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What do you need from your MS Experiment?

- Basic Types of MS Experiments « Data Quality/Confidence
1. Identify Compounds * How do we know our results are good?
A. Unknowns/Discovery - Mass Accuracy
. DDA - Resolution (Distinguish Isobaric Compounds)
. DIA - Repeatable (Technical/Sample Replicates) CV, RSD
B. Knowns/Targeted - False Discovery Rates
.. HRAM (Full Scan, SIM, PRM/Targeted MS2) .- Matrix Effects (Contaminants, lon Suppression)
. Triple Quad (SRM/MRM) . Retention Time Variability
Missing Data
2.  Quantify Compounds - Internal Standards, Standard Curve

A. Absolute
B. Relative (LFQ, DIA and TMT)



Liquid chromatography (LC) — mass spectrometry (MS)

Fit-for-purpose LC-MS instrumentation with experimental flexibility

Triple Quadrupole Quadrupole-Orbitrap Hybrid Quadrupole-Orbitrap-lon Trap Tribrid

Sensitive Quantitative Performance Market Leading Qual/Quan HRAM Ultimate Versatility HRAM
. Pharhma QA/QC ' «  Omics . «  Omics
EIOF; grrpa _+ Pharma/BioPharma Pharma/BioPharma
C?o. Ia ety . qugl Safety Food Safety
inica * Clinical Clinical

Environmental Environmental Environmental

Thermo Scientific™ Thermo Scientific™ Thermo Scientific™
TSQ+ Triple Quadrupole MS Orbitrap™ Exploris MS Orbitrap™ Tribrid™ MS
Profile Biofluids Oligo Omics SCP DIA Unknows Native Ab
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Rethink what is possible with ground-breaking innovation [t

Thermo Scientific™
Orbitrap™ Astral™
Mass Spectrometer

Thermo Scientific™ Triple Thermo Scientific™ Hybrid Thermo Scientific™ Orbitrap ™

Quadrupole Orbitrap Mass Spectrometers Tribrid™ Mass Spectrometers
Mass Spectrometers

Revolutionary platforms to tackle the unmet needs in mass spectrometry



Triple Quadrupole

Ql
o I
00. 0 @

. -
0 ,0°® separaton @v @
I

TSQ Altis Plus triple quadrupole
mass spectrometer

fragment

Overview

collision cell

Q3

g2
I I , 3
’ '] ) & . . . 4
"oy separation Tl detection l, i . l,l,i

TSQ Altis Plus ion flight path ol S

Enhanced
e——— dual-mode discrete
dynode detector

‘ AlM+
"y / i TECHNOLOGY
QRS Plus segmented quadrupole mass filters
/ with hyperbolic surfaces
lon beam guide with
neutral blocker
ARC Il collision cell l A
- transfer tube (HCTT)

with axial DC fields

= L f 5 7 Z
. - ”;/{;54. "R
Electrodynamic ion funnel (EDIF) )



Ideal Applications for Triple Quadrupole MS

« Targeted Quan « Example Applications
- ID/Quan specific known targets. - Pesticides
- Not for Discovery (unknown ID/Quan) - Drugs of Abuse
« Benefits of QqQ MS - PFAS
- Fast (600 SRM/sec)
+ Sensitive A S ———
. Robust < 211203 + 7.0970%; RA2 0.9905; Orighn: gnore; W 1x; Ares

- Relative Low Cost e B
- Keep in Mind st Il -
- Data on targets only, no unknows. st IR
- Nominal Mass (+/- 0.5 Da Mass Accuracy) ey | = T
- Ideally 2 or more SRM/target. o 53
- 7-15 scans across the peak for good quan. - 5% Jk
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Description of sensitivity across triple quadrupole

TSQ Fortis Plus

Environmental
Food Safety
Clinical Research
Pharma QA/QC

Mass Range m/z 2 - 3000
Max Resolution 0.4 FWHM
Polarity Switching 5 msec
Linear Dynamicrange >5
Excellent Mass Stability*

150,000:1 S/N*

3 —year factory warranty

 —

TSQ Quantis

Food Safety
Pharma
Clinical Research
Forensic Toxicology

Mass Range m/z 2 - 3000
Max Resolution 0.4 FWHM

Polarity Switching 25 msec

Linear Dynamicrange 6

Excellent Mass Stabili

150,000-1 S/N*

1 —year factory warranty

Food Safety
Pharma
Clinical Research
Forensic Toxicology

Mass Range m/z 2 - 3000
Max Resolution 0.4 FWHM
Polarity Switching 5 msec
Linear Dynamic range >6
Excellent Mass Stability

500,000:1 S/N*

3 —year factory warranty

Instrumentation can be measured by signal-to-noise (S/N)

TSQ Quantis Plus TSQ Altis Plus

Pharma/Biopharma
Environmental
Food Safety
Clinical Research
Targeted Omics

Mass Range m/z 2 -2010
Max Resolution 0.2 FWHM
Polarity Switching 5 msec
Linear Dynamic range >6
Excellent Mass Stabili

1.500,000:1 S/N*

3 —year factory warranty

ThermoFisher
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Performance

*The current signal to noise specification highlights the minimum performance specification required at installation
**For lockout specifications, please contact the Product Management Team



Orbitrap HRAM-High Resolution Accurate Mass

Thermo Scientific™ Hybrid
Orbitrap Mass Spectrometers

» Applications for any Orbitrap.
Proteomics ID and Quan (DDA and DIA)
Intact Proteins
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Oligonucleotides

Metabolomics

Lipidomics
Thermo Scientific™
Small Molecules Orbitran ™ AStra™
Mass Spectrometer
SCP Thermo Scientific™ Orbitrap ™
Tribrid™ Mass Spectrometers
And more

* Orbitrap Data Quality
Mass Accuracy (1-3ppm)
Resolution (120,000 up to 1,000,000%)
Sensitivity

Dynamic Range

Ease of Use

8 *Optional Equipment



Resolution EX.
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Isobaric Pesticides: Mix 1:3 Simulated
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Mass Accuracy and Resolution Role in Com

100 7

Relative Abundance

202.04336

203.04668 204.03922

Possible Chemical Formulas

Mass Tolerance . .
Window m

Monoisotopic 35 18 9
Atleast1 N, 15,
no Cl, no Br 6 2 1

QE (External) < 5 ppm
QE (Internal) <3 ppm
Exploris (IC on) sub 1ppm

1) Software Scores Isotope Patterns

2) Software looks for Fine isotope
patterns if high enough resolution
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Fine Isotope Patterns

00 _254.05939
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Excellent mass accuracy for every scan

5-HIAA C;HgNO, Orbitrap Exploris 240 MS

M+H* m/z 192.06552 mouse plasma QC pool
RT :3.65-3.80 + OOO ppm -

C10HBNO3: miz= 192.0646-

100 — BP: 192.06552 1920665 MS F- FTMS +p

| ESI Full ms
90 71 +0.10 ppm {[]63?.{;"{1{10—;200_0000]
] 0 BP: 192.06554 PRI
%] +0.10 ppm
. : 3.70
70 - BP: 192.06554 572 + 0.10 ppm
l BP: 192.06554
8 60
_g o
3 50 372+ 0.10 ppm
< 7 .
40 + 0.10 ppm BP: 192.06554
k- . 3.69
2 30— BP: 192.06554
1+ -0 +
20~ 005 ppBT1g§?}6551 BP 132?%6522.00 A
1—0.31 ppm " ez
10 PP 3.68 574+ 0.42 ppm
i BP: 192.06546 ‘ BP: 192.06560
0 | o | | | | | | [ | |
3.66 | 3.68 3.70 3.72 | 3.74 ' 3.76 3.78

Time (min)

EASY-IC provides sub-1 ppm mass accuracy for every single mass spectrum across the peak

Note: A single spectrum (MS, MS?) can provide high quality data — no spectral averaging is needed.
12




- ThermoFisher
Modes of Instrument Function

@ Data-Dependent MS?

@ All lon Fragmentation

@ Data-Independent Acquisition




Data-Dependent MS?

Overview

- With Data Dependent MS? (DDA), both MS! and MS? scans are acquired. Data from the MS? scans
determine which ions are selected for MS? fragmentation.

ms2 1 wms?2 | wmsz | wms? MS?

Scan
Cycle

Mass Spectrometer

Spectrum




@ Data-Dependent MS? Important Considerations

1. The ‘Top N’ number selected will affect how many MS! scans are acquired

L/ N yd N

—/ \\_ _—/ \\

e ——

9 MS! Scans Across Peak 5 MS! Scans Across Peak



Data-Dependent MS? Important Considerations

2. It's important to balance the amount of duty cycle that is used for collecting MS* and MS? scans

2.1. Orbitrap resolutions also must be carefully considered to allow appropriate cycle times and ensure sufficient
MS? scans are acquired

|

MS1 ngh Res MS1 Resolution: 120k 1.7 MS?
Method _I'\_/lospzNRel%OIUt'O”: 15k scans/sec

|

MS1 Resolution: 60k b
Identification Focused . 1.3 MSt
Method MS2 Resolution: 15k sc_ans/sec

Top N: 20

)
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ReSOIUtlon VS. SCan Speed SCIENTIFIC

NIST SRM 1950 Human
Plasma Reference
C18, 15 min gradient

R=30K

R = 60K

Orbitrap Exploris 240 MS
R=120K
Scans/peak = 88 Scans/peak = 59
R = 240K “ ||”|| Scan speed = 12 Hz ‘“ h Scan speed = 12 Hz
i‘l “"l|||||||||IIIII|I||||||||m ......................... nll' |||Iin b oo o

Scans/peak = 54 Scans/peak = 30
Scan speed = 6.8 Hz Scan speed = 6.8 Hz

Scans/peak =19

Scans/peak = 29
HHH“HII Scan Speed - 36 HZ |“

N Scan speed = 3.6 Hz
~ Scans/peak = 13 N Scans/peak =7
9 sec <| | : Scan speed =1.7 Hz 4.8 sec <| ‘> Scan speed = 1.7 Hz
18 19 20 21 a7 38 39 40
Time (min) Time (min)
Acetylcarnitine o-HIAA
CoH,NO,, m/z 204.1230 C,oHoNOs, m/z 192.0655

17  Proprietary & Confidential | maciej.bromirski@thermofisher.com | 4-May-2023



DDA Method Considerations

« Throughput/Samples per Day
« Sample Complexity and Coverage
« LC Gradient and Peak Shape

 Ideal TopN experiment
MS1 and MS2 Resolution needed
# of MS2 per cycle loop/TopN
Cycle time

« Match AGC, and Max IT to experiment
« Match Max IT to Resolution used (no wasted time)
« Match Dynamic Exclusion to Peak Shape

*Some Resolution Settings not available on all Exploris Models

Res@
m/z 200

7,500*
15,000
30,000
45,000
60,000
120,000
240,000*
480,000*

Exploris

Transient
length
(ms)

16
32
64
96
128
256
512
1024

ThermoFisher
SCIENTIFIC

Scan
speed
(Hz)

40
22
12
10

1.5
0.7
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Data Dependent Data Independent
Acquisition (DDA) Acquisition (DIA)
Precursor m/z Precursor m/z
3 - T
= - - - = T —
- - . _——___ - Duty cycle
k 4 ) ) A J e
Data Dependent Data Independent
Acquisition (DDA) Acquisition (DIA)

Article | Published: 29 September 2004

Automated approach for quantitative analysis of
complex peptide mixtures from tandem mass spectra

John D Venable, Meng-Qiu Dong, James Wohlschlegel, Andrew Dillin & John R Yates Il &

Nature Methods 1, 3945 (2004) | Cite this article
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« Throughput/Samples per Day

. i Five pA | bA | oA | pa | DA
Sample Complexity and Coverage Windows window 3 | window4 | window 5

e LC Gradient

* m/z range ™
. # windows/size of windows // \

Wider Windows ™= Faster Methods / \

Wider Windows can increase variability / \

Window Overlap / \\
» Scans across the peak depends on scan / \\

speed, window size and # of windows. Y N

 Direct DIAvs Library 9 Scans Across Peak

* PTMs



. ] ) ThermoFisher
Velocity DIA workflow for quantitative measurements
without sacrificing scope

A e
i 30-minute gradient (36 SPD)

60-minute gradient (20 SPD)

9-minute gradient (80 SPD)

I

Ky

CHIMERYS

Sample Data Data
preparation acquisition analysis
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Software influences ID Numbers

Chimerys DIA: Spectrum- 60000
centric search that utilizes
redicted combinations of 40000 -
CHIMERYS "
Proteome Discoverer software with SpeCtra §
CHIMERYS intelligent search algorithm 20000

N§ DIA-NN: Peptide-centric g
\ N library free search 6000
DIA-NN software 4000

=
X
o
=
o,
=
(9]
=
o
c
o
7

‘ . Spectronaut Direct-DIA: 2000
’ N Spectrum-centric library free

S peCtrona Utm searc h Chimerys DIA-NN Spectronaut Chimerys DIA-NN Spectronaut

DuesrE by

o

Spectronaut® software

DIA-NN library free search and Spectronaut Direct-DIA search were used. Chimerys results were obtained in Proteome Discoverer software V 3.1 using Inferys 3.0.0 fragmentation model. All results were

filtered to 1% FDR at the peptide and protein level.



Data Independent Acquisition Method

l/ l@‘ Q Exactive

; Exploris —— -

|
|
o - )
L] . 1 - g .
Lists : Experiment # 1 m switcH 2 cLear fff
© Properties . P °
lﬁ Lock Masses . u o .
Properties of the method . Data-Independent Acquisition Properties ~ Show All
HTEQ Masses Use lock masse: best " n -
! - ™
@Tmeﬁm C_hrum. peak wi 15 s = Precursor Mass Range ‘ 100-1100 ‘
* Time n L J
@ Bxemal Hardware Method duration 10.00 min v : . ) ]
®Clltlﬂﬂ~!ﬁl1l — . Isolation Window (m/z) ‘ 100 ‘
Method duration n .
@ ' Duration of the method - Window Overlap (m/z) ‘ 0 ‘
> o . . .
""" T T T T - T T T n i )
0 1 2 3 4 5 § 7 8 g 10 . n Mumber Of Scan Events ‘ 0 ‘
tima (min) Properties of DIA n \ )
n
=100 || v General = Collision E T N lized .
. Runtime 0 to 10 min . ollision Energy Type | ormalize ]
Experiments Polarity positive . :
= I B Default charge ¢ 2 [ ] Collision Energy (%) ‘ 30 ‘
nera A ‘ v @R : - /
@ Ful M5-5IM i . .
|.| Resolution 30,000 : Orbitrap Resclution | 30000 - ]
o AF AGC target 2e5 -
Maximum IT auto =
SO0 Rl MS 7 AIF Loop count 1 [} Scan Range Mode | Auto - ]
||
.inFuu MS / dd-MS(TopN} - :zi F:Dur;t 1 . )
i isochronou on u
RF Lens (% ‘ 50 ‘
© Targeted-5IM Isolation windov 3.0 m/z : (%) A )
© PRM Fixed first mass — ] ) -
(M)CE / stepped nce: 30 : Polarity | Positive - J
%Targeted—SlM /dd-M52 0
S R M / A/ NL o : —
- —_—
o DIA n DIA m/z wir 200=g | =& | wpon% | ExPDRT‘
. - i i i
QUTMT . Calculated m/z Window -
-
[] 1 | 100-200
n
D I 2 200-300
n v
: 3 300-400
n
n
n
n
n
n
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Discover more biomarkers with a larger dynamic range

ThermoFisher

SCIENTIFIC

Accurate and precise label-free quantitation with data-independent acquisition for greater statistical power

Proteins identified from 500 ng 3-proteome mix

E. Coli

Human

4344 4338 4331 4279 4173 4341

E. Colil0 E.Coli20 E.Coli30 E.Coli 40 E.Coli45 E.Coli5
Yeast40 Yeast30 Yeast20 Yeast1l0 Yeast5 Yeast45

25  For Research Use Only

Log2(Ratio)
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0.0
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2.5
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-2.5

500 ng Mixed Proteomes Samples compared

e R ez A s o NEA380

E45Y5 E5

NE= 350 SRaRE

E40 E10

log2(intensity)
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Accurate and precise label-free quantitation

Correct mixing ratios with highly reproducible measurements

2:1 Ratio 1:4 Ratio
E. Coli
4 1
[+
e
a5 é 0.9 Proteins identified from 500 ng 3-proteome mix
:
g 0.8
3 g Obtained Ratio 0.21
g 0.7 Expected Ratio 0.25
[ ]
2.5 .
0.6 °
X .
2 0.5 4
H
.
0.4 .
1.5 — .
3
Obtained Ratio 2.04 0.3
1 Expected Ratio 2.00
02 S
8 E10Y40 E20Y30 E30Y20 E40Y10 E45Y5 E5Y45
0.5 .
o 0.1 +
=] 1
0 . 0 H dentified proteins
M 20% CV
m 10% CV

26  For Research Use Only



Intact Protein, mAb/ADC Analysis

- Therapeutic Protein Challenges * High Resolution Accurate Mass Orbitrap
Sample Heterogeneity/Complexity - Superior Resolution and accurate mass can separate
Size >150kD contaminants and variability in complex samples.

Provides confident mAb/ADC characterization.

« High Resolution Thermo Scientific Orbitrap Exploris 480 Herceptin Heavy Chain

32+
Light Chain SIM (480K) ""” ' * Orbitrap isotopically
nrﬁﬁﬁ“ i 'ﬁﬁﬁﬁh'u resolved HC peaks.
. HC-GOF
Heavy Chain 32+ 15820y 15825 . ‘o .
|.I HOLGIF GOF +1.8 ppm ® GOF |dent|f|8d Wlth Z_Qm
A es 3o 60125
* _ Mass Accuracy for
R=7,5K : ' Heavy Chain _
1582 1586 1590 G 25 pp Herceptin HC.
ReSpect
10 12 l \ l | m . ILSD%FED +0.8 ppm

L Time imin) bbbty .,.a.:.:.h:#.a: -

800 1200 1600
m'z
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High Quality Orbitrap Data for Intact ADC

analyéi'%?lnistry

pubs.acs.org/ac

High-Resolution Accurate-Mass Mass Spectrometry Enabling In-
Depth Characterization of in Vivo Biotransformations for Intact
Antibody-Drug Conjugates

Jintang He,* 7@ Dian C:u * Carl Ng, Luna L1u ‘Ghang Fan Yu " Thomas H. Pillﬂw t
Geoftrey Del Rosario,’ Martme Danamh Byoung-Chul LEE Rachana Ohri,’ Hongxang Zhou,”
Xueji Wang,” Jiawei Lu,” Surinder Kaur," and Keyang Xu*

"Genentech Inc, 1 DNA Way, South San Francisco, California 94080, United States
"W Apptec, 288 Fute Zhong Road, Waigaogiao Free Trade Zone, Shanghai, 200131, China

© Supporting Information

ABSTRACT: Antibody-drug conjugates (ADCs) represent a promis- po DARD, DAR1 mixture

ing class of therapeulics for the I.a.rgeled ddiver}r of l'tig]‘d}r potent E;,; I '/

cytotoxic drugs to tumor cells to improve bioactivity while minimizing  ToFms 220 . 1 /G.!'mhd Species

side effects. ADCs are composed of both small and large molecules Ef; I|I II'I !

and therefore have complex molecular structures. In vivo biotransfor- .::' j-' N

mations may further increase the complexity of ADCs, representing a wemwm e teor o Twea  jeben  tee

unique challenge for bioanalytical assays. Quadrupole-time-of-flight
mass spectrometry ( Q-TOF MS) with electrospray ionization has been
widely used for characterization of intact ADCs. However,
interpretation of ADC biotransformations with small mass changes, orbitrap M3
for the intact molecule, remains a limitation due to the insufficient

mass resolution and accuracy of Q-TOF MS. Here, we have i— T TT R = —— = e
investigated in vivo biotransformations of multiple site-specific -

THIOMAB antibody-drug conjugates (TDCs), in the intact form,

3
z

sl by
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Orbitrap HRAM-High Resolution Accurate Mass

Thermo Scientific™

o _ Orbitrap™ Astral™

Thermo Scientific™ Hybrid Thermo Scientific™ Orbitrap™ Mass Spectrometer
Orbitrap Mass Spectrometers Tribrid™ Mass Spectrometers

_ e
P TPTEAY < i SN R N
i (£

* Orbitrap Ascend (Tribrid)
All applications for Exploris +

« Exploris 240 and 480

Proteomics (DDA and DIA)  Orbitrap Astral

Intact Proteins, Protein Complexes TMT (SPS) All Application for Exploris +
MSn

Top Down :
scp Multiple Fragmentation (HCD, Higher Throughput

: . CID, ETD, EThcD, UVPD, - Deeper Coverage
Oligonucleotides PTCR) _ o
Metabolomics _ N - Higher Sensitivity
Linidomi Real Time Search (TMT, Lipid,

ipidomics Met ID)

Small Molecules

29



Differences across Orbitrap Exploris 240 and Orbitrap

Exploris 480 are demonstrated by increases in
sensitivity and mass resolution capability

Orbitrap Exploris 480 MS
» High Capacity Transfer Tube (HCTT)
* Electrodynamic lon Funnel (EDIF)
» Segmented quadrupole with

configuration switching
* FS-MS, t-MS?, DDA Scan Rate: 40 Hz
» Mass Range m/z 40-6,000 (opt. 8,000)
» Max. Mass Resolution 480,000

Orbitrap Exploris 240 MS
* S-Lens
» Segmented quadrupole with

configuration switching
* FS-MS, t-MS?, DDA Scan Rate: 22 Hz

» Mass Range m/z 40-6,000 (opt. 8,000)
» Max. Mass Resolution 240,000

lﬂ!ﬂiﬂ FEELL
|

45 E

Ililﬂﬂlillmlllmmmnmm

|

Options: Intact Protein (Thermo Scientific™ BioPharma option), Thermo Scientific™
FAIMS Pro™ interface
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New Orbitrap Ascend Tribrid MS system

[ Y
Koy

ThermoFisher
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Unmatched Analytical Performance and Versatility

PARAMETER

CHARACTERISTICS

Acquisition rate OTMS?2
Acquisition rate ITMS?

Maximum resolution

Quadrupole minimum
isolation width

Mass range

Mass Accuracy
Dissociation / lon Activation
mMSsn

Analyzers

Detectors

Size

45 Hz
50 Hz
480K FWHM at m/z 200

0.4 m/z

m/z 50-6,000, up to m/z 16,000 with HMR"+
3 ppm external, 1 ppm internal

CID, HCD, ETD, EThcD, ETciD, UVPD, PTCR

Up to MS10 with the ion trap or Orbitrap mass
analyzer

Q, OTMS, ITMS

lon Trap, Orbitrap mass analyzer

1270 x 805 x 703 mm (w, d, h)

Proprietary & Confidential

Improved ion introduction and transfer for greater sensitivity and acquisition rates

QR5 Segmented Quadrupole Mass Filter for outstanding precursor selectivity
and sensitivity

Real-Time Database/Library Search for exceptional depth and accuracy for TMT
analysis

Higher Mass Range MS" (HMR"+) option for structural analysis of native protein
complexes

Proton Transfer Charge Reduction (PTCR) option for simplification of complex
spectra and improved top-down data interpretation

The fully integrated Auto-Ready ion source for complete, unattended system
calibration, without the need for manual hardware reconfiguration

Full Customization with a range of optional capabilities:
EASY-IC| ETD| UVPD |HMR"+| PTCR | FAIMS Pro interface

Common interface with Orbitrap Exploris 480 MS and TSQ Triple Quadrupole MS



Orbitrap Ascend Tribrid MS

QR5 Segmented
Quadrupole Mass
Filter with
Hyperbolic Surfaces
Improved sensitivity

with 0.4 m/z precursor
isolation widths

Advanced Active
lon Beam Guide

Prevents neutrals and
high velocity clusters
from entering mass
resolving quadrupole

Orbitrap Tribrids have multiple fragmentation options.
Critical for TopDown and PTMs (glycopeptides).

Real-Time
Database/Library
Search

Database Search/
Spectral library
directed MS"
acquisition ®

. Extended
Orbitrap Mass Range
Mass Analyzer option

Offers resolution >480K
FWHM and acquisition rates
up to 45 Hz, TurboTMT

HMR"+ allows detection of
up to m/z 16,000

Increased MS" fragmentation
coverage with low mass
range m/z 40

Auto-Ready

ion source

Automated & remote calibration

Fully internal, no need to remove source (NESI, FAIMS)
Calibration can be scheduled

Improves data consistency

OPTIONS Qe

-

ThermoFisher

SCIENTIFIC

UVPD option

Unique fragmentation mode for
analyte structure elucidation

Modified Linear lon Trap
Mass Analyzer

Up to 50 Hz MS" and sensitive mass analysis

Six fragmentation types: CID, HCD,
ETD/EThcD/ETciD and UVPD;

HMR"+ of up to m/z 8000

Extended front section of the high-pressure cell for
improved control over ETD and PTCR reactions

ETD| PTCR | HMR"+ | UVPD |FAIMS Pro Duo interface
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mADb Glycopeptide Analysis with EThcD*

Figure 8. EThcD FT-MS/MS spectrum of O-linked glycopeptide . Sugar—Peptide Linkage often

o | weakest bond and preferentially
LAGTESPVRE}EFE%QF%%R cleaved during MS/MS
fragmentation.

- Fragmenting with EThcD

Mte

(combination of ETD and HCD)

. preserves sugar-peptide bond,
- allowing PTM site localization as
- ) N Y E well as peptide backbone
o . S L T fragmentation for sequencing.
es00 '.':”ﬁ b Ll ..£ :lh I |.l l .,l .J“ll : .ﬁ'_.lm. .:l:_.l.!_:?; ™ E‘"I’h i raa ? VY| B

« *EThcD only possible in Thermo Scientific Tribrid Orbitraps: Ascend, Eclipse and Lumaos.



HCD 10: 22% Seq Cov

Q s A L TIQIPIRISIVISIGISIPIG QIsIVITIIIS € TIG T

1SISDIGGYNFVSWYQQHPGKAPKLMI
YDATKRPSGVPDRFSGSKSGINTIA S|L
T 11S GIL QA EDEJAD]Y Y SYAGDYTPG
VVFGGGTKLTVLGQPKAAPSUV[TLEFLP
PSSEELQANKATLLVLCILLILSIDLFLYLP G ALV
ITVAWKADSSPVKAGVETTTPSKQSN
NKYAASSY[LSILITPEQWKSHRSYS CQ
VTHEGSITVEKTV[AIPTECS

Combination of Multiple Fragmentation Options Provide
best TopDown Sequence Coverage (mAb LC)

CID 30: 22% Seq Cov

ETD 15ms: 46% Seq Cov

Q s A L TIQIP RISIVISIGISIPIGIQISIVITIIISIC TG T

1SSDIGGYNFVSWYQQHPGKAPKLMI
YDATKRPSGI|IVPIDIRFSGS K|ISGINTA S|L
TISGLQIAIEDEADY Y SYAGDYTPG
VVFGGGTKLTVLGQPKAAPSVTLEFP
PSSEELQANKATLVLCILLIISIDLFLYLP G A V
[TWIAWKIADSSPVKAGVETTTPSKQSN
NKYAA[SSYL[SILLTPEQWKSHRSYS CQ
VTHIEIGS TIVEKTIVIAIPTE CS

ETD 25ms: 44% Seq Cov

Qs ALlTIQPr R|s VIslGls PlGlQls VT IS CTG|T
SSIDIGGYNFVSWYQQHPGKAPIKILIM 1
¥YID A|TIKIR P 5 Glv P|DIRIFIs]G sIk|s|GIN]|T]A]lS]L
TlI|s|G L|Q|A EID|IEJAD Y Y slylalgIplylt P G
VvV FIGIGG|TIK L TV L GlQ PlKIA A P slv[T]L]F P
PsisEElLloalNkATLY ¢ LLIlsIDlFlY Plc AV
Tlvialwlk|alp|sls plv|klalGlv ElTIT|T P s|K|Q|SIN
IN K ¥[A AlS|s Y[L|s LT PlElQWK S HIR|S Y S = Q
VITHEGSTVEKTVAPTECS

QsALlTQPR]|sIVISIGIsPIGIQISVTISCTGT
SSDIGGYNFVSWYQQHPG|KA PIK|ILIM I
ly o A|T|KIR P s|G|v P|D R|F|slG s|KlslG|N]T]A]lS]L
17111s GIL QlalEIDIEAD Y Y sly AGlplYlT PG
VVIFIGIGG TKILTVLGQPIKAAPSVTLIFP
PSSIEELIQANKATLVC|lLLI sIplFlY PlcA YV
Tlvla wik alpls|s plviklalalvle TIT|T Pls|klQls|N
INIK ¥[A Als|s Y[L[s|LlT PlEIQIW K s HIR|S ¥ 5 <|Q
VITIHIEGS TVEKTVAPTE C|S
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mAb LC Combined Sequence Coverage ETD, HCD, CID

/0% Sequence Coverage

Q s A L]TIQIPIR]ISsIvVIsIGIsIPlGIQlIs]IvITIIISIC TIGIT
151s1D 11G]IG YN F V SW|YIQQH P G|K A PIK|LIM 1
1¥lp A|TIK|IR P s]Gglv PIDIRIF|s]G s|kls|GIN]T]A]lS]L

T

* ETD 15ms, 25ms <]1]1]s]G]L]QlAalEID|E]A D]Y Y slylalG|ply]TlP G
« HCD 10 vV V]F|G|G G|TIKIL T Vv L GlQ PIKIA A P S|VLT|LLFLP
- CID 30 PSISLE EILIQ AINK A T LLvlclLLilsIplrlYlPlG ALV

ITlvlalwlklAalDls1s plvIKIALGLVLELTLTLT PLs|kIQLSIN

INIK Y|A Als]s YLLIsLLLTIPLE[QIwW K S|HIR[S ¥ S ¢[Q
VITIHLELG SLTLV E K TLVIALP TLE <]s
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UVPD fragmentation of oligonucleotides

110

(M - 3H)6-==

100 UVPD activation 20 ms

00 (M - 2H)"= 21mer (8-)
]l
Tl
B0
al

W42
40

Felative Abundance

a,-B- (M- H}E" w62: _ (M - 4H)5-==

- B-
Wig .

[ Wa 2

. 5-* W15-58 aT-B s
Wg™ [ Wy o | a-H5 Wg2] (M - 5H)%-====

. 3 .
Wz'\ M? | l ‘*':11 l e ;.,14} l . "
|||Il|I |1|i||ll | ].'

400 BO0 200 1000 1200 1400 1600 1800
iz

UVPD of 21mer leads to abundant charge reduced species and a series of w and a-B ions for sequencing

a0

20

10

a7 For research only * = internal fragments. Not all UVPD fragments are annotated in the spectrum above.
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Characterizing lipids using HCD/UVPD and MS3 scans

345.3 361.3

sn-2
&) Cite This: J. Am. Chem. Soc. 2017, 139, 15681-15690 pubs.acs.org/JACS
= o
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 485'4 461 4
s

Pinpointing Double Bond and sn-Positions in Glycerophospholipids Ona*
via Hybrid 193 nm Ultraviolet Photodissociation (UVPD) Mass

PC 18:1(n-9)/16:0

Spectrometry
Peggy E. Williams, Dustin R. Klein, Sylvester M. Greer, and Jennifer S. Brodbelt™* 1 0 'U" (B) : x3 1 '_120_1 599_5
Department of Chemistry, University of Texas at Austin, Austin, Texas 78712, United States 8 B
© Supporting Information c | Pc 18:1 {I"I-Q}.“ E:u
m 80 480.4
. e . T miz 782.5
g W W . @ 3 60- 345.3 HCD
2l @N\Nv"* ’ .i < 40 423.4 m/z 599.5
% \ w‘ '% 2{]_ 461.4 485.4 UVPD
g Ll A |0 < 277.2319.3| 361.3 ‘
200 250 300 30 400 450 500 S50 600 850 o 0 --.....|.-|.I'!-...r...-...|-|.'|-|. FHM S
200 250 300 350 400 450 500 550 600 650

m/z

Figure 1. HCD/UVPD spectra of two sodium-cationized sn-
regioisomeric PCs (A) PC 16:0/18:1(n-9) and (B) PC 18:1(n-9)/
16:0. These spectra were obtained by isolating the headgroup loss ions
(m/z 599.5) generated by HCD and subjecting them to 10 laser pulses
(193 nm) with 4 mJ per pulse.




39

For Research Use Only

ThermoFisher
SCIENTIFIC

‘ ' ‘
‘ . . z
‘. 7 ,
.
‘ "ol
; ‘ 0
(U .
AT ) 4
b, ‘. ' ‘
4 ’ /
s ' i e
’ AN
e 5
‘ ‘
5 "
) ‘ Lirde
* "
.
. 4 Y
, . )
# Py V400
i TSN v
" ‘ , J ,
. ,
Gt
. 7 .
i ‘
. ‘ N
e .
o e Y
iie Gl Eirs,

RS R ’
A i , "
/ ‘

v , 43
' . ola
A . ‘
{480 5
' ’ 4
Z .
; . PR
‘ ’
’ 4 ' ’
v 7 Wy S b
4 4 y (I
7 G
7y ' .,
i ety g , "
7 4, " /
s ‘ / ’
, x ‘ 3
e T
”
' 7 5 05 e
’ 4 7
’
o ’
‘ By,
'
‘, . Gl
v / ¢
g ’
¢y
7 ’
7 ’
.
‘. S
) '
/ ,
’
’
‘ /
’ L5 s
7
’ e
7 ' >
’




Increasing Accuracy and Depth for TMT SP3

e

EEEERG s;|

TMTpro 18plex reagents

Thermo Scientific™ Orbitrap Eclipse™ Proteome Discoverer
Tribrid™ Mass Spectrometer Software 3.0
TMT Labeled | o o SPS MS3 Data
Peptides MS Selection MS2 Acquisition MS3 Triggering Quantitation Processmg &
Interpretation
%3 2.0x
B <1ms per spectrum ’* e :
il ...-n., —— . '._-I.;_“
il | 'idil] \—’thLmLM " |||||_’
B | | .

m”’ 4 400

T mJz (amu) No ID
- ® & T

Real-Time Search




Synchronous Precursor Selection - Accurate and Sensitive TMT Quantitation

ThermoFisher

SCIENTIFIC

| 2 ss Precursor lon
2500 Quantified Yeast Peptides
m FTMS3 OT Elite
B SPSFTMS3 OT Fusion
2000
Synchronous Pré&liDrMB%Skiactrap
ﬁ; 580.35 1 500
= ® [ [
mE 370.28 . 703.53 g:5ﬁ 104450
] w0 1000
100, 131128 HCD MSS, OT 500
176.017 J m]ﬂ,,liaj.131 J 0
; 2112 R Unique Peptides Quantified Unique Peptides

100 150 200 250 300 360 400 450 500 550 600
miz

Source: Data courtesy Graeme McAllister
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MET-1Q: Intelligent mass spectrometry for small molecules

Challenge: Identification of unknown metabolites, degradants, or transformation products
Solution: Intelligent MS3 data acquisition enables annotation and characterization of unknown compounds

m/z 506

Characterize unknown

If similarity match, :
compounds using

Compare MS? spectra

Known Unknown related

compound compounds to library in real-time trigger MS3 MS2 & MS?
l Experimental MS? of an unknown ©
- I NH,
— &
af , | 1], A
| I. I 1 | ! é/ﬁrﬁ
g

Build a spectral library Library MS? of the known compound m/z 408

Designed to unravel complex chemical structures: Www.thermofisher.com/OrbitraplQ-X

m/z 520



http://www.thermofisher.com/
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Real-Time Library Search triggered MS?3 reveals
Phosphatidylinositol (Pl) Acyl chain composition

""THCD Activation P 38:3 - [PI Headgroup + NH,}
90| 2
Extracted lon Chromatogram " |lon Trap MS
m/z: 906.5985 - 906.6075 F ]
e R g
Isobar £
: +H| £ o
PC 44:9 [M+H] 2. Choline
Pl 38:3 [M+NH, " 0l i 03 - [P Headgroup] oy ap.3. i,
10-g1 333 [PC 44:9+H]
0 J] MI L nl]?l-', IM \2:[]3\ IIZ?EJ Lol Lol 4]\9 G?q BDT 907
o ‘IDID' - I'\E‘ﬂl ” ‘I?[‘](]r ~ I?.";UI " ‘3(‘][]“ - ‘35[[]' ” I460‘ o I‘QE‘nEIr o r5|5[]‘ h ‘55‘[] ‘‘‘‘‘ S[QD' I IE%D‘ o I7[]I(] lllll 15’0‘ o ‘SEI[;I - 'Bf‘lﬂl o ‘960‘
m/z
" Triggered MS? Via RTLS Lipid Class PI 38:3 - [PI Headgroup + NH,]
" Lipid 1D: P118:0_20:3
801
= 10
£ 60
é 50
E 107
25 280 285 290 295 i. O
o= 30
' R t ” T ( o ) ' 0 133 18:0 Acyl Chain - Hnl!],
L etention 1ime (mins ) m_ ‘ ]51153
! 1[10 ISD 200 250 360 350 4(‘]0‘ o ‘45‘10‘ 5(‘]0‘ o IEé[]‘ o ‘Sﬁﬂl o
m/z

Data courtesy of Dr. Joshua Coon,
University of Wisconsin-Madison
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Incredible flexibility
to deliver high
coverage at

high throughput

or unprecedented
depth in 1 hour

46 For Research Use Only

100

samples/day

9,394

60

samples/day

10,892

Protein groups

ThermoFisher
SCIENTIFIC

24

samples/day

12,064




Now identify over

IRSHO0[0

proteins
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: | \ 7;7/ ThermoFisher b

See more In less time

Spend more time
and go even deeper 15,147

In 4.5 hours




. . . . ThermoFisher
Discover more biomarkers with a larger dynamic range

Comparison of LFQ DIA performance between state-of-the-art Orbitrap MS and Orbitrap Astral MS

6 Label-free quantitation

Log10 Median Quantity

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Ranked order of identified + State-of-the-art Orbitrap MS
prOte|n grOupS e Orbitrap Astral MS
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High sensitivity label-free quantitation

Accurate and precise quantitation at the level of 200-3000 copies/cell

[
o0 P53875 - RM19_YEAST
@@ @ 3200 molecules/cell Abund.Ratio 2.38
L6 P46675- STU2YEAST — @@ o
. .— _
1660 molecules/cell. Abund.Ratio 2.50 °® P40328 - TBP6_YEAST )
O 00, 259 molecules/cell Abund.Ratio 2.37
(]
P53917 - FAR11_YEAST
> 15 ® ®ooe 1080 molecules/cell. Abund.Ratio 2.48
5 e
8, Q06063 - DUS4.YEAST —— @ ¢ P
o Abund.Ratio 1.76 [
3 )
o
= 1.4 o
[ : Y
© LX)
= [
o o o
c
o
3 Se
=
S 13
(@)
S 150Y-25E-325H / 75Y-100E-325H
P40493 - BMT5_.YEAST —— @@
Expected Ratio for Yeast = 2 2960 molecules/cell Abund.Ratio 1.64 (]
1.2
()
()
“The abundance of proteins ranges from fewer than 50 to more than 10(6) molecules per cell” * Orbitrap Astral MS

Ghaemmaghami, S., Huh, WK., Bower, K. et al. Global analysis of protein expression in yeast.

Nature 425, 737-741 (2003). https://doi.org/10.1038/nature02046 :
49  For Research Use Only ( ). http ¢ More info



lon Processor

lon trapping and
fragmentation
at up to 200 Hz

High Dynamic
Range Detector

Extremely
sensitive
detection

with low noise

The Astral
analyzer
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Injection
Optics

Aligns ion
packet to
improve
sensitivity

C— — W — W—

lon Foil

Shapes and
focuses
ions onto
asymmetric
track with
minimal loss

ThermoFisher
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Asymmetric
lon Mirrors

Elongated ion
track for up
to 80,000
resolution
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Q Exactive™ UHMR T el
Instrumentation for native MS R v
1. Ultra-High Mass Range, i

m/z 350-80,000 C o
2. High Mass Quadrupole ] WS -source trapping

Isolation up to m/z 25,000 ﬁ 14-mer \ismer
3. Desolvation and Dissociation miﬂmm ﬂ M“ PR

I;l ®KIVIiTIvaele xia KINIVIVILIeIKIsIrialalriT] Tk

In-source trapping or CID, and HCD i T ool o D LKL

4. Direct Mass Technology
Enabling Charge Detection MSO

AVEELKIAILSIVIF  sOisxAallAQVIG T 118

OuadmpOIesaecnon ANSDETVGRKLIACAMODIXVGRKEGVY I T

VIDIGTGLQDELDVVEGMQFORGY L S

QIEFATSDYORENLQERAVANKLAGOY
AVINKVEAATEVEMHKENKARVEDALM

1

APILMGONEDIQNVG T KVALRAMEAP L

Rt b A bundance
o B 8 8 B B
1 1 1

% = -qIVLNOQI"“VV‘“'VlGBDlGN'
0 000 15000 GYMAATEEVGNMIDMG I LDIP TRV TR
SALOQYAARVALL MY T s MY TIDLLIFx
Q Exacrive UHMR NOOLA A B LA LALGLO MLGLOIMLG 6 M 6 6 MM
0 26825069
00 5
! R=200,000 @ m/z 400
= - o 804
g Ms?
|
£ 604
z
<
g 20
3
T 20] 3501.2073
z=2
ol ’ IV P
500 000 250 300 3500 4000

5361.9769

MS? (deconvoluted)

13970.3332

15050.0006 183275454
1,

0051.7368
‘ 12460.5581
o A.m.\ s A B | 215002037 25558.2508
T 1

Thermo Scientific™ Q Exactive™ UHMR Hybrid | w000 1000 000 2ot =

mz

Q u ad ru po I e_o rb |trap ™ M aSS S pectro meter Figure 2. The native MS and native top-down analysis of the GroEL protein complex enabled identification of a

total of 112 b and y ions, representing 21% of the residue cleavages.
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Learn more at

Contact Information

For HPLC, GC, IC and LCMS products
Navette Shirakawa
navette.shirakawa@thermofisher.com

Thank you

ThermoFisher
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