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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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[LC-MS solutions for all analytical challenges

e Best LC-MS Portfolio
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nduced by ion packets moving inside the trap

» lons trapped 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)= gx{zz —r?/2+R21In(r /R ,)}
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Presentation Notes
Then ions move along a strange spiral which has 3 components:
Rotational movement with frequency of rotation
Radial movement with this frequency
Axial oscillations along the central electrode
Only one of them is completely independent on energy and position of ions- that is the axial frequency. Therefore, only this frequency could be used for mass analysis. This is where “ideal Kingdon trap” becomes a mass analyzer- the Orbitrap. 


[Ion Injection and Formation of lon Rings

 An ion packet of a selected m/z enters the field
e Increasing voltage squeezes ions
* Voltage stabilises and ion trajectories are also stabilized

 Angular spreading forms a ROTATING RING

° () rz) =

® N
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-ourier Transform-based

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

» The frequency of harmonic oscillations is proportional to ions’ m/z

C ]
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Presenter
Presentation Notes
Then ions move along a strange spiral which has 3 components:
Rotational movement with frequency of rotation
Radial movement with this frequency
Axial oscillations along the central electrode
Only one of them is completely independent on energy and position of ions- that is the axial frequency. Therefore, only this frequency could be used for mass analysis. This is where “ideal Kingdon trap” becomes a mass analyzer- the Orbitrap. 



[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

-
SCI Your Scientific Specialist

Spec




Type of MS Mass accuracy Utility for

Quadrupole 0.1u |dentify

Traps 0.1u |dentify

TOF 0.0001 u Empirical formula/
composition

Sector 0.0001 p Empirical formula/
composition

FT-MS 0.0001 p Empirical formula/
composition
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[Isobaric Pesticides

Thiamethoxam: [M+H]* = C4H,,CIN:O,S (292.02656)

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

Thiamethoxam
[M+H]* = 292.02656

100
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“Resolution — Why Is It Important?

e Enables accurate mass
e Increases confidence of identification

e Improves quantitative accuracy
» Gives access to qualitatively different information
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Presenter
Presentation Notes
Figure shows the detection of two species with a mass difference as small as 0.015 amu at different resolution settings on the Q Exactive instrument. The two species are not resolved at 35,000 FWHM, which results in a mass shift and an inaccurate detection and quantitation for both species. The two species are separated to 50% valley at 70,000 resolution, and baseline-separated at 140,000 resolution. Therefore, higher resolution (in this case 140,000 FWHM) allowed for more reliable identification and accurate quantitation. 

At such high resolution, more than two hundred species can be separated in a unit-mass window. This translates into resolving, in theory, >100,000 species in the mass range of 300-1000 amu at any one point in time. This greatly reduces background interference and enables confident identification and quantitation of the target peptides in the presence of very complex backgrounds. 



Periodic Table of Elements
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‘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.

e 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, , CH;CH,CH,D

* [sotopologues = difference in isotope in the molecules, H,0 HOD

e Monoisotopic = sum of masses in molecule. Using of most
abundance or stable isotope.
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Presenter
Presentation Notes
Mass Defect = Normal Mass – Exact Mass


ass Accuracy — What for?

_ H= 1.0078 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

Sci
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Presentation Notes
But here is the interesting thing – only the mass of 12C is a nice round number (12). All other elements are either a tiny bit larger (H, N) or a tiny bit smaller (O, S). They show a so called mass defect. If we can measure with enough accuracy, then this mass defect can effectively exclude some of the compound suggestions.
In ideal case, just a single elemental composition ( a particular combination of selected elements considered within certain limits) will remain.
Mass accuracy is thus a powerful filter. A large number of elemental compositions (peptide candidates) can be excluded just by applying a simple filter; maximum allowed mass deviation. 


Determine Fine Isotopic Pattern
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[Mass Accuracy across the Elution Profile

« 21 scans per elution peak

o External calibration

RT:72-1.96 Mass Accuracy [ppm]

100 477.23016 3

9C 9
o &
(&) ]
g 7C !
g B v o v

" k. v

é 6§ £o *9 - PN v$ B4
o 50 E LR 1.2 YU
> o Ve You
© 4Q 1
e

3C

] -2

2

1C: }%‘»\ -3 T T T T 1

0/ Ll R L LY A AL A G AL AL A T A B A R B A 775 780 785 Scan # 790 795 800

1.75 180 185 190 1.95
Time (min)
-
SCI Your Scientific Specialist

Spec



Average Isotope Ratio Variation

pg on column Standards Apple juice Baby food Y ogurn Formula

A+

Q-Exactive, Overall: 1.69 + 2,30
10 1.95 + 2,26 317+ 3,27 367 £ 3,33 3,21 = 283 208 £ 1,69
100 2.61 = 4.81 1.95 = 1.98 1.91 +2.19 1.95 = .87 2,10+ 2.08
500 (.56 + (.96 1.07 £+ 1.05 107+ 1.18 1.26 + 1.47 118 £ 1.36
2000 1.02 = 1.79 0.75 = 0.96 089 +1.34 0.74 =097 0.66 £ (.89

MaXis, Overall: 5.01 £ 7.53
10 9.20 £ 7.07 13.47 = 9.06 15300+ 11.03 11.78 = 7.62 1149 + 944
100 4.85 + 6.66 T.78 = 13.99 679+ 7.02 6.94 £ 7.9] 599 £+ 6.25
500 3.05 + 6.45 5.22 = 958 3.30 £ 3.85 3.23 - 3.79 133+ 4.34
2000 1.77 £ 2.36 279 £ 6,28 203+ 313 .88 £ 2.56 203 +£ 2.62

A+2

Q-Exactive, Overall: 1.59 + 4 33
10 531 £ 18.09 336 £ 542 438 £ 908 515 £ 6.56 644 £ 5.03
100 1.75 = 3.01 1.93 + 2.9] 2.24 + 460 1.70 £ 2.37 1.57 + 1.86
500 1.03 £ 1.26 (.91 = (.62 .86 £ (.59 1.05 + 0.8] 1.22 + 1.94
2000 02l + 1.05 0.86 = 1,20 0.73 £ 0.56 0.82 = 0,57 0.74 = 0,53

MaXis, Overall: 3.67 = 647
10 10.96 = 9.71 12.89 % 6.70 19.43 + 38,22 [1.21 = 5.68 14,92 + 7.62
100 355+ 475 609 £ 6,85 6.73+£7.02 4.67 £ 4406 522 +524
300 213+ 314 402 + 7.02 3024317 301 £427 278 + 3,38
2000 .24 £ 2.06 223+ 456 1.60 £ 236 .68 = 2.57 1.94 + 3.21
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[ Mass Accuracy

Standards Apple Juice Baby Food Yoqurt Formula
5 0.86+0.62 1.18+0.68 1.28+0.69 1.47+0.91 0.54+0.46
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[Rosolving Power and Mass Accuracy \

o Res Transient Max. scan
ne setting@  length, speed,
m/z 200 ms
: T B — 140,000 512 1.5
: L 70,000 256 3
= = 35,000 128 7
e o F L 17,500 64 12
nanolLC of
. 120 E.coli:
- : Sample of
: - K 7775 points
H T, r.m.s. 1.5 ppm
4 Q
i 3 -
‘= 8 b
. ] ""“W
e T ,..._ T b 40
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1] & G 4 o q ] S 10
Mass Error, ppm
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[Long-term mass accuracy with external calibration \

4
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-5 Time [h]
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2
. /: Realistic conditions of Q
=1 average lab
Eg AN\ = Air cooling only!
S » Experiment was carried
3-1 out with temperature
o . ®
g, variations up to 3°C peak-
g 4 0
5 \to-peak, up to 1°C/hour /
L : ' Time [h]
0 10 20 30 40 50 60
L]
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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
e MS"

o Library availability for easy interpretations

i L]
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%)rbitrap Analyzer - the ‘Heart’ of a Mass Spectrometer \

Standard Orbitrap High-field Orbitrap

-
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Presenter
Presentation Notes
The Orbitrap Elite is now the first instrument that uses the new high-field Orbitrap analyzer. 
The high-field Orbitrap is actually smaller in size compared to the standard Orbitrap: 
The outer electrode diameter shrank by a factor of 1.5 whereas the diameter of the central electrode only shrank by a factor of 1.2, making the central electrode relatively thicker. This arrangement creates a higher field making the ions going forth and back at an almost 2 times higher frequency resulting in an almost 2 times higher resolution. 
And, because the little hole where the ions enter the Orbitrap also shrank, an additional lens was implemented to focus the ions more effectively into the Orbitrap, resulting in a higher ion transmission. 



[Resolution VS m/z \

Q Exactive HF MS -8~ Q Exactive MS =+ high-end Q-ToF

350,000

300,000

250,000

()
o]
=

180,000

Resolution (FWHM)

100,000

50,000

100 200 300 400 500 BO0 700 8OO 800 1,000
m/z
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[ Resolving Power

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

Parent lon miz

120.00

# RT [m n||

RT
g
=

40.00

2000

a 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!
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[Orbitrap VS QToF

Sci
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[Labelling Techniques

Interference
115.086
100 RE16504
. 16,000 FWHM is
3 the minimum required!
80
703 Reporter
g 7 R 116.111
€ g0 eporter !
2 . 115108 R=16704
E Interference
; 503 116.070 Reporter
= 41]: 17114
2 "4 Reporter R=17404
J 114110
307 R=15604
20
10
T il i
1145 1150 M55 me 1160 165 170

+ Isobaric labeling techniques (iTRAQ, TMT) need high resolution at low
masses

« Chemical interferences are common when using collision cells!

-
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o Complete charge state envelope of IgG ‘Humira’
« Major glycosylation forms are baseline separated

::::::::

GRELGTF

aTeL a3l

5a B aBEERERDTdSERBYE R

|l GOF+GOF| | GOF+GF
2800 =208

IEATTIE
28035411

G1F+G2F

GO0+G1F

[

Sci

Average Spectrum of
“ Intact mAb Charge Envelope

P

within a few percent

ntact Protein Analysis

T

D Iy @&

|"j

* Relative intensity reproducibility

Relative abundances

- Q Exactive |[GO+GOF GOF+GOF  |GOF+G1F [GOF+G2F [GI1F+G2F
il 12.9 74.1 100.0 67.0 23.4
e 1 12.3 76.0 100.0 71.4 29.8
il 12.0 72.8 100.0 66.2 22.0)
< il 12.2 75.0) 100.0 67.0 23.6
2 12.7, 75.7 100.0 63.6) 21.6
2 13.2 75.4 100.0) 64.8 21.0
2 12.9 76.6 100.0 64.7 21.6
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Presenter
Presentation Notes
Five micrograms of mAb were desalted and eluted from a ProSwift™ RP-10R
monolithic column using a 15min gradient and analyzed using ESI-MS on the
Q-Exactive. The was mAb eluted over one minute as shown in (A). The
average spectrum over the elution time shows a nicely distributed complete
charge envelope of the mAb (B). A zoom-in view of each charge state reveals
five major glycosylation forms that are baseline separated (C).


“ntact Protein Analysis

e Mass measurement accuracy

» Average error for 34 measurements 6.9 ppm C)? N%
 Standard deviation 6.4 ppm b g @
Cio
ppmMm mass measu rement errors
Q Exactive GO+GOF GOF+GOF  |GOF+G1lF |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 -5.0 -2.6 5.1 5.6
2 -14.3] 3.0 -6.9 -5.4 -5.9
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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Presenter
Presentation Notes
mass deviations from expected target masses
for the 5 most abundant glycoforms
The average ppm error for all 34 measurements was 6.9 ppm with a standard
deviation of 6.4 ppm. This indicates that the Q Exactive is a very powerful platform
for confirmation of protein primary structure.


sequence Confirmation of mAB

« ETD fragmentation of an intact 1gG ‘Humira’ Lo 2

= L.

I
=

db

 Resolution settings 240,000
for fragment detection

80 < 7+
* Increased sequence coverage . Yo s
* Localization of modifications ;" lz=6 ercsser
(deamidat|0n) %5-]_: ‘ E1253+ EC'1253+ R:'ID;:?S:HZ [ ._
% 40 - R l0ATES || R=10B645
2-]? . 623 R 1C3335 R=97925 | 192184 ! ‘ RT;E_F.;H _
Lt TELLI ll LAGbLLULLLLL LT,

m'z

1
o '|, || ] |II.|JIi. Il-LJII.J
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Presenter
Presentation Notes
not identified, possibly and internal fragment ion
Even 240,000 might not be enough for resolving this complex MS/MS spectrum.
Sw needs to subtract intensities, the same way as Xtract is doing it.

Spectrum is an average of 10 spectra, each with 10 microscans. 7.5 s for each scan, add overhead/fill time. About 2 min averaging. Separated by HPLC, BioBasic C4, 100 ul/min, 10 cm, 1 mm ID.
Load: 5 ug on column
Gradient: 20-80% B 10 min. 0.1% FA. Column overloaded, elution time about 5 min.
Dissolve in water, 1 ug/ul, injected 5 ul.



{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

100 V24540281 1150.00.2000.00] Gain in sensitivity (7x)
80 - Lowest detected 6000 -
60 — Full MS signal/scan
“ 3 SIN =745 250330 5000
20 — | M ! ‘ ‘ | g 4000 -
0 195.08‘77 : e = — - g
100 tN:20741'58 NL: 1.12E8 §_ 3000 - .
o é [190.10-200.10] Ew, Caffeme
So0 - Lowest detected a 2000 1
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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
)\ C14H23 03N>
-1.42629 ppm
100 NH,
. MNH :
90 O
] o
80| OH
707 Atenolol
o C14 H22 N2 O3
§ 60— M+H = 267.17030
'8 _|
3 -
< 507
(0] _
2
o 40—
e _
20 195.08837 31400034 251.12632
] C10Hi3OsN C10H23 02 NK Na
: -3.18542 ppm 2.05409 ppm 289.15189
20; 229.14414 C14H2 O3Ny Na
. 158.02816 C10H24 02 NK -1.30423 ppm
107 185.11564 1.22476 ppm
7 149.02451 CgHig O3 Na
1 ‘ 4.44492ppm | | | ¥ 292.93153
0 \‘”‘f“”wm‘\‘A“L‘\”‘Lw””\“"w““‘\”1‘1”“\”“ 1”“\””\‘”“\“” \‘A”‘\””\””\‘”w””\””\””\1‘”\””\””\‘ IR A ReRE R A AR
140 160 180 200 220 240 260 280 300
m/z
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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: ETMS + p ESI Full ms [140.00-1800.00]
170.08135
HO OH CgH12 03N
100 1.03533 ppm
90— \ /
80 144.98848 o
] Pyridoxine
70 C8 H11 N O3
8 1 M+H =170.08117
g 607
o _
c
g ]
< 50
(] _|
2
< 40 157.03556
[ad B
] 168.02009
307 152.07113 C11H40;
] CgH1002N -2.90528 ppm
20| 3.45525 ppm
] 145. 2 162.97397
- 9.9863 159.03166
10+ 146.98632 CoHe 0o N 171.08468
] 143.99090 14994382 | 123:01050 952 173.07839
. I ‘ ‘ = | 154.00835 | 112952 ppm 166.99569 | | |
N R R L R O R e L I R R R R R R R R R R L L R RN R R R R R
140 145 150 155 160 165 170 175
m/z
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[Alprazolam, Full Scan Experiment

Alprazolam
Y =6366.31+514.015*X R"2=0.9967 W: 1/X

5500000
5000000
4500000
4000000
3500000

3000000
<©500000
2000000
1500000
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500000

50 ppt — 10 ppb
250 fg oc - 50 pg oc

200000
180000
160000
140000
é?OOOO
400000
80000
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40000
20000

Zoom in 50 ppt- 100ppt

O bbb b b b b b b b
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[Alprazolam SIM Experiment

Alprazolam
Y =-3135.8+552.216*X R"2=0.9982 W: 1/X

6000000
- 10 ppt — 10 ppb
5000000 —
- 50 fg oc - 50 pg oc
4000000 |
B 120000% Zoom 10 ppt' 100ppt
- 110000
,;33000000 — 1000007
< B 90000-
i 80000~
- 570000~
2000000 — 260000%
] 50000
] 40000=
- 300007
1000000 — 20000~
i 10000
N Oo‘”zé”‘4‘o‘”ebf”‘sb”‘ldo”‘lz‘o”
0 R L i A L B B R R B S IR RN R R \‘”%/PL‘”W”\””W”
0 2000 4000 6000 8000 10000
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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
e MS"

o Library availability for easy interpretations

i L]
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[Orbitrap VS QToF

Sci

BO,

e 2230 2270
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[Analysis of Protein Complexes

 Extending the mass range
 Protein assemblies up to 1 million Da

a 26+
4 w’éi’ ““
l 5700 5750 m/z
T i l = = r
5000 7500 10000 12500 m/z

HK97 bacteriophage capsomers 253

210/253 kDa _ sAG@s
' kDa

L
5000 7500 10000 12500 m/z

730 kDa
Yeast proteasome 730 kDa

o intensity 2 _intensity © _intensity © _ intensity

5000 7500 10000 12500 M2z
, Cy %

801 kDa “
=
5000 7500 10000 12500 Mz
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[Ligand Binding Stoichiometry

e 123 45678 910 #ATPs
od2lalab # ADPs
=
% 11122.79
@ —
b= R72048
100 T "
. 0 IR
90 3
B 10821.94 | 111279.60
80 — \/ .
] 0 - \/\-” b R=2161 | | R=2002
o 70 —
S - 10537.11
560 — 0 i : / R=2186
3. 11420 11470 11520 "% 11441.23
250 - R=1873
) ]
240
© .
30 -
] 11607.90
20 — 10266.99 R=1600
1o 852129 172252 ey
g R=1342 l
0- \H‘\\\.\\‘\\.‘\‘\\‘\ I\\\‘\‘ixx‘\"\‘ ‘I ‘\‘\\.\\\‘\‘\\\\\‘r\/\.\\\\.\]\\I\.A\\l\\l‘\nmw\\\\.\\'\\.\\\\\\\\.\"\?\A“\n\\'\.\\\\\\\\.\\\\‘
2000 4000 6000 8000 10000 12000 14000
m/z
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f’f)ata Dependent Decision Tree \

» Decision tree—driven tandem mass spectrometry for shotgun proteomics

sh [
5
4 o mzilley ‘ Data Dependent & °
' | ' Decision Tree
3
2?2 v
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Presentation Notes
Now, let’s have a look at the behaviour of phosphopeptides at harsher collisional conditions, such as those experienced in a quadrupole or multipole (Qtof, HCD on Orbitrap). The above examples are fragmentation by HCD, when the high resolution tandem mass spectrum of the phosphopeptide was obtained in
the orbitrap analyser of an LTQ Orbitrap Velos (Thermo Fisher Scientific). The presence of a complete series of fragments
at the peptide bonds, each measured with mass deviations of a few parts per million, and the presence of fragments that
include the phosphogroup, unambiguously identified the peptide sequence shown, as well as the phosphorylation site at
Ser225. an and bn ions are fragments at the nth peptide bonds that contain the amino-terminal part of the peptide, whereas
yn ions contain the carboxy-terminal part. NL, normalized intensity level (counts per second).

What you do not find in the spectrum is the peka of the dephopshorylated intact peptide (neutral loss peak) which was so prominent for ion trap-based spectra. The next slide shows another example confirming this behavour of pS/T peptides under HCD conditions.


“Product Dependent Trigger

o ZIC HILIC separation of a glycoprotein digest

( a) 473.3204

Survey scan

@ RT: 25.16 min

400 600 800 1000 1200 1400 160C

L]
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Presenter
Presentation Notes
targeted analysis of N-linked glycopeptides in complex
mixtures that does not require prior knowledge of the glycan
structures or pre-enrichment of the glycopeptides. Despite the
complexity of N-glycans, the core of the glycan remains constant,
comprising two N-acetylglucosamine and three mannose units.
Collision-induced dissociation (CID) mass spectrometry of Nglycopeptides
results in the formation of the N-acetylglucosamine
(GlcNAc) oxonium ion and a [mannose+GlcNAc] fragment (in
addition to other fragments resulting from cleavage within the
glycan). In ion-trap CID, those ions are not detected due to the low
m/z cutoff; however, they are detected following the beam-type CID known as higher energy collision dissociation (HCD) on
the orbitrap mass spectrometer. The presence of these product ions following HCD can be used as triggers for subsequent
electron transfer dissociation (ETD) mass spectrometry analysis of the precursor ion. The ETD mass spectrum provides peptide
sequence information, which is unobtainable from HCD.

full FT-MS scan (m/z
380−1600) and subsequent HCD MS/MS scans of the 40
most abundant ions above an absolute signal intensity threshold
of 500 counts. If peaks at m/z 204.09 (HexNAc oxonium ions)
or 366.14 (HexHexNAc oxonium ions) (±m/z 0.05) were
within the top 20 most abundant peaks, a supplemental
activation (sa) ETD MS/MS scan of the precursor ion in the
linear ion trap was triggered.

Figure 1. Online ZIC-HILIC liquid chromatography HCD product
ion-triggered ETD MS/MS of Lys-C digest of ribonuclease B. (a)
Survey scan mass spectrum recorded in the orbitrap at retention time
(RT) 25.16 min. (b) HCD MS/MS spectrum of precursor ions with
m/z 645.6194. (c) Supplemental activation ETD MS/MS of precursor
ions with m/z 645.62.


roduct Dependent Trigger

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

(b) Q1
pep
' - Y,
—.— %2*
SENLTK 2
$ P 2% HCD
2+ . 3
pep 5 pep
HexNAC Y2 ]
204.0869 461.2537 Yap
EBBE6 9064
EE, : RT: 25.17 min
: 24 :
pep qﬂ 5 01+ T
vy @ ; Cl B
2 . Ppep : pep 0 QD1+
562 7933 Y, asp | Y, p:p %
HexHexMNAC Y, E 11245798 3 pep
465 1401 ;?18520? : 1286 6305 oo
’ : ' 3
.I _ NS T " P ill%_u.lllll .'.l el -|| IMIABPBJ_'E | A
200 400 600 800 1000 1200 1400 1600 1800
miz
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Presenter
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Figure 1. Online ZIC-HILIC liquid chromatography HCD product
ion-triggered ETD MS/MS of Lys-C digest of ribonuclease B. (a)
Survey scan mass spectrum recorded in the orbitrap at retention time
(RT) 25.16 min. (b) HCD MS/MS spectrum of precursor ions with
m/z 645.6194. (c) Supplemental activation ETD MS/MS of precursor
ions with m/z 645.62.


[Extended Top-down Capabllity
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§ ds 171k Pla TRRIIARISIsIIRIAIs (1 TVIEIERL
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ﬂ: i i l ol
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“Product Dependent Trigger: HCD PD ETD

o ETD fragmentation triggered

— Peptide sequence information
— Glycosylation site localization

[M+3H]3*
645.92

SN

ETD

345 25 RT: 25.17 min

Cs
1591.53

200 400 600 a0o 1000 1200 1400 1600 1800

miz
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Presenter
Presentation Notes
Figure 1. Online ZIC-HILIC liquid chromatography HCD product
ion-triggered ETD MS/MS of Lys-C digest of ribonuclease B. (a)
Survey scan mass spectrum recorded in the orbitrap at retention time
(RT) 25.16 min. (b) HCD MS/MS spectrum of precursor ions with
m/z 645.6194. (c) Supplemental activation ETD MS/MS of precursor
ions with m/z 645.62.


[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 orbit%{/ou

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

/

-
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[From Discovery to Quantification - do it all with a Q Exactive

Qual-Quan

A

PROTEOME DISCOVERER 1.2

Discovery > HR/AM Targeted Quan <— Discovery Quan \
I I
[ 1 ! :
|
Target Target | I
Confirmation | | Quantification | J
\ |
\ I
\ /
ePrecursor accurate Accurate Mass (AM) * LC Peak Area \ °*Precursor accurate /
- mass
mass « Retention Time (RT) * Precursor } \ 1S/ !
« MS/MS spectrum . . MSIMS spectrum
Isotope Pattern MS/MS \\ v,
« MS/MS spectrum Transitions TMT S L7
*Protein / peptide ID R it e[ abel free
pep MS/MS Transitions «All Targeted Quan Sre
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Range of Experiments \
< Quanfirmation = No Compromise! >

Research Development Routine
Low throughput Medium throughput High throughput
Discovery Verification Optimized assays

Exactlves
& lon Traps l 9 Trlples
Qualitative Quanfirmation Quantitative
SCi Your Scient] £ Specialist
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Linearity and Precision

Milk Samples MNon Fat Low Fat (2%) Whole Fat
FortificationLevels | 56 100 250 500 50 100 250 500 | 50 100 250 S00
Sulphamethazine 0.9964 0.9308 0.9870

(RSD %) 24 72 49 24|66 145 52 56 (89 12 51 nia

Oxytetracycline 09906 0.9931 08508

{RSD %) 27 114 114 55|116 118 58 42 |92 129 48 26
Tetracycline 0.9923 0.9948 0.9503

(RSD %) 62 B4 54 37|73 48 589 45 |41 85 65 55
Enrofloxacin 0.9962 0.9989 0.9973

(RSD %) g2 79 23 08 |111 14 14 31 |69 83 30 nia

Difloxacin 09958 0.9907 0.9968

(RSD %) 122 43 60 24 |108 46 27 55 (26 61 51 nia
Spiramycin 0.9920 0.9740 0.9951

(RSD %) 111 118 84 41 (109 40 100 94 (133 65 5.2 0.2
Albendazole 0.9984 0.9967 0.9928

(RSD %) 166 1.7 1.7 27| 683 32 36 4.2 26 62 12 29
Phenylbutazone 0.9947 0.9922 0.9663

(RSD %) 29 33 08 26|81 41 49 31 |06 09 07 0.3
Salinomycine Na 0.9993 0.9988 0.9954

(RSD %) 12 07 12 15|15 08 31 04 |28 31 13 12

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

-
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Presenter
Presentation Notes
9 vet drugs belonging to 7 different classes were used in this study.  Different fat content milk samples were employed-non fat, low fat (more or less 2%) and whole fat. Matrix-matched calibration curves were produced using 4 fortification levels (50, 100, 250 and 500 ug/L). Linearity is shown as r2 above 0.99 for all cases with only a few exceptions (spiramycin-low fat and phenylbutazone-whole fat). Precision was found to be below 15 % RSD for all cases. This work was performed in collaboration with RIKILT and has been accepted for publication at ABC (Analytical and Bioanalytical Chemistry). 


[Drug identification using ToxID™2.,1.0
« Fully automated analysis and reporting
ToxiD2.1.0
 Drug identification based on

Thermo ToxiD 2.0.0.18

 Molecular Welght spr 1, 2008
o MS2 spectra '
» Chromatographic retention time s

e Built-in library of about 300 drugs

» Library spectra acquired under real world conditior I Tt
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

« Data review report

o Excel spreadsheet

L]
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ToxID Summary Report

Your Company
Summary Report
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ToxID Review Report
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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, ID 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

-
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[Who should get Mass Frontier?

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

e Examples:
— Metabolite Identification 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

i [ ]
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[General Unknown Screening using Mass Frontier

Match Score Above
Threshold IDs

infusion

—

v

Match Score Below
Threshold

= Individual Spectrum
© Search
T N
sl ©
. ,,.“,,: —

LC-MST | 2 B Partial Structures
@ |

Structure Candidates

Sheldon et al. Determination of lon Structures in Structurally Related Compounds Using Precursor lon
@arprinting. JASMS, 2009, 20, 370-376
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[ MS" Spectral Trees—the ONLY Route to Unambiguous Structural Elucidation!

File M5 1 #147 Accurate mass information is powerful
j MS — provides a potential formula

1 et
740 5 750

. . However MS" information still
s YLS_SQ i necessary to distinguish between
j J MS2 structural isomers
S Trees can automatically be generated
File MS3 427 92 #150 File MS3 728 97 #149 by Data Dependant LC-MS/MS runs on
j j ‘ “1 MS3 our instruments
i a0 sk B Component Detection from Mass
| | Frontier can automatically deconvolute
File M54 302 02 #152 File M54 711.03 #151
MS MS" spectral trees!

100 SE4 08 100
50 0
204,11 |
0 ..".'.‘.r'.‘..‘.‘.'.".l..'..'.'.... i P P PO

408999
......................

\ 100 150 200 230 300 400 500 600 j
[ |

This information collectively, uniguely defines the structure of
the molecule
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ow Do You Get a Structure From MS Data?
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Presenter
Presentation Notes
The current front runner is using your brain. Very time consuming. 

The second most popular method is to use some form of library searching of individual spectra, if you have access to a database. Let’s look at this approach in a little more detail.


Mass Frontier; Toolbox for Structural Elucidation
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[Fragmentation Prediction: Three Knowledge Bases

1. General fragmentation rul . N
General fragmentation rules 2. Mass Frontier Fragmentation Library™

Tamization Cleavages Hydrogen Hesrrange ments Electron Shifts

P | s i |L|J ,,,.l_, Total number of Mass Frontier 6.0
P v\ ok ulﬂ o HL Fragmentation Schemes 30.936
oA | Y Mg T aw (T8 Y Individual Reactions 129.229

i bu ) | ” Lm (G Chemical Structures 151.762
ey nd ,L s L, R Decoded Mechanisms 120.029
L P jl:,, LI 'I-Ji N p "'ii

Ho. - HC Hg'\f 1{' .4_:,.._ -

3. User Libraries

Sci
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Your Scientific Specialist




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 Ion Physics)

IIMSIP ([ International Journal of Mass 54-175 1983-1998
Spectrometry and Ion 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 Spectrametry) 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 1981-1982

37-48 1989-2000
50-53 Z2002-2005

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

8. EIJMSBMER. [ Eurcpean Journal of Mass
Spectrometry in Biochemical, Medicing, and i-2 1980-1982
Environmental, Research)

Q, BMS (Biomedical Mass Spectrometry) i-12 1974-1985
BEMS (Biomedical and Environmental Mass 14-19 1987-19390
Spectrometry)

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

10, | IC (Journal of Chromatography) 121-536 1980-1991

11. | EMS (European Journal of Mass Spectrometry ) 4 1998

Mass ::' pootrometry
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Predictive Fragmentation
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How Do | Annotate Spectral Trees? ...Automatically
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[Database Manager: Integrated Knowledge Management

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)
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_One Record: Spectral tree with corresppnding fragmentation mechanisms & more!
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[HighChem Spectral Tree Libraries—Free with the software!

Library: HighChem ESI Neg 2008
Tree Count: 524

Spectra Count: 3805
Fragmentation Schemes: 263

Library: HighChem ESI Pos 2008
Tree Count: 1251

Spectra Count: 10180
Fragmentation Schemes: 702
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@ Common pharmaceutical compounds and human metabolites

@ Peaks manually annotated and fragmentation mechanism elucidated
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[Compound Discoverer

b Unknown Analysis

|dentification

- Statistics




Flexible Workflow

|Workflow Tree

» Use common, predefined
workflows or create your
own

* Integrate your own nodes

* New In version 2.0:

Nodes for Unknown

' Detection, Identification.
> > Statistics

-
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Predicted Composition
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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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B3
ummary

» High resolution is a key characteristics of MS data enabling

e 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

e Quan&Qual experiments done on a single platform
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Presenter
Presentation Notes
Orbitrap Elite - the most comprehensive system for proteomics
Speed and sensitivity
Choice of multiple fragmentation techniques
Suitable for ID, PTM, label-free, TMT/iTRAQ, SILAC, AIMS, top-down
Q Exactive - benchtop  system designed with ease-of-use in mind
Suitable for all the above plus:
Unique spectrum multiplexing feature for targeted quantitation




