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[Accurate Mass in Life Science \

FTICR Orbitrap MS TOF MS

» Excitation by
injection

« Motion in pre- * lons are trapped * Motion in electro- * Detection by
dominantly magnetic - Image current detection  static fields (m/z- secondary electron
field * Fourier transform and independent well) multiplier

* Low energy injection data processing * High energy *» Very high kinetic

» MS" possibilities « Significant kinetic injection energy for detection
» Broad-band energy during detection - High energy spread (many kV)
excitation * Very long mean free upon fragmentation « Significant mean
path (many km) _ free path (tens of m) |

—
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FT Ultra - ICR

Sci

Spec

Thermo Scientific LTQ FT Ultra

Hybrid Mass Spectrometer

Unprecedented Analytical Power

# Concentration independent
ppb mass accuracy

= Widest dynamic range

* Parallel detection

» M3"

» ECD and IRMPD

= Ultra high resolution

# Intelligent Data Dependant
acquisition

ol
i ﬁ

Unprecedented Analytical Power
The Thermo Scientific LTQ FT Ultra hybrid
mass spectrometer delivers unprecedented
analytical power for the most demanding
applications.

The unmatched mass accuracy elimi-
nates false positive identifications in bot-
tom-up and middle-down proteomics and
enables the unambiguous identification of
unknown analytes with on-line LC-MS at
any concentration.

Ultra high resolution 1s essential for
the analysis of complex samples such as
crude oil, Dissoived Organic Matter (DOM)
or intact proteins. This is available with
a single mouse click
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Brukers FT-ICR
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solariX MRMS
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Waters lon Mobility

Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

APPLICATIONS FPRODUCTS RESOURCES EDUCATION & EVENTS SERVICES & SUFPFORT ABOUT WATERS

[l v lin lc- Il +

Home = Products = Instruments & Systems > Mass Spectrometry = lon Maobility Mass Spectrometry =

Vion IMS QTof lon Mobility Quadrupole Time-

of-flight Mass Spectrometry Vion IMS QTof Mass Spectrometer
Go beyond resolution with the Waters Vion IMS QTof ...

Beyond Resolution

Does high resolution, accurate mass data always lead to the
correct answer first time? Avoid additional confirmatory
experiments by utilizing the selectivity of ion mobility,
Featuring new geometry and including XS Ion Optics and
the QuanTof2 detection system, the Vion IMS QTof has the
sensitivity and dynamic range to make ion maobility
guantitative and routinely usable, enabling:

= easier data interpretation as ion mobility cleans up
and simplifies every spectrum

= confident identification and guantification of analytes

= faster method development and higher sample
throughput

= greater selectivity than conventional MS/MS with
HDMSE
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[LC-MS solutions for all analytical challenges \

e Best LC-MS Portfolio
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[Induced by ion packets moving inside the trap \

* |onstrapped in an electrostatic field

» (Central electrode kept on high voltage

« Quter electrode is split and able to pick up an image current induced by ion

packets moving inside the trap

U(r,z)=g-{zz—r2/2+ RZ-In(r/R,)}

@
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[Ion Injection and Formation of lon Rings

* An ion packet of a selected m/zenters the field
* [ncreasing voltage squeezes ions
« Voltage stabilises and ion trajectories are also stabilized

 Angular spreading forms a ROTATING RING

o %w) (W&

(
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[ Fourier Transform-based \

e The moving ion rings induce an image current on outer electrodes

e The frequency of harmonic oscillations is proportional to ions’ m/z
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[Orbitrap and Nuclear Magnetic Resonance (NMR)

 Free Induction Decay (FID)

Time Domain ->Fourier Transform -> Spectrum (Frequency Domain)
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[Strategies for Analysis \

Known Known unknowns

| N

Target Screening

Non-Target Screening

Rapid and sensitive screening methods able to assign positive hits undoubtedly to
particular organic compounds
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Type of MS Mass accuracy Utility for

Quadrupole 0.1p |dentify

Traps 0.1 |dentify

TOF 0.0001 p Empirical formula/
composition

Sector 0.0001 p Empirical formula/
composition

FT-MS 0.0001 p Empirical formula/
composition
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[I\/Iass Accuracy \

Good

error =(786.6003 _ 786.60124) x 106

® The precision of which the mass is measured

by the mass spectrometer.
786.60124
786.6003 (-1.19 ppm)

® Typical w f reporting m rror in ppm !
ypical way of reporting mass erro PP ! 786.70 (+124 ppm)

(relative measure) or mDa (absolute measure)

Not so Good

N
~

100 7
90 1
Mass error = ( Measured — Exact Mass )x 10° 80 1

error = (786.7000 - 786.60124) x 10°

70 | 786.60124

Exact Mass 60

50 1
40 A1
30 1

C =12.0000 20 - 788.60773

10 1 789.61068
O = 15.9949 H= 1.0078 786 788 790 792 794
S = 31.9721 N = 14.0031

e e o e =

787.60463
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[I\/Iass Resolution

® Ability of a mass spectrometer to distinguish between ions of nearly equal m/z

ratios (isobars). Low Resolution

100 1
0 R = 786.6 = 1,000
70 1
60 0786
50 { Am
40 1-0.786
30 1
20 1
m 10 A
R = —_— Am (FWHM) 786 788 790 792 794
f ] High Resolution
80 1
m - measured mass ;g R =786.6 = 100,000
50 1 Am O 007
Am - peak width measured at 50% peak 7] =% '
intensity (Full Width Half Maximum) i l
78I6 78IS 79IO 79IZ 79I4
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[Commercial High Resolution MS Technology Race \

New Tribrid Orbitrap
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= 300000 - Q-Orbitrap* ¢
S I
= 250000 - @ New Q-Orbitrap
% 200000 - ;
I
% 150000 - Quad Orbitrap /@
= 100000 g i
] lon Trap-Orbitrgp : Entry Q-Orbitrap
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[Isobaric Pesticides

Thiamethoxam: [M+H]* = GgH4,CIN;04S (292.02656)

rlqo
M
/|K S\H/cl
HyC—MN N—CHE—&/
L “
0

Parathion: [M+H]* = C,,H,sNO:PS (292.04031)
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[Isobaric Pesticides 3:1 Mix

Thiamethoxam
[M+H]* = 292.02656

100

Relative Abundance
|

i

292 04031 :
CaoHisOs N ='ES

202.00856
Cs I-'1D;a NsCIS

282.02 292.04 292.06 292.08

7

<Y 00136 Da ﬂﬁpu/[;ﬁ o Parathion
Do’\ " [M+H]* = 292.04031

..R = 15,000
R = 35,000
R = 50,000
R =100,000
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[Resolution — Why Is It Important? \

e Enables accurate mass
e |ncreases confidence of identification

e |mproves quantitative accuracy
Gives access to qualitatively different information

°
R: 35k R: 70k R: 140k
192.2634 492.2665 492.2661
100
a5 |J I:_|_
. || =3 192251
b H ]
m | 492.2495 "
- EE | | B '_I: 3
g | | ’ fa)
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L | £
-1:I | | ‘ ir4
| ;
| e 1]
| |
J | |
PRI pa P -"ﬁ'_lnk_l lJ I_II
IR e 5 WIE WA s
e
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Periodic Table of Elements

Average Mass
. 2 3 < 5 6 7 8 9 10 11 12 13 14 15 16 17 18

2 2
He
| Metals || Nonmetals | e
. 2 I= © I= 3 = o =] = 2 2 2 2 2 2
: : = 2 & Lanthanoids ﬂg g 55 & 2 1 1 1 1 1 :
2 Li Be 8 =3 §3 ¢ 33 ¢ B c N o) F Ne
: 8.012 o o g o 5 o 10.811 12,0107 14,0087 155354 12.5584032 20.1787
@ b8 .. =
(I RPN N s o o 13§ g5 gl glm g1 g
Na M ‘ Al Si P S Cl Ar
3 Sodium l’a-;gsil.rr Abumidnium Silicon Phosphorus. Sulfur ‘Chierine Argon
22.8BSTEEZE  24.3080 25.3815385 280855 30 872762 32,065 35,453 33,348
19 220 Elvl | i 2 223 : 24 Z125 :2 27 28 : 29 : 30 2 2 a2 a3 Fet! i3 : 36 :
H H ] e 10 11 13 13 1® 15 e 16 18 12 1 18 18 13 13 18
4 K "Ca :S8c i =V :Cr "Mn :=Fe :Co : Ni :Cu '"Zn :Ga ‘Ge +‘As :8Se ‘Br "Kr -
Potassium Calcium Scandium Titanium Vanadium ‘Chromitsm Manganess Iron Cobait Mickel Coopper Zinc: Gallium ‘Germanium Arsenic Selenium Bromine Knypton
39,0883 40.078 44.858512 47 887 50,8415 518861 54538045 £5.845 58832135 £8.6534 63.548 85.38 83722 T284 T4 32180 7356 75.504 83758
v : 38 39 : 40 ES : 42 243 2 44 2l |45 i 46 I a7 t 48 249 B0 Al i 82 A3 i 54 :
18 1 18 18 18 18 18 18 13 18 18 18 18 13 13 13 13 18
5Rb : Sr Y :Zr 2 Nb Mo %Tec “Ru sRh tPd 7Ag Cd =2In :8Sn %S8Sb = Te :lI B Xe ¢
Rubidiun Strontiem Yttrium Zirconism Nicbitsm Meohybdenwm Techneti i Rhcedi Palladium Silver ‘Cadmium I Tin Antimeny Teelhurium lpdiine: Fenon
B5.4678 87.62 88.50585 91.224 52.50638 95.95 (57.9072) 101.07 102.50550 106.42 107.8882 12411 114.818 118.710 121.760 127.60 126.50447 131.253
55 : 56 ¢ 72 = M3 74 ;75 : 76 3T ;78 : 79 : 80 8 : 82 ;83 : 84 : 85 : 86 :
18 18 18 18 18 18 18 18 18 18 i i 18 q 1 1 12 1
6Cs ©“Ba iJs7—7qJHf fTa W <Re :0s Ir Pt fAu fHg 2Tl Pb :ZBi £Po %At ZRn :
Caesium 1 Barium 2 Hafrnium 2 Tantalbm 2 Tungsten 2 Rhenism 2 Osmium 2 Iridium 2 Platinum 1 Gold 1 Mercury 2 Thalium ¥ Lead 4 Bizmuth % Polonium  © | Astatine 7 Radon &
132.9054518 | 137.327 178.49 180.94788 153,84 188.207 190.23 192.217 135.084 156.868588 200.59 204.2833 207.2 20858040 (208.5824) (208.3871) (222.0178)
87 : 88 g 104 : 105 106 107 : 108 ¢ 109 110 2| Ml I 112 2 13 I 114 i 115 116 : 17 118 :
18 18 18 18 18 18 18 13 18 18 13 18 13 13 18 18
7 Fr = Ra =z|go—103Rf =2 Db = § z2Bh zHs =Mt 2Ds =R 2 Uub 2z Uut = Uugq = Uup = Uuh 2 Uus Uuo =
Francium l% Rl.a-:_il.rr 1% Rutherfordum @ Drubnium ‘i Seagrgium ‘% Eohirium “3‘23 Hassium § Meitnerium % = ‘?-2"' g f% L i % L L :% L q ""% L p % L - "% Ununsepium Unnasnc:tium: “E
(223) (223) {231} {(232) {222 f234) 217) (228) 2r1) {272} 283) (224} (283 (283) (252} (Z=4)

For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in parentheses.

57 i 58 i 59 i 60 : 61 i 62 3 63 i 64 i 65 ; 66 i 67 ; 68 i 69 i 70 i 7 3
18 18 18 18 18 18 18 18 18 18 18 18 18 18 18
La 2Ce =“Pr 2Nd zPm z8Sm zEu =zGd zTbh zZDy zZzHo =zEr 2Z2Tm 3%Yb =Lu =
Lanthanum 2 Cerium E Praseodymium E Meodymium 2 Promethivm 2  Samarium = Europiunn 2 Gadolinium 2  Terbium = Drysprosium 2 Holrmium 2 Erbium 2 Thulium 2 “Yiterbium 2 Lutetium E
- I 138.9054T 140.116 140.90765 144 242 {145) 150.38 151.964 157.25 158.92535 162.500 164.93032 167.259 168.92421 173.054 1745668
a(Q e 89 : 90 ;91 : 92 : 93 ;94 : 95 : 96 a7 : 98 : 99 $ 100 : 101 : 102 § 103 F
m 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18
- Ac zTh =zPa z U ENp Z2Pu :Am :Cm 2Bk :Cf ZzEs zFm =zMd No :=Lr =
Actinium g Theorism ‘g Protac‘tiniumg Uranium g Neptunium g Plutonium g Americium g Curium g Berkelium g Califomnium g Einsteinium g Fermium g Mendekvim g Nobelium g Lawrencium g
(22m) 23202808 231.03588 23802851 (231 (244) (242) (241) 241 (251 (233 (237} (238) 239 (282) -



[How’s About Mass Accuracy

* Average Mass = summing the average atomic masses of the
constituent elements, H,0; 1.00794 + 1.00794 + 15.9994 =
18.01528.

o Exact Mass = summing the masses of the individual isotopes of the
molecule, H20; 1.0078 + 1.0078 + 15.9994 = 18.0106.

The Others Stories;

 Isotopomer (Isotopic Isomer) = same type of isotope but difference
in position, CH;CHDCH, ,, GH;CH,CH,D

« Isotopologues = difference in isotope in the molecules, H,0 HOD

« Monoisotopic = sum of masses in molecule. Using of most
abundance or stable isotope.

[ ]
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http://en.wikipedia.org/wiki/Average_atomic_mass

[I\/Iass Accuracy — What for?

H= 1.007/8 0=15.9949
C=12.0000 N = 14.0031 S = 31.9721
Mass measured Tolerance [Da] Suggestions Calc Mass

32.0 +/- 0.2 O, 31.9898
CH,OH 32.0261
N,H, 32.0374
S 31.9721
32.02 +/- 0.02 CH,;OH 32.0261
N,H, 32.0374
32.0257 +/- 0.002 CH,;OH 32.0261

[ ]
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Determine Fine Isotopic Pattern

100 -254.05939
° Sulfamethoxazole
Q
c
@ N +
2 Mmonoisotopic [C‘IO H11 NSOSS+H]
3 |
< 5
o
2
T ]
& A M+1 isotope(s)
] 255.06275 M+2 isotope(s)
] 256.05518
0 l m/z
254.0 255.0 256.0
100 255.06275 / \ 256.05518 M2
] M+1 130/ \ Rm/ _ 100: A +
J / ‘\ z A ] ‘|34S
I |(§ —— 220,000 : B
3 i ! \ 8 I ||
§ oI --- 50000 | & 1
g T 1 1 S ||
5 1% — - — 140,000 = o ||
. 1 \ 3 L \
g 1 IR o | I \
507 / T \ < 50+ I vseisN
Q>J j . 1 \ o) ) ] I 1 1
£ SR 2 N 180
© sN o/ Ly < T O 13C
« 25505,64{ BSULL LN = 1/ - j ?
I/_ 255.05878 '\QH \ 1/ 1N 256‘. 634’5 256.06612
i M' *255.06568 1, 256.05978/f1\* J]\=°°
0 F¥=—— . — PN g - . - NS
255.0560 255.055 255.060 255.065 255.070 256.050 256.060 256.070
m/z m/z
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[I\/Iass Accuracy across the Elution Profile \

21 scans per elution peak
« External calibration

RT:72-1.96
1 477.23016
9
o 8
[&]
57
2
> 6
<
o 5
=
8 4
©
3
2
1 -
O A L A B

1.75 180 185 1.90 1.95
Time (min)

Sci

err [ppm]

Mass Accuracy [ppm]

780 785 Scan# 790 795 800
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Average |sotope Ratio Variation

pg on column Standards Apple juice Baby food Yogurt Formula
A+1
Q-Exactive, Overall: 1.69 + 2.30
10 1.95 + 2.26 3.17 £ 3.27 3.67+333 3.21 £283 2.18 £ 1.69
100 2.61 £ 4.81 1.95 + 1.98 191 +£2.19 1.95 + 1.87 2.10 £ 2.08
500 0.86 + 0.96 1.07 + 1.05 1.07 + 1.18 1.26 + 1.47 1.18 + 1.36
2000 1.02 + 1.79 0.75 + 0.96 0.89 + 1.34 0.74 £ 0.97 0.66 + 0.89
MaXis, Overall: 5.01 +7.53
10 9.20 + 7.07 13.47 + 9.06 15.30 £ 11.03 11.78 £ 7.62 11.49 + 9.44
100 4.85 + 6.66 7.78 + 13.99 6.79 + 7.02 6.94 + 791 5.99 + 6.25
500 3.05 + 6.45 522+ 9.58 330 +385 3.23 +£3.79 333 +4.34
2000 1.77 + 2.36 2.79 £ 6.28 2.13+£3.13 1.88 +2.56 2.03 +2.62
A+2
Q-Exactive, Overall: 1.59 + 4.33
10 5.31 + 18.09 336 +542 438 £9.08 5.15 £ 6.56 6.44 +£5.03
100 1.75 + 3.01 1.93 + 2.91 224 £4.60 1.70 + 2.37 1.57 £ 1.86
500 1.03 + 1.26 0.91 + 0.62 0.86 +0.59 1.05 +0.81 1.22 +1.94
2000 081 £ 105 0864 120 073 056 OR2 £ 057 074 4033
MaXis, Overall: 3.67 = 6.47
10 1096 +9.71 12.89 + 6.70 19.43 + 38.22 11.21 +5.68 14.92 + 7.62
100 3.55 £ 475 6.09 + 6.85 6.73 £7.02 4.67 £ 446 5224524
500 2,13 +3.14 4.02 +7.02 302+3.17 3.01 +4.27 278 +3.38
2000 1.24 + 2.06 2.23 £ 4.56 1.69 +2.36 1.68 +2.57 1.94 + 321

Sci
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[I\/Iass Accuracy

Sci

Spec

Mass Accuracy (ppm)

Standards
0.86+0.62

Apple Juice

Baby Food

1.18+0.68

1.28+0.69

Yoqurt
1.47+0.91

Formula

0.54+0.46

Orbitrap

e : - - m/z
P (I i |
! qi: ;| i
: ! ;' Yo i .
i T i '
1.40+2.11 1.27+1.50 1.74+2.02 1.78+1.79
o . Q-TOF
— . . ’.. : é ;_:. *c .
-.% * . i ar 8 ' i . ':. E ’ !
g L B B A% :
3 '
15 !
&
2 20
8
=-25
-30 o O 0 Q Ol 0O \)
a5 AP '\’\2 D sz '\'\2 N m/z '\'\rb D sz \'\E’ NV m/z '\'\?
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Resolving Power and Mass Accuracy

Sci

Spec

!
Res Transient Max. scan
#1RT:001AV:1 NL273E8
_ .
W setting @ length, speed,
%3
m/z 200 ms Hz
: ] 524 2650
R=A7002 P —
" € 140,000 512 1.5
- , ;
fms
s
EEY
i . 70,000 256 3
:g 40 - 1321 8840 ‘;;":ﬁ; !
kS R=60402 15218713
0 12219905 R=56502
R=63302
= | maw e 35,000 128 7
- E 1;1;9(-;1 17219502
" R=52802
10 3 2711222 1022.0035 1821.9531
A8 = 17,500 64 12
l o " | n
Calmix_17 5kRes_13.2Hz
# B2RT:0.10 AV: 1 NL:3.01ES 140
_ nanoLC of
0 ;¢ pmame
=3 120 - E.coli:
-
- e Sample of
i - 100 .
n 7775 points
65
s ¥ g r.m.s.1.5 ppm
5 50 8 .
“ 219779 W ! : .
§40 1321.968471 R=‘502|521.B7|| c
w40 2 R=T702 R=7202 © 60
* 4 e -
a0 12219904
= i e )
=3 11219962 ‘;Jeg?;ﬂ 40 o
15 3 -8 a
o 2;:\.1[‘;2 1022.0034 " ‘E*gésmzw.ma Y
D _____ bl ﬂ ________ O R 4@2 ____________ NN L L TR 20
200 300 400 500 Wb 700 800 00 1000 J 100 1200 1300 1400 1500 |BC‘I? 1700 1800 1900 2000
0
-10 -8 -6 -4 -2 0 2 4 6 8 10

Mass Error, ppm
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Long-term mass accuracy with external calibration \

4

3

2
=1
g‘ -, . -‘ -
&0 . v bese P L . S s putlsd +m/z 391
§ d sk . g L | - miz 445
.§'1 : r ¥ - : !
o, ' 1

3

4

5 Time [h]

0 10 20 30 40 50 60
. A N O\
* Realistic conditions of an

4
§1 o\ average !ab
c . :
= ) Air cooling only!
20 oy \ R R . .
o \ 3° C/5.5 /W\V' \ * Experiment was carried
d’ -
-1 F / out with temperature
© . o
g, “\"‘f\/\ﬂwv_/ \/M variations up to 3°C peak-
5 \to-peak, up to 1°C/hour  /
=

3 Time [h]

0 10 20 30 40 50 60

"¢
a,
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[Advantage

« Easy method development for multi-residue analysis especially in

complex matrices

« Easy troubleshooting with detection of all adducts, degradation and

contaminants
« Higher detection specification

o Simultaneous Qual and Quan analysis

[ ]
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[Comparison \

Orbitrap | QQQ | Q-TOF

Sensitivity

Resolution

|dentification

Unknowns

Selectivity

Quantitation

Retrospective data mining

Ease of troubleshooting

Cost

[ ]
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[Non-Targeted Screening or Newborn Ideal

 High isolation power for higher discrimination
 High precision for accurate mass identification
 High resolution for more identification

« High mass stability for a long lasting mass calibration
o MSP

Library availability for easy interpretations

[ ]
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[Orbitrap Analyzer - the ‘Heart’ of a Mass Spectrometer \

1.2 x

Standard Orbitrap High-field Orbitrap
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[Resolution VS m/z

Sci

Spec

Resolution (FWHM)

350,000 ,

300,000

250,000

g
3

150,000

100,000

50,000

Q Exactive HF MS

- () Exactive MS

=+ high-end Q-ToF

100

200 300

400

500

m/z

600

700

800

900

1,000
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[Resolving Power

Peptide ID Distribution of Precursors from LC/MS of E. Coli digest

Parent lon miz

120.00 ~

100.00

80.00

60.00

RT

40.00

20.00

0.00

] 200 400 600 800 1000 1200 1400 1600
miz

- 85% of the peptide parent ions (precursors) are below m/z 800
* Most of the chemical interferences are below m/z 600

« The highest resolution is needed below m/z 800 where Orbitrap
technology has it and TOF technology doesn’t!

[ ]
SCI Your Scientific Specialist
Spec '




[Orbitrap VS QToF

?_2'5 |
g7 RO:
.-H 2230
227

a

ot 2%6
2=8 i
11
1000 1500 2000 2500 3000 3500 miz 1000 1500 2000 2500 3000

Sci

o 2z
|

2270

.HI

i taﬂ] o z 14
k U

3500 4000 4500 miz
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[Labelling Techniques \

Interference
115.086
100 R=16504 .
16,000 FWHM is
%0 the minimum required!
80
& Reporter
8 Reporter 6.1
g % 115.108 Re16704
3 Interference
< 50 116.070 Reporter
5 17 114
£ *°3 Reporter RE17aD4
114.110
307 R=15604
20
10
0 —reeetrrrerer Lkl i Al WA b R RARAY Al bl LAkl R A RS RAAME LAl Mkl WAbh Rkl bkl Ribhd Ml b b RALM Ribhd Ribhd R RAALE b Rk ML
1145 1150 155 miz 1160 1165 1170
 Isobaric labeling techniques (iTRAQ, TMT) need high resolution at low
masses

 Chemical interferences are common when using collision cells!
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[Intact Protein Analysis

« Complete charge state envelope of IgG ‘Humira’

« Major glycosylation forms are baseline separated C\»/%
» ab
ab
yTTTT T Average Spectrum of 310,

7 Intact mAb Charge Envelope

P

 Relative intensity reproducibility
within a few percent

GOF+GIF o Relative abundances

- om0 e QExactive |GO+GOF  |GOF+GOF  |GOF+GLF |GOF+G2F |G1F+G2F
B \ ) 1 12.9 74.1 100.0 67.0 23.4
- \ = s 1 12.3 76.0 100.9 71.4 29.9
= T GOF+GOF) | GOF+G2F 1 12.0 72.8 100.0 66.2 22.0
b s 1 12.2 75.0 100.9 67.0 23.6
- . 2 12.7] 75.7 100.0 63.6 21.6
e ' cussy 2 13.2 75.4 100.9 64.9 210
= G1F+G2F 2 12.9 76.6 100.0 64.7 21.6
b GO+G1F
10
1}
[ ]
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[Intact Protein Analysis

e Mass measurement accuracy %
« Average error for 34 measurements 6.9 ppm C’*Q (6%36
 Standard deviation 6.4 ppm » a

i
=l et

ppm mass measurement errors
Q Exactive GO+GOF GOF+GOF  [GOF+G1F |GOF+G2F |G1F+G2F

1 -10.5 0.7 -10.5 -13.8 -18.0
1 -3.2 -4.3 -6.9 3.2IN/A

1 -11.6 -1.1 -8.8 -11.2 -12.0
1 5.1 -3.0 -2.6 5.1 5.6
2 -14.3| 3.0 -6.9 -5.4 -3.9
2 -8.6 -2.2 -12.2 -12.5 -12.9
2 -14.3 -6.6 -12.3 -14.8 -10.1

Confirmation of protein primary structure

[ ]
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[Sequence Confirmation of mAB

« ETD fragmentation of an intact IgG ‘Humira’

 Resolution settings 240,000
for fragment detection

* Increased sequence coverage

e | ocalization of modifications
(deamidation)

Sci

100 5
903
807

g 70 ;

860

c -

£ 504

@ |

F 403

=

o |

304

203

10 o

7+
Yo1

“z=6

8 50 ‘01258+ /C105%*

R=107382
R=103665

R=97825

R=101019

=

100
90—
80+

QB

<] TOH

o

T 60

5

£ 50+

[

2 40

kit

Z 30+
20—
10

T T T T
1702.5

LI B
1703.0

N |J1|J“U[

LI B B
1703.5

T T I
1704.0

R=112194

R=111081

&%ﬁég

R=105350

R=109093

R=104772
R=108541 R=110104
R=94282
R=102177 |
| R=108646
R=108759 |
R=109703
| |rR=108375
‘ R=99113
| 1 ; bmj q R=86808
; | |
w ol

T T T T T T T T \ T T T T \ T T T T ‘ T T T T

1704.5 1705.0 1705.5 1706.0 1706.5 1707.0
m/z
L syl ol |
.......
3000 3500
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[What do we gain by selected ion monitoring?

. Signal visibility is dependent, whether a signal is visible
above the spectrum noise

e Spectrum noise is dependent on the ratio of compound
within a certain ion population

195.0876
S 1150.00.2000.0] Gain in sensitivity (7x)
80 — Lowest detected 6000 -
60 — Full MS signal/scan
% - S/N =745 250330 5000 -
20 - | | E 4000 -
0 19508‘7‘7“1“ S - ‘ g
= y . 3
100 ML [190.10-200 é 10] %3000 ] Caffeine
80 — et
éso = SIM (10amu) Lowest detected 5 2000
0 - signal/scan 1000 -
520 - S/N = 5400 28240
o ] 0 -

195.082 195.084 195.086 195.088 195.09 195.092 195.094

Sensitivity gain 5 — 10 x with SIM mode  —mve —s=siismo)

[ ]
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Full Scan Spectrum of Atenolol

AZ_1000ng_ml_100k_1e6_HypersilGoldPFP #246 RT: 3.46 AV:1 SB:1 3.25 NL: 1.36E6
T: FTMS + p ESI Full ms [140.00-1800.00]

267.16994
)\ C14H2303N>?
-1.42629 ppm
. MNH '
90— O
N O
80| OH
207 Atenolol
o C14 H22 N2 O3
% 60 M+H =267.17030
'8 _|
3 -
< 507
[0) |
= O
g 40-
[ _
a0 Clgif8%§7N 214.09034 251.12632
. 1:](-) 232 3 C10H23 02 NK Na
] 3.18542 ppm 2.05409 ppm 289.15189
20; 229.14414 C14H22 03Nz Na
. 158.02816 C1oH24 02 NK -1.30423 ppm
107 185.11564 1.22476 pprr
7 149.02451 CsHiz O3 Na
. 4.44492 ppm 292.93153
| L l | ‘ ‘ | ‘A‘ | |
Ot e e e R L R R R R R R R R R RS RN AR AN RS AR
140 160 180 200 220 240 260 280 300
m/z

Sci
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Full Scan Spectrum of Pyridoxine

AZ_1000ng_ml_100k_1e6_HypersilGoldPFP #92 RT: 1.27 AV:1 SB: 1 1.04 NL: 1.86E6
T: FTMS + p ESI Full ms [140.00-1800.00]
170.08135
HO OH CgHi1203N
100~ 1.03533 ppm
90— \ /
] HO N
807 144.98848 o
] Pyridoxine
70 C8H11 N O3
g M+H =170.08117
g 607
° _|
c
3
< 50
(] _
2
T 407 157.03556
[a g i
] 168.02009
302 15207113 C11Ha O3
: CgH1002N -2.90528 ppm
20— 3.45525 ppm
162.97397
: 14598632 159.03166
10+ 146.98632 CaHe O N 171.08468
] 143.99090 " 149.94382 |153:01050 952 173.07839
o I ‘ ( = | 154.00835 | 112952 ppm 166.99569 | | |
L N B L R e e L e e R e R e L R R R R R R R R R R R R RN R
140 145 150 155 160 165 170 175

Sci

m/z
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[Alprazolam, Full Scan Experiment

Alprazolam
Y = 6366.31+514.015*X RA2 =0.9967 W: 1/X

5500000 ; 50 ppt ~10 ppb

°000000 =1 550 fg oc - 50 pg oc

4500000 —

4000000 -

3500000 — 7
CDQBOOOOOO é ZOOOOOE Zoom in 50 ppt‘ 100ppt
&) = 180000
2500000 o

2000000 g

1500000 50000

1000000 — 4218888 é

500000 TR e e % a0
fg/uL
0 RERER RS AN R N R R R R R LR RN R RN RN
0 2000 4000 6000 8000 10000
fg/uL
SC' Your Scientific Specialist

Spec



[Alprazolam SIM Experiment

Alprazolam
Y =-3135.8+552.216"X RA2 =0.9982 W: 1/X

6000000 |
’ 10 ppt — 10 ppb
5000000 PP PP
. 50 fg oc - 50 pg oc
4000000 —
Zoom 10 ppt- 100ppt
® ]
$3000000
2 ,
2000000 —
1000000 —
O‘HZOH‘4O‘H60‘“8‘0‘”1(‘30‘”120H
0 T T T T T T \”‘\””\””fg/‘L{L”W”\”"\“”\
0 2000 4000 6000 8000 10000
fg/ulL
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A Switch is on from QqQ to Orbitrap

TABLE 1. Linearity range (ng/mL)

8
“““ z 250H D2 250H D3 epi-250H D3
b z| PRM 1-100 1-100 1-100
_2 SRM 2-100 2-100 2-100
? Amo Butalbital Pento Pheno Seco
4 PRM 5-2000 5-2000  5-2000 25-2000 5-2000
SRM 10-2000  5-2000  10-2000 25-2000 5-2000
Q Exactive Focus quadrupole- TSQ Endura triple quadrupole
Orbitrap MS MS

TABLE 2. Inter-assay precision (% RSD, concentration ng/mL)
using PRM (n=15). BQL, below quantitation limit.

TABLE 6. Accuracy (% recovery, NIST standard concentration
ng/mL) using PRM. 250H D2 250H D3 epi-250H D3

250H D2 250H D3 epi-250H D3 Qco BQL 6.4 (8.4) BQL
Level 1 BAL (0.54) 108 (28.8) 103 (1.84) Qc1 5.3 (6.0) 41 (14 4) 4.4 (6.6)
Level 2 BQL (0.87) 110 (18.1) 90.7 (1.29) Qcz2 31 (15.0) 32(234) 29 (15.6)
Level 3 97 (13.3) 104 (19.8) 114 (1.18) acs 42 (50.0) 35 (58.4) 25 (50.6)
Level 4 BQL (0.55) 106 (29.4) 90.9 (26.4)

TABLE 3. Inter-assay precision (% RSD, concentration is the

TABLE 7. Accuracy (% recovery) using SRM. same as above) using SRM (n=15).

250H D2 250H D3 epi-250H D3 250H D2 250H D3 epi-250H D3
Level 1 BQL 934 BQL Qco BQL 76 BQL
Level 2 BQL 102 BQL act 76 86 6.9
Level 3 927 105 BQL ac2 6.4 48 9.4
Level 4 BaL 98 100 Qcs 590 2.4 69
[ ]
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Biocrates — 188 Metabolites

Key Features

Quantification of up to 188 Metabolites from Key Metabolite Classes

g =

o D B Ll

Metabolite Coverage

* Amino acids (21) * Hexose (1) # | yeophosphatidyicholines (14)
* Biogenic amines (21) ¢ Acylcarnitines (40) * Phosphatidylcholines (76)
* Sphingolipids (15)

Kit Components

Reagents & Consumables Methods & Protocols Workflow Manager Met/iDQ™
* Patented 96-well filter plate * Sample preparation protocaol * Process guidance

* |nternal & calibration standards * |nstrument-specific acquisition & # Ajtomated techmical validation
* Quality controls quantification methods * Basic statistics (optional)

* Testmix ¢ Systemn suitability test

Instrument Platforms*

* Waters Xevo TO-XS LUHFLC « SCIEX 6500+ (UHPLC * Thermo TS0 Vantage
* Waters Xevo TQ-S UHPLC #« SCIEX 6500 (UHPLC (UHPLC
+ Waters Xevo TO-5 micro UHPLC o SCIEX 5500 (UHPLC

s SCIEX 4500 (UHPLC
 SCIEX 4000 HPLC

[ ]
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Biocrates — ONLY Orbitrap 408 Metabolites

Sci

Spec

High Troughput &
Minimal Sample
Volume

The Absolute/lDQ® p400 HR Kit is a complete solution for broad lipid and metabolic profiling on high reseclution,

accurate mass (HRAM) Q Exactiva™ mass spectrometers. It provides quantification of a large range of analytes, with
high inter-laboratory, inter-instrument and longitudinal reproducibility.

Tha kit covers up to 408 metabolites from 11 metabolite classes, which are known to be relevant in a multitude of
pathophysiological processes:

Small Molecules Polar Lipids Neutral Lipids
Amino Acids Phosphatidylcholines Acylcamitines
Biogenic Amines Lysophosphatidylcholines Diglycerides
Hexoses Sphingomyelins Triglycerides
Ceramides Cholesteryl Esters
Your Scientific Specialist
— — E— — — e —




[Non-Targeted Screening or Newborn Ideal

 High isolation power for higher discrimination
 High precision for accurate mass identification
 High resolution for more identification

« High mass stability for a long lasting mass calibration
o MSP

Library availability for easy interpretations

[ ]
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[Orbitrap VS QToF

?_2'5 |
g7 RO:
.-H 2230
227

a

ot 2%6
2=8 i
11
1000 1500 2000 2500 3000 3500 miz 1000 1500 2000 2500 3000

Sci

o 2z
|

2270

.HI

i taﬂ] o z 14
k U

3500 4000 4500 miz
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[Analysis of Protein Complexes \

e Extending the mass range
e Protein assemblies up to 1 million Da

a 26+

_ 149kDa Agurrd n IgG antibody 150 kDa
ll + Lh

,EO | lI l 5700' 5750 mlz

b 5000 7500 10000 12500 M2

_ 210,253 KDa ailmhs HK97 bacteriophage capsomers 253
g

£ J | -

c 5000 7500 10000 12500 Mz

\ Yeast proteasome 730 kDa |

5000 7500 10000 12500

o
o intensity
S
w
o
)
@]
juil

2z 801 kDa

n 4 74

= 2 o !

2 e R

. ' , |
5000 7500 10000 12500 M/z
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[Ligand Binding Stoichiometry

e 1234567 8910 #ATPs
0 1 2 3 4 b # ADPs
- P
| 11122.79
(]
= R;2048
100 —
- 0 1
90 \/
4 10821.94 | 11279.60
80 3 o \/\/\/bw R=2161 | | R=2002
@ 70 7
c - 10537.11
S60 2 D , / R=2186
3 - 11420 11470 11520 11441.23
250 — R=1873
O
240
‘_5 .
30 -
7 11607.90
20 — 10266.99 R=1600
3 R=2252 11780.59
E 8521.29 Z
10 : Retsan T—1353
0— u””\””u‘"\\'"\\'w'”\'\\'\7”!\"“‘“\“V'w'"".""w““\“""‘JW'"'|']”|’\|"l‘!\°“w""\"n”u\” T w"‘l\‘h”‘w”” T
2000 4000 6000 8000 10000 12000 14000
m/z
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[Data Dependent Decision Tree \

» Decision tree—driven tandem mass spectrometry for shotgun proteomics

=5

4 /2800 ‘ Data Dependent

"2 Decision Tree

[ ]
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[Product Dependent Trigger

« ZIC HILIC separation of a glycoprotein digest

(a ) 473.3204

Survey scan

@ RT: 25.16 min
MMMM.MH... il .-l" AT

”[“ T I . l[\ III + l! + IWI T . ]. ; [I T : 1
400 600 800 1000 1200 1400 1600
m/z

[ ]
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[Product Dependent Trigger

« HCD fragmentation spectrum of m/z 645.6194
e Oxonium ions observed among top 20 peaks

921.5012

(b) g

pep

2+

SRNLTK

:’(e; 2+ HCD
]2+ 3
pep E

i pép

2+
HexNAc Y1 Y
2040869 451 0537 4p
886.9064

RT: 25.17 min

32

pep | : %H 1+
Y2 pép ! pép % 1+
562.7933 §Y4w3|3 ' Y pep Q%
: ! : 2
3

2 |

: i | Y
HexHexNAc P Yy } 11245798 pep
| 718/4207 1286.6305
366.1401 v 3 40/3p
| [ | ] H M| 1448.6846
T LAMAM MM LAY AARS M BASL LAad LAael ML LAl LAk L ey MM AR MMM MG LM LAALS ML) MM RAAL) LA AR } MR MAAAL LAbld MALM A AR AR LA RAALS ALY
200 400 600 800 1000 1200 1400 1600 1800
m/z
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[Extended Top-down Capability

32?598?25 ETD HCD|
100+ =
[~ HCD S 151476 KIS ARSI LR STATTL
£ s 171k 7la TRRIAREISIeLVIKIAIs ST TVIElETL
2" R1560s2 Al vlU KWL £ v 1[RLoLA 71 rle | AKIRLKLT VL
o ] z=
R ||| REiseas TlsMPIVVIvlak [kirlale [RLT L v 61F16Te
T 20_“ R=§£?1O 22
0: | L il m .\ bas
600.3526
R=185866
1w ETD 22 Sequence coverage
80~ 537.9891 | o000 Orbitrap Elite using ETD: 81%
. R=189201 _ - . . 0
60 7=3 z=2 LTQ Orbitrap XL using ETD: 43%
- S 787.4543 1093.5867
405 R=15/—}I169 R:LQ_54517
] zZ= - .
i [020870s
] z=3
0 e
500 1000 1500 2000
m/z
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[Product Dependent Trigger: HCD PD ETD

« ETD fragmentation triggered
— Peptide sequence information
— Glycosylation site localization

[M+3H]3+
645.92

(c)

14

SN

ETD

345.25 RT: 25.17 min

[ ]
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[Structural Elucidation \

Discovery and Characterization of Components

Compound Discoverer 2.1 SP1

& Copyright 2014- 2017 Therma Fisher Scient#ic Inc.
Al Zrm eserved. This program is protected by cagyright thermo
lmw and intermational tresties ax described in I-e-l Abaut SC]emmC

Extracted lon Chromatogram and Isotopic Pattern
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https://www.thermofisher.com/order/catalog/product/OPTON-30835

[ Elevator Speech \

The orbitrap provides reproducible high resolution accurate
mass with superior U-HPLC compatibility at resolution

unattainable by QTOFs without compromising the sensitivity
and dynamic range in MS or MS-MS data. With orbingp;xyou

~—— will have fewer false positives, higher quality, better acctwacy
and more confidence in your quan/qual measurements.

/

[ ]
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Qual-Quan

A

PROTEOME DISCOVERER 1.2 {

Discovery

*Precursor accurate
mass

* MS/MS spectrum

*Protein / peptide ID

Sci

>| HR/AM Targeted Quan

(

Target
Confirmation |

*Accurate Mass (AM)
* Retention Time (RT)
* |[sotope Pattern

« MS/MS spectrum

* MS/MS Transitions

|

Target

| Quantification

e |LC Peak Area
» Precursor

« MS/MS
Transitions

*All Targeted Quan

\ *Precursor accurate ,’

\ mass

/
\\MS/I\/IS spectrum/
AN /
o [MT h e - _ - 7
| abel free
*SILAC
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Range of Experiments \

< Quanfirmation = No Compromise! >
Research Development Routine
Low throughput Medium throughput High throughput
Discovery Verification Optimized assays

ExaCUveS
&Ion'ﬁaps j 'ﬁmﬂes
Qualitative Quanfirmation Quantitative
SCi Your Scient] £ Specialist
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Linearity and Precision

Milk Samples Non Fat Low Fat (2%) Whole Fat
FortificationLevels | 50 100 250 500| 50 100 250 500 | 50 100 250 500
Sulphamethazine 0.9964 0.9908 0.9970

(RSD %) 24 72 49 24|66 145 52 56 (89 12 51 n/a

Oxytetracycline 0.9906 0.9931 0.9909

(RSD %) 27 114 114 555|116 118 59 42 (92 129 49 26
Tetracycline 0.9923 0.9948 0.9903

(RSD %) 62 64 54 37|73 48 59 45 |41 95 865 55
Enrofloxacin 0.9869 0.9969 0.9973

(RSD %) 92 79 23 08111 14 14 31 |69 83 30 n/a
Difloxacin 0.9958 0.9907 0.9968

(RSD %) 122 43 60 24 |108 46 27 &5 |26 61 51 n/a
Spiramycin 0.9820 0.9740 0.9951

(RSD %) 1.1 118 84 41 |109 40 100 94 (133 65 52 0.2
Albendazole 0.9984 0.9967 0.9928

(RSD %) 1.6 1.7 1.7 27|63 32 36 42 |26 62 12 29
Phenylbutazone 0.9947 0.9922 0.9663

(RSD %) 29 33 08 26|81 41 49 31 (06 09 07 03
Salinomycine Na 0.9993 0.9966 0.9984

(RSD %) 128 07 12 15|15 08 34 o4 |28 31 13 1.2

Stolker, A.A.M. et al; Anal. and Bioanal. Chem. 2010 accepted for publication

@
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‘Drug identification using ToxID™2.1.0 {
« Fully automated analysis and reporting
ToxID 2.1.
 Drug identification based on

« Molecular weight

« MS2 spectra

« (Chromatographic retention time

» Built-in library of about 300 drugs e

. Library spectra acquired under real world conditior ===,
for robust and accurate ID

« The software uses proven NIST search engine

« Feature to easily create and expand library

» Excellent results review and reporting

e Summary report

e Data review report

o Excel spreadsheet

[ ]
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ToxID Summary Report

Your Company

Summary Report

beneabade dirci e &

Raw File Nime C'\Dicummb and

bty DhidiliClimcal Tossdunshegy Forammici Taniccligy

Contfig File Mame: C\Deciiments amd Sclingsirenalicle durcties deciimeniay Dl Cbnical Toot ool gy Fionenm! Tonicrkigy

Sanple Hane: L dsoriabinry

; e ) Peak Compound Name Code 51 R5I m/z Expected Actual RT Concentration  Library Name
Acpiition Harl Tiae: TI1008 1143534 Number RT l'lg.'lﬂll
Seveaing Conditics: Rasadice Pl WY aniie. iy wiaalo sy 150, BT winchons (miny: B0, MR S Wi o Ly 1Nyt Al S i e e
[ Bl
tr ! ‘e s 1 Furosemide r 999 999 32900 870 940 0.03 Tox Library LXQ
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- i T4 g8 ::.’;“»mmr_ml‘ 3 Venlafaxine P 831 835 27820 240 10.27 1.79 Tox_Library LYQ
::% ’Hlu-' e 4 Diazepam P 842 843 285.10 1040 10.76 146 Tox Library I.XQ
3 m
A e T am i 5 ChlopromazineD3 i 814 814 32220 1730 1749 012 Tox_Library 1XQ
o :% 1834 |15 Pl T gt 6  PrazepamD3 i 011 916 33020 11.70 1259 169 Tox Library IXQ
Sy R
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2 s :::ggmz?mr-lm e
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< e
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Lisd 250 w Pl w3 X0 e .00 E 20.47 TIC F: ITMS
1;“1 L] Ll 80 ' - ¢ ESI Full
- ms
[ ML 1.5364 ]
i V8L0HG . Tl B0 | [225.00-
2.05 -00)
] IQCII
E 18.23 ‘ 30,23
] 7.84 2898 |
20 243 7.48 934 1281 1371 1?.8.3“ kw
N P o P “ N
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100 1.14E7
] TIC F: TMS
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4 [ummm B B2 ] W0 10140 i 146 Tom_Liary LN an] I|
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ToxID Review Report

Sci

Spec

Company Nama Tox|D Long Report

Raw File Name: € Documents snd Settings'examta kozak Desktop Deskiop' Applicaton_Notes' TexIDN 2] RAW
Conflg File Name: ¢ Xcaubur exampies' ToxlD ToxID_config_| dmin.csv

Sample Name:

Laboratory. CheLab

Acquistion Start Tusse: 21372007 1.04.54 AM

Liswary Name

Peak Compound Name Code sl ksl m Expected Real RT Intenuty
Number RT
3 Venlafaxie P 36 837 82 490 483 12964 Tox_Libwary

Peak } " Tiss
£
e
i
i”
LE am

Library Spectrum

Acquired Spectram

ur
155
B 100 18], f" Rie]

)
mz

Library Structure

100 Fimrns SIS, Mo 377 M VB, g W15

~

Page 3 of§

Acquired Spectrum

Relative Abundance

Relative Abundance

218

217 233

Delta Spectrum

Raw data - Library entry

Relative Abundance
(=]
&

LEREN ) TrrT rTrrTrrrryrrrT)
1I£4J ‘IéﬂD 200 250 280
miz

Library Structure

Verlel srire
Fomuis CVAHDINCE, My 277, CASRYMITERE i ely
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‘What is Mass Frontier? {

 Software for small molecule structural elucidation via mass spectral
interpretation
— Predict fragmentation given a compound structure
— Annotate spectra with fragment structures

— Store MS" spectra along with structures, peak annotations, |D
numbers, pathway information, etc

— Match unknown spectra against library entries
— And MUCH more...

Mass FronTIER™
Confident Path from Spectra to Structure

Tag Line:
Mass Frontier helps you to go from SPECTRA

e . — — - ——

[ ]
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[Who should get Mass Frontier?

* Anyone who is doing small molecule structural elucidation /
confirmation via mass spectrometry

o Examples:
— Metabolite |dentification in Drug Metabolism
— Impurity and Degrading analysis in QC/QA
— Endogenous Metabolite Identification in Metabolomics
— Forensic Analyses in Federal and State Agencies
— Doping Control in Horse Racing

— Chemistry/Biochemistry/Pharmacy Departments in Universities
doing small molecule research

— Service labs for synthetic chemists
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General Unknown Screening using Mass Frontier

infusion
—

Tree Search

Match Score

Above Threshold IDs

Match Score
Below Threshold

Individual Spectrum
Search

1

Partial Structures

}

Structure Candidates

Sheldon et al. Determination of lon Structures in Structurally Related Compounds

gsc'rig Precursor lon Fingerprinting. JASMS, 2009, 20, 370-376
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[ MS" Spectral Trees—the ONLY Route to Unambiguous Structural Elucidation!

File M5 14147 Accurate mass information is
fij MS powerful — provides a potential
oo s ! formUIa

Hile Ve 74\15_82#148 However MS" information still
ljjj J MS?2 necessary to distinguish

oo g ) between structural isomers

File M=3 427 92 #150 File MS3 728 97 #149 Trees Can aUtomatlca‘”y be

fa ‘:jj MS3 generated by Data Dependant
T L . Mﬂ LC-MS/MS runs on our

| | instruments

MS4 Component Detection from Mass
Frontier can automatically
j deconvolute MS" spectral trees!
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This information collectively, uniquely defines the
structure of the molecule
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[How Do You Get a Structure From MS Data?

i

.
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Mass Frontier: Toolbox for Structural Elucidation

K5 HighChem Mass Frontier 6.0

File Edit “iew Tools Search Library Options Help M\CrUSUﬂOfﬁCE
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@ | 2§ Fragments & Mechanisms: 1 -

==
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Chromatogram Processor TR » | Easy Structural Editor
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571 mfz 454.2492 1R 3 i
55 mys 455 2416 R 4 - T
Sar myz 4852246 R 4 g1 O
B0: mys 468 2486 R 4. HH
B1: myjs 456 2210 tR: 4. @
£2: mfz 5011363 R 4.
B3 myjz 485 2346 R 4. 90,00 459 2888 O
Bdi myfz dEE2HE IR 4. @ H
651 myfz 4701517 R i
£6: mjz 4542492 tR: ]
671 mjfz 465 2470 R I
£ mjz 4342486 R 4, 1 €x
69 mjz SO11963 tR: 4, ]
0 myjz 4692886 R 4. 30.00—
P mpjz 467 2560 KR, 4. ] -A-
721 mjz 4542456 IR) 4 1 .
3 mfs 4342486 R 4 000 ‘B < >
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[ = 138,
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O
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O
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Analyzed M3 Stages: g
@ Top Stages © Lower Stagefl O Al Stages : 12%:‘11013?
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[Fragmentation Prediction: Three Knowledge Bases

1. General fragmentation rules : : :
J . 2. Mass Frontier Fragmentation Library™

Tonization Cleavages Hydrogen Rearrangements Electron Shifts
' —Hond Dissociation. o, —Cleavage Radieal-Site Rearrangement Electron Sharing .
+e . + .
U N EU o P ) f e Total number of Mass Frontier 6.0
Y e L\//

7T —Bond Dissociation .HydrngenRadmal Lost o, BO—ChargerSte Rearrangement Charge Stabilization Frag mentation Schemes 30 . 936

T + +: . + Hg e OH or
S e oH W' OH /[L+/ — .y +|\//._.. 1

S e A g, s HOL Individual Reactions 129.229

Mon-Bonding Electron Lost Q

B B P JoT B Ii\/'—"L\/ Chemical Structures 151.762

¥ —Charge-Jite Rearrangement

o - ol On Jn 1
: T P R O Decoded Mech 120.029
P e g PR ecoded Mechanisms :
o gt HO + = S = o~
—_— OH, HO + 3
e T |\/ 0+ CH e OHp
— k/\ E—— \\\:
Hydside Abstraction .
" N OHy tHe o
HO ™ = kA I
Adduct Formation Chatgs Retmots Reattangement
wo_ o e
R
HY o~ CH s

Copyright © 1998-2004 HighChern, Lid.

3. User Libraries ——s-~

[ ] — €X; Y
SCI T ‘ Your Scientific Specialist
Spec




Fragmentation Library™ in 6.0 now covers >99% published literature

Sci

Spec

Source Volume | Year

1. JASMS (Journal of the American Society for Mass | 1-17 1990-2006
Spectrometry )

2. IIMSIP ([ International Journal of Mass 1-53 1968-1983
Spectrometry and lon Physics)

IIMSIP ([ International Journal of Mass 54-175 1983-1993
Spectrometry and lon Processes)

IIMS [ International Journal of Mass 176-255 1998-2006
Spectrometry )

3. RCM (Rapid Communications in Mass 1-20 1987-2006
Spectrometry )

4, IMS (Journal of Mass Spectrometry) 30-41 1995-2006
OMS (Organic Mass Spectrometry) 1-29 1968-1994

&, IMSS] ( Journal of the Mass Spectrometry Society | 11-27 1964-1979
of Japan) 29-30 1981i-1982

37-48 19589-2000
50-53 2002-2005

7. MSR [ Mass Spectrometry Reviews) 1-25 1981-2006

2. EIMSBMER. ( Eurcpean Journal of Mass
Spectrometry in Biochemical, Medicine, and 1-2 1980-1982
Environmental. Research)

9, BMS (Biomedical Mass Spectrometry) 1-12 1974-1985
BEMS (Biomedical and Environmental Mass 14-19 1987-1990
Spectrometry )

BMS (Biclogical Mass Spectrometry) 20-23 1991-1994

10, | JC (Journal of Chromatography) 181-536 1980-1991

11. | EIMS (European Journal of Mass Spectrometry) 4 19938

Mass Specmmetr}'
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Predictive Fragmentation

K5 HighChem Mass Frontier 6.0

2% Microsoft Office

SEEEEEE D

| Database Manager 2 v|

File Edit “iew Tools Search Library Options Help |
E-J-&- [ Y-8 -8
GOPeErE CRE %

v

-2 Fragments & Mechanisms: 1

ﬁn§|%%‘nm||x/.|Flagmenls|@|

242.0956 | 2480514 | 275 0485 | 277.0641 | 2841394 | 2910798 | 298.1560 | 300.0801 | 3011005 || 3050954 | 313.0879 | 40958 | NE1036| M HET4 a7 192 | 38027 | 3199111 | 3281114 3290954 | 334 ¥ % Hggggi -

uwwmm@m@@m}m@m}m} <1 Select possible fragments with mdz 316.1114 % gﬁlgggg
% 1220500
132.0313
o o o0 5 133,039
5] 134.0475
5] 125.0553
0 5] 126.0757
5] 1440240

o N ] 14,0475

1 (] 147 11553
N (9] 148.0757
(9] 149.0709
[m] 150.0913
miz 316.1114 (=] 151.0992
[®] 166.0321
(] 167.0399
(] 162.0473
(9] 172 0553
(9] 180.0478
(9] 181.0556
% 184.0427
1950223

1. General Rules

(=] 192.0583

[5] 199.0862

R
[ 200.0740

N @ /m@ 2. Literature Library

i e @ 3. User Libraries B .

f Lib

VNHz

+
HH HH.

N / A /
Sas | Bas

iz 346.1220 iz 346.1220

ps
/i
LI

- |
3

+

| Database Manager: 2
H-&- |0 X~ b - B -
Reaction | |nfo |

Bl

|||| >

| uogeuaw ﬁ\

| [Drefault
m/z 1500675 iz 1350441

Results For

miz 770388 il
| >

B

| @ work| @ angel Kevin bufuralol | #H HighChem ESI Neg 2008 [R] | #H HighChem ESI Pos 20 ¢ » |

g

D Ac Mol Mass Formula Title A %
2156 2091094 CregHg03' 7" | Sei Tobita, Susumnu T aiima, T asuko Ishihare— E

T 2187 1921145 CrzHugOs ! + Seiji Tobita, Susurmu T ajima, Y asuka |shihar: £
| 2188 1921145 CozHuglz + Seiji Tobita, Susurmu T ajima, Y asuka |shihar: 5
| 2189 150.0675 CaHyOz! +* Ozamu Sekiguchi, Tsutomu Moguchi, Kazuo 8

_FE

|
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How Do | Annotate Spectral Trees? ...Automatically

&5 HighChem Mass Frontier 6.0 - [Database Manager: 1]

File Edit “iew Tools Search Library Options Help M\CrUSUﬂOfﬁCE =X
=-H-&- X-4-B-B- %- D0 M
@J Sm I 24"0 ;& [ | Database Manager 1 v|
43 X3 BB - ACT- DT a2 ALBL|[R- | OPPES
x m‘ Info Data | Mass Differences | Compare Spectra - x §

: -
[u] E
177.055% o
n 100.00—] ﬁ)( Manual Annotation » ,S
] o - 2
] + 0 | Auto Annotation 4 ||@ Generated Fragments - :‘:
87.50—] N #  Adto Annatation Layout | H g
] 0 Srale All Structure Annotations 5?1- Generate Farmulas o
‘ J ‘ L ‘ 75.00] Delete »
| L | Liklily - m |
7 Force Tolerance
f230 + g Filker v -
5000 2 . Zoam ’
- O \C)
] @( W

] NH 2763029
12 50 167.0543
J 78.0420
] 201 9983 a3 | l 83 2111 3433 - PEVESTY
0.00— L P 1 RS Y e ' 1 [ e |I. (L .
File M52 ITMS + c S dF w174 B 125'.00 150'.00 1?5'.00 200'.00 225'.00 250'.00 2?5I oo 300'.00 325I oo AUtD Ffﬂg"'lﬂ nt A.I'Il}tl':ltll}l'l U'f pEﬂkﬁ
@ Woark | & Angel Kevin bufuralol | #H HighChem ESI Neq 2008 (R] | ## HighChem ES1 Pos 2008 [R] | 2% HighChern Fragmentation Library R, O ptians 4
0] Ac Mol Mass Formula Title &
1 Threshold: % of highest peak. 7
2 4857163 CazHapNa0z H . g
3 455 3057 CatHasNa 01HF Clear Exizted Fragments 5
4 4353163 CazHagNa0g HE ’
5 501.3112 CaaHagNa0z ' HY Check Precursor

Auto Annotation Layout

Apply to Al Modes

-
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Database Manager: Integrated Knowledge
anage

All records of installed libraries are shown in Database Manager
All records are accessible without querying
Spectral and Fragmentation libraries are unified in Database Manager

Searches are universal, independent of data type (structures, m/z values,
names, CAS number, biological activity, etc)

YV V VYV V

One Record: Spectral tree with corresppnding fragmentation mechanisms & more!

Database Manager: 1 E=8 Ech ] Database Manager: 1 [ & =]
D &N T A F P I - - Ox v | %
X | Specirum |\nfo | Data | Mass Differences | Compare Spectral 4 Reaction | Info =
File MS1 prer i =

100.00—{
305 35{ g o @-
] . ]

B
4 o)
7500 HyN

File M52 305.10

261.20

3
. K
i HyN = -
q 2o
3000 4 \‘ miz 2610703
232733\ I ] MR- g @ /©/ mfz 306.0674 iz 305.0602 v hag?
! ] ol HyH \

File M33 261,10 ]

2500 HpN 56 /
2208 1 _
15396 ‘ I 1 15496 45,04 w057 f \Q
S ] 12122 | ] amsn | T’/ i o
— ool i & e L i

L rz2EL0703
12500 150,00 17500 0000 23500 25000 37500 30000 miz 261.10

@ work |# HighChem ESI Neg 2008 [R] | # HighChem ESI Pos 2008 [R] | #3 HighChem Fragmentation Library [R, CP]| g

hatch 1D Murm. Mall Mass Formula Title é

el

27 H s 439 307.0838 CyHMN30gS  L-Glutathione reduced w 27 H 946 439 307.0838 CpHpMz055  L-Glutathione reduced
@ |H 78z 63 045104 | CgHeCING  CLIOQUINGL g w |H otz m 049104 CgHECINO  CLIOGUINGL
20 |#H ma7 345 1620473 | CgHgOsg =5 | H BT A 150473 CgHg03
0 |H sez 52 TER0473 | CgHgO3 L an [#H ez 520 1620473 CgHgOg i
i am]
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HighChem Spectral Tree Libraries—Free with the

Library: HighChem ESI Neg 2008 Library: HighChem ESI Pos 2008
Tree Count: 524 Tree Count: 1251

Spectra Count: 3805 Spectra Count: 10180
Fragmentation Schemes: 263 Fragmentation Schemes: 702

(&) Database Manager: 1 [ =] =a) () Database Manager: 1 ===
H-&- K4 -B-B-%- AN ST A 7 il | R O2000 H-&- X-h-B-B-%- KT @ T g0F  Mikuil - OO
X |/Speciii | nfo | Data | Mass Differences | Compare Spectia = B X | Seectum [info | Data | Mass Differences | Compare Specha - x|z
File M51 File MS1 T
P wooq M SRR | [] | toee — o TE
15116 1 i -
P ] o 1
g 158.13 75.00-|
6046 9439 : ] //11{4- @ o
File M52 305.10 1 7 HN )_k
1 1 5 _
26120 1 ] NH, 'H HN
50.00{ 50.00—|
23233 I i ]
] i File 152 136.00 i
File 1153 261.1 J FHE 25.00] X
232 ngl ] @
% 136.12 1 L1513
e ‘ 4 4727 60 4&0 130 |B'3° 165.16
o 0.00-| : o

-
File M51 - 14 h File MS1 - 14 40.00 60.00 80.00 10000 120.00 140.00 160.00

0' I;ﬂ 0'0 ‘ ‘l;ﬂ.(‘lﬂl Il;ﬂ 0‘0‘ ‘1‘!0 C‘l(lI I}'N 60‘ ‘240.(“0' I}‘W 00 300.00 330.00 3‘&0 00 z306.07
 § &
@ work| H HighChem E31 Neg 2008 [R] ]'li HighChem 5| Pos 2008 [R] | 8% HighChem Library [F. CF]| g | @ wiork | # HighChem ESI Neg 2006 )| ¥ HighChem ES1 Pos 2008 (] Iﬁmgh:hem Fragmentation Libraiy [R, CF]|
kTw Title - E.; ID ¥ Ac Mol Mass o il )
N-p-suifa e H 35,068+ f
aci

415.0823 CatHisCND

2 225.0862 CeHyNs0z acycloguanosine

3 1630303 C5HgNO33 L- 3 5453149 CasHarNOy
4 1800423 CgHgOy 4 3080825 CizHpz CiNg Brchloro-1-methyl-E-phenpl-H s -triazolal4,3-2][1, 4benzodiazepine
5 319.9991 CisHs078 slizaiine 5

» Common pharmaceutical compounds and human metabolites

» Peaks manually annotated and fragmentation mechanism elucidated
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[Compound Discoverer

L Unknown Analysis

|dentification




Flexible Workflow \

|W0dcﬂcmTree

« Use common, predefined
workflows or create your
own

e Integrate your own nodes

* New in version 2.0:

& me Nodes for Unknown
— ' , Detection, |dentification,

S i Statistics
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ldentifying Unknown

Compound Discoverer 2.0.0.303

File Reporting Libraries Wiew Help

WH W EHD @ T

/@ Start Page X/ [ Sake result 1 X | e
Chromatograms ~ & X || Mass Spectrum -1 x
4 Group By: > — CHIKU — passAl HAKKAISAN KIKUSUI #577, RT=0.683 min, FTMS (<), MS(> )  RAWFILE(top): KAN-CHIKU_10x_MSMS-1, #5652, RT=0751 min, FTMS (+), MS2 (HCD, DOF, 1: =
oo o RUBOTA prea=i 2591, RT—0694 i, FTMS [+, MS REFERENCE(bottorn): mzCloud Tibrary G5 H14 N4 Agmatine FTMS (+) MS2 (HCD 131.13@50.(
[] Sample Type | #0607, RT=0.709 min, FTMS [+), MS
[ sample F 4 0.741 2626, RT=0.726 min, FTMS [+], MS
! s = 400
4 Filter By: = in, FTMS (+), &
o | Sake type 3 2691, RT=0787 min, FTMS (+], MS = 200
S =
o ) Sample Type E < | | L
=5 3 0 i T E
on Sample f ; |
g 4 G -200 4
5 5
E 400 4
0 T T T T T
05 06 07 na 10 . . !
RT [min] 100 120 140
miz |

4 m

Compounds per File || Features | mzCloud Results || ChemSpider Results || KE( AUtO mati Cal I y aSS i g n beSt M S a n d

& | checked|Name e Molecular Weight MS / MS Spectra in y ur data Set hange  [¥1 | Adj Pvalue o] =

1 = Glycyl-L-leucine 188.11576 84| 039|175

2 = |-Norleucine C6HI3 N 02 13109438 b d RT - t t d d t 15| 0ss | 115 ([EEEN
3 A Isoleucine €65 H13N 02 13109438 ased on 3 Intensi y! a uc 13| 094|115

4 A Isoleucine CeHI3INO2 131.09438 J82 030|173

5 = DL-Arginine 17411133 95407513 2 -a77 -0z [0

6 = DI-Lysine C6 H14 N2 02 14610531 22156233 1 J 7| 047 [051|-0s1| 132

7 = L-Pyroglutamic acid C5HTN O3 12904240 | 1467 20244990 10 4 958 | 13508 30a6 5aes 734x6 13147 So7ee Lase7| 106 245 328 215 243

g = L-Histidine C6HIN3 02 155.06925| 0770 9255697 6 1 6.7 32006 7.14¢6 441c6 5556 57026 493¢6 551e6| 045|073 | 083 | 062

9 = L-Glutamic acid C5Ha N 04 14705287 0833| 47585032 14 3 96.7 | 26367 442e7 S63e7 354s7 Se5e7 2827 34e7 | 047 043 048|054

10 + I Agmatine C5 H14 N4 13012160 | 0736 | 216138458 1 6 06.2 | 314e7 7.35e7 3.84e7 07 122 | 173 165|194

1 = L-Aspartic acid CAHT N O4 133.03728 | 0819 4881406 4 2 096.2 (2816 25026 1532612.83e6 24720 2746 43786 | -0.88 | 0.01 |-0.19|-0.04,

12 = Tyrosylalanine C12 H16 N2 04 25211055 | 1740 3453334 7 2 06.0 | 75325 253a6 130e6 150e6 114e6 6095 117e8| 0.79 | 093 | 060 |-0.30,

13 = L-Pyroglutamic acid C5SHTN O3 12004239 | 1354| 24191714 10 2 95.5 | 2027 12267 ssges 5016 2347 B77e6 L77a7|-071[-0.04 030 088

14 = Hypoxanthme C5H4NAO 136.03834 1.254 7951864 3 2 95,5 | 145e6 4.0526 152e6 3.23e6 336ef 6.06e5 536e8 | 0.07 115 121 -126

15 + Valylproline C10H18 N2 03 21413148 | 2473 23200734 5 3 954 | 22156 2606 7.9526 7646 2756 74426 | 106 | L85 179 032|175

ylp
L) |

# | Hide Related Tables
Predicted Compositions || Compounds per File | [grt RSN | ChemSpider Results || KEGG Pathways
& Checked | AMass [Da] | AMass [ppm] | Scan Number mzCloud 1D | Formula Structure Molecular Weight | Match = | Best Match = | Name -

T E]

1+ 000024 1.87 652 303 C5 H14 N4 NHz 130.12185 96.2 96.2 | Agmatine

L
i

~ ) Show Related Tables
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redicted Composition

£ S Page. X[ 1).20F X

e S B oo =
4 Color By: L) —— Fatty Lean 4 Q 2953_ RT=3.041 min, FTMS (+) Pcﬂigllqu_zaﬂlzdgzz_::m;z}?fi RT=3.091 min, FTMS {+)
7] Phenatype 35 [ #1855 RT=3,045 min, FTMS +), MS2
] Sample Type i 4 {3 #1965, RT=3.058 min, FTMS (+)
Sample s [ #1968, RT=3,065 min, FTMS {+), M52 20 4
4 Filter By: & 25 4 [ 21877, RT=3.073 min, FTMS (+) &
i | Phenatype - () #1080 RT=3.084 min, FTMS (+], MS2 ; 23
o wa Sample Type 3 [0 #1985, RT=3.091 miin, FTMS (+) E 204
oo Sample. | 15 4 [ 21989, RT=3.007 min, FTMS (+) 2 o
2 [ #1991 AT=3.101 min, FTMS (+) MS2J] =
£ 10 4 [ #2005, RT=3.122 min, FTMS {+} é 104
05 G #2006, RT=3.124 min. FIMS (+). M52 = 055 3
06 4 (3 #2025, RT=3.153 min, FTMS {+] i | 207 10342
28 30 31 Y 13 (il #2026, RY=3.155 ming FTUS (), MS2 ) 204 205 208 207 208 208
RT [min]
i . ) 3] [ bl [
ds per File || ChemSpider Results | mzCloud Results
| Checked | Name Predicted Formula folecutar Wesght | RT [min] | Area {Max) |# ChemSpider Results | # mzCloud Results: # Pathways mzCloud BestMa- = Group Areas  [#] | Group ©V 3 [ | OV %] 3] | Ratio [¥] | Log2 Fold Change [F] | P-value [8] | Ad). P-value (3] E
| Cytidine i_c_9_ H13 N3 05 | 24308520 | 1104 5418251 | 5 1| 3 w7 s 52
| Creatine CAHIN3 02 [ 13106932 0888 | 211989372 2| 3 3
Hexanoylcamitine C1IHZENO4 | 25017821 | 4881| 549236 2 1 0
| L-orleucine | 131.00455 | 1004 | 134054883 0| g o
| Acetyl-L-camitine CIHIT N O4 | 20311560 | 1317 165521815 1 3| 0
| [ L-Tryptophan CIlHI2N202 | 20008071 | 3090 134778753 11] 6 20|
| Propionylcamitine CIDHI9N 04 | 21713121 | 1988| 34624088 1 3| 0
[ cieeine. - 13100455 | 1092 | 270422589 | o 20| o
| L-Valine CSHIINO2 11707881 | 1172 | 174691807 | 13| 15 2|
|a COHIND 14505268 | 3000| 5206107 | 6| 4| 0
n s | 4-Guanidinobutyric acid TS H1L N3 02 14508499 | 1163 | 6267898 | Z 2| 2
12 % | |4Goandnobuyncacd || csHiLa 02 | aesosase| 1088| 108414 2| 2| 2|
13 = — Peg nf €12 H26 07 28216760 | 3833 8821444 0| 2| o
1 e | Uric acid €5 HA N4 03 15802821 | 1192| 7040506 1] 1 i
15 = | Trisspropanslamine CIHILN O3 | 19115208 | 1398 1994729 0 1| o
16 = ' Pipacolic acid CBHI1 N2 i 12907891 | 1303| 3384295 13| 8| 7|
17 = | Indele-3-acrylic acid |c11HaNO2 | 187.06323 | 3.080 | 110753516 | 1| 9 o
TS | Micotinamide | IEE (| 12z0mes| 14s1] 11732620 5| 2 3
S Y J csmazcr: || sassesm| a2u sesse| o 2l ol
0 = Adenasine C10HI3 N5 04 | 26709654 | 1863| 777437 | 5 ! 1 13|
2 | Pyndoeal CEHON O3 | 16705815 1258| 3068263 10| 1 .
* | Show related tables
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[Conclusion

+ Ultra-high resolution * Quantitation
* MS/MS sensitivity * Throughput

« The Orbitrap Mass Analyzer is a new type of mass analyzers
with its own unique combination of analytical parameters
« Orbitraps are still evolving...
» Higher speed
» Higher resolving power and mass accuracy
» Higher sensitivity
» More routine applications
» Exciting new applications continue to emerge
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[Summary

* High resolution is a key characteristics of MS data enabling
 Mass accuracy
« Confident identification
* Reliable quantitation

« Data dependent acquisition offers an elegant simplicity and has
proven highly useful for discovery-driven proteomics

« Mass spectrometry technology enables comprehensive analysis of
proteomics samples
» Multiple fragmentation techniques
o MS" capability

« Quan&Qual experiments done on a single platform
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