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Mass Analyzer : Orbitrap™ Technology &SI % S
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Anal. Chem. 2000, 72, 1156—1162

Electrostatic Axially Harmonic Orbital Trapping:
A High-Performance Technique of Mass Analysis

Alexander Makarov*

HD Technologies Ltd., Atlas House, Simonsway, Manchester, M22 5PP, U.K.

This work describes a new type of mass analyzer which \\

employs trapping in an electrostatic field. The potential

distribution of the field can be represented as a combina- o

tion of quadrupole and logarithmic potentials. In the « Q

absence of any magnetic or rf fields, ion stability is ™\
Deflector | -~

Figure 1. Equipotentials of the quadro-logarithmic field and an
example of a stable ion trajectory

achieved only due to ions orbiting around an axial ‘ /
electrode. Orbiting ions also perform harmonic oscilla- i
tions along the electrode with frequency proportional to \
(m/2z)~1V2. These oscillations are detected using image
current detection and are transformed into mass spectra : Fourier
using fast FT, similarly to FT ICR. Practical aspects of the ’L m‘l frensrorm
trap design are presented. High-mass resolution up to = x :
150 000 for ions produced by laser ablation has been A 5 ’

demonstrated, along with high-energy acceptance and
wide mass range. = ey e

Image Frequency Mass
Current Domain Spectrum

amplitude
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Mass Analyzer : Orbitrap™ Technology SSpglc xthermo_

® Anion packet of a selected m/z enters the field.

® Increasing voltage squeezes ions. Image ey Mass
Current Domain Spectrum
® Voltage stabilises and ion trajectories are also stabilized.
® Angular spreading forms a rotating ring. m— ‘E
® lons trapped in an electrostatic field. - S
“\mig
® Central electrode kept on high voltage. U(r,z):g-{zz—r2/2+ R2 -In(r/Rm)}

® QOuter electrode is split and able to pick up an image current induced by ion packets moving inside

the trap.

(r.)

( Characteristic frequencies:

® Frequency of rotation wq,

® Frequency of radial oscillations W,

® Frequency of axial oscillations W,

. J/

A. Makarov, Anal. Chem 2000, 1156-1162 5



Orbitrap Exploris Portfolio §,§'€ % S
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Orbitrap MS Hybrid Orbitrap MS Tribrid Orbitrap MS

Linear lon Trap

Quadrupole

Orbitrap Exploris Series

Quadrupole-orbitrap Mass Spectrometer

LT

Targeted/non-targeted screening (MS)

B * Unknown Ildentification (MS)

= / e Confirmation (MS/MS)

Absolute and Relative Quantitation (MS and/or MS?) 6
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Mass Resolution = Ability of a mass spectrometer to distinguish
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FWHM = Full Width Half Maximum = Am

High Resolution & High Accuracy

R=——- Am (FWHM)

360.1770 Etoxazole O e

Isopyrazam C, H,.F.N 360.1882

200 23 2 30

NO, 360.1770

(P | R = 360.1795 = 18,000
h 0.02000
360.1880
\ , R =360.1770 = 100,000
\ | Increase Resolution 0 . 0 03 6
Orbitrap Exploris
N /\J & Maximum resolution
360.10 ’ ' e ' ' T (FWHM): 480,000 at m/z 200

m/z




Why use Orbitrap MS ?

High Resolution & High Accuracy

360.1770

o
-

Etoxazole C,,H,,F,NO,

21" 23 2

Isopyrazam C, H,.F.N

200 23 2 30

n 360.1880

Increase Resolution

360.1770
360.1882

I
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Mass accuracy or Mass error (ppm)

Measured — Target monoisotopic mass x 10°

Target monoisotopic mass

360.1880 — 360.1882 x 10° = 0.56 ppm
360.1882

Orbitrap Exploris

Mass Accuracy:
<3 ppm for external calibration

<1 ppm for internal calibration




Mass Resolution & Accuracy

Measured m/z = 195.08775

Caffeine

T
““-\N N Molecular formula: CgH,,0,N,
}\ ‘ > Precursor adduct: [M+H]+
O N N Precursor formula: CgH,,O,N,

Precursor m/z: 195.08765

Specificity = Resolution + Mass Accuracy

Main advantage: the possibility to determine the
elemental composition of individual molecular or
fragment ions, a powerful tool for the structural

elucidation or confirmation.
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Spe
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Precursor Formular Mass Mass Accuracy (ppm)
CaH1102N4 195.08765 0.502
CgH1907S2
CH11N10325 195.08834 -3012
CsH12Ng> Cl 195.0868 4887
C2H120NgP 195.08662 5.792
C7H1506 195.08631 7357
CeH1603N2P 195.08931 -7973
C7H1602N2"C1 105.08948 8878
CaH7N10 195.08497 14.266
CsHq 503N43zs 195.09102 -16.777
C13H11N2 19509167 20,119
C11H150°S 195.08381 20.184
C3H1104N6 195.08363 21122
CsH17N4P2 195.0923 -23.303
CsH16N4P"2S 195.08278 25474
C11H160P 195.09333 -28.593
C12H16>°C) 195.0935 -29498




Mass Resolution & Accuracy

892.7973
100 7
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100 7
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893.00

Spec

« Removing interferences
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Figure 1: Analysis of the MH* peak of Primicarb at 15,000 and 80,000 resolution

High resolution is very important for samples with
complex matrix (e.g. biological, food), since they will

contain a significant number of background ions.

11
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« Isobaric compounds separation

~ R

_ Paraxanthine
= 50,000 Resolution 100 179.0575
; -1 R=72040 — 51680
= 500,000 Resolution i
(é —
2 - D-glucose
2 950 179.0561
= 7 R=537700
c_ﬁ —
&£ ol
179.0561 or 179.05757? =
i i r? O T T T T T T T T 1
D-Glucose or Paraxanthine” T — e
m/z
100~ 167.0210 215.0328
> 8
== 172.991 s 210.8424
E =2 0.0666 203.0205 |
- 0 lll‘||' o T —— :‘llllh |I o |
160 170 180 190 200 210 220
m/z
o S

12
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 Fine Isotopic Pattern
L-Methionine (C,H,,NO,S) [M+H]*
Observed AO

100

150.0584 |
100 R=627006 80
907 |0.7ppm .
e 60
g 703 _]
603
503 9 40
e A1 3 207
B 3o—§ A2 E 20—
203 —
3 1598518 152.0542 ]
103 rR=g21%§02 R=601802 O+
o7 T T T L T T T T T T T ] | 1 1 51 _05
1500 150.5 151.0 152.0
. m/z
Simulated
C5H11NO2S +H: C5 H12 N1 02 1 p(gss, s/p:40) Chrg 1... C5H11NO2S +H: C5 H12 N1 O2 S1 p(gss, s/p:40) Ghrg 1...
100 QE%DQE%% 1533061?
90 Ooppm 100: 04 CH.EDZNS
e0 R=500,000 o
70 -
60 50 151.0625
50 . 151.0577 C:H;0'7ONS
g 20 8§ 407 CeHy,0,NS ;]
g 3o g . 151.0554 | ::5;0?:3 "
20 ] sy 2
e \em 0541 20 C:H,;20,15NS . ‘
10 R=499368 R=499443 ] "/\ [\ I|
(4] T T T T T T T T ]__J_ T T T T T T T L T 0 T T T T T T T T T T T T S T T T T 1
150.0 150.5 151.0 ; +54-5 152.0 151.050 151.055 151.060 151.065
m/z

m/z
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Relative Abundance

Stability:

Mean Area
96,686,837 Peak Width - 3.6 sec
1.41% CV Mean Scans - 14.5
7:51 PM
100: 95,693,541 (~25 hr post
] -1.0% CV H external
I~ ..||| ||I|. calibration)
1007 96,475,711
. _ 00
] e | | 11:14 PM
0- .||| |||.
1007 95,147,394
1 1e%Cv 1:23 AM
] .|||| |||I|.
1007 98,394,592
1 +1.8%CV | 3:50 AM
0 ..||| ||||..
5:59 AM
100
97,722,945
e Sl
0l : -"l.l |||'.'- , . calibration)
415 420 425 430 435 440
Time (min)

Mean 185.09681

Mean 186.10023

-0.50 ppm -0.18 ppm
185.09685
-0.27 ppm
186.10029
+0.16 ppm
1
185.09679
-0.59 ppm
186.10022
-0.21 ppm
A 1
185.09685
-0.27 ppm
186.10025
-0.05 ppm
L
185.09673
-0.92 ppm
186.10015
-0.59 ppm
1
185.09682
-0.43 ppm
e 186.10022
-0.21 ppm
—T —T—T—TT—
185.0 185.5 186.0

m/z

Ultimate™ 3000 UHPLC coupled to Q Exactive™ : Full Scan MS:
R=70K, d.-Hippuric acid, theoretical m/z 185.0969

ea

peak ar

2.00E+08

1.80E+08

1.60E+08

1.40E+08

1.20E+08

1.00E+08

8.00E+07

6.00E+07

4.00E+07

2.00E+07

0.00E+00

Robust and Reproducible HRMS
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Robustness With Aflatoxin G2 In Wheat Matrix

time (h)
0 20 40 60 80 100
a 0.45 ppm RMS s |
SV VS Ax AL Ay At A 4, Aaat, a &
B A A A A A A A A A A A A A A
A AA A A A A ah SAsL A A
A A 4, TATa A‘A‘ AL Ak A AL A A AAdpa , Aa

0

100 200 300 400 500 600 700 800
injection number

®peakarea Amassaccuracy(ppm)

Peak intensity (area) variation during 900 injections (blue)
with according mass accuracy (peak apex scan, red)

14

900
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Orbitrap™ Technology Spe

OptaMax NG
Electrospray
lon Source

J EASY-IC Internal

Calibration Source

Electrodynamic lon Funnel
(only in Oribitrap Exploris 480)

Advanced Active
Beam Guide (AABQG)
with axial gradient

Advanced Quadrupole
Technology (AQT)
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Orbitrap Exploris 120

Independent
Charge Detector

Ion-Houtlng IVIUItIpoIe

High Field Orbitrap
Mass Analyzer — ¢

15
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thermoscientific’ Orbitrap Exploris 120 |

16
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No trade-off between resolution and sensitivity

* No compromise...both resolution and sensitivity are retained

*  Analysis of trace compounds with maximum resolution and mass accuracy

15k 30k 60k 120k 240K
(F,Z) 25z | [ 14Hz [ 75HzZ \ 39Hz [ 2HAz |

Relative Abundance
S

0.0 01 02 0.3 0.4 0.5 06 0.7 0.8 0.9 1.0
Time (min)

Signal intensity does not change with resolution with the Orbitrap detector
19



Mass Accuracy

Mass Accuracy*

External calibration achieves <3 ppm BMS drift over 24 hours;

Internal lock mass calibration achieves <1 ppm RMS drift over 24 hours;
EASY-IC achieves <1 ppm RMS drift for at least 5 days

Calibration Report

thermoscientific

Date & Time

Wednesday, January 26, 2022 09:36:10 AM

Instrument Model Orbitrap Exploris 120

Instrument Serial MB164©4C

Software Version 3.1.279.9
Name Result Comment !

Mass Calibration Summary Passed

Spectral Mass Accuracy Calibration Run Function Passed

Fine Mass Calibration Passed External rms deviation = .18 ppm (without

lock mass), acceptance limit = 3.00 ppm
Internal rms deviation = @.87 ppm (with
Tock mass m/z 322.04812), acceptance limit
= 1.60 ppm

Mass Calibration Summary

Name Result Value Range Comment

[2022-01-26 @9:36] Signal Stability Passed - - Excellent signal stability: 2.@% RSD!

Evaluation SEOS)

[2022-01-26 ©9:36] Fine Mass Calibration Passed - - External rms deviation = ©.18 ppm
(without lock mass), acceptance limit
= 3.08 ppm
Internal rms deviation = .87 ppm
(with lock mass m/z 322.04812),
acceptance limit = 1.080 ppm

[2022-01-26 ©89:36] Spectral Mass Accuracy Passed - -

Calibration Run Function

[2022-01-26 ©9:36] Spectral Mass Accuracy Passed - -

Calibration

Type

Calibration

Sci 2 thermo

Spec

Positive Mass Calibration

sclentific

by Thermo Fisher Scientific

20
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Mass Accuracy* External calibration achieves <3 ppm BMS drift over 24 hours;

Internal lock mass calibration achieves <1 ppm RMS drift over 24 hours;
EASY-IC achieves <1 ppm RMS drift for at least 5 days

Positive Mass Calibration
(7 Days later)

Calibration Report thermoscientific

Date & Time Wednesday, February 2, 2022 09:56:53 AM
Instrument Model Orbitrap Exploris 120

Instrument Serial MB10404C

Software Version 3.1.279.9

Name Result Comment
Mass Check Summary Passed
Mass Check Summary

Name Result | Value Range Comment
[20622-02-82 ©9:56] Signal Stability Passed - - Good signal stability: 4.9% RSD!
Evaluation (pos)
[2022-02-82 ©9:57] eFT Phase Check Passed - — Delta t0=0.01 +/- @.061
[20622-02-82 ©9:57] Spectral Mass Accuracy Passed - - External Calibration Error rms = 1.3
Check ppm (Acceptance limit = 3.0 ppm).
Internal Calibration Error rms = 0.2

ppm (Acceptance limit = 1.0 ppm).

Ext. calibration 0.8 ppm -> 1.3 ppm

Int. calibration 0.07 ppm -> 0.2 ppm 21



Resolution vs Scan Speed

R =30k

R =60k

R = 120k
- | Scans/peak = 88
"M |H|||“"|"""mm.....l IIIIIIIIIIIIIII Scan ORI
H e

Scans/peak = 54
,.

Scans/peak = 29
HHH“II Scan speed = 3.6 Hz

Scans/peak = 13

I
Sci ¢ thermo
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NIST SRM 1950
Human Plasma
Reference

C18, 15min gradient

Scans/peak = 59
|“ h Scan speed = 12 Hz
il“' |||II| .

Scans/peak = 30
Scan speed = 6.8 Hz

Scans/peak =19

. Scan speed = 3.6 Hz

Scans/peak =7

~9 sec <| | i IIIIIII Scan speed =1.7Hz ~4.8 sec <.| |.> Scan speed = 1.7 Hz
48 18 20 21 a7 38 39 40
Time (min) Time (min)
Acetylcarnitine o-HIAA
CoH,,NO,, m/z 204.1230 C1oHoNO,, m/z 192.0655

22




Orbitrap™ :
Modes of Acquisition
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ss,,ﬁl Full Scan

Full Scan MS
Scan 1  ssss—
== " Precursor
e.g. 70 k|FWHM
—
= ! |
D
Quadrupole Orbitrap
lon flow path
Collision cell
Q1 (HCD) Orbitrap
— E—
. WYY 1
.:°?.O el ) @ detection | s
——— oo, NESS — '\./ *
— —

24
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Spec  >lM: Selected lon Monitoring

t-SIM (MSX=3)

||

i [T b
1 = B -
recursor
—|SIM 2 I:‘EE e.g. 70 k FWHM
3 | I g |
Quadrupole C-trap ’ Orbitrap
lon path flow
Collision cell
Ql (HCD) Orbitrap
— — ]
'f‘?oo seperation ... y @ detection - l
Precursor

ion

25
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PRM/t-MS? (MSX=3)

| =1+
|

SIM 1 | —]-5-
1 -l s
Product
SIM 2 I:‘EIE"’"‘ e.g. 70 k FWHM
5 | + b } .
= [ gt B e —
Orbitrap
Quadrupole C-trap HCD C-trap
PRM o collis(i]t;n cell Orbimpm” flow path
~ I —— ;
.:'?" ESROES ... fragment/ seperation @ detocton) 12 4
L] ; :
Precursor Fragment

-
Spec PRM: Parallel Reaction Monitoring (Product ion scan)

HCD: higher energy collisional dissociation
HCD collision gas: ultra-high-purity nitrogen

Retrospective analysis

26
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QQQ

L
Q-Orbitrap 2 : .0

PRM: Parallel Reaction Monitoring

SRM/MRM collision cell
Ql Q2 Q3
% I I— I
° :'?. © seperation .. O fragment :'_ . + seperation -
s® 8w
RM collision cell
P Q1 q2 Orbitrap
I I
. o Sy N Ao A .
20° seperation. o™ @  fragment . ¢v.-,c+  seperation. :{:jﬁ:: detection
R . Ate y v
Precursor Fragment
ion ions

detection

1

J:i»

3

L1t

27




Sci
Spec

AlF: All lon Fragmentation

ol

Bl

y

Full Scan MS
Scan 1 me—
el =11 1 Precursor
e.g. 70/k FWHM
ol
AlF
Scan 1 eeesssssss———— - ) c > A |
Ny Product
e.g. 70 k FWHM
]
Quadrupole C-trap HCD Orbitrap
lon flow path

HCD: higher energy collisional dissociation
HCD collision gas: ultra-high-purity nitrogen

28
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Spec  (VDIA: (variable) Data Independent Acquisition

DIA

1. Optional MS1 scan: Continuous recording
] Q1 . Q2 . Orbi ) ‘ complete Ms1spaco
] 66s” % 1
™ & = 98-0 - - = cuote - - X
Scan 1 — | ‘_L % 99000 -
—t— @ --I-)_ | — ( ) = [ “
|— o ] PrOdUCt 2. Full MS2 scans of wide sequential precursor isolation windows (DIA) = -
Scan 2 l —>I | I | e.g. 35 k FWHM N
> e --I-)_ ‘_ : Iomze ions
1 Product e.g.
Scan 3 I __>I | | | 3 5 k FWHM 500 525 550 575 600 625 650 675 700 725 750 800 825 850 875 900
C 7o’ N P AT \-. —~J[/~
>e A : d‘)///}{/{f) ) K A i )J\Z SIS | =R 5S
— ] Product e.g. 500 m/z - =4,
Scan 4 . _>I B |
o 35 k FWHM )
> 0 A= eg | °
o o
5! 30K FW|:|M| I lonized % —_— O goo g — o ‘:.0 : — A 00
. ions () (%) O
“’ Quadrupole C-trap HCD C-trap Orbitrap ° ©0%o I © ©0%0 A M
m/z
lon flow path Select Fragment Analyze identify
A Scan Type Isolation Range  Detection Range

[ ] WA mz100-205  miz50-205
‘:I vDIA m/z 195-305 m/z 50-305

[ ] vDIA m/z295-405  m/z 50-405
(| vDIA m/z395-505  m/z 50-505

29
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DDA: Data Dependent Acquisition (ddMS?)

owil|

Triggered)

Scan] N | I

Full MS / ddM?(MSX = 3)

Vb

1. Precursor (MS1) full scan:

T T T T RS ——

ITR— R
1

Precursor

4 &g, 70k FWHM 1

7 B

1481 intensily

Scan 2

ddMS?
(Full MS1

Scan 3
ddms?
(Full MS?
Triggered)

e e e e

Precursor

e.g. 70 k|FWHM

&

-

MS2 intensity

e.g. 35 K FWHM

Y

P ——— o — —— — — =

Precursor
e.q. 70k

rJ

MS2 intensity

Quadrupole

> Product

e.g. 35 k FWHM
Orbitrap

Continuous recording
complete MS1 space

2. Full MS2 scans of several most-intense precursor ions (DDA):

Il

——

i,

m/z

3

MS2 intensity

lon flow path




§,§'c Orbitrap Applications Universe

Vitamin D
Drugs in Dried

Pharmaceuticals Blood Spots

in plasma

Omics Clinical Panels

Peptides Spiked Re searc h

into Plasma for

Plant

Quantitation

Sciences

Pesticides Unknown Screening
For

in Foods -
Banned Pesticides

IUWicit Drug Screening

Environmental

And Doping
Testing

31
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High-Resolution Mass
Spectrometry (HRMS)
+ Orbitrap

m/z = 4 decimal point

expected suspected unexpected

Targeted Targeted Non-targeted
Quantitation Screening Screening
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Targeted Quantitation

Fast LC-HRAM-MS quantification of 36 antidepressants in human plasma using
the Orbitrap Exploris 120 mass spectrometer for clinical research

Samples preparation

Samples of 50 pL plasma
4
protein precipitated using 100 pL acetonitrile
containing the internal standards
4
vortex-mixed and kept at room temperature
for 5 min.
4
vortex-mixed again
4
centrifuged
4
The supernatant was transferred to a clean vial
4

2 pL were injected onto the LC-MS system.

Mariana Barcenas and Magnus Olin. Thermo AN66062. 2021

LC-HRMS Condition

Liquid chromatograph

Model:

Mobile phase A:
Mobile phase B:
Column:

Column temperature:
Flow rate:
Run time:

Mass Spectrometer
Model:

Acquisition mode:
Resolution:

Scan range:
lonization mode:

Vanquish Flex Binary UHPLC
5 mM ammonium formate + 0.1% formic acid in water

5 mM ammonium formate + 0.1% formic acid in methanol

Thermo Scientific™ Hypersil GOLD™ Phenyl
2.1 x100 mm (1.9 um)

40 °C

0.5 mL/min. maE!
6.5 min

Orbitrap Exploris 120
Full Scan

60,000

100-500 m/z

HESI, positive
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Exact
m (m/z)

Agomelatine
Atomoxetine
Bupropion
Citalopram
Clomethiazole

Desmethylcitalopram

Desmethylflucxetine

Desmethylmiansarine
Desmethylmirtazapine

Desmethylsertraline
Dosulepin
Duloxetine

Ery-dihydro-bupropion

Fluoxetine
Fluvoxamine
Guanfacine
Hydroxybupropion
Methylphenidate
Mianserin
Milnacipran
Mirtazapine
Moclobemide

Mariana Barcenas and Magnus Olin. Thermo AN66062. 2021

CsHizNO,
C._H_ _NO

w21

C,,H,,CINO
CooHxFN,O

200 '
C,H,CINS
C,H,FN,O

18 g
C,gH,sFsNO
C_H_N

7 18 "2

C _H_N

16 17 '3
CyeH,sCLN
C _H_ NS

19 21

C.H._NOS

18 19

C,.H,,CINO

13" 20

C_H._F.NO

17 18" 3

C.H, .F.NO

15 21 3 272
C,H,CLN.O
C.H,.CINO,
C,HNO,

14" 19

C. . H, N

18" 20" "2

C,.H,,N.O

15" 22" "2

C H,N

19° "3

C,.H,,CIN,0,

13 17

Targeted Quantitation

mass [M+H]*

2441332
256.1696
2401150
3251711
162.0139
311.1554
296.1257
2511543
2521495
292.0654
296.1468
298.1260
2421306
3101413
319.1628
246.0195
256.1099
2341489
265.1699
2471805
266.1652
269.1051

Agomelatine-d,
Atomoxetine-d,
Bupropion-d,

Citalopram-d,

Threo-Dihydrobupropion-d,

Desmethylcitalopram-d,
Desmethylfluoxetine-d,
Reboxetine-d,
Mirtazapine-d,
Desmethylsertraline-d,
Dosulepin-d,
Duloxetine-d,

Threo-Dihydrobupropion-d,

Fluoxetine-d,
Fluvoxamine-d,
Tramadol-d_
Hydroxybupropion-d,
Methylphenidate-d,
Mianserin-d,
Milnacipran-d,,
Mirtazapine-d,
Moclobemide-d,

Internal standard name e
(m/z)

2471520
258.1884
2491715
331.2087
251.1871
3141743
301.15671
319.2065
269.1840
296.0905
299.1656
305.1700
251.1871
3151727
322.1816
270.2335
262.1475
243.2054
268.1888
257.2433
269.1840
2771554

Examples of targeted
compounds, internal
standards, chemical formulas,
and exact masses of the
protonated ion [M+H]+
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Compound name

Agomelatine
Atomoxetine
Bupropion
Citalopram
Clomethiazole
Desmethylcitalopram
Desmethylfluoxetine
Desmethylmiansarine
Desmethylmirtazapine
Desmethylsertraline
Dosulepin

Duloxetine
Ery-dihydro-bupropion
Fluoxetine
Fluvoxamine
Guanfacine
Hydroxybupropion
Methylphenidate
Mianserin

Milnacipran
Mirtazapine
Moclobemide
Nefazodone
0-Desmethyltramadol
O-Desmethylvenlafaxine
Opipramol

Paroxetine
Reboxetine

Ritalinic acid
Sertraline

Tianeptine

Tramadol
Tranylcypromine
Trazodone
Venlafaxine
Vortioxetine

Mariana Barcenas and Magnus Olin. Thermo AN66062. 2021

Targeted Quantitation

Retention time (min)

3.76
3.46
2.36
3.28
2.76
3.29
3.84
319
2.26
4.09
3.72
3.79
2.54
3.84
3.73
2.21

2.28
217
318
241

2.29
2.00
414
1.78
1.98
3.73
3.83
3.42
1.97
4.07
3.49
210
3.84
2.99
2.51

4.08

5.09
151
1.6
16.5
146
18.5
42.7
1.8
13.2
12.4
16.8
18.5
105
37.8
34.9
0.911
145
3.80
10.3
209.2
12.0
156
34.9
83.8
37.4
4.5
19.0
48.0
24.6
4.62
10.2
84.5
7.20
161
22.9
8.96

Concentration (pg/L)

122
738
54.1
86.4
2011
94.9
214
52.7
65.0
62.5
83.3
92,5
520
196
185
490
712
18.4
55.0
148
62.0
841
176
492
189
205
96.1
254
116
79.3
54.5
414
36.4
1005
120
411

727
2190
157
269
6773
279
666
167
197
191
244
284
1568
595
568
16.0
2045
51.8
168
435
184
2250
491
1186
554
611
299
753
372
310
163
1138
108
2762
369
119

Area Rabo

The linearity was good for all compounds in the calibrated
range, with a coefficient of determination (R?) above 0.9932

Elomonsine

¥ = 1.448.3X - 2.44d4e-2; R"2: 0.9959; Ongin: Ignare; W, 10X Area

Desmethylmiansanine

¥ =33e-3% - 6.63%-3; I‘?"Z: 1.000:; Origin: igmore; W. 1, Area

Ery-Dihydro-Bupropion
¥ = 4.405e-3X - 2.33%e-2; R"2: 0.9993; Onigin: Ignore; W. 12X, Area

4 0.75 .
40 ¢
3 070 4
3 065 8
354
3 0.60 1
4 L
30 055 1
050 6
254 045 1
] g 0.40 55‘
204 T 035 =
2 S
3 0.30 ]
154
E 025 3
1n- 020 1
3 015 e
055 o0 1
3 005 4
it B T T T
0 50 100 150 500 1000 1500 2000
g ug gl
Feboxene Trazodone Vorbaxehne
¥ = 307183 - 253483, R*2- 0.9889; Ongin: lgnore; W 12X, Area ¥ = 2.027e-3X + 1.208e-2; R*Z: 0.9933; Ovigin: hgnore; W. 1/, Area ¥ = 3.003e-2X - T 652e-2; R*2- 0.9968; Origin: lgnore; W 17X; Area
304 45
25 ]
261 40
24 ]
] 35
22 ]
20 304
18- ]
16 g 5 259
14 2 -
E H 2 20
12 3
104 154
0.8+ 4
E | 10
0.6 1
FE
0 0.5+
02 0.5 3
n_n- 0.0 004 T T T

1000 1500 2000
g
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[argeted Quantitation
Ana |yte LLDQ {ug.’L} Ana |yte LLOQ u.ngfL] Baich-2_Level 1_1 Alomoxeline miz: 256 1696 Baich2 Level 1.1 Desmethylmiansanne miz. 251 Batch-2_Level 1_1 Ery-Dihydro-Bupropion miz. 242

Agomelatine 0.509 Mianserin 1.03 3,086 208 zome
Atomoxetine 15.1 Milnacipran 2.92 HES : - 5 ::Z
Bupropion 1.16 Mirtazapine 1.20 e 5064 585
Citalopram 1.65 Moclobemide 15.6 N TETE N ST e e
C|Orﬂeth|azo|e 48 ? NeTaZDane 3 49 Batch-2_Level 1_1 Reboxetine m/z: 314.1751 Batch-2_Level 2_1 Trazodone mi/z: 372.1586 Batch-2_Level 1_1 Vortioxetine m/z: 299.1577
Desmethylcitalopram 1.85 0O-Desmethyltramadol 8.38 1067 6088 e
Desmethylfluoxetine 4.27 O-Desmethylvenlafaxine 3.74 5o 2 aoxo 2 e
Desmethylmiansarine 1.18 Opipramol 415 T e T s
2.0E6:
Desmethylmirtazapine 1.32 Paroxetine 1.90 ot P P
Desmethylsertraline 413 Reboxetine 4.80 = ki i
Figure 1. Representative chre at the esti d LLOQ
Dosulepin 1.68 Ritalinic acid 2.46
Duloxetine 6.17 Sertraline 0.462 ..
Ery-dihydro-bupropion 10.5 Tianeptine 1.02 Accuracy and precision
Fluoxetine 3.78 Tramadol 8.45
_ : (QC samples (mean, n=5))
Fluvoxamine 3.49 Tranylcypromine 1.44
Guanfacine Ll Trazodane 32.2 * intra-assay accuracy: 85.2-113.9%,
Hydroxybupropion 14.5 Venlafaxine 2.29
Methylphenidate 0.380 Vortioxetine 0.896 * intraassay precision: <6.5%

° 1 - _ 0,
The lowest concentration of the diluted calibrators that had a mean back-calculated Inter-assay accuracy 89.2-114.8%

accuracy within 80 to 120% and a precision (CV) better than 20% are presented in the table. ¢ inter-assay precision: <6.4%

For all compounds, there is a possibility to extend the LLOQ below the lowest calibrator
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Metabolomics Case Study:

Metabolic alterations observed in
plasma of mice fed high-fat diet

YOUR SCIENTIFIC SPECIALIST ‘



Comparative Study | Diet Induced Changes in Mouse Plasma Metabolome

High-fat Diet

Normal Diet

male
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SCl Untargeted Metabolomics Workflow

Spec

Collect Plasma, Urine, Sample Preparation

Feces, Tissues, etc.

Metabolic
Pathway

Collect High Resolution LC/MS Profiles

*l’

~—.

I ——— — -

; <
1 \./ &
-
Pathways

t=-MS/MS

Intensity

1

/

3
N

€

.2

Metabolites

Lists of

Compounds

P

Statistical Analysis

cLouD Cyc
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Compound Discoverer

—— Fatty —— Lean —— n/a
&
oe = % 2.?4
Chromatogram
overlay
itype =
le Type E

1 %
1]

2.4 25

<

. Compounds per File Elemental compOSItlon ilts || ChemSpider Results

2.6
RT [min]

B X Mass Spectrum
#489, RT=2.574 min, MS1, FTMS (+) il [©) o1 Do ot iy min. MS1. FTHS (5
4 |lz #1637, RT=2.571 min, MS1, FTMS (+) o 1 Isotopic pattern match
[tz #1638 RT=2573 min, MS2, FIMS (4) 5 frh
ﬁ 1 4115 168.3729 167.08923 168.[2!9259
0 5 eT0E3ED | 18809000
a7 28 165 167 168
miz
> € > <

Input Files

Metabolika Pathways

|| Name Formula Annotation Sc | Molecular Weight | RT [min] | Area (Max.) ¥ |# ChemS5pi| mzCloud Best Match
DA9185000 C12H1005S Ooon 202.04498 | 0.834 | 20360836859 1 ]
L-Norleucine C6 H13 N 02 [ 1 [ 131.09453 | 2.009 | 17671595759 18 997 M
Betaine C5H11 N 02 ][9] | 117.07877 | 0.862 | 17227434266 14 98.5 ||
D-(+)-Tryptophan C11 H12 N2 02 ] ] 204.08074 | 3.113 | 14935877741 12 99.2 ([
Creatine C4 H9 N3 02 BECR 131.06929 | 0.895 | 13731682864 2 99,9 | [
L-Phenylalanine COHITNO2 ] ] 165.07892 | 2.573 | 13086972275 17 1000 [M
L-Tyrosine COH11 N O3 | ]| 181.07382 | 1.620 | 12173763807 18 99.5 | [l
Creatinine C4H7T N3O [ | |WIN 113.05880 | 0.921]11284215174 2 99.3 [

’ M
B Annotation Source

Compounds per File | By EE s ReGInbIL s | Metabolika Results || mzCloud Results || ChemSpider Results || Metabolika Pathways

Molecular Weig » | AMass [Da] | AMass [ppm] | RDBE | H/C | Rank
| 165.07898 | -0.00006 -038] 50]12]

# Matched Iso. | # Missed Iso. | # Matched Frag. | SFit [%] | Pattern Cov. [%] | MS Cov. [%] | MSMS Cov. [%]
1] 5 0 10 57| 100.00 100.00 9945

d | Compound Match | Formula
IZ | COH11N 02
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ifferential Analysis

Correlation

P [ata Source: [Campounds

L Color By

Phenotype

Sample Type

Comparisen: [Fatty vs. Lean

P-value:

7121 =PV, 35 = -FQ)

-Logl0 P-value

0001 Log: Fold Change:

371 (86 = PV, 177

= FQ) Fie

Euclidean

4 Linkage Method

sPLS-DA Component:

#sPLS-DA Compounds: 5

Log2 Fold Change

Use normalized areas

1.0 o0, °
o
05 o
0.0
05 4
10
. T . :
-15 -10 5 0 5 10 15
Covariance

@ Hissschical Chuste Ansysis

) baa Source: | Compounds -

] Use normalized areas

Scale Values:  Scale Before Clustering

L ] plete hd
-
AlFacors
L]
L]
T ,
5 10
i -2 x
)DalaSnur(e: X Datas ¥ Data: [# Center and scale [] Use normalized areas
Loadings Plot || Variances Plot
& o °
50 4 ® ) &
©
@t ® o o
& L Q
Qo
0 0 o] @Da
=) & ® ™) ] 2}
g o0
z
g |ee & e @
o 50 A
o
5 'y
°
-100
-150 4
®
- T T T
-100 -50 0 50 100
PC 1 (32.0%)
® W10 @ M15§ @ N0 @ Nri15 @ Nr1,25 @ Nr1,5 @ Nr1,100
© N30 @ M35 @ N30 © Nr3if @ Nr325 @ Nr35 0 N300

Trend Chart

4 Group By:
Yeact Strain
[E] Time
[] sample Type
[] sample

4 Filter By:
on Yeast Strain
on Time
o Sample Type
o Sample

* Plat Type:

Area (1046)

lili}

250

200

150

100

Compound Discoverer Software: Statistics

Box Whisker Chart ~

Use normalized areas

MNr1

Groups

MNr3
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PC 2 (9.8%)

Differential Analysis

® highfat @ QC @ normal

1@

1 © ®
30 ; ®

1 @ ° @
20 + (@)

] @ O
, .O. ®

] ®

4 o

0 - ® e
10 ®

] ® ' @)

O O
201 o ®
® ®
-30 1 ® ®
O

409 O

T T T T T T T T T T T T T LI B B S B B B B B '!I T T T T T T T

50 -40 -30 20 -10 0 10 20 30 40

PC 1 (24.0%)

PCA plot

-Log10 P-value

30

20 -

Log2 Fold Change

Volcano plot
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