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Untargeted Metabolomics Takes the Lead

Targeted 21.21%_

""Untargeted 78.79%

Thermo Scientific™ MS instruments included: Thermo Scientific™ Q Exactive™ MS, Thermo Scientific™ Q Exactive™ Plus MS,
Thermo Scientific™ Q Exactive™ HF MS, Thermo Scientific™ Orbitrap ™ Fusion Tribrid MS, Thermo Scientific™ Orbitrap™ Fusion Tribrid
MS, Thermo Scientific™ TSQ Quantiva™ Quadrupole MS
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Untargeted Metabolomlcs Challenges
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High Quality Data for High Quality Results

« Complex matrix

» Differentiate similar
masses

* Fine isotopic pattern

High Mass
Resolution Accuracy

 |dentification of
unknowns

 Narrow mass tolerance

« Mass stability from peak
to peak and run to run

» Scan-to-scan
consistency
Injection-to-injection
reproducibility
Robustness over
extended time periods

Instrument

Performance




Stable Mass Accuracy from Scan to Scan Across the Peak

Orbitrap MS provides confidence in peak detection
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Excellent Mass Accuracy Across the Molecular Weight Range
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Metabolites identified from human plasma and verified against an authentic standard

Orbitrap MS delivers accurate mass measurements for all metabolites
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Orbitrap MS: Unmatched Resolution

350000
< Orbitrap MS: Q Exactive HF -#-QTOF Competitor S
300000 ~-QTOF Competitor A -m-QTOF Competitor B
- Superior resolution ideal for
= o _-- small molecule analysis
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High Orbitrap MS resolving power for correct identification of isomeric and isobaric species
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Mass Resolution and Scan Speed

1004 . .

o0l | R = 30k Scans/peak = 67 Vanquish UHPLC and Q Exactive HF MS
R Scan speed =14 Hz D8-Phenylalanine spiked in human plasma
g 103
2 603
3 50
% 403
& 303 100+

203 ~4.8s H‘ w3 | R = 60k Scans/peak = 36

10 < > | 803 Scan speed = 7.5 Hz

i i) 3

320 3.25 3.30 33§ 3
Time (min) £ 609
£ 504
& 303 1005 —
203 ~4.8s 01| R = 120k Scans/peak = 19
103 < =>| 803 Scan speed =4 Hz
ol AT [, 2 70
3.20 3.25 3.30 Time (min) 3.3 g 60%
* 509
% 403
& 303
e ~4.8s
103 < >
OE | o ‘ ) | ||I I |
320 325 330 335 340
Time (min)
ThermoFisher

SCIENTIFIC



Higher Confidence For Unknown Extractable & Leachable Analysis

Predicted compaosition does not agree
with the observed fine isotope structure
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Predicted composition matches the
observed fine isotope structure
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Experiment vs. Theory for M+2

» Fine isotope structure data was compared
with simulated spectrum for the predicted
elemental compositions

* Only one out of the 6 predicted elemental
compositions for MO also matched M+2
fine isotope structure with the data

» The selected composition along with
MS/MS fragment analysis allowed
structure elucidation for this unknown
extractable.
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Selective Component Identification In Complex Matrices

Orange Juice Matrix
Base Peak Chromatogram

Extracted lon Chromatogram for
Putative Flavonoid Conjugates
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Why Orbitrap Is Naturally A Better Tool

Higher resolution can view more metabolic peaks
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Data courtesy Stanford University
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High Resolving Power Increases Metabolome Coverage

Human plasma metabolites Human plasma metabolites
(positive mode) (negative mode)
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Why Orbitrap Is Naturally A Better Tool (5)

Great reliability and linearity is a must for quantitation
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Lipid Nomenclature: Glycerophospholipids
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Resolving Isobaric Species Improves ID and Quan
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Confident Identification of Low Abundant PS Species
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LipidSearch Batch Data Processing and Quantitation

d,-18:1/15:0 PE, 830 ng/mL Control vs. Diabetic
= = = Processing Steps:
7.00E5 C .
6.00E5 - S1 o
1. Search each data file
i :
| sooes 2. Merge the search results
e i Pos. and Neg. ion
Lo Ao . Report includes ID’s
e L E | a) Estimated Quan (IS) or
b) Rel. Amounts (no IS)
Lipid Malec key lonkey Grade Polarity BaseRt Ohs Mz Delta{m/z) Delta(ppm) Ion Formula Area Area RED
PE(13:1D7/15:0) -H A M 10,3064 709.5532 0.0013 1.8211|{C3I 8 He6 OB N1P1D7 5.629E08 5.753E0
PE(18:1D7/15:0) -H A M 10,3064 F09,5537 0.0018 2. 5224|{C3I B HE6 QDB M1P1D7 5.8949E06 2.177E0
PE(18:1D7/15:0) |+H B P 10.3064| 711.5661( -0.0003 -0.4384|(C38 H&E 08 N1 P1 D7 2.599E07 3.960E0
PE(18:1D7f15:0) |+H C P 10.3064| 711.5655 -0.0010 -1.3456(C38 H&E O8 N1 P1 D7 2.429E07 4.4B2E0
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Triacylglycerol Lipids in Control Non-Diabetic Human Serum — Orbitrap Fusion MS

874. 78609

7.94 E5 Coss Hioa Oe N = 874.78582 120K mode

100 O0.31596 ppm

50— 8a8.77056

— Cs3 H102 Oe N = 848.77017
40— 0.46558 ppm
— 900.80154a
30— Cs7 H1oe O N = 900.80147
= 0.082 Prm
0924.80113

Cso H1o68 O N = 924.80147

‘ ‘ 1 -O0.36168 ppm

ol I

T T T T T T T | l\ \\ \ L
910 9220 930

906.84172
R=57758

SR [ ‘\ | ‘\‘

880

900.80154
100+ R=62229 902.81666
| R=62234
90—
| 898.78593
| R=64867
80—
3 901.80513
70— =
E R=65511 903.82083
g 60 R=64837
3 899.78957
50— R=63779
= 896.77071
5405 R=65677
| 904.83074
30{ 897.77408 R=56162
E R=67381 906.60239 908.77637
= R=54392 .
204 R dsoon 20 R=74132
10 894.75516 N A
7 R=65837 10
oL L et e : L b e ey : R ey e ‘M T et -
896 898 200 202 904 eougos e T e T e e
m/z 906 55 906 60 906.65 906.70 906.75 906.80 906.85
m/z
Data courtesy of Prof. Gavin Reid, Michigan State University
: :
ThermoFisher

18 SCIENTIFIC



Resolving Isobaric TAGs with Ultra-high Resolution

Relative Abundance
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Data courtesy of Prof. Gavin Reid, Michigan State University

19

ThermoFisher
SCIENTIFIC



Accurate ID and Quan Made Possible by Ultra-high Resolution
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Unique Features of Orbitrap Fusion Lumos MS — A Tribrid Orbitrap Mass Spectrc -

Dual-
Pressure
Linear lon

@ LIPID IDENTIFICATION REQUIRES MORE THAN
Trap

Ultra-High ONE TYPE OF DISSOCIATION TECHNIQUE

Field
Orbitrap
Advanced Analyzer
Quadrupole
Technology

@ ION TRAP MSN EXPERIMENTS PROVIDE MORE
DEFINITIVE STRUCTURAL INFORMATION

ULTRA-HIGH RESOLUTION

@ FOR FINE ISOTOPE
STRUCTURE

OPTIONAL ON NEW
AND EXISTING SYSTEMS

UNIQUE FRAGMENTATION

@ FOR LIPIDOMICS
CHARACTERIZATION

OPTIONAL ON NEW
AND EXISTING SYSTEMS

‘er
®y
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UVPD Implementation (Class 1 Laser System)

UVPD Source

The UVPD MS" fragments are
generated in the linear ion trap
and can be detected by either the
ion trap or Orbitrap

22

o, -
Compact Footprint W '

UVPD source is embedded
inside the instrument, directly
connected to the dual-pressure
linear ion trap

UVPD source employs a 213 nm
laser with 2.5 kHz repetition rate
delivering >1.2 pJ/pulse

UVPD is a field upgradable
option
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UVPD For Comprehensive Lipid Characterization

Locating Double Bonds

830.767 - HRAM UVPD MS? spectrum of
| [M+Li]* precursor ions of TG
16:0/16:0/18:1
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T
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_O O
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o o
r'g —OJ\/\/\/\/\/\/\/\
50 _ 599.522 . . c
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Proteomics Analysis with Orbitrap

L eopoldo Dimiziani
Thermo Fisher Scientific
Verona 12/12/2017
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Omics Studies — the Link between Genotype and Phenotype
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Proteomics is Not Genomics

* Proteomics is not genomics where a single, whole genome sequencing experiment provides a relatively
accurate picture of the genomic aspects of biology

* Proteomics is (was?) complicated, expensive and time-consuming, we have been forced to limit the number
of samples we process and restrict ourselves to a static view of biology

* We have been looking at snapshots, when we really want to see dynamics as biology changes over time,
across many samples

* We want to see the important differences between closely related biological states, such as the stages of

cellular development and differentiation or the cellular response to therapeutic intervention at a protein,
PTM, or even proteoform level. And we want to quantify them
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What Are Biologists Researching?

Molecular changes in the life cycle of plants and animals
Comparison of normal and diseased tissues in animal and plants
Study of molecular changes associated with particular genotypes

Understanding the impact of the environment on species separated by, or located
in, different geographies

Understanding the evolution of species

All of these require the ability to measure multiple conditions or in other

words measure over a time




What Are Biologists Researching?

Taking molecular snapshots does not provide the answers




What Are Biologists Researching?

. Requires 100 quantitative protein comparisons (10 development stages x 2
mutants x 5 biological replicates/flies)

. Observing 3500 proteins quantitatively using label-free technique requires: 100
injections with 180 min gradients = 13 days instrument time

. Results: 350,000 protein detection events with 80% reproducibility between runs
results in an overlap of <<2000 proteins that are reproducibly observed




High Quality Data for High Quality Results

* Complex matrix * |dentification of » Scan-to-scan
- Differentiate similar unknowns consistency
masses « Narrow mass tolerance * Injection-to-injection
- |sobaric species « Mass stability from peak reproducibility
» Fine isotopic pattern to peak and run to run * Robustness over
extended time periods

High Mass Instrument

Resolution Accuracy Performance




The Industry’s Leading Portfolio of MS Solutions

Orbitrap MS

,,,,,,,,,,,,,,,,,,,,,,,,,, 4. Biomarker DiSCOVGry

* Proteomics

* Metabolomics
* Proteomics

* Bioanalysis g ,.g T f 93’ ? » Metabolism
Quantitative 3§ x ransicl = ®  Qualitative
&5 Your Science oS .
» Food Safety s e g_ * Metabolomics

* Environmental

* Clinical Research/
Forensic Toxicology /

* PTM Analysis
* Lipidomics

MS, MSn

Targeted
Analysis




Thermo Scientific™ Q Exactive™ Series Portfolio for Proteomics

Thermo Scientific™
Q Exactive ™ HF-X MS

3 Thermo Scientific™ Ultra High Fel;#)rbﬁrap analyzer
z Q Exactive™ HF MS j s Range mizsY - 900
= Thermo Scientific™ «  Ultra High Field Orbitrap analyzer ks
(14 . . MassR /2 50 - 000 » Max. Mass Resolution >240,000
o Q Exactive™ Plus MS M:zz Azg‘frzcy : oo - Scanspeed upto 40Hz
14 . P +  Orbitrap analyzer : + High ity transfer tub
IZ.'_J Thermo S_CIentlflcTM o Mass é)angey,f,/z 50 - 6000 » Max. Mass Resolution >240,000 . Ellgctr((:)ads/i(:tr}rl]ice?gs ?Ll;nﬁe?
Q Exactive™ MS . Mass Accuracy <1ppm - Scanspeed upto 18Hz . Advanced Quadrupole

* Orbitrap analyzer »  Max. Mass Resolution >140,000 . ?dvre:no?d Qtngupole Technology (AQT)

* Mass Range m/z 50 - 6000 » Scan speed upto 12Hz e g (Ol , - Advanced Active Beam Guide

» Mass Accuracy <1ppm «  Spectral multiplexing + Advanced Active Beam Guide (AABG)

» Max. Mass Resolution >140,000 - Polarity switching <1 sec . g"ABG)I i - Spectral Multiplexing

* Scan speed up to 12Hz + Advanced Quadrupole . Pplecfcra Ltj :?em:? «  Polarity switching <1 sec

*  Spectral Muttiplexing Technology (AQT) Olarity switching <1 sec «  Advanced ddHCD algorithm

+ Polarity switching <1 sec » Advanced Active Beam Guide

(AABG)

*  Opt. Enh Res.Mode (280k)




Q Exactive Plus/HF Mass Spectrometer

Advanced Active
Beam Guide (AABG)

HyperQuad Mass Filter with
Advanced Quadrupole Technology (AQT)

HCD Cell

A ~ Ultra-High-Field Orbitrap
&M@/ Mass Analyzer

ThermoFisher
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Key Technologies of Q Exactive HF MS

Q Exactive HF MS

Key Technologies

+ Ultra-High-Field Orbitrap
» Up to 18 Hz and standard 240k resolution

» Smaller Size
» 1.8x frequency at the same voltage
» 1.8x higher resolution over standard Orbitrap
UItra-High Field Orbitrap « New lenses for focusing ions in to the Orbitrap
Central Electrode entrance

~ at dkV « 32 msec transient for fastest MS/MS data
and max scan speed

" SCIENTIFIC



Standard Orbitrap Analyzer & Ultra-High-Field
Orbitrap Analyzer- Real Size Cutaways

12

STANDARD Orbitrap™ Analyzer

Thermo Scientific™ LTQ Orbitrap
Classic/XL/ Discovery /Velos (Pro) MS

Thermo Scientific™(Q)Exactive Plus™ MS
Thermo Scientific™ Exactive Plus EMR MS

HIGH FIELD Orbitrap Analyzer

Thermo Scientific™ Orbitrap Elite™ MS

ULTRA-HIGH-FIELD Orbitrap Analyzer

Thermo Scientific™ Orbitrap
Fusion™/Lumos ™ MS

Thermo Scientific™ Q Exactive HF ™/HF-
X™MS




Q Exactive Plus MS: Specifications

0 EXACTIVE PLUS

cccccccccc

Quad isolation

Mass Accuracy 3 ppm external, 1 ppm internal
Dissociation Source CID, HCD

Multiplexing Up to 10 precursor ions
Detectors Orbitrap

Polarity Switching 1 sec cycle time (@ RES 35k)

FS: Full Scan, AIF: All lon Fragmentation,
SIM: Selected lon Monitoroing,

Scan Functions PRM: Parallel Reactin Monitoring,
DIA: Data Independent Acquisition,
ddHCD: data dependent HCD

Options Intact Protein Mode

Enhanced resolution

13 ThermoFisher



Q Exative HF MS: Specification

Unmatched Analytical
Performance

240,000 Resolution for
best selectivity

| 18 Hz for maximum
Mass Range 50 < m/z < 6,000 MSIMS scan Speed

Resolution 15,000 at 18Hz

@ m/z 200 30,000 at 12 Hz c
60,000 at 7 Hz Intact Protein Mode for
120,000 at 3 Hz
240,000 at 1.5 Hz beSt

Mass Accuracy < 1ppm RMS, Internal Calibration S/N Of |ntaCt protel nS

< 3ppm RMS, External Calibration

Polarity Switching one full cycle in <1 sec (one full positive
mode scan and one full negative mode
scan at a resolution setting of 60,000)

14 SCIENTIFIC



Comparison of Q Exactive Plus MS and Q Exactive HF MS

ASMS 2014
Poster M186
Tabiwang Arrey

HelLa — 1 ug sample load

Unique Peptides Protein Groups

28.24% 20.27 %
30000 5000
25000 , / -
— — 4000
°ca 49.60% © g 41.96 %
o 5 20000 I o2 T
o= o3
EQ € 2 3000
S o >0
Z o 15000 ’ z 2
s s Se
g5 g% 2000 -
© £ 10000 = o =
> S o
<< <<
5000 1000
0 : : 0 : :
30 min i 60 min i 120 min 30 min i 60 min i 120 min
Q Exactive Plus MS 8604 16455 22707 Q Exactive Plus MS 1991 3413 4427
Q Exactive HF MS 12872 21103 25054 Q Exactive HF MS 2827 4105 4621

More IDs with shorter Gradients

15 ThermoFisher
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Same ldentifications with

59977

567.78

44474
48873

42577

35821 41625

420.79 =
38322 1.---

566.77
350.73 398.21

< 4,

100 = - s B : — . ;

o Pt Q Exactive Plus, 120 min gradient
8 a0 49529 P
E 50 44474 SI5TT 41625 55236 ¢ 655,56 —— e
2 o s16.80 see.77 (42079 0 C)
= 88.76 71435
E 20 fR054 903.78 | 5gg 14 Q Exactive HF, 60 min gradient

L I B S s S Sy s B S B B Sy B ‘A"'|""|""|""|""\""|'"|"'
10 20 30 40 50 60 T0 a0 90 100 110 120 130
Time (min}
Unique Peptides Protein Groups
Exactive Plus i Exactive Plus i
B Q Q Exactive HF o0 Q Q Exactive HF
12000
0 0
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More Identifications with Less Sample

What if | am sample limited?

Q Exactive HF™
60 min gradient

Unique Peptides Protein Groups

30000 5000
25000
4000
S8 2000 S
33 25
EB € 2 3000
ER) S50
Za 15000 29
s Qs
k=3 © 8 2000
m S
g £ 10000 ga
5000 1000
0 , , : : . . 0 , : , , : .
01ng i 1ng 1 10ng i 100ng i 500 ng : 1000 ng : 2000 ng 01ng : 1ng i 10ng { 100ng : 500 ng i 1000 ng i 2000 ng
Peptides ~ 464 | 1069 | 5322 | 14343 | 19702 | 22833 | 27705 Protein 172 | 335 | 1078 | 2439 | 3438 | 4087 | 4550
17 ThermoFisher

SCIENTIFIC



Q Exactive HF-X — new architecture

Advanced DDA for
bottom-up and top-down

Advanced Active
Beam Guide

Optimized Scan Matrix Electrodynamic

lon Funnel
: (AABG)
with accelerated HCD HyperQuad Mass Filter with
40 Hz MS/MS Advanced Quadrupole Technology
(AQT)

C-Trap

HCD Cell

High Capacity
Transfer Tube

Ultra-High Field
Orbitrap (HCTT)
Mass Analyzer
Brighter ion beam
More sensitive

| Dedicated transient for TMT 10plex |

[ Improved S/N for Native mAB ]

18



Improvement of sensitivity — direct infusion

250 -+

Electrometer Current [pA]

100 -~

50

200 -+

150 -+

0,00
Q Exactive HF Q Exactive HF-X

Electrometer curreninjection times

1,20 -
g 1,00 -
]
E
=
S 0,80 -
B
U
£
)
& 0,60 -
[
>
<
0,40 -
0,20

B

Positive Calmix

Q Exactive HF

W Q Exactive HF-X

-

'HR

Negative Calmix

Intensity

1E+9

8E+8 -

&

4E+8

6E+8

2E+8

Q Exactive HF
B Q Exactive HF-X

195,09 262,64 524,26 1221,99 1421,98 1621,97

mz

lon intensities

ASMS’17: TP 389, T.N. Arrey et al. New innovations implemented on the Q Exactive HF mass spectrometer.
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Sensitivity and Linear Dynamic Range in Quantitation

Alprazolam-D5
Y =-1858.19+1.50923e+006*X RA2=0.9962 W: 1/X"2

300000000

250000000

200000000

Area

150000000

100000000

50000000

07“““‘““““““““\““““““\““\““\“““““““ EA AR RN N RARR A
0 50 100 150 200
ng/mL

tSIM, Resolution 60K, maxIT 119ms, Iso 8 amu

- 3 replicates QE HF MS QE HF-X MS
Sample: Alprazolam spiked into crashed plasma

LOQ = 10 fg/uL = 10 ppt
R =10 - 200,0Q0 L "
o l»ﬁ‘f finear dynamic range - LOQ at )

ASMS’17: TP 389, T.N. Arrey et al. New innovations mtim HF mass spectrometer.
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Analysis of Intact Trastuzumab under Native Conditions in HMR Mode

Improved S/N ratio on the Q Exactive HF-X by a factor of ~5-10.

z=26

5695.3 5695.3 SIN=760.65
100 N=152.5
. 227 NL:1.16e5 100 - | (1.16e5/152.5)
80 | 5484.4 i 4 z=26 ‘\\ TIC, size exclusion chromatography
— | . .
2225 . s using Acclaim SEC column
60 — 5923.1 60 1 ‘\ =152. .
1 I Q Exactive HF 100 43
o 40 7 z=24 40 — || H 3 \\‘
- o170.0 g 56898 | | \M‘ N5-71057é.go 8 50 ‘\ It k
a = . | = A c -
'g 20 - 52886 -‘é’ 20 N=152.3 | | \‘\ i g j ‘\\ S? pea
< . Al A 2 9 J U N 3a 0
200 5695.4 < 5695.3 < 100 3 4-‘2
2 2226 g N=499.5
g NL: 4.01¢6 5 | 2726 “ S/N=8028 5 o |
2 g | 14, o = S 7
80 € - l (4.01€6/499.5) g 50 \\
] =07 _ 80 — | 57015 j | salt peak
| z=25 ] _ I\
60 5484.5 5923.2 60 | N=499.9 U e A
] ] | 0 5 10
40 40 \\ | sors Q Exactive HF-X Time (min)
20 4 z=28 =2 20 5689.8 \‘ N
7 5288.7 ‘ ‘L | 6170.0 N=a990 i
- A [ ~
0 m T ‘f T M pll T \L\ T 0 = AR T
5500 6000 5680 5700 5720
m/z m/z

SEC-LC/MS analysis of intact Trastuzumab monoclonal antibody using Acclaim SEC column, 4.6 x 300 mm, 300 pl/min flow
rate, 50 mM ammonium acetate. Full MS, HMR mode, m/z 2500-8000, resolution setting 30k, 10 pscans. Spectra show an
average of 3 scans (10 uscans each).
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Optimized Scan Matrix

Q Exactive HF MS/MS
« Brighter ion beam,

18-22 Hz S reduced scan overhead, and
accelerated HCD (aHCD)

32 ms 32 ms | ) : L
maxIT - is boosting acquisition speed
Longer fill time « Advantage for both MS and

g Reduced head
Q Exactive HF-X Zi5> s MS/MS mode
28 Hz « Fast and high quality MS/MS

< > acquisition up the 40 Hz with

32ms _ 32ms | new 16 msec transient (7,500
maxIT . .
resolution setting)

A

40 Hz
< > Comparable fill time . .
16 ms - 16 ms Reduced scan overhead QU] G
aHDC Maximum fill time with precursor ions
Inter and intra scan overheads
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Ultra Fast MS/MS Scan Speed > 40 Hz

74612 74653 74694 74715 74735 74776
39.4725 39.4900 39.5072 39.5162 39.5242 39.5424
3.0 Duty cycle: 1.05 s Duty cycle: 1.03 s Duty cycle: 1.02 s Duty cycle: 1.09 s
> 85 Scan rate (1 FS + 40 MS2): 38.1Hz Scan rate(1 FS + 40 MS2): 38.8 Hz Scan rate (1 FS + 40 MS2): 39.2 Hz Scan rate (1 FS + 40 MS2): 36.6 Hz
S 40 MS2: 45.1 Hz 40 MS2: 45.8 Hz 40 MS2: 46.1 Hz 40 MS2: 42.8 Hz
2.6
2.4- ’
= 74665
2.2- 39.4960
2.0
= 74629
1.8 39.4801
1.6—
Q 1.4- 32425’5’5 74672
o = . 39.4983
E 1.2t
1.0—
08" 74625 74678 74698 74719
= 39.4787 | _ o 39.5004 39.5103 39.5176 74749 74761
0.6— 74680 39.5309 39.5358
3 39.4813
0.4— [ 39.5011
il +
0.0 L AT P TP AN I | ‘\‘ T Iminm bl L Ll 1l LI, \“M ol
39.48 39.49 39.50 39.51 39.52 39.53 39.54
Time (min)
1 full scan (60,000 @ m/z 200) and 40 MS2 scans 7,500@ m/z 200) at LC time scale in 1 second.
30 min gradient, MS2 max IT: 11 ms
ASMS’17: TP 389, T.N. Arrey et al. New innovations implemented on the Q Exactive HF mass spectrometer.
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Protein identification faster than ever

" @ Exactive Plus MS 120 min « Maximizing protein identifications
® Q Exactive HF MS 60 min

= Q Exactive HF-X MS 30 min « Same protein identifications in half the analysis time

» Faster, with same high quality results
25336

24083

High confidence spectra at 7500 resolution

Same data,
half time e e

Same data,
half time

= QEHF

Protein ID

-5 -4 -3 2 - 0 1

10Hz 18Hz| 40Hz

Normalized peptide score distribution

Peptide Groups

Sample: 1 ug Pierce Hela digest

ASMS’17: TP 389, T.N. Arrey et al. New innovations implemented on the Q Exactive HF mass spectrometer.

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

Qual-Quan

PROTEOME DISCOVERER 1.2 PROTEOME DISCOVERER 1.2 =

Targeted
Discovery Quan Discovery

Quan

Target Target
Confirmation / Quantification

v

*Precursor accurate *Accurate Mass (AM) * LC Peak Area Precursor accurate
mass * Retention Time (RT) « Precursor mass
* MS/MS spectrum - Isotope Pattern . MS/MS * MS/MS spectrum
« MS/MS spectrum Transitions
« MS/MS Transitions “TMT
sLabel free
*Protein / peptide 1D «All Targeted Quan *SILAC

25



The Power of Q Exactive to Access the Low-abundant Proteins

Yeast protein with reported cellular copy number*

600 -
010 ng
& 500 | m100 ng B
_.G_.! 01000 ng
o
o
400
©
Q0
U=
=
©
300 -
©
=
Y
o
— n
o 200
Q0
£
>
Z 100 |
0 ‘
o R\ R4 RS R K\a K\a K\ & RSy 5

Cellular Copy Number in Log-phase Growth Cells

*Yeast cellular protein copy numbers are from Weissman and co-workers, Nature, 2003, 16, 737-41.
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Low-abundant Protein Identified from Low Sample Load

High confidence identification from 10 ng of Yeast Digest

Intensity [counts] (10*3)

50 o

.
=)

(]
o
1

[x%]
(=]

(=]

UGNDBEVILFR

y1t

175.11826

ya'
ys* 548.35284
435.26990

y2'

322.18576
bs*-NHs

| 498.17874

l L | |

ys*
647.42157

776.46594

y{' -H 20

758.45410

————

ye'

y7*
891.48932

ys'

MASCOT lonScore: 90
Exp Value: 3.8 E-9

)fw+
1177.57886

1006.51752

ye'
1120.55273

Ll
200

400

I
600

miz

1
800

Ll
1000

I
1200

Peptide of YOR020C, 149 copy number, identified from 10 ng yeast digest

27




Larger dynamic range leads to deeper sequencing

Q Exactive raises the challenge in discovery proteomics to the next level — identifying the proteins that matter.
Most Abundant

_ Least Abundant

1,0E+0 1,0E1 1,0E-2 1,0E-3 1,0E-4 1,0E-5 1,0E-6

Precursor intensity of identified peptides (normalized to the most intense peak)
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From Discovery to Quantification - do it all with a Q Exactive

Qual-Quan

PROTEOME DISCOVERER 1.2 PROTEOME DISCOVERER 1.2 =

Targeted
Discovery Quan Discovery

Quan

Target Target
Confirmation / Quantification

v

*Precursor accurate *Accurate Mass (AM) * LC Peak Area Precursor accurate
mass * Retention Time (RT) « Precursor mass
* MS/MS spectrum - Isotope Pattern . MS/MS * MS/MS spectrum
« MS/MS spectrum Transitions
« MS/MS Transitions “TMT
sLabel free
*Protein / peptide 1D «All Targeted Quan *SILAC
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Moving Beyond Qualitative Proteomics

Problem: Quantitative information about expression level of a protein is essential to understanding its biological role in
response to change or disease.

Qualitative Quantitative
. . )
Add another dimension to any
experiment by determining the
relative abundance of each
identified protein
\ P Y

Alterations in expression can reveal a meaningful biological pattern not apparent in a pure identification experiment, which provides only a
list of detected proteins

Changes Changes . Changes

§ 5 with time with treatment with cell line
§ . 2,5
g - 2 \/\
E:
g ) 1,5 A
g 1 ! —
o

0 0,5

0 500 1000 1500 LEKE 0
Minutes
30 ThermoFisher
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Label Free Quantitation

Several well established pipelines for the quantitation of
label-free data from a data dependent (or DDA informed Label Free
DIA experiment) exist. Among these: o Multiple LC/MS Runs

o Compare a few conditions
o Requires replicate sample material

SIEVE 2.2

)
.
1.064
Ratio=1 54440030 PV4us=0 98020 sz
1.062
a . T——
 Lloen e LS
] .
. .
1062 — —
-
—
I =3 14 % 17
TAOE-Z 1o
izoog
10000
Boon
"
=
e a &0oo
DEscRPTON [ Perrioes [ rrastes [ Wis | e <] sde | 7] I}
1 = b Tl Ele b M 4000
(CBAT_MOUSE Cplochrome © cadate suburk BAT_ micchondsd 1 1 & 104 oo
QSO0S_MOUSE Cplochome © cuders sdnnd 64 micchonde | 1 3 L] 1814 008
GILVE_MOUSE NADH_ cytochiome b wductase 1 (Flaguent] D 1 1 1 178 0.ovs|
271 MOUSE Petein G GGG 1 i i g [ 2000
2 0DB0_MOUSE ol 2 of 2 soiresimate detdogerase adva |7 10 (-] 6% [
A24D2%_WOUSE WEGHD630 DS-Mus maccha GN-Gr8T PE |1 1 7 162 (1)
ALIZ 5 rboromal moten L2 cukis G 1 7 1622 [T il
ATFE_ P sprthan prctnn B 05, s Ghisbhia 1 1 " 159 0083 1. 0 100 150 zoo
7 echonsa |2 3 g 157 noar, )
_ ninchorgisl |4 ‘ ] 1565 [ (=)
[ I+ 5P simzarun deyciogenars £1 comp 11 {H =5 1564 0030
| [+]5Pomanes D3V MOUSE &5 soscrnal posens 514 [Flaggnésd] O5ebus |1 1 1 1853 (L
+| SPADEM DIZFI1_MDUSE 405 wbosomsl proven 51¢ [Fragned| O5-Mus m 1 1 4 1633 0087
||| sPareazms ASTE_MOUSE 405 rbosomal prolen 514 OSaMus musculsr GHs 1 1 a 158 nos?, -
o i ———— ! % i i G G |_|J
Pulews (1424 | RMnSP/IAZAIUD  Fuanevien  IDRsech  FepoiSeing  Ewof  PrlsrCedsr
1 Frames Table Filter R T o e——
i
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Label Free Quantitation

. Problem: Requires multiple LC/MS analyses and is thus sample intensive

A differential analysis of 2 biological conditions with 3 technical replicates JI
each would require six LC/MS injections and analyses: o 'I’]LM

Comparing just two conditions with a two hour gradient would take
more than 14 hours of instrument time

. Problem: Irreproducibility due to less than 100% sample overlap

Even with 85% overlap run to run Run
AND [ Identified in all six 4
4000 proteins identified in each run runs
. Run
...less than 2500 common proteins 5
32 ThermoFisher



Improving Quantitation Throughput: SILAC

SILAC G
Workflow / l \ SILAC MS1 Quantitation
I I l il
| SILAC labeling |
State A State B State C
- —
Lys0, Arg0 Lys4, Arg6 Lys8, Arg10
Mix 1:1:1 a a o =
| | Stable Isotope Labeling by Amino Acids in
| Cell Culture (SILAC)
Lys-containing peptide j\rg-containing peptide SILAC ratios o L OW V. ari atl on b etW een s ampl es
N h o 0
Heavy Heay ~ Ratio, = tootioo o Requires Hi-Res Mass Spectrometry
> > o Compare up to 3 conditions
D ‘D . Heavy (State C) .
5| Midde 5 Middle Ratioy = 4 (Sae b o Applicable to cell culture
= [Hont,, = | v o Peptide ID not required
I-—~ 8 Da R I—-wn L Rato. - Middle ( )
— » — > % T gt (State A)
Geiger T., et al, Nature protocols(2011):147-157
33 ThermoFisher
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SILAC Quantitation

. Problem: Increases MS1 Spectral Complexity

High resolution and intelligent precursor selection (i.e.
selection of only one SILAC labeled peptide per pair or
triad) is required for best quantitative results .

we
5u8.8.8.8.3.3

miz

. Problem: Requires cell labeling in culture
Proteins must be able to be metabolically labelled and thus T /ﬂ\
is not suitable for all organisms/conditions 6) \ ) per f)
[ With SILAC began a trend towards increased multiplexing...
34 ThermoFisher
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A Better Multiplexing Method- Isobaric Mass Tagging

* Less MS1 Complexity

* Increased Throughput
« Concurrent MS analysis of multiple samples
* Less consumed samples and less instrument time

* Fewer Missing Values
* |dentification and quantification achieved in a single run
* No worries about irreproducibility

« Sample Origin Flexibility
« Samples can be derived from cells, tissues or
biological fluids

* Increased Multiplexing ™
» Compare more than 3 conditions

* Multiple Comparisons and Improved Statistics

* Incorporate replicates with multiple conditions: dose-
response, time-course, multiple tissues, subcellular
fractions, etc

©
o
3
E]
IS
3
)
<
£
3
=
Q
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Thermo Scientific Tandem Mass Tag (TMT) Isobaric Tag Family

TMT®
Method Development & SRM

0 0 0
N /\)\
N 0-N
H

Mass Reporter | Mass Normalizer 0
Cleavable Protein
Linker Reactive
Group

13C and 15N labeled reporter

Isotopes balanced between linker region
and reporter region keeping all tags
exactly isobaric

Fragments by ETD or HCD

Up to 10 different tags

 Other reactive tags :lodo TMT and Aminoxy TMT

TMT

Duplex Quantitation
TMT
Six Plex Quantitation
T™MT

10plex Quantitation
| TMT10-126]

(=]
Q;imi,ia 126.1277261

L+ [+]
: uiuﬂx—i-()? rﬁﬂﬂi? 127.1310809

iiﬂif\jv:? i:rinmi::? 128.1344357

g JEJ:I? Q;k.,wj? 129.1377905

127.1247610

128.1281158

129.1314706

qriwj;z? qﬁihﬁjﬂ,ﬂ) 130.1411453

~ o o ETD cleavage site
qﬂknwl?

HCD cleavage site

130.1348254

131.1381802
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The Multiplexing Revolution —Not Only Consumables...

Orbitrap Classic =r.
High Resolution Orbitrap Mass
Analyzer R :

Hu, Q., Noll, R. J., Li, H., Makarov, A., et al.
(2005), J. Mass Spectrom., 40: 430—443

Orbitrap Velos
New Axial Field HCD Cell
for Improved MS?

Olsen, JV; Schwartz, JC, et al.
Mol Cell Proteomics. 2009 December;
8: 2759-2769

Orbitrap Elite oo
Hybrid; Single Notch MS3; P1 \

SILAC

Compare 3 Conditions
Ong SE, Blagoev B, et al.
Mol Cell Proteomics. 2002 May;1(5):376-86

TMT6plex

Compare 6 Conditions in MS2
with amine reactive tags

Andrew Thompson , Juergen Schaefer ,
Karsten Kuhn, et al. Anal. Chem., 2006, 78
(12), pp 4235-4235

IT Qsplex 0 1 1 ———— Wenger CD, Lee MV, Hebert AS, McAlister
Label and compare 8 W 1 Phanstiel DH, Westphall MS, Coon JJ.
Conditions Nat Methods. 2011 Oct 2;8(11):933-5

Choe, L., D'Ascenzo, M., Relkin, et al.
(2007),. Proteomics, 7: 3651-3660

TMT8 and TMT10

Concurrently quantify up to 10 sample

conditions

McAlister, G., Huttlin, E.L.; Haas, W.; et. al.
Anal Chem. 2012. 84, 7469-7478.

. —— Orbitrap Fusion
Tribrid, Parallelized

Analysis, Multinotch

Erickson BK, Jedrychowski MP,
McAlister GC, Everley RA, Kunz R, Gygi
SP.

Anal Chem 2015 Jan 20;87(2):1241-9

Orbitrap Fusion Lumos
Newest Tribrid, highest sensitivity and
selectivity

ThermoFisher
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High Performance Depends Upon High Resolution Instruments

128.1281
R=48102
100 z=1

I

8
g
= Orbitrap Elite
2 Transient 96 ms
02) RP 30K@m/z 400
ke
[0}
e o 128.1282
R=89102
100 z=1

Orbitrap Fusion

Transient 128 ms
RP 60K@m/z 200

HIGH RESOLVING POWER IS
ESSENTIAL FOR ACCURATE
QUANTIFICATION OF THE
TMT10PLEX REAGENTS

0 T T T T rrrrryrrrrrrrrryvrva
12810 12812 12814 12816  128.18
m/z
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A Real Example

. Sample: Mouse mitochondrial extract untreated or treated with phosphatase inhibitor

Orbitrap Elite .
«  75umx50cm PepMap C18 Quantified
» 210 min gradient: 250 min run L AN ‘ i/ . )
»  1ug ofsample on column L T !\'W 1423 protein
E ‘“Tw —_— groups
d | N= e AL, ‘ L';:U; Fuon
) in 1.04 days
2 Untreated Treated y
— » Three Analyses * Three Analyses . .
- 750 minutes « 750 minutes using 6 ug material
+ 3ug . 3ug 2 /
|
il EE ;; ®TMT126 D
oThTzs Quantified
®TMT129
| o ©TMT130
© i o TMT131 1310 protein
E __ | groups
|_
s ,Lf Y N 0 Y A IRSARRNTY QRN V:I-mu Y d I'n 4.16 hours
reate
Untreated Replicates ] :
. using 1 ug material
Single Analysis | 250 minutes | 1 ug "

Thermo Poster Note : Liver Mitochondria Proteomics Employing High —Resolution MS Technology; J.Ho. et al
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Ratio Distortion with Isobaric Multiplexing

Problem: Quantitation of low-abundance proteins in a

complex background is distorted by

co-isolated interfering precursor ions

—_
o
o

Relative intensity

(o]

precursor
+——Isolation window ——»

1Contaminating

ion (red)

11Hx

research arti

Journal of

cles prOteome

sresearch

Phillip C. Wright='

TMT reporter lons

iTRAQ Underestimation in Simple and Complex Mixtures:
“The Good, the Bad and the Ugly”

Saw Yen Ow,' Malinda Salim,' Josselin Noirel,' Caroline Evans,"* Ishtiaq Rehman,' and

s

Target ion }
(blue)

Interference

(_A_\

~

HCD
o

710 7105 711

miz

7115 712 7125

K126 127 128 129 130 131 /

Ow, S.Y. et al. 2009. JPR 5347-5355 Ting, L. et al. 2011. Nature Methods 8: 937-940
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TMT10plex and SPS MS3 for Quantitative Proteomics

Precursor

TMT10-126 lon
o o 4
il
TMT10-127N TMT10-127C

«)LJ? Q@L/\Aﬂ? —
Synchronous ﬂ

Cid 3? qﬂ*mﬁ? Selocion

TMT10- 129N TMT10-129C

R
Q’ ’\*cﬁf %%«)L%? HOOMS, o |

TMT10-131
_ o 2 ETD cleavage site OT
q ﬁ/\)"o’if HCD cleavage site

241120

197.103
1 |L|,“|_ Jy Ly | 8155 312188 a00.207 420252 454275 532070501637
' 1 * 1 ] ;i ;i T

1
100 180 200 250 200 3O 400 480 500 56O 600

.8.83 883888

Achieving accurate and precise quantitation using SPS MS3
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Co-isolation of Interfering lons Affects Accuracy

20 7
18 - :leg 2Sf S;J;)Ofmolﬂ28:64:32:16:8:8:16:32:64:128 o 500fm0| Of BSA in 500ng
16 - eLa. S00ng Hela digest
bl * Narrow precursor isolation
12 with 4 hour gradient
Expected
8 B
61 Constant
4 background
2 -
0 -+
126 127N 127C 128N 128C 129N 129C 130N 130C 131
20 1
" BSA alone
" BSA+ HelLa SPS MS3
B BSA+ HelLa MS2 (1.2 amu isolation) } Less preCiSion
Less accuracy
Observed (ratio
distortion)
128C

126 127N 127C 128N 128C 129N 129C 130N  130C 131

Results: Best possible accuracy and precision by reducing co-isolated interfering ions.
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Orbitrap Fusion Tribrid Mass Spectrometer

Tribrid (tri-bred) n. three Mass Analyzers
working together to produce unmatched
analytical results

Unmatched Analytical
Performance

Revolutionary
Performance

Exceptional
Versatility

Unprecedented
Usability

43



Orbitrap Fusion Tribrid Mass Spectrometer

MSn and sensitive Braskaeslysie
Dual-pressurditieeariaomn trap
provides MS" CID and ETD
fragmentation and fast, sensitive
mass analysis.

el 4 Maximum throughput

N ¢ oS Ibyp#ragsigemultipole

' parallelization
lon-routing multipole
facilitates parallel analysis
and performs HCD and
EThcD atany
fragmentation stage.

Unsurpassed resolutiétnaainid) s{Fesdd O
Ultra-high-fiel@Qutitagprreesss amalyzer
offers resolution exceeding 500,000 and
scan speeds up to 18 Hz.

© O———— BExcellepbéensitivifjitand selectivity
Quadrupole precursor selection at
isolation widths down to 0.4 amu
improves sensitivity and selectivity.

O——— EABGECRE T smunceuses
% Townsend discharge, making it
more reliable and easier to use.

Retivedbawise and
mdreagkd@)bustness
Active beam guide
prevents neutrals from
entering the
quadrupole and
improves robustness.
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Orbitrap Fusion Tribrid Mass Spectrometer

Unmatched Analytical
Performance

500,000 Resolution to remove
spectral interferences

CID/HCD/ETD/EThcD detected

Scan rate OTMS? | 18 Hz by the lon Trap or Orbitrap

Scan rate ITMS? | 20 Hz analyzer at any level of MS" for
Max resolution _ | 900, 000 &t miz 195 maximum experimental flexibility
Quad isolation down to 0.4 amu

lon trap isolation | down to 0.2 amu

Powered by the new Dynamic

Mass Accuracy 3 ppm ext, 1 ppm int

Dissociation CID, HCD, ETD, ETheD Scan Management architecture
MSn Up to MS™® in ion trap or Orbitrap analyzer th at ensures eﬂ:ICIent Ope ratIOn
Analyzers Q, 0TMS, ITMS of the mass spectrometer

Detectors lon Trap, Orbitrap

Compact 1186 x 674 x 650 mm (w, d, h)
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Orbitrap Fusion Lumos Tribrid Mass Spectrometer 015 _

Unmatched Analytical
Performance

Revolutionary performance

Tribrid . three Mass Analyzers working

g together to produce unmatched
® 7 analytical results
LS
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Orbitrap Fusion Lumos Tribrid Mass Spectrometer

Advanced Quadrupole
Technology

Segmented design improves
transmission at higher

resolution; symmetric transmission
across the window

Advanced Active Ion
Beam Guide _\.

Prevents neutrals and
high velocity clusters

from entering mass
resolving quadrupole

EASY ETD
Source
Based on Townsend

discharge; reliable and
easy to use

Ion Funnel
Focuses ions after HCTT;
Broad tuning curves

Improved dynamic
range and detection
) ) limit of ETD event
Ultra-High Field

Orbitrap Analyzer

Offers resolution >500K
FWH and scan rates up
to 20Hz at 15K FWHM

Electrodynamic

High Capacity
Transfer Tube
Increases ion

flux into the mass
spectrometer

\ Ion Routing
Multipole

Dual-Pressure
Linear Ion Trap
— ﬁ

" * . 5 MS"and sensitive mass

L. ¥ analysis of four fragmentation

types: CID, HCD, ETD
and EThcD

Enables parallel
analysis; performs HCD
at any MS" stage

Advanced Vacuum
Technology

Reduces pressure in UHV
region, improving transmission
to the Orbitrap analyzer

47
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Improved Low Level Quan: Ubiquitinated Peptides

K-GG Quantifiable Peptides
18827

Higher Amount Lower Amount
—e— Orbitrap Fusion —e— Orbitrap Fusion MS
Lumos MS

TMT10 Quantitation of
Ubiquitinated Peptides

* Human HTC116 cells were treated with a
proteasome inhibitor (Bortezomib) for 16 h
and analyzed with TMT 10-plex (5 treated
vs. 5 untreated)

* Two fractions were prepared
» With higher amount
» With lower amount

* 25-73% more quantifiable peptides

ASMS Lecture: Rose et al. Isobaric labeling enables 10-Plex
quantitative analysis of ubiquitylated peptides: A
diagnostic ion to improve identification and quantification
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SPS MS3 Quantification on Orbitrap Fusion Lumos MS

Results: Best possible accuracy by reducing co-isolated interferences.

Human
12 Interfered channels  Clean channels
|

10 - 14 A

g [ i |
1,2

6 4

4 A 1

2 4

0 1 0,8

126 127N 127C 128N 128C 129N 129C 130N

u MS2 (0.7amu isolation)

Yeast (Interference) " SPS MS3
12 Theoretical
10 -+
8 -
6 -
.
2 ]
o

126 127N 127C 128N 128C 129N 129C 130N . . . .
1lug mixture, 4 hr gradient, median ratios

ThermoFisher
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>500,000 Resolution on Orbitrap Fusion MS

Timolol: glaucoma drug, Cocaethylene: Ethanol + Cocaine
beta blocker 0.3 ppm 1.6 ppm

00 BEED

318.1676
318.16?5”
|

This resolution is an order of magnitude |
better than any competitive instrument M‘“

TKBI’DIHJ‘H 31
0 | 318.1181 113181806 318.2275318.2

318.10 318.15 318.20 31
m/z
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Data Dependent Experiment: OTMS> CID ITMS? 15t MS2 CID Scan
Orbitrap Analyzer (/) ‘\,\ 2 1S I Sea IJ.I_I.l
Full FTMS Scan , -3 |
J_ll_l_I_I.L_I_Il m/z
m/z lon Trap
MPO
Q1
f lon Routing
Ll | Multipole
]
yrad |||ﬁ| /\ P Full Orbitrap MS scan
_M' i / b 1st parent ion isolation in Q1
—_ P 1t MS2 scan: CID in the lon Trap
=3
E % C-Trap 2nd parent ion isolation in Q1
- P 2nd MS2 scan: CID in the lon Trap
% ) Full Orbitrap MS scan
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Dynamic Scan Management Ensures Efficiency

Data Dependent Experiment: OTMS> HCD ITMS? 19 MS? CID Scan
Full FTMS Scan Orbitrap Analyzer /‘? // 2 MS2 CID Scanl ul
4”/;,\/, N\ |
m/z // g = ,j: /\;/) m/z
e T |
:j\:i// on Trap
v =
MPO = 2
Q1 = "_
e
LI | | 2\Y 4 lon Routing
I I @ N\ Multipole
/el I H | = |

= » Full Orbitrap MS scan

— » 1st parent ion isolation in Q1 and HCD

= C-Trap st 2 . :

E% » 1t MS? scan: lon Trap Detection
—ﬁ— » 2" parent ion isolation in Q1 and HCD
% » 2"d MS? scan: lon Trap Detection

R » Full Orbitrap MS scan
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lon Trafficking and Dynamic Scan Management

lon Trap Detection
of the Fragments
Full OTMS Scan —e

Parent lon Q1 isolation

== . ol bbbl ;
—- T )
+ Full Scan %
7 HEBRBDEnNR
.@ lon Injection 1 2 3 4 5 6 7 8 9

10
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Speed = Many More Points Across LC Peak

1 ug HelLa, 140 min run

Seance in ANe

Thermo Scientific™ Orbitrap Elite™ MS Orbitrap Fusion MS

31.39 27.45

8 508.74 a 508.75
10 0
s Top N 3135 £ Top Speed 27.44 27.51
3 P 508.74 3 508.75 508.75
c c 27.56
3 31.31 31.53 g 27.38 508.74
g 508.74 76.28 < 2706 508.74 27.68
76.2 472.76 576.28 5 5e
g 31.00 31.26 576.28 5180 e 27.20
A i D il 5 | el e 2
= .
Soll 1 | | \ h 3 mmrmuumm H HH ‘ ‘ \\MmmmTummmT\
Qo | D o
14 310 a1 312 313 314 315 316 317 318 319 | HW 14 274 272 73 274 75 76 77 78 279 280
Time (min) ~40s Time (min)
Timic wimy
Q

um.... lhmwl mem uMLmlMMnm um

MS MS/MS

ThermoFisher
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Protein Groups

1 ug HelLa

Orbitrap Fusion MS

Outperforms Orbitrap

Orbitrap Elite MS Elite MS in Half the Time!
B Orbitrap Fusion MS
:
4996

3939
3604
2861

140 Min 70 Min
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Principle of ETD

Multiply

charged

analyte Fluoranthene
(n> 2) radical anion

[ )
Electron-
—>
transfer

odd-electron
protonated
peptide

Cleavage of
N-Ca bond

57



ETD versus CID

ETD Conventional (resonant) CID
« electron transfer surpasses internal heating * via several collisions with Helium
« rapid bond cleavage (no energy dissipation) precursor ion is internally heated

» preferences for weak bond cleavages
* nearby selected amino acids (E, D, P)
backbone cleavage is preferred

* b- and y-ions (and internal fragments)
* best fragment spectra from 2+ ions

« random fragmentation of peptide backbone
« leaves labile bonds like from PTMs intact

« N-Ca. bond cleavage vyields c- and z-ion
« preferable charge state z > 2

—

a2 Y3 Z3 %2 Y2 Zp Xy Yq Z4 T
R110 R2:10 R3O R4
Lol |l ol |
HEN—Eli—'rC—-PIJ—-Eli—'rC——PIJ——Eli—'rC——PIJ——I:lj—CDDH
o |H A HIH |H]|H
k a, b, ¢, a; b, ¢, a; by c, )
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Reagent/Internal Calibrant Source

Tube lens is replaced with
discharge ion source

59



Discharge lon Source Detail

Reagent
Entry Aperture

Anion

Exit Aperture
Electron

Entry Aperture
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New Front Reagent Source:
ETD and Internal Calibration

2 4106 —— 10 Point Running Average
2 60
g
£ 40 ™ P il W amasntuan . VSRR
‘é 20
§ 00 20 40 60 80 100 120 140 160 180
Duration (days)
- - -
Compact Townsend Stable
Discharge Reagent
lonization, lon Flux

No Filament
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Data Dependent Experiment: OTMS> ETD ITMS? 15MS2 ETD Scan
Full FTMS Scan Orbitrap Analyzer /‘?(“ // | |
| | /:/\/ \\) m/z
m/z ,
lon Trap
MPO
F at
l/ lon Routing
L| Multipole
-é- rl Ill | » Full Orbitrap MS scan
—— » 1st parent ion isolation in Q1
~lwoe——— ETD C-Trap : :
E% » 18t parent trapped in the ion trap
_$_ » Injection of ETD reagent
» 1st parent: ETD dissociation
'-.55 » Full Orbitrap MS scan
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Advanced PTM Analysis

Cha"enges A_SSOCiated _With ' More than one glycan attached at
Glycopeptide Analysis a single site.
Can be up to 100 glycans.

} Difficult to detect by MS in the
presence of non-glycopeptides

Huge glycopeptide impact:
Four publications, including PNAS,
JBC, and Anal. Chem.

Glycosylation profile and site occupancy cannot be predicted!
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Modes of MS Operation for Glycoproteomics

Unmatched Analytical
Performance

Glycan/Glycopeptide Sequencing
FT ITMS" (HCD)

Glycopeptide Detection/Sequencing
FT FTMS? (HCD) pd-CID/ETD/HCD

Complimentary Sequence Coverage

Isobaric Glycopeptide Quantification

FTITMS" (CID) FT ITMS? (ETD) SPS MS3 HCD
General Glycan Sequencing
~ FTITMS" (ETD) .
Glycopeptide Sequencing and Glycosite ID Glycopeptlde Sequencing Using Y1 Ion
FT FTMS? (HCD) ITMS3 CID
64 ThermoFisher



Ultimate in Flexibility: HCDpd “Any MS2”

oo
40 M: 1177.74/4+
904 the gap (A1084.34
804
o 709
% 404 Y1
& 304 1218:5213
204 ‘312705 675.24 “7_7752 N Hz HN H
- z= i 1548.72
109 ‘ ‘ 47015 5= s86.94| / 835.28 893.32 1087.16 1e5.66 =2 1713;273 '811=223‘ '913:3733
L PR O = A\~ PO 0 | PV 0 P Y Pl WM S 0

200 400 600 800 1000 1200 1400 1600 1800 2000
ETD [
M:1177.74/8+ | .00
TD 7T

irap E
[ WLHPNYSQVDIGLIK |

<

o]

804

Relative Abundance
g 5 9 3 3

£ 172578
207 15077
7.
o] 2% am0a2s a9 1709.10 1063.90
147232
L[ ),95132 57638 8273 102782 . 1 }
T T y

500 1000 1500 2000
miz

CID

M:1177.74/4+
904 1549.08
Gec HN
80 —
1310.96 3+
7] 120817 7993 181202
£ BN H|H[H| N HI|F H
2 0] 1330.06 lGc
1432.69
= 0] HN
& 503G -fe/3+
1467.27 1731.10
20 2+
1650.62 (1965.2
103 1884.30
o “;\ gt | u‘\\‘ WL I\‘\ \‘I‘\‘\“\ 5
1400 1600 1800 2000

HCD-pd-(CID+ETD)

HCD for selective trigger
ETD for peptide sequencing

CID for glycan sequencing

Wu et al., Anal. Chem.,
Just Accepted

Unique to

Orbitrap Fusi
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5".alycgiica-?rllistry

Subscriber access provided by HEALTH CANADA

Article

A novel LC-MS product dependent parallel data acquisition function and data
analysis workflow for sequencing and identification of intact glycopeptides
Sz-Wei Wu, Tsung-Hsien Pu, Rosa Viner, and Kay-Hooi Khoo
Angl. Chem., Just Accepted Manuscript + Publication Date (Web): 05 May 2014

22 Glyeo-
Oxonium
lons

138.0545
204.0867
366.1386

Product lon Trgger

Precursor
| salection range

= 750-1600

include charge
state = 2.5

Optimized for ETD
Pracursor Priosity =
Highes! Charge State
then Most Intense

] Product lon Trigger —

B
HCD-pd-CID/ETD
Data Acquisition and
i) ZDDA> Analysis Workflow
N
Sweet-Heart
HCD E> for HCD I::} ¥1-based search
MfE . E:) Direct GPn-éh /_J‘.}x\
pp M stop .
Yes ( \
| ¥1 psm that
A /! sannet fit
N <! apparent GP
ETD CiD = cambination
MS* || MS? GPpsm  GPpsm
without  supporied
apparent ¥1 by Y1 T
ey %
Sweet-Heart Cross Validate



Improving ETD-SPS Quantification of Glycopeptides

Precursor
lon

Manciotopic Precursns
Selection (MIPS)

Synchronous
Precursor
Selection

11111

o s BEAB8IBEE

HCD MS?3,
Orbitrap
Analyzer

’ SCIENTIFIC



Synchronous Precursor Selection

Precursor
lon
Synchronous = ETDMS2, lon Trap
Precursor o
Selection o °

- 71.701 N

- ' °

0 43.4119 ﬂ lL 118401 .

. 2t | Lo dhidd JL .ui.]. pa1a42 170017
HCD MS?, o | - e
Orbitrap
Analyzer o

7307

112 28128 130 13
241,120

238.133 312186 300207 420.952 484.275 533.070 501.837

q‘{ PROTEOME DISCOVERER | Byonic

Mass Informatics Platform for Pratein Scientists | ProTeiN IVIETRICS Inc.

# peptides

ITMS? ETD SPS FTMS? Quantified

2000 - TMT6 Serum Glycopeptides

1800 -

m Total
1600 -

m Glycopeptides
1400 -
= Quantified Glycopeptides
1200
1000
800
600
400

200

PSM Unique

Unique to

Orbitrap Fus
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Internal Calibration: LC/MS of Omeprazole Metabolites

.—
0.28(ppm
0.47 ppm
0.55 ppm 0.55 ppm
0.55 ppm 0.47 ppm
0.35 ppm 0.55 ppm
0.36 ppm 0.47 ppm
0.28 ppm
0.55 ppm
0.28 ppm
0.03 ppm 0.02 ppm ’ 0.19 ppm
0.19
...”I.“...'l.“.”.'..'.. ey ”pIPrIr!L I!un_gﬁlnnmlnul..”.”””” S — .....‘l. Il|ll .
i f i T T T T Y Y f T T T T T T T I T T 019 ppm
3.7 3.8 3.9 4.0 61” ppn‘11"2 4.3 4.4 4.5 4.6 4.7 4.8 4.9
o ’ Time (min) 0.19 ppm ;0;L4nphp“:n
U 3T PP SEZ
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Internal Calibration of MS and MS?2 scan

A S Orbitrap Analyzer /‘%‘ //
MS2 HCD Scan ™2
with IC
bl 11 lon Trap
m/z
MPO
Q1
l/ lon Routing
Ll ||| Multipole
fff rl I|I%| /\ » Injection for full Orbitrap MS scan
el » Internal calibrant injection
L : :
—_ » Transfer of ions to Orbitrap analyzer

C-Trap » Parent ion isolation in Q1 and HCD

H% » Internal calibrant injection
"
o<

» Full Orbitrap MS scan with internal calibrant
» Transfer of ions to Orbitrap analyzer

e » MS2 scan: Orbitrap detection with
internal calibrant
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EThcD

Data Dependent Experiment: OTMS> EThcD OTMS? \
EThcD MS/MS Full FTMS Scan Orbitrap Analyzer (? ,//\\

scan

N
> \
ol N :/\, \
m/z m/z /// S /

lon Trap
MPO
Q1
lon Routing
LI N Multipole
&4ﬁ I | /\ ) Full Orbitrap MS scan
— D 1st parent ion isolation in Q1
[l
an ) 1st parent trapped in the ion trap
wos&——— ETD
E % (CAET D Injection of ETD reagent
&_ D 1st parent: ETD dissociation
e ) EThcD dissociation
%
e
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Glycopeptide Sequencing Using EThcD

EThcD HCD

20 bE 1::555&.5-:::1
I .lé 10967654321 ‘ GHGI{RNGTGHGNSTHHGPEY}[R
rercrrEirCcErErEFCCCEECCr - . 1:3-:5'&5551:: 15 ag'
CHGHEMNGT STHHGFEYMR
O O R O[O [t T R
1 4 & 7 & 910 15 0

ETD

.:l: .155 IESE'.'-E.E‘!EEI
FrrrrEFrrrre

GHGHRNGT GHGNSTHHGPEY}IR

. e
GEs o ] 12345676 810 B 20/

s 3 e Py 0
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Intact Protein Mode Principles of Operation

« Reduced pressure in the Intact Protein Mode Enolase, 47+
IRM>CTRAP>Orbitrap region
« Calibration of ion transfer at 46,641.39 Da

reduced pressure
* Push-button operation once

calibrated WWW\ANUW

O Can be uSed Via Tune Or in the 993.6 993.8 9940 ., 994.2 994 .4 994.6 994.8
Method (Global Parameter)

» Good for signal conservation
with longer transients Standard Pressure Mode
necessary to obtain isotopic LT

2854521

resolution of large intact
proteins 25-50kDa

» Unnecessary for Intact IgGs
analyzed at low resolution
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Intact 1IgG: Seven Major Glycosylated Forms

100 148382.953 ML 181E8
148545 984
80 148220578 NL: 1.81E8
g 60
5 148709.594
E 4
=
] 2 148871.219
148018.469 149035.656
0 NSRS T T T T T T T T T T T T <y
143000 143100 148200 143300 148400 148500 143600 148700 143300 143900 149000
mass

322675

Deconvoluted Reported o
Mass, Da Mass, Da o

148018.5 .
148220.6 148220.4 :

148383.0 148382.5 Hh

148546.0 148544.6 :

148709.6 148706.7

148871.2 148868.8 o

149035.7 I R T
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41+: Higher Resolution Reveals Multiple Isoforms

100

a0

G0

40

20

0

100

High 8
Resolution 80
is Essential “
20

100

a0

G0

40

20

GOF-G1F

GOF-GOF G1F-G1F
— 15K
/\ G2F-G2F

3615 3536
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Top Down of IgG: ETD, EThcD, CID, HCD

1345.153
1153.182 1210.789
1274.462
1221.979
1189.629
1161.987
. 124981 1275619 1319.009 1350.278
1193.509 ' '
I
‘H Lt ‘\ l (N L Il Il “ Il ‘\ il I‘ ‘ (iR ‘J m“uNJ it i \‘Jw ‘H\m L MJH AR M i ” ‘ I \“‘I‘.

_/
1160 1180 1200 1220 1240 m/z 1280 1300 1320 1340 1360
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Top Down of IgG: ETD, EThcD, CID, HCD

@ CID, HCD, ETD, EThcD

1210.789 46% bond coverage

1274.462 ovidiuKesdrpdivarsdgsosodddvsl
crdgllildYevNewvrRgdrPGeQGELEWL MG
IWGDGSTDYNSALKSGRIsITERDN SlK
sogvFLEMNsLgogTDDpDTAKYYCTRAEPLY
drdYAaviwdddridvadvsdaadddse s
vpidarpesaaAgrosMVvTLGCLVEKEG GEY
FPEPVTVTWNSGSLSSGVHTFPAVL
//—\ 1221979
QSDLYTLSSSV[IVIPSSTWPSETVTOC
. +
I
11896&2) GlyCOSylatedHeaVyCham 42 NVAEPASSTKVIDKKIVPRDCGCEKTPEC
1161.987 l

11953509

12462°D4a 1275/ TPXKVTCVVVDISKDDPEVQF[SWEND
AL DVEVHTAHTQPREERQFNISITFRISVSE
LPIMEQDWLNGRKEFRCIRVNSAAFPA

I rcrvepEViglsvFIrepPprPREDVLTITEL

1189.600

PIEKTISKITKIGREPKAPIQVYTIPPEPEK

EQMAXKDIKVSLTCMITDTEFTFPEDTII||VIE
.||||n.‘.| T T ‘I|I ‘|‘| iy = > "B eERrERYENTREIMPEDE S E
\_J VYSKLNVQEKISNWERIGINTF[TIC|S[VLHE

[M 1200 1220 1240  m/z 1280 CGEENEEEEESESEE S ipiciyizlbuiy

O POYOT ) AL

1189.5 11 0.0 1190.5 1191.0 m/z 1192.0 1192.5 1193.0 1193.5

N 11

xﬁw
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Top Down of IgG: ETD, EThcD, CID, HCD

(: ) CID, HCD, ETD

77% bond coverage

1345.153

&7 1189520
78 ) 1193.50)

pviidvMddredsdodevisineooasiscrs

dyrvHsinegNTYLEWYLOQKPG s K

n

i dyklvsiNNrREslglv el Fslas @ sla ol

. . rrLkISRVIEAEDILGVYYCFQGSHVEP
) Light Chain, 20+ —— @
Iz
1210.789 ssEQrEsGEEA S VYL FLNNFYP K DTN
VEFKIDE SERINEVLNSFITDRPDS KP
SEXSMISSTLILTEPEYERBNS YT CE
ATEEKTSTSPIVKSFNRNEC

|

rEdpc T KpE D KR A pap 8yl T E E e

24182.62 Da

1210.2 1210.4 12106 m/z 1211.0 1211.2 12114

78 ThermoFisher
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Top Down of IgG: ETD, EThcD, CID, HCD

-~ Il _ 2 HighBond Coverage CID. HCD, ETD .
with Orbitrap Fusion MS @

pviidvMddredsdodevisineooasiscrs

77% bond coverage

sodyvyivasnegNTYLEWYLoKEPGGSs P&

i dyklvsiNNrREslglv el Fslas @ sla ol

rrLrISIRAvViEAEDILevYyYCcFQGESHBVEP
@ CID, HCD, ETD Pdrfdnc AAPEdAAApAn A W@ 1585

ssEQrEsGEEA S VYL FLNNFYP K DTN
77% bond coverage
VKW KIDEGSERINGVLNSFITPDRPS K]

o

vdWrdgdrmeadddevidoedoasiscrs SETESMSSILTILIKPEYERHENS YT CE

gdyrzvasinNegNTYLEWYLOQEXRTPG Gl gs P& RITHETSITSPIVEKSFNRNEC

n

L viglvsiNRFslglv PlolRFlsla s 6l slal 7ol
NVAEPASSTEKUVDEK

IVPRDCGCKEPC
FTLKISRVEANEDINGVYYCFQGSHVEP

iz
SSEQRLIISGERISVVICFILNNFYPKDIN

|

K
S e —— rcrvepEViglsvFiIrppPprRPRDVLTITL
rFdpc ORPEDIRADAR 8l v s 0@ 5

TPKVTCVVVDISK DP@E’LQLFLSE”:FIYD

PDYEVHITAHRTQPREERQFN[SITFRISVSE

VEFKIDESERINGVLNSWTDRPS KD
SrYsSMISSILFLTEPEYERENS YT CE
PIEKTSFTSPIYESFNRNEC

PIERTISKTKGRPEKAPQVYTIPEPEPK

a
LpIMERDWLNGKEFRIRVNSAAFPRA
s

EQMAKP K

WEWNGRQEPAENYKNTQERPIMPDIPDGS[YF
VY SKLNVQEKSNWERGNTFITCSYLEHEE
CLENEHETERSELSEIS PG TpicyizTbtcLy+z

1159509
‘ 1193.487

VSLTCMITDEFTFPEDTI|[VIE

M
ot
‘1“ ““"\U m" J\\)rUAWH\ e PR 'V I \‘y’M‘v)’u,W ”WJHA\ M' ‘\L” M

11895 11800 11205 920 11825 11930 11935

12102 12104 12106 m/z 12110 12112 12114

Light Chain, 20+ Glycosylated Heavy Chain, 42+
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Top Down MS" of Carbonic Anhydrase

854 676

807223

764.8616

T26.626

700 800

907.999

900

968.498

mfz 1000

1075959

1100

1161.916

1200

1262.951

1300

1820

D51.143

HCD MS?

051204

1088.877

1085.210
1114 801

1152.534

1267 855
e 11 1. Ja48.250

y y + 3 T T T T T
EB00 200 1000 pmye 1200 1300 1400 1500 1600 1700 1800 1800 2000
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Combined Sequence Coverage

s ulululd vlalxlalule elelalulalxlolr » tlaluls
zl=lgllslelvlolltlolelxl a vivlolo lellalzlx 2lzlalkl!
vllv 6lzla 7151= &l vInlx clalslellvizl¥lolols]
olo xlal vz Kole » 1 7 6 Tlvlr © vlo ¢ &lr alul
(?lSSDDQ(?ls—lE}TlT;lD—lR—lKK—lYAAELHLV
HF?'NTE'?'EIBFGTAAQQLP—lDGﬂAVVG_l\_I

FLKVE'BANPALQKVLDALD—LSIKI'_I'K
GKI_SE'_DFPNE'_DLPGSLL”_ENV"_E"_B'_YE"_I‘LE[
[ o s s lz(e elsfz|sls|v|slulz|v lxlz[e 3]s v
|5 s ole w|yx =R T Li|F N[AjE| oz = 5 Ly -
|aln(wlx 2[a 0|2 1| xln|rlolv|z olF ¢ x

ETD HCD ETD MS3

(only unique z fragments are shown)
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Resolution and Mass Accuracy

= Risoluzione

R —_— FWHM

10%

Definita come la capacita di riuscire a distinguere due ioni aventi rapporti m/z diversi.

All'aumentare della risoluzione aumenta la capacita di distinguere e misurare
loni con segnali m/z anche molto vicini




Per una miglior comprensione sarebbe utile riferire il
valore
di risoluzione ad una massa di riferimento

Max Resolving Power
140,000 @ m/z 200

292.02656
8 H11 0:3 NsCIS

292.04031
C1o0H15 OsNP S

AM = ampiezza a
meta altezza del
picco = 0,003

R = M/AM
Full Width Half Maximum

M = la massa

FWHM =

Definita come la capacita di riuscire a distinguere due ioni aventi rapporti m/z diversi. /

292,04 / 0,003 = 97.3460

ThermoFisher
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Resolution and Mass Accuracy

= Massa accurata

—M

measured 106

m
(ppm) = —

true
L’ACCURATEZZA
nella misura di massa, ovvero la differenza tra la massa ottenuta sperimentalmente e quella
teorica
4 ThermoFisher



Esempio: Molecole Isobariche

. MO,
Thiamethoxam rh
[M+H]* = 292.02656 /L = Cl
HalC—N N—CHEﬂ
L !
\ O
Am
0.0138 Da
@)
I,
ﬁ \O-
~ No-P~ Parathion
/"0
o) [M+H]* = 292.04031
c ThermoFisher



15,000 (Mix 1:3)

Resolution 15,000

292.04031
C10H15OsNPS

100

o O
o O

~
o

292.02656
Cs Hiu 053 5CIS

ga o
o O

N
o

Relative Abundance
Lt bbb b b v b b b d

w
o

N
o

10

0 N R
2919 292.00

ThermoFisher
SCIENTIFIC



20,000 (Mix 1:3)
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25,000 (Mix 1:3)
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35,000 (Mix 1:3)
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50,000 (Mix 1:3)
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100,000 (Mix 1:3)

Resolution 100,000
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Thiamethoxam N

Risoluzione e accuratezza
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La tecnologia
Orbitrap™
applicata alla LCMS

The world leader in serving science




nello sito produttivo di Brema venne quindi prodotto
I” Orbitrap
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Dove gli ioni ruotano in un campo elettrico...

“Fast” Injection

Vv

Ele:trodo = Elettrodo
CSIEIMO——— My interno
2 coni isolati
...ed il segnale e elaborato dalla Fourier-transform
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In breve Orbitrap significa:

< Altissima Risoluzione

< Accuratezza di massa e sua stabilita
< Sensibilita

< Range dinamico

< Acquisizioni Full Scan

< Analisi retrospettiva
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