 6000000+
30 30 30 1
i i i 5000000
20 20 20 4000000;
10: 10: m: 3000000
7 7 7 2000000
00— T T T T [y o= —
11.0 1.2 11.4 11.0 11.0 1000000
RT{min) RT{min) RT(min} 4
myz 279.071 - my/z: 264.000 - my/z: 259.071 - o T T T T T T T T T T
Apex RT: 1123 Left RT: 1113 - 26.62% - 39.93% 264.000/ -~  9.19% - 13.79% 259.071/2 ~ a0 0.5 1o 1.8 20 2.5 0 5 .0 +5 &0
uoiKg [Show desktop
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Quantitative Results- 0.2 to 5 x STC- Bovine

Compound Details

Quan Peak - [= [ [[cenfirming tons [= ][ |[[catibration curve (=x]-
0919_MES_STC_1_8 Sarafloxacin m _|| @ All Peaks 0919_MES_STC_1_8 S._ 0919_MES_STC_1_8 S V¥ = 2.57965X - 1.65404; RAZ. 00500, Origin: Ignors: W: 156:2: Area
@ Peak 1 (386.131->299.054 4
RT 6.50 sak 1 € > ) RT 650 RT. 6.50
AA 237040 @ Peak 2 (386.131->368.071) AA: 190387 AS 42970 1300000~
AH: 120237 _ AH: 94805 100, AH 23931 |
E 3 1200000
953 i
Q{]é 1100000+
253 |
203 1000000
753 1
m; 200000 |
= = = 653 1
5 E 5 50% 800000 —
2 = = 3 1
= = = 553
2 2 2 503 § 700000 - 0
= = - E| << 4
: : = uinoliones-sararoxacin
= = &= 3 &00000—
FLE |
354 500000
400000—
300000—
200000
6.4 6.6 6.5 6.5 1000004
RT(min) RT(min) RT{min) 1
iz 342.083 = m/z 299.054 E iz 368.071 = O T T T T T T
Apex RT: 6.50 Left RT: 6.45 - 61.64% - 92.46% 299.054/ ~ 14.97% - 22.45% 368.071/ - .0 @5 e s 2.0 j;Kg 3 . bt +5 s.0
Compound Details ) ) ~ o x
[Quenpesk =] (=] [Contrming 1on (F) )| [Cotoration curve == -
e
0919_MES_STC_2 5 Ronidazole m ||| @ Al Peaks 0919_MES_STC_2 5 Ronidazole miz- 55000 ¥ = 1.00584X + 1.06563; A2y O.SUST Srigin: Ignore: W 1562 Arsa
@ Peak 1 (201.062->55.000) ]
RT 5.46 RT: 5.46 as000-]
AA 37293 @ Peak 2 (201.062->110.000) AAZ 10374
: 90000
1004 AH: 15037 1004 AH: 3437
] ] 85000
20+ 20 80000
B 1 75000
80 80 20000 . . . .
e g ™ Iiroimidazolies - Ronidazoie
= i 2 4 60000
5 5
= 807 = 607 55000
] B ] 4
£ 50+ £ 50 £ 50000
] B ] 1 45000
40 40 40000
304 304 35000 H
B 4 30000
209 207 25000
104 104 20000
- 4 15000
0 O e 10000
5.4 58 53 54 55 56 57
RT{min) RT{min) 5000~
msz: 140,000 - /msz: 55.000 - O~ e T [ e [
ApexRT: 546  Left RT: 5.41 - 19.27% - 28.90% 55.000/140.000 = 27.38% - a.0 Q.5 1.0 1 20 2-? 30 35 0 +5 50
vgikg [ Show desktop
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Quantitative Results- 0.2 to 5 x STC-Bovine

Compound Details

(=)

Confirming Ions -

(=)

0919_MES_STC_1_3 Erythromycin miz 158 083

RT.7.74
AA 897798

100 AH: 2005238

Relative Intensity

T T T T f T
75 76 Ty 78 79
RT(min)

my/z: 158,083

ApexRT: 7.74 Left RT: 7.65 Right RT: 7.85

@ All Peaks
@ Peak1 (734 .469->576.405)
@ Peak 2 (734 469->558.375)

0919_MES_STC_1.3 E

100+

Relative Intensity

75
RT(min)
m/z 576.405 =
70.11% - 105.16% 576. ~

0919_MES_STC_1.3 E

100+

Relative Intensity

75
RT({min}
m/z 558.375 =
15.73% - 23.59%558.3 ~

Calibration Curve -
Erythromycin

¥ = 9.727e5X - 5ed; R*2: 0.9988; Origin: Ignore; W: 1/X*2; Area

5000000
4500000
4000000
3500000
3000000

Ezswouu
2000000
1500000

1000000

o
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g
j=]
T

=1
(5]
@
S

ughg

o]

Compound Details
Quan Peak -

=)<

Confirminglons  +

=)<

0219_MES_STC_1_3 Oxyietracycline_2 m/z: 426 083

RT 6.07
AR 47990
AH: 16235

Relative Intensity

10—

y T T T T T
59 6.0 6.1 6.2
RT(min)
my/z: 426,083

Apex RT: 6.07 Left RT: 597 Right RT: 623

@ All Peaks
@ Peakl (461.155->444.155)
@ Peak 2 (461.155->201.000)

0919_MES_STC_1.3 O

RT: 65.07
AR T181

AH: 3632
100

Relative Intensity

8.0
RT(min)

m/z: 444155 -
11.33% -17.00%: 4441 ~

0919_MES_STC_1.3 O

RT 6.08
AR AB2T
00 AH: 2753
90—
80
2= 70
é 4
= 604
e 4
£ 504
] 4
=
40—
30
20—
104
0
5.0
RT(min)
my/z: 201.000 -

9.58% - 14.37% 201.00 ~

Calibration Curve -
Oxytetracycline_2

¥ = 5.102e4X - 4.259e3; R 2: 0.9894; Origin: lgnore: W: 1/X°2; Area

ZBDDDO—_
240000—
220000
200000—

180000—

160000—

£ 140000
<

120000—

100000—

20000

60000—

40000—

20000—

Antibiotics-Erythromycin

Antibiotics-Oxytetracycline
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Quantitative Results- 0.2 to 5 x STC-Salmon Fillet

b

Compound Details v 1 x
Quan Peak v @m Confirming lons ~ + Em Calibration Curve  + E@ ‘
. . . . Leucomalachite green
0928_MES_STC_1_3 Leucomalachite green miz: 239.155 @ All Peaks 0928_MES_STC_1_3 Leucomalachit.. 0928_MES_STC_1_3 Leucomalachit... Y = 3.2076-2X - 3.941e-4; RA2: 0.9894; Origin: Ignore: W: 1/X"2; Area
RT 9.48 @ Peakl (331.217->316.208) RT: 9.48 RT 040 0.174 |
AA 47302 @ Peak 2 (331.217-»223.083) AA: 20056 AR 11752 o6 1
00 A 16530 o0, MG 0. A 167
- 1 _ i 0.15-
90+ a0+ 90+ 0,144
80-1 80 80-1 0137
1 1 1 0.12-
70+ 70+ 70+ 1
= ] = ] = ] 0.114
5 60| 5 60 5 60| 0.10-
E E E o ]
e g ] g &2 0.09-
£ 50+ £ 50 £ 50+ . =
i i i fon-
40 40+ 40+ 0.074
304 30 30 006-
] ] ] 0.05-
20+ 204 20+ 1
i i i 0.04
10 10+ -) 104 J D.US—_
I R T T T T T s T """ 0 AA I I.Lnf’\ : 0.02—_
93 94 95 96 97 94 9§ 94 95 001
RT{min) RT{min) RT{min) ]
m!z:BQ.lSS m!z:316.208 m!z:ZB.UEB - D'UU|||||||||||||||||||||||||||||||||||||||||||||||||||
ApexRT: 048  LeftRT: 938 RightRT: 958 - 3518% - 5278% 316.208/230.155 = 42 ~  21.73%- 3260%223.083/230.155 = 24 ~ go 0510152l i-;mg 3035 40 45 A0
Leucomalachite Green in salmon extract at 1 x STC, with curve representing 0.2-5 ng/g.
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Quantitative Results- 0.2 to 5 x STC-Milk

Compound Details

Quan Peak

’

=]x]

lCunﬁrang Ions =

=

lCalib:atLun Curve

100+

Relative Intensity
[=r]
T

RT.10.95
AN TEEAE

AH: 39333
1

I

1011_MES_STC_1_5 Megestrol acetate m.

10.8

m/z: 325.238

1.0
RT(min)

ApexRT: 1095  Left RT: 10.90

L
1.2

Righ +

@ All Peaks
@ Peak1 (385.237-»267.167)
@ Peak 2 (385.237-» 224 083)

1011_ME ...

A

1

m/z 267, *
f9.57% - -~

1011_ME ...

ey
il

miz 224 +
60.10% - -

400000
350000
300000
250000
z ]
200000
150000
100000

50000

¥ = 7.838e4X + 2.404e3; RAZ: 0,9925; Origin: Ignore; W, 1/X"2; Area

Megestrol acetats

0.0

0.5

1.0

1.5

20 25
ug'Kg

30

3.5

4.0

0 T O T T T T T T T T T T T T T O T T T T T T [ T T T T T T T T T T T T T T T

4.5

5.0

Steroid hormone Megestrol acetate in milk extract at 1 x STC, with curve representing 0.04-1.0 ng/g
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Observed MDLs and % Recoveries in MES

RT:6.71
Bovine mt RT906
Parameter Muscle Salmon Fillet Milk* i TIC for 0.2xSTC
I Salmon Fillet
MDL Average (ng/g) 2.7 3.4 NA " | o
0 RT-5.30 oo RT:6.73
MDL Range (ng/g) 0.01-76 0.01-126 NA " !RT:6.4E» RT820
0 £ ‘ RT.902
% Recovery-Mean 72.7 73.2 NA ”ﬁ 1o
ZOtRlea RT: ‘5.79 j - | ERIT.
% Recovery Range  39.7-97.5  34.4-101 NA ”leﬁj ;;q“”&ﬁji IR
O REAI 985 315 409 RT 45 4ghl 650 5odlballevs @280 (3 a08
g ‘2\'5‘/&‘%'6 7 . 8 10 1 12 13
Notes: =

« *Milk results pending data reduction
 MDL based on 8 replicate injections (EPA-based Student t calculation)

 Stability of some compounds result in poor precision/higher MDLs, eg. Ampicillin, Penicillin G
* %Recovery is absolute recovery (no correction) based on comparison with

post-spiked MES@ 3xSTC
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Compound Class- Average % Recovery (Absolute)

_ Erythromycin
0.0 Gamithromycin 173
6.61
80.0
\ 7113
70.0 Post Spike 3xSTC
6lb1
60.0 \
50.0 MES 3xSTC
40.0
B % Recovery Bovine Muscle
30.0 ® % Recovery Salmon Fillet
20.0
10.0
6.38 6.48 Lﬁ\-.?a 6.79 754 J &r.,as 1]
0.0 - R L L L L
64 66 6.8 70 72 74 76 748
Time (min)

&

v&&’ < Example comparison of matrix extracted spike
X .
¥ vs. post-spike to show absolute recovery from
the extraction process
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Compound Class- Average Calculated MDL (ng/g) ppb

14.00 ~

12.00 -

10.00 A

8.00 -

6.00 -

4.00 A

2.00 -

B Average MDL (Bovine Muscle)

M Average MDL (Salmon Fillet)

[Iun Overlay v] B[E lCunﬁrming lons =
0928_MES_STC_02_5 Albendazole @ All Peaks
ML: 1.81E5
100— RT:8.83 iz 234 071 @ Peak1 (266.096-»191.000)
. ML 52524 @ Peak 2 (266.,096->159.000)
ag- m'z: 191.000
4 ML: 3.BBE4
204 miz: 159.000
704
- 4
-E:,, il
5 4
£ 50+
o -
=
o 404
@
L 4
30+
204
10
78.61 3.96
-
36 88 90
RTimin)

Example Albendazole in Salmon Fillet
0.2 x STC in Thermo Scientific™
TraceFinder™ software
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Quantitation of Mixture of Large Molecules

20

e Column: 2.1 x50 mm, 1.5 um
Accucore Vanquish C18
 Column Temp: 60 C
* Mobile Phase: [A] H,O + 0.1% Formic
Acid; [B] ACN + 0.1% Formic Acid
* Injection Volume: 10 uL
« Sample Temp: 10 C
RT: 0.00 - 10.01
RT: 2.60 NL: 1.91E5
AA: 590908 TIC F: + ¢ ESI SRM ms2 968.836
1003 [965.707-965.709,
- 1129.594-1129.596,
80*: 1135.803-1135.805,
60{ l:l.nil.sz:]2liﬁ_70£‘512.142.376] MS ICIS
20
20{ RT: 8.35
o JL An.2980
RT: 2.59 NL: 2.16E5
100 AA: 668813 TIC F: + ¢ ESI SRM ms2
b 1162.350 [1135.862-1135.864,
4 1158.707-1158.709,
80 1390.999-1391.001,
o] 1410.011-1410013] WS (€IS
405

2 Nz Insulin
0

Time (min)

* |onization Mode: HESI, Positive ion

modes

« MS Acquisition Mode: Selective
Reaction Monitoring (SRM) — see
table below

« Cycle Time: 0.8s

* Quad Isolation (Q1,Q3) = Unit (1.2 Da

FWHM)

RT: 0.00 - 10.00

100
80—
eoé
4o—f
2o—f

o

RT: 1.77
AA: 7650594

NL: 2.70E6

TICF: + ¢ ESI SRM ms2 687.236
[656.136-656.138, 684.166-684.168,
743.916-743.918, 787.082-787.084]
MS ICIS
Insulin_004_20180212151638

100

80

60|

C-Peptide

NL: 2.81E3

TIC F: + ¢ ESI SRM ms2 1007.600
[927.624-927.626,
1001.439-1001.441,
1047.332-1047.334,
1187.999-1188.001] MS ICIS
Insulin_004_20180212151638
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Optimized LC/MS —

RT: 0.00 - 6.91

100

RT: 1.83

AA: 20263
JL 756 > 698, 751, 927

NL: 1.16E4

TIC F: + ¢ ESI SRM ms2 756.000 [656.499-656.501,
698.499-698.501, 751.344-751.346, 927.612-927.614] MS
ICIS Insulin_058

0

RT: 1.82

1\1110952 1007.6 > 130.5, 393, 656,1308

NL: 5.77E4

TIC F: + ¢ ESI SRM ms2 1007.600 [130.499-130.501,
393.179-393.181, 656.299-656.301, 1308.659-1308.661] MS
ICIS Insulin_058

RT: 1.83

NL: 2.46E5

TIC F: + ¢ ESI SRM ms2 1007.600 [927.624-927.626,
1001.439-1001.441, 1047.332-1047.334, 1187.999-1188.001]
MS ICIS Insulin_058

RT: 0.85

AA: 431625
ﬁL 1007.6 > 1001, 1047, 1187

MA: 7205881
687.2 > 6556, 684, 743, 786.5
o.72£&5‘§1.57

NL: 1.86E6

TIC F: + ¢ ESI SRM ms2 687.236 [656.136-656.138,
684.166-684.168, 743.916-743.918, 787.082-787.084] MS
Insulin_058

RT: 2.00
AA: 280529

RT: 2.3!
AA: 2894

NL: 8.27E5

TIC F: + ¢ ESI SRM ms2 968.200 [965.707-965.709,
1129.594-1129.596, 1135.803-1135.805, 1142.374-1142.376]
MS ICIS Insulin_058

RT: 2.00
AA: 175582

RT: 2.31
AA: 1081

NL: 5.31E4

TIC F: + ¢ ESI SRM ms2 968.200 [226.199-226.201] MS ICIS
Insulin_058

RT: 2.00
AA: 4451871

RT: 2.73
_ AA: 2493

NL: 1.32E6

TIC F: + ¢ ESI SRM ms2 1162.350 [1135.862-1135.864,
1158.707-1158.709, 1390.999-1391.001, 1410.011-1410.013]
MS ICIS Insulin_058

RT: 2.01
AA: 903777

NL: 2.71E5

TIC F: + ¢ ESI SRM ms2 1162.350 [225.999-226.001] MS
ICIS Insulin_058

Time (min)

Parathyroid
Hormone

T T
o s
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Conclusions

* New Thermo Scientific™ TSQ Altis™, Quantis™ and Fortis™ triple quadrupole
Instruments offer advanced technology and innovative design for robust operation
and high sensitivity

* A Multi-class veterinary method has been developed that shows:

* Fit-for-purpose Acclaim PA2 column for robust analysis, great peak shape for
wide range of compound classes

* Generic QUEChERS extraction applied to bovine, salmon fillet, and milk is easy to
use, low cost, with no extract concentration

» Good results for absolute recovery, precision, and low MDLs for most analytes
studied with STC screening range of 0.2 to 5x (Can easily go lower on several
analytes)

 Further optimization of the method on-going with collaborator at lowa State
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Success with QgQs:

TESTIMONIALS

TESTIMONIALS

“ The sensitivity, speed and ?f* '

robustness of the TSQ Altis ;:

triple quadrupole MS improves ‘ )

already solid and stable j

experiments. 99 il ,}/
e e vy g
e —

Mike Kinter

Oklahoma Medical Research Foundation

“ With the new innovations in the Thermo
Scientific TSQ Altis MS, my lab can
develop quantitative methods for
biotherapeutic proteins and target
receptors with extreme sensitivity,
selectivity, accuracy and precision. This
is very exciting for our research since

'y this capacity is very unique ”

Jun Qu

SUNY Buffalo

TESTIMONIALS TESTIMONIALS

-

“ It was a great pleasure to have a
chance to talk to engineers who
work on finalizing or testing the
prototypes. | find it inspirational

} when instrumentation prototyping

is driven by the input from the

researchers ”

Hard to beat the cost per
selectivity ratio!!!! ”

-

|

Sergey Tumanov

Beatson Inst. Cancer Res.

. . ThermoFisher
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Table showing high profile food and beverage scandals

Product Adulteration Financial & Health Effects

Olive oil Industrial oil denatured with aniline 1981 600 deaths reported in Spain

Orange juice Beet sugar syrup, water and malic acid 1980's Prosecutions of juice suppliers

Wine - Austria Ethylene glycol 1985 Market recall — huge damage to Austrian wine industry

Chili spices - Asia g’fﬂd;gsgg ggi llegal dyes in spices, paim ail and 2005 Largest supermarket recall ever in UK costing £millions

Milk powder - China Melamine & cyanuric acid 2008-2009 = 300,000 victims, 6 infant deaths & 54,000 babies hospitalized
Animal feed - Ireland Adulteration of pig feed with waste oil 2008 PCBs and dioxins in pork — Estimated €200 million financial losses
Animal feed - Germany Adulteration of feed with contaminated waste cooking ol 2010 PCBs and dioxins in meat — restrictions on 5000 farms

Phthalates (DEHP) 2-20 ppm added as clouding agent

Sports & fea drinks - Taiwan to reptace paim ol 2011 Health effects unknown but exposure above TOI for up to 15 years
Meat & meat products - Europe  Horse meat 2013 Large scale food recalls, RASFF alerts and prosecutions of processors
Cumin spice — India, Turkey Ground peanut & almond shells 2015 Dangerous to allergen suffers but no individuals identified
Eggs contamination -15 EU countries  Fipronil 2017 Millions of eggs have been pulled from the shelves of supermarkets
Outbreak of Cyclospora llinesses Salad Mix Served at McDonald’s, US 2018 Removed existing lettuce blend from 3000 McDonald’s
b Proprietary & Confdentia ThermoFisher



What is the risk to have a Hamburger?
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Meat Substitution

A real scandal !! @Iu, -
paity =, F'REE
eror o et

» BOOKS
"

o o]] gs !
? . : ME-. PRV |

UX'S BIGGEST FOOD FRAUD

- e
\‘;:;: iz 2 . : o F H o RS E
Vv

DAYS AGOER

U DO et sl s Polboe prode scanddl &

08 e shetwes 1or 3 ok . g Mofep QuCts withdrawn

-
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Meat Substitution

« Motivation : $$$

« Addition of meat from undeclared species to a specific meat product in
order to lower production cost and increase profitability

Cost per kg: Horse meat << Beef meat
* It is an international issue
* It is economic fraud
* It represents health issues due to specific dietary restrictions
* It is an ethical problem
It is also an important cultural and religious issues
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Current methods used in regulated laboratories

Assessment of Meat Authenticity methods:
« Two-dimensional polyacrylamide gel electrophoresis and western-blot
analysis
* Qualitative Real-Time PCR
* Enzyme-linked immunosorbent assay (ELISA)
 These methods are mostly qualitative
* Molecular information obtained is limited
« Data can’t be revisited post-acquisition for data mining
 They are not generic approaches and need to be heavily customized

b Proprietary & Confidential
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Why bottom-up proteomics workflow is an interesting option to develop an MS based

asSSa

All life forms are related by common
ancestry  and descent. The
construction of phylogenies provides
explanations of the diversity seen in
the natural world.

7k ,_ Today, phylogenies is constructed
=Y #- using DNA sequence data.
& A Relationships between genes and
- < species is central for meat
B\ speciation
s
AN
A\
R
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Protein Detection and
Quantitation

51
31

3" DNA
:ﬂ_*: 5

mRNA
Protein

Proteotypic peptides
MS/MS spectra

|
Shotgun proteomics bl LC-MS é Targeted MS

1. Records m/z

2. Selects peptides based on
abundance and fragments

MS
I

MS/MS

3. Protein database search for

peptide identification

Data Dependent Acquisition (DDA)
Data Independent Acquisition (IDA)

Fractionation

A

Homogenization/

1. Select precursor ion

2. Specific Precursor fragmentation

MS

MS/MS

S 3. Use Precursor-Fragment

pairs for identification

Uses predefined set of peptides
for routine typing analyses

b
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Traditional Peptide Fingerprinting Approach

Generate a mass list (MS and MS/MS

gﬁfis'l?ogc data)
Database search (MASCOT)
MS and MS/MS matching

6 é 1I0 1I5 2I0 2I5 3IO 3I5 4IO 4I5

Time (min)

Peptide fingerprinting
Beef
17 specific peptides = 23 specific peptides
o
Using a relatively high 7 429 common

abundance threshold . .
unique peptides

identified

PorK,

14 specific peptides

Lamb
A
9 specific peptides

Ic: Proprietary & Confidential Thermo FlSher
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MSt Beef meat sample fortified

] | XIC751.8383 (= 5 ppm) with 1% (w/w) with pork meat
tms? We can detect adulteration on
: — 7518—1268.5576+ 5 ppm beef meat sample with pork
: — 751.8—1365.6103 = 5 ppm
g meat
E |
. DAILY ==z \f] he:shark
J'l I'1 Irroru L ﬂ\ nitn
: Tima fmin) ’ \
DIA
H miz 750-800
: ——1268.5576 = 5 ppm
; ——1365.6103 + 5 ppm
Supermarkets clear shelves ' Inquiry at supply plants

ThermoFisher
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Quadrupole - Orbitrap HRAM & Triple
| Quadrupole

for Halal Applications



Meat Authenticity Assessment by Orbitrap MS/MS Analysis

Food Add.:'.r;l'ves & Contaminants: Part 4, 2015 e Taylor & Francis
http://dx.doi.org/10.1080/19440049.2015.1064173 Taybor & Francis Group

Assessment of meat authenticity using bioinformatics, targeted peptide biomarkers and
high-resolution mass spectrometry

Alberto Ruiz Orduna®, Erik Husby”, Charles T. Yang®, Dipankar Ghosh® and Francis Beaudry®*

“Deépartement de biomédecine vétérinaire, Faculté de médecine vétérinaire, Université de Moniréal, Saint-Hyacinthe, OC, Canada;
PDepartment of Environment & Food Safety, Thermo Fisher Scientific, San Jose, CA, USA

(Received 21 May 2015, accepted 16 June 2015)

In recent years a significant increase of food fraud has been observed, ranging from false label claims to the use of additives
and fillers to increase profitability. Recently in 2013 horse and pig DNAs were detected in beef products sold from several
retailers. Mass spectrometry (MS) has become the workhorse in protein research, and the detection of marker proteins could
serve for both animal species and fissue authentication. Meat species authenticity is performed in this paper using a well-
defined proteogenomic annotation, carefully chosen surrogate tryptic peptides and analysis using a hybrid quadrupole-
Orbitrap MS. Selected mammalian meat samples were homogenised and proteins were extracted and digested with trypsin.
The samples were analysed using a high-resolution MS. Chromatography was achieved using a 30-min linear gradient
along with a BioBasic C8 100 % 1 mm column at a flow rate of 75 pl min~'. The MS was operated in full-scan high
resolution and accurate mass. MS/MS spectra were collected for selected proteotypic peptides. Muscular proteins were
methodically analysed in silico in order to generate tryptic peptide mass lists and theoretical MS/MS spectra. Following a
comprehensive bottom-up proteomic analysis, we detected and identified a proteotypic myoglobin tryptic peptide (120-134)
for each species with observed m/z below 1.3 ppm compared with theoretical values. Moreover, proteotypic peptides from
myosin-1, myosin-2 and p-haemoglobin were also identified. This targeted method allowed comprehensive meat speciation
down to 1% (w/w) of undesired product.

Kevwords: high-resolution mass spectrometry; HPLC; proteomics; food; meat; authenticity; biomarkers
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Analytical Workflow for Meat Speciation Determination

2 “ .- -

\ ) \ |
ME Beof ot Bum) | (¥ TARLC LE
ME Marse Eques cabasfun) t g _:_: A:: G A s T c (1]
.:um ;.m wrotal HE L ) N TAgcC R
Lamb anes ACHC Gl A N T G LT ]

e ll'.lﬂ)C!\QOl VINXWCEVTIA DVACHCOEYL IRLFTOHPET ALFXTDKFEN|L KTTATMEAST DLEEMOENTYL TALCCIAKEK
MR Horve ques cabalus)

Comris | lllllllillll'lllllllnlllllIlIIIl?llll!lllllII’IIIIII’ﬂIIIIIllI'IIIl'ﬁIIIIIII|IIIII

C 154

154

Lﬂ G 154

ME Lamb vt aren) L 154

Cmu CNNIA(II!( AXSMARKNK | 'V['l('l$0 AIIIVU‘KKN ’lDlCADAQC ANSEALELTR NOMAAXYKX L CFQC

M Boe ! Mo wuresl

(o-nm-n.vo~
l |
I 1
120 134
______________ . N
b o Generate a list of precursors :
" Survey MS Scan ) T e e
Select specific o
precursor lons
( Acquires MSMS MM]
L Spectra and product lon XIC's

Figure 1. (colour onling) Bioinformatic analysis of targeted mammalian muscular proteins. Species-specific myoglobin (MG) sequences
were aligned and thoroughly analysed. Proteotypic peptides were identified as being located between amino acid positions 120 and 134,
Thus, a specific precursor ion mass list can be generated and MS'MS experiments can be performed on species-specific biomarkers,

b
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HRAM Meat Speciation Determination

b

Table 3. Other specific proteotypic peptides identified for selected mammalian meat species.
Uniprot Theoretical Observed Mass
Accession AA mass mass accuracy| R,
Species Protein number Peptide sequence position z=2) z=2) (ppm) | (min)
cef  Myosin-1 Q9BE40 TLALLFSGPASGEAEGGPK 619-637 9014702 901.4694 | -0.89 | 16.8
forse  Myosin-1 Q8MIVO TLALLFSGPASADAEAGGK  619-637 888.4623 888.4620 | —0.34 | 17.0
ork  Myosin-1 QI9TVe6l TLAFLFTGAAGADAEAGGGK 619-638 9129600 912.9594 | -0.66 | 174
amb  Mpyosin-1 XM _004012706.1 TLAFLFSGAASAEAEGGGAK 619-638 9279652 927.9650 | —0.21 17.6
(RefSeq)
eef  Myosin-2 QI9BE41 TLAFLFSGTPTGDSEASGGTK 619-639 10224971 1022.4968 | -0.29 | 164
forse  Myosin-2 Q8MIV1 TLALLFSGAQTADAEAGGVK 617-636 960.5073  960.5070 | —0.31 17.0
ork  Myosin-2 QI9TV63 TLAFLFSGAQ TGEAEAGGTK 619-638 9784891 978.4804 | —0.31 17.1
amb  Myosin-2 XM _004012707.1 TLALLFSGTPTAESEGSGTK  617-636 984.0020 984.0022 020 | 16.5
(RefSeq)
eef  P-Haemoglobin| P02070 FFESFGDLSTADAVMNNPK 40-58 10454804 10454796 | —-0.77 | 169
forse  B-Haemoglobin| P02062 FFDSFGDLSNPGAVMGNPK 42-60 10004646 1000.4637 | 090 | 17.2
ork  p-Haemoglobin| P02067 FFESFGDLSNADAVMGNPK 42-60 10234673 1023.4670 | -0.29 | 16.8
amb  fB-Haemoglobin| P02075 FFEHFGDLSNADAVMNNPK 40-58 1076.9915 1076.9906 | —0.84 | 153
ThermoFisher
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Adulteration with Porcine-based Products

« Adulteration of meat species in ground and comminute products have
been a widespread problem in some retail markets.

* In Jan 2013, Food Standards Agency (FSA) reported detection of horse
and pig DNA in beef products, subsequently many fraudulent and
deception cases reported worldwide involving adulteration of haram
ingredients in halal food.

* Majority of food manufactures choose to use porcine derivatives
because they are cheap and readily available.

b
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Protein Extraction from Raw Meat

Q Slice and blend the meat samples

Slice

Spike different amounts of pork in beef

- 5

Minced pork Mince

A

beef
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Protein Extraction from Raw Meat

Protein Extraction

a using Thermo Scientific Dionex ASE 350 Accelerated Solvent Extractor
System under high pressure and temperature

Protein
Extraction

° Trypsin Digestion -

Peptide Identification/Confirmation with HRAM MS

using Thermo Scientific Q Exactive Plus Hybrid Quadrupole-Orbitrap
MS with a shotgun proteomic approach

Detection of Targeted Peptide with Triple Quadrupole

e using Thermo Scientific Vanquish UHPLC-TSQ Quantiva Triple
Quadrupole MS with MRM workflow
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Instrument Method Setup

Gereral Seltings lﬁhw[ﬂadmnt

Vanquish Horizon Binary UHPLC (max
pressure 1,500 bar)

 Thermo Scientific Hypersil Gold
100mmx1.0mmID x 1.9 um

* Mobile Phase:
A2: H,0 with 0.01% Formic Acid

B2: Acetonitrile with 0.01% Formic Acid

* Analytical Flow Rate: 100 pL/min
e Column Temperature: 35 °C
* Injection Volume: 10 plL

* 13 minutes cycle time

Salverts

Initial S election

1: %A1
2 kA2
3 A3
4 5B1
5 %B2

B: %B3

Mo

2 o= WA s W P e

Mame
|H20 B | xa (za2 | &)
|H20 + 0% Fa 3 | %8 |mB2 |5

|Senibd NHAHCO2 in H20 + 01%FA (3)

IMeOH ¥ Maximum 6 solvents
JACN + 01 FA ¥ -Choose any 2 per
[MeOH + 01 %FA % method
Time [mI::FT'I:n] oob Curve

0,000 Equiibration i
RTINS R
T
RN
0,000 D00 20 S :
SO Pt S T
e e o : i
e T . S
10000 0400 0 950 5
e

e G

13.000 Stop Run
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XIC of Peptide Marker in Pork-Beef Mixtures

] Beef only

826

A

1 0.05% Pork

RT: 809
AR 964
Sh: 29

1 0.1% Pork

RT:8.09
AA 1484
SM: 33

FANEN

1 0.2% Pork

RT:8.09
AA 2327
SM: 55

1 0.5% Pork

RT 813
AR 3406
SM: 73

R8sz

1 1% Pork

AA 8825
SN 91

A

1 2% Pork

RT: 8.08
AR 17443
Sh: 223

A

1 5% Pork

RT- 810
AAS3T745
SM: 365

b
A
A
S RAAA MM T

T
75

T T T T
80 85
Time (min)

« The identified peptide is unigue for
porcine meat and does not observe
In beef.

« meat can be detected at 0.05%
spike level in cooked pork.

e Consistent retention time
(8.10+0.03 min) and narrow peak
width were achieved.
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Comparison of Different Targeted Peptide Biomarkers

. 826
3 Beef only N
RT 500
AA 954
. SN 29
1 0.05% Pork
0- RT 500
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00+
1 0.1% Pork
0 RT3 .00 —
AA 2327
001 SN 55
1 0.2% Pork
0 BT 813
AA 3406
. SN 73
1 0.5% Pork \
0 —RFei3
AA 8825
00 SN 91
1 1% Pork A
0 T a06
AR 17443
. SN 223
1 2% Pork j\
0 BT 810
AA 53745
. SN 365
1 5% Pork J\
Oy [RBAAN MRARS RARAE KRAR AR R e 1
75 80 85
Time {min)

00 618
.1Beef onlywww
100- 00
,10.05% Porw
100 ot
,10.1% Pork oA\
00 63
10.2% Pork "\,
RT. 620
AA 464
100+ N7,
N 0 A AN A
0: 05 /0 Pork/\m\_f"g' \f N U’I\
RT:6.16
AA1035
0 SN 18
1 1% Pork
0 RT6.10
AA 1850
100 SN: 30
1 2% Pork |
0 RTST0
AR29118
00 SN.305
1 5% Pork A
0||||||||||||||||'q_|||l|..'||||||'\|'|_|||||||
54 56 &8 62 64 66 68 7

Time {min)
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Calibration and results

y = 10636x - 848.24 R2 = 0.9921
60000
50000
40000
@ 30000
@
<L 20000
*
10000
0
% Pork

e 7 points calibration curve was constructed.

« Peak abundances were directly proportional to the quantity of pork
meat in the mixture and provided adequate linearity.

b Proprietary & Confidential Thermo FiSher



The Seafood Industry

Allergen detection

9
()] ‘ e
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s, < D St warningiQ Fish @ food
look f‘w:o‘ Hi =i warning: ¢ Fish Rhinitis_|
-2allergies
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32 8Q ST ot 8 &) s Do o
=icemzc Sl © 3 ot
\ <7>E foc Iearnfoodsgg 2'0
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¢) ' —::o3 ~'osdifference S5
”Eg Qa= severe
o i QO
S O o

Food allergy is a growing public health concern.
9 million, or 4%, of adults have food allergies

6 million or 8% of children have food allergies

Food Allergies are on the Rise an increased of approximately

50% between 1997 and 2011.

The economic cost of children’s food allergies is nearly $25

billion per year.

Criminal fraud in the food supply chain

L)

. ~
R —— Sy L‘l—-—_‘

*It is estimated that it costs the world economy $49 billion
annually and is growing

*The horsemeat scandal

*33% of seafood is mislabeled in the US

*The rapid rise of food fraud is considered a global threat
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THE PROBLEM

Criminal Fraud In The Supply Chain Is Considered A Global Threat
THE COST OF SEAFOOD FRAUD

GROCERY RESTAURANT

GROUPER

If You Mean To Buy:
1in 3

Fish tested in the US

is mislabeled

TILAPIA $50B

$2.99 $15.00

YOU LOSE $4.01 YOU LOSE $12.00
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THE SOLUTION

The Primary Allergen In Fish Is Parvalbumin PRVB

Sequence Alignment Showed Very Conserved Sequence Regions

HLCKE. ] i KVIDQDASGFIEVEELKLFLONFCPKARELTDAETKAFLKAGDADGDGMIGIDEFAVLVKQ
<\VIDQDASGFIEVEELKLFLONFCPKARE LTDAETKAFLKAGDADGDGMIGIDEFAVLVKQ

FHT IGFASKSADDVKKAFKVIDQDASGFIEVEELKLFLQNFCPKARE L TDAET KAFLKAGDADGDGMI GIDEFAVLVKQ

FFHT I AFKVIDQDASGFIEVEELKLFLONFCPKARELTDAETKAFLKAGDADGDGMIGIDEFAVLVKQ

EACKAADTFSFKTFFHT KVIDQDASGFIEVEELKLFLONFCPKARELTDAETKAFLKAGDADGDGMIGIDEFAVLVKQ
FKTFFHTIGFAS V. KVIDQDASGFIEVEELKLFLONFCPKARELTDAETKAFLKAGDADGDGMIGIDEFAVLVKQ

LDQDASGFLEVEELKLFLQNFCPKX XX L TDAET KAFLKAGDADGDGMLGLDEFAVLVKQ
(VLDQDASGFLEVEELKLFLQNFCPK
(VLDQDASGFLEVEELKLFLQNFCPK

i FLEVEELKLFLONF T AFLKAGDADGDGMLGLDEFAVLVKQ

X\VLDQDASGFLEVEELKLFLONFCPKX XX L TDAET KAF LKAGDADGDGMLGLDEFAVLVKQ

HLCKEADLKTALEACKAADS FNFKTFFHTLGFAS (VLDQDASGFLEVEELKLFLONFCPKX XX LTDAETKAF LKAGDADGDGMLGLDEFAVLVKQ
. . . .

‘ a lC'I ul I '- b'l nd'l n g p rote'l n TR | tr |ELUJ U 3 C F D VIDQDASGFIEEEELKLFLONFCPKARY L TDAETKAFLKAGDADGDGMI GIDEFAVLVKQ

tr |E1U C D S E 5 M CI {TF FHT IGFASKSADDVKI {\VIDQDASGFIEEEELKLFLQONFCPKARVLTDAETKAFLKAGDADGDGMIGIDEFAVLVKQ

Mr‘ 1 0- 1 2 kDa tr|ELUJ19|E1L | E1U NE 1 CKEADIKAALEACKGAD SFNFKT F FHT IGFASKSADDVKKAFKVIDQDAS GFIEEEELKLFLONFCPKA RVLTDAETKAF LKAGDADGDGMI G IDEFAVLVKQ
.

tr |E1UJ1 'VIDQDASGFIEEEELKLFLONFCPKARVLTDAETKAFLKAGDADGDGMIGIDEFAVLVKQ

pI O 3 = 5 TR | tr |E1UJ19|E1UJ NE b K TFFH K 'VIDQDASGFIEEEELKLFLQONFCPKARVLTDAETKAFLKAGDADGDGMIGIDEFAVLVKQ
.

Length :108 aa ALIGNMENT

Resistant To,

* Heat Allergen Detection Food Authenticity
*Ph

*Enzyme Digestion
CONSERVED REGIONS DIFFERENTIAL REGIONS
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FIRST ATTEMPTS

38 new complete protein
sequence of allergens

Fast monitoring of a kit of 19 peptide biomarkers
by selected ms/ms ion monitoring

Allergen Detection
<2h

VALIDATION IN
50 COMMERCIAL FOOD PRODUCTS
FROM SPANISH MARKETS (FROZEN, PROCESSED, PRECOOKED)
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RESULTS

FAST PRVB PURIFICATION

944.49
7212 1031.53
z=11

1 g of fresh tissue % % |EF 811'1931

. 1134.58
=2 z=10
810-172 1258.98
z= z=9
755.7 1417.98
£
Centrifugation Purified LE 700 1000 1300 1600

Homogenization 5 min, Sarcoplasma = - m/z
12,000 rmp L
¢
o
o

Centrifugation
5 min,
12,000 rmp

Parvalbumin

Original (90°C

865 870 875 880
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Top-Down, High-Throughput Proteomics for allergen and food

Proof of Principle

GLOBAL ANALYTICAL STRATEGY

1MG OF TISSUE TO TEST

v

HOMOGENIZATION

<

HEAT TREATMENT

CENTRIFUGATION

MASS SPECTRA

v

Xtract™

===t
=t

Analysis Time

NA

5 min

5 min

5 min

10 min

MATCH! < 30 min

Over 30 Fish Species
Analyzed

==t

Steelhead Trout
Oncorhynchus mykiss
™~ Chinook Salmon

% i Oncorhynchustshawytscha

ﬁ Sockeye Salmon
= Oncorhynchus nerka

@—( Chum Saimon

= — Oncorhynchus keta

Pink Salmon
Oncorhynchus gorbuscha

> Atlantic Salmon
I sy

Salmo salar

SOCKEYE SALMON

K ‘ Rl ST P e mams

dnolo uowres oi10ed 8yl

KETA SALMON

'| PINKSALMON |

CHINOOK SALMON

Representative After Spectra Deisotoping & Deconvolution Using Xtract™

* 30 804 49719

z=
& 40 944.60779
z=1
z
203 774.40247
=1

L \ \ L f I‘TEEIEA?MJ

2 5o 1048.56660
=1

1072.60200
z=1

1310.64223
=9

1218.67113
z=1

/116164994
z=1 l
| |

700 800 900 1000

100 1200 1300

1437.21719
z=8

1410.57280
z=8

1400 1500
iz
—I— A H-L- -K-E-A-D-T-K-TIA-
“F-K-T-F-F-H-T-T-G-F-A-S-K-5 -
‘D-Q-D-A-5-G-F-T-E-¥-E-E-L-K-
CE-L-T-D-A-E}T-K-A-F-L-K-A-G-
LELFIALviLiviklQ-
W Show Matching Fragments (Total; 19 fragments)
1D Name mfz isotopi i Intensity ical Mass
174 B13 0.0000 14256555 6.11008+002 1425.6700
196 BAL 0.0000 8945.3822 1.15408+003 8983.4700
197 B9S 0.0000 10295.0284 1.14802+003 10330.1000
202 B96 0.0000 10426.0716 9.81902+003 10461.2000
206 B97 0.0000 10539.1755 9.52702+003 1057+4.2000
208 B9B 0.0000 10596.1752 4.84302+003 10631.3000
210 B10D 0.0000 10824.2939 1.48602+003 10859.4000
211 Bi01 0.0000 10953.3298 4.75902+003 10988.4000
212 Bi02 0.0000 11100.4143 2,23202+003 11135.5000

1507.46121
z=7

o »

1628.23794
z=7

»>mom

1739.62266
e

Error (ppm) 8 m
146202
-0.6926 True
-0.6498 True
-0.3794 True

15031 True
-0.5591 True
0.1563 True
-0.4514 True
1.0009 True

1880.42782
=6

Top Down Proteomics Adds And Extra Dimension Of Knowledge
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Top-Down, High-Throughput Proteomics for allergen and food authenticity

mmmmm
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Sockeye Salmon Atlantic Salmon

An easy and robust method for salmon speciation has been developed utilizing the high speed and high resolution of the Q
Exactive HF. Using parvalbumin proteoforms as a signature for the species identification reveals the following benefits:

= Minimal sample preparation
» High sensitivity and throughput

= Bypass extensive de novo sequencing due to the high homology among the amino acid sequences from the different
species.

ThermoFisher
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RESULTS

UVPD-Based Top-Down Proteomics For Complete Protein Coverage
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Orbitrap Fusion with Integrated UVPD Kit ~uvpD  ETheD [JETEIBIINETDN HcD

P86765-PRV32_MERME 93% protein coverage

1 LLLALDLALD ILTLAlAIL1AlALClK ALELGISLFlK
IHI FLTIKLITGILIKIGIKISIALAIDLIIKIKLVIFlGLI 1L
101QIPIKISIPLIFLVIE LEIDLEILIKILLFLLIQINLF IS LAlG LA .

TALLIT pLALELT ALTLFLL IKlATGIDLs Pl plsikLI lsL ALFislolr Lt LaLELATO L ALAIALLIKIAT LELaLATD SiFin

Parvb 2

871 91 872.99 ELFlALAMLVIKIG TYIKIALFIFIAIKIVIG L STAIKISIALDLRLITKIK ALFIFIVLI
13 101QIDKISIGLFLILELEIDIELL IKLLLFLL QLVIFLS AlG AlR
z= 1ALLITIDIAIELTIKLATFL K|AlS1DISIDIGIDIG ALIISIVID
TELF1AIVILIVIK] A
Nzazo-PRVB_MERME 86% protein coverage
ALFLalel1lL lALPlATBLITTIAIRILIAIAIC 1 A ElG S Flik

MG ELFLFLTLKI 116 L1k G1K]s1alAlD rIKLKvIFlGLILE
Iolelolkls BLFLvIElEID ELLIKILLFLL lQlnlFlslalslaTrR
Ja L T D AJEIT]ALTLFIL|K|A G D s DlGIDIGIKLITGIVLE
LELFlAlAlMI VK] G

A lxlLlalDlAlDlI1TIAlAIL1IAlAICLK A E1G S FIK
TH1 FLFITIKI 116 LIKIG1KIS1AlAlD I1KIKIVIFIGLILI
oleloIKls IDLFLVLIELEID ELL IKLLLFLL lQINLFLSLALG] Ai Pa rv b 1 I

1A L T D AlEITIALTLFLLIKLA G D s DIGIDIGlKLILG
1ELFlAlAIMIVIKIG

A F AlG 1[L1A[D A DI TIATAIL]A AlCIK ALELGLT FIK
HGIEIFFITKIGLKGKSAAD IK KV FIGLITI
101QID K S D F VIELE DIEILIK LLF L1QIN FISlA G A R
ALTDALE|TIALTIF L K A GID S D[GIDIG KII GV D

P86766-Péf3_MEME 84% protein coverage . o E A de

875.98

Al ILL1A ELlAIDLILATATAILIK A CLELALAIGLTIF N
¥l LFLAIKIVIGILLTIG KISTAIPIPIIIKIKIALFIFLlV I
865 870 875 880 DlQ DIKISIGLFLILEIEIDLELLLKLLIFLL Qlv FIs AIGI@

m/z 7TALLLT DIDIELT KIA F L K A]lG D S|ID|GID G A I|G]
EWLATALLLVIK]A
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CONCLUSIONS

J An Easy And Robust Method For Fish Allergen Detection Has Been Developed.

[ The Use Of Protein Ms-barcodes Allows For Rapid Identication Of Commercially Important
Species Of Fish

d Using Parvalbumin Proteoforms As A Signature For The Species Identification Reveals The

Following Benefits:
J Minimal Sample Preparation

d High Sensitivity And Throughput

d Bypass Extensive De Novo Sequencing Due To The High Homology Among The Amino Acid

Sequences From The Different Species.
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Success and Beyond

Honey

Poster summary PN 64845

From ocean to table: an integrated mass spectrometry Poster summary PN 30397
approach to/ldantity the fishy on your plats Food and beverage fraud prevention using stable isotope fingerprints

Edible oils Aﬂ é

Application summary AB 30276
EA-IRMS: Detection of squalane from animal and vegetable sources

il

Application summary AB 163
Determination of capsaicinoids in chili pepper using HPLC-ECD

Beverages
Beverages
Application summary AB 201 0 o Application summary AN 1068
Determination of carbohydrates in coffee using a compact Determination of organic acids in fruit juices and wines by
ion chromatography system high-pressure IC
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