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Pushing The Leading Edge in Protein Analysis
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Thermo Scientific™ Q Exactive™ HF-X Hybrid Quadrupole Orbitrap™ MS

* Novel architecture with a high capacity transfer tube (HCTT) and electrodynamic ion funnel that increases ion transmission
and boosts sensitivity for all analytes.

 Increased acquisition speed (an optimized scan-matrix design now enables scan rates up to 40Hz) and advanced peak
determination (APD) algorithm dramatically improves peptide sequencing depth at this speed.

* Empowering advances in TMT multiplexing, biomarker verification, and high-resolution PRM targeted analysis.

HyperQuad Mass Filter with Advanced Electrodynamic lon Funnel

Quadrupole Technology (AQT)

High Capacity
Transfer Tube
- . (HCTT)

e

40 Hz MS/MS

[ Optimized scan matrix } C-Trap
0 Exactive HF-X

thermoscientific

Advanced Active Beam Guide

Accelerated
(AABG)

HCD Cell

Ultra-High Field Brighter ion beam
Orbitrap Analyzer Higher sensitivity

[ Dedicated TMT10plex resolution ]
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Protein ID

QE HF-X

50%

QE HF-X
40%

QE HF

22959

4083
3831

Protein Groups

32045

Peptides

m Q Exactive HF, 60 min

m Q Exactive HF-X, 30 min

Maximizing protein identifications

* Quick screening of complex samples
« Quality control of complex samples
« Assessment of sample concentration

m Q Exactive HF, 60 min

meRacenmomn - Maximizing peptide identifications

» Highest peptide coverage
« Deep proteome analysis
« Spectral library building
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The Goal: Quantitative, Standardized, High-throughput Proteomics

Needs Analytical Workflows

TMT Multiplexing

Throughput and depth of analysis

Quantitative Reproducible » |arge scale multiplexed gquantitative proteomics
» Enables high throughput screening
» Most precise and reproducible quantitation

Success RC”rated | Label-free Precursor Level Quantitation
1 4 eferences
Criteria

New standard in quantitative sensitivity,
accuracy and precision

« New DDA+ and HR-DIA workflow with

Standardized precursor level quantitation methods
Statistical Methods
Analysis

* Eliminates missing values

« Delivers reproducibility and accuracy for large
sample cohorts

QUANTITATIVE REPRODUCIBLE STANDARDIZED SCALABLE
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TMT Multiplexing Workflow - Proteogenomics Approaches in Cancer Research

6

ARTICLE

Proteogenomics connects somatic
mutations to signalling in breast cancer

— /;
nawre -
COMMUNICATIONS

| SCIENTIFIC REPLIRTS |

LETTER

HER2 expression identifies dynamic functional k

?1 Journal of, e

1 proteome —
eresearch

Deep Coverage of Global Protein Expression and Phosphorylation in
Breast Tumor Cell Lines Using TMT 10-plex Isobaric Labeling

HE  FangKe H juoan Zhang," Kevin Lawlor,” Arpi Nazarian, John Philip,’ Paul Tempst,*

chemistry and Molecular Pharmacology, New

New York, New York 10065, United States
,» Weill Comell Medical College, New York, New York

Proteomics insights complement genomic results

« Connects somatic mutations to cancer signaling and
elucidates functional consequences

* Proteogenomics signatures have shown potential utility

» Creation of high-resolution proteome maps of cancer
histotypes directly from clinical tissue.

« High Throughput Screening against drug panels to target
differentially regulated pathways directly from clinical
tissue.

* Phosphopeptide data sets to classify breast tumor
samples into Her2 positive and negative groups

Major cancer centers adopting the TMT-based proteogenomic approach
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Pain points: From Discovery to High Throughput Clinical Proteomics

Discovery

Precursor m/z

Time

4

Evaluation

Precursor m/z

Time

Label-free precursor quantitation workflows

Clinical

Precursor m/z

Time
I
|

— DLE cycle

Data De_p_endent Data Dependent Data Independent Parallel Reaction Monitoring
Acquisition Acquisition (DDA) Acquisition (DIA) (PRM)
(DDA)
Pain Not Selectivity RUN-to-run
. optimized for and dynamic reproducibilit
poin {s quantitation range p y
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Workflow Solutions for Quantitative, Standardized, High-Throughput Proteomics

Sample Preparation Separation Data Acquisition Data Analysis
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DDA+ Workflow: Standardized, Precursor-based Quantitation Solution

( Robust LC ] ( Optimized MS Comprehensive
7 L Separation J N\ ( L Acquisition Data Informatics

Proteome Discoverer 2.2

Mass formatics Platform for Protein Sciergsts
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UltiMate 3000 RSLCnano 150 um EASY-Spray Columns Q Exactive HF-X Proteome Discoverer™ 2.2

Improved ion transmission

* Nano, cap, micro-flow rate range * 2 um Acclaim PepMap
Increased acquisition speed

» Direct inject or pre-concentration mode » Sensitivity and robustness
« Easy connections with nanoViper fittings  * RT stability <1% CV observed for Advanced peak determination (APD)
350 injections Same # of protein IDs half the time

- AN J Y,

* No more ‘missing values’
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Separations Designed for Routine Analysis of Large Sample Cohorts C:
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Dependable, Robust LC Performance for Demanding Applications

“w
/—[ Column-to-column consistency ]—\

RSD=1.8% RSD=1.9%

Column 1 Column 2 Column 3 Column 1 Column 2 Column 3

N J
- {Durable response factor} ~ (—[ Long-term quantitative performance ]—\
Inj. #
- - T 85% 87%  Quantified,
- T e ﬁ e P | — 79% —®  CV <20%
o ' \’ T ‘”‘ J "' =meerioml sl lo ——
22 s S L ”‘ NL\LU WI\‘J W) ‘lu mel ””l ll WH I\ }r'“" "J?' ”“\;;ISJHH w?‘:;‘\'w;mu’jfjw 05
) T gl Fal el
QZi : LJU t’“\'ﬂu Ml‘ JW i lﬂ ’rm 'W‘ WL"W “J'MJ"M‘ WLJ \W“'\”\'Mpﬂ lem MHL L
‘zlooo ‘ .
g LT
szﬁ_ﬁﬁd ‘ H MM‘ ’l“ LA ‘;" N Moo o Injection 1 Injection 350 Injection 1000
N - T )\ /

ThermoFisher

12 SCIENTIFIC



Maintaining Sensitivity with Increased Robustness: Cap-flow LC with QE HF-X

3.0E+09

2.5E+09

2.0E+09

Enhanced MS1 sensitivity

— Q- Exactive HF-X
— Q- Exactive HF

Analytical Advantages

13

DDA+ Reproducible, high-throughput cap-flow
| | Workflow Ease-of-use and robust chromatography
i | ‘ | Brighter source improves MS sensitivity
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5000 o 4 ug 4 pg 2 g 1 ug
& 4000 4431 4418 3
> 4283 S 4000 4418
5 - 5 3942 1050 3699
O 3000 O]
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1000 .
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DDA+ Empowered by Proteome Discoverer 2.2

Key Benefits

« Automates data analysis, and simplifies MS" data
analysis of large-scale, complex proteomic studies

through customizable workflows

Proteome Discoverer 2.2
° Im proved Label- Fl’ee Quantltatlon Mass hiormatics Platform for Protein Scientsts

* Minora Feature Detector node
» Retention time alignment node
« Feature Mapper and linking across files

Minimizes ‘missing data points’ and maximizes
guantitative insights

Improved statistics and enhanced results views

. p-values for peptides/protein groups Comprghe_nsive data an_aly_sis platform_for
«  Principal components analysis, volcano plots, qualitative and quantitative proteomics
trend charts, chromatographic trace charts, etc. research
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DDA+ : Maximize Quantitative Reproducibility and Reduce Missing Data Points 9@

DDA+, 4ug HelLa, 60min, 120K/7.5K, Top 40 w

Completely quantified peptides >

Missing data = sparse quantitation

mmm  Complete quantitation
Rep 1

50% quantified

Rep 2 .
during MS

Rep 1 N

97% quantified
Rep 2 from MS and

PD 2.2
Rep 3
Quantitation Precision Reproducibility Standardization
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DDA+ Workflow Maximizes Quantitative Reproducibility Across Samples

97%
97%
Quantified Proteins
Quantified Peptides

DDA+ Traditional DDA

DDA+, 4ug HelLa, 60min, 120K/7.5K, Top 40

-

\_

DDA+ workflow compared to DDA:
15% gain in completely quantified proteins
47% gain in completely quantified peptides

Boosts guantitative information and enables

comprehensive analysis

Minimizes ‘missing data points’ and
maximizes quantitative insights

~

/
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DDA+ Enables Quantitative Confidence Through High Precision

DDA+, 4ug HelLa, 60min, 120K/7.5K, Top 40

Protein quantitation variance Peptide quantitation variance
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DDA+ Workflow Maximizes Quantitative Reproducibility Across Samples

DDA+, 4ug HelLa, 60min, 120K/7.5K, Top 40

Quantified Proteins (<1%FDR) Quantified Peptides (<1% FDR)
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Quantitation Precision Reproducibility Standardization
18 ThermoFisher

SCIENTIFIC



60

50

40

30

20

Average no of acquired MS/MS

10

0

W Success rate

Averageno of‘protein groups

Standardization With Reproducible Results Across Different Instruments

Success rate,60min_19ms_7p5K
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Protein groups,60min_19ms_7p5K

Unique peptides, 60min_19ms_7p5K

AEPS

APT2

AEP1

ll Unique peptides

32079

32594

32851

Quantitation

Precision

Large-scale initiatives require standardization
across many instruments and laboratories

Transfer of methods and SOPs requires
reliability and consistency

Q Exactive HF-X demonstrated strong
concordance of measurements across
instruments and locations

Reproducibility

Peptide identification efficiency of ~48%
(PSM/total # of scans)

Protein group coverage of cell digest:
4271, 4% CV

Unique peptide groups: 32508, 1% CV

Standardization

19
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HR-DIA: Unparalleled Proteome Coverage and Reproducibility

( Robust LC W Optimized MS Comprehensive "
7 L Separation J - Acquisition Data Informatics

¢
e

UltiMate 3000 RSLCnano 150 um EASY-Spray Columns Q Exactive HF-X Spectronaut™
Nano, cap, micro-flow rate range * 2 um Acclaim PepMap * Improved ion transmission EBIOGNOSYS
Direct inject or pre-concentration mode » Sensitivity and robustness * Increased acquisition speed
Easy connections with nanoViper fittings  * RT stability <1% CV observed for « Advanced precursor determination * High-resolution MS1 quantitation
350 injections « Same # of protein IDs half the time
- /L . J

Designed for comprehensiveness and reproducibility
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Spectronaut by Biognosys

Key Benefits

Spectronaut software is specifically developed for the
analysis of DIA data sets

Data analysis with retention time correction based on
spiked reference peptides - HRM calibration kit or iRT
Kit

Spectral library generation from Proteome Discoverer
search results

Powerful peak picking

Direct visualization of qualitative and quantitative
results on protein level

Fast data analysis speed in less than 2 min per run

¢
om
¢

* =

EBIOGNOSYS

Designed for high throughput DIA

data analysis
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Double Your Throughput: Capillary LC DIA — QE HF-X vs QE HF

Peptide Precursors
(1% FDR)

mID =mCV%<20% = CV%<10%

46217
42206
37367
34603
28231 28716
25990
i 19772
>20% increase
Half the analysis time
QE HF-X 60mins QE HF 60mins QE HF-X 30mins

HR-DIA: 4ug HelLa, 120k MS1, 30K DIA,10 m/z (80 windows)

Peptide precursors per Protein Group

9.8

CV% <20% = CV% < 10%

9.5 9.2 9.0
I 80 83 79 I

9.5 8.9

QE HF-X 60mins QE HF 60mins QE HF-X 30mins
7.0% 8.9 % 6.9 %
N
>
O
c
8
gl
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=
QE HF 60mins QE HF-X 60mins

QE HF-X 30mins
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Double Your Sensitivity: Capillary LC DIA — Q Exactive HF-X vs HF

Protein Group
(1% FDR)

mID mCV%<20% =CV% < 10%

Peptide Precursors
(1% FDR)

mID =CV%<20% = CV% < 10%

23

4861
4581 4500 46217
38493 38365
Half sample load
3516 34603
3159
3039 Half sample load
2818
26339 25990
2413 24973
2169
18031
16206
>60% increase >
QE HF 4ug QE HF-X 2ug QE HF-X 4ug QE HF 4ug QE HF-X 2ug QE HF-X 4ug
HR-DIA: 4ug HelLa, 120k MS1, 30K DIA,10 m/z (80 windows)
ThermoFisher
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Dynamic Retention Time PRM (dRT- PRM)

/—[ Dynamic retention time adjustment ]—\

‘ Minimum RT window ‘

Run-to-run variability

-

dRT-PRM Workflow ]

e

Pierce™ Peptide Retention Time Calibration Mixture as Landmark Peptides

Method editor — Inclusion List

Skyline
\_ 4 J

File Edit Help

Dane @/

Mass [m/z]

496.28675

Comment

SSAAPPPPPR (PRTC)

451.28348

=1
HVLTSIGEK (PRTC) /Ve W /.,7

DIPVPKPK (PRTC)

42273636

IGDYAGIK (PRTC)

695.83245

TASEFDSAIAQDK (PRTC) EXaCl /’Ve

773.89558

ELGQSGVDTYLQTK (PRTC)

558.32598

498.80181

GLILVGGYGTR (PRTC) e/"/'es 2 9

LTILEELR (PRTC)

573.30251

NGFILDGFFPR (PRTC)

78742123

LSSEAPALFQFDLK {PRTC) Soﬁwa/.e

57177546

DSDLSHVANK fight)

966.94270

SDGAPASDSKPGSSEAAPSSK (light)

569.79619

EISIEIEIEIN SIS S

RO R

ANHEEVLAAGK (ight) ﬂ

650.32003

KPEDWDERPK fight)

ThermoFisher
SCIENTIFIC



Robust and Reproducible Targeted PRM Quantitation

a) 1 min (static) b) 2 min (static) c) 3 min (static) d) 4 min (static) e) 1 min (dRT)

tl E§ Reproducibly Quantified Peptides
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« 5 different LC gradients Xécz‘/'ye
T— _ « Randomized technical replicates Cries o 9
» 30 technical runs each LC gradient SoﬂWare
HeLa (500 ng/uL) was spiked with 50 fmol/uL PRTC-Kit peptides
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Workflow Solutions for Quantitative, Standardized, High-Throughput Proteomics

Discovery

Evaluation

Clinical

Label-free precursor quantitation workflows
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Acquisition Acquisition Plus MS1 DIA Dynamic Retention Time PRM
(DDA) (DDA+) (HR-DIA) (dRT-PRM)
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B-017: Novel capillary flow LC HRAM MS platform for fast targeted analysis and robust profiling of complex samples.
E-018: Revolutionary Proteome Profiling and Quantitation without Compromising Speed, Sensitivity, and Selectivity.
E-006: Towards comprehensive signaling pathway monitoring using advanced PRM methods
D-087: The Power of Multiplexing- Combining TMT discovery and targeted label free quantitation for biomarker analysis
A-077: Quantitative Analysis of Signaling Pathways Using 11plex TMT Reagents and Comprehensive Phosphopeptide Enrichment Strategies
B-101: Rapid, Rugged, and Reliable Screening Methods for Serum Peptide Degradomics Profiling

Please visit our posters for more information!
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