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The Most Powertul Instrument
Designed for High Impact Discoveries

The Thermo Scientific™ Orbitrap Fusion™ Lumos™ Tribrid™ MS delivers superior sensitivity, selectivity and
versatility to enable life scientists to obtain the highest quality data. It is designed to pursue the most difficult
analyses, including multiplexed quantitation of low-abundance peptides in complex matrices, characterization of
positional isoforms of intact proteins, resolution of isobaric metabolites, protein structure characterization using
chemical crosslinking and the deepest mining of challenging post-translational modifications.

You trusted us to make this most versatile and powerful mass spectrometer a reality.
We now trust you with groundbreaking science and high impact discoveries.



Multiplexing Targeted Analysis
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The synthetic TMTO-labeled peptide is
detected in the full MS scan. The native
peptide is isolated by using an offset

(m/z difference between TMTO0 and TMT10).

Base peak Extracted lon Chromatogram (XIC). Purple peaks are XICs of TMTO-labeled peptides.

Everley et al. WP 663, ASMS 2016.




The Thermo Scientific™ Orbitrap Fusion™ Lumos™ Tribrid™ MS now supports targeted proteomics assays
with multiplexing in two dimensions: targets and samples. These experiments make use of triggered-by-
offset-in-mass peptides that allow for quantitation, even from undetected precursors. Using this method, we
monitored 131 target peptides corresponding to 69 proteins across the NCI-60 cell line in biological triplicate,
analyzing 180 samples in only 48 hours (16 min/sample). We found that accurate and reproducible TMT SPS

tMS® quantitation elucidated a correlation between expression of key proteins and cellular response to drug
treatment.

—Steven Gygi, Professor, Harvard Medical School
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CID MS? spectrum of native peptide target Targeted SPS MS? of the predicted Comparison of results for the TMT tMS? and TMT SPS tMS?®
contains multiplexed fragments. Gray bars MS/MS fragments generates ten quantification methods shows improved accuracy of the tMS?
indicate the predicted fragment target ions that reporter ions used for quantitation. method. Each point represents the fold change of a single
are used for the following SPS tMS? step. quantification event for each of the targeted peptides present

at 100 amol level in matrix. The expected ratio is 8:1.




Advancing Peptide Quantitation

Large Scale Quantitation with Data Independent Acquisition

Data Independent Acquisition (DIA)

is widely used today for the global
identification and quantification of
thousands of peptides in complex
mixtures. Step-wise isolation and MS/
MS fragmentation of all ions in a defined
m/z window cover the targeted mass
range and provide ultra-high resolution
MS and MS/MS data for all components
in the sample, allowing accurate
quantitation of peptides, and the unique
opportunity for retrospective analysis of
unknowns and new targets of interest

in the future. The Thermo Scientific™
Orbitrap Fusion™ Lumos™ Tribrid™

MS provides speed, selectivity and
enhanced sensitivity to obtain maximal
performance while maintaining high
reproducibility of quantitation for low
abundance analytes.

Protein extraction,
and digestion

Creation of MS?

LC-MS Spectral Library
Mo
140 min I 1

Hela digest standard was introduced into

the Orbitrap Fusion Lumos MS using RP-HPLC.
Data Dependent experiments were used to
generate high resolution accurate mass (HRAM)
MS? spectra. The data was searched using
SEQUEST™ HT in order to generate a spectral
library for the following DIA data analysis.
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DIA acquisition was performed using

a 120,000 FWHM resolution MS scan
followed by 15 amu-wide MS/MS windows
at 30,000 FWHM resolution with 60 ms
maximum injection time.




MATCHING DIA SPECTRUM QUANTITATION PROTEIN UNIQUE
TO THE SPECTRAL LIBRARY USING FULL MS - GROUPS PEPTIDES
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DIA MS? spectra were searched against Peptide quantitation took into account Nearly 92% of the protein groups and over 85%

the library built from Sequest HT search
results. Fragment peak detection was
performed with Biognosys Spectronaut™
software.

Confident Low Attomole Limit
Peptide Quantitation Using
Parallel Reaction Monitoring

Parallel Reaction Monitoring (PRM) is uniquely designed
for quantifying hundreds of targeted proteins in complex
matrices. Using this approach, precursor ions are isolated
and selectively fragmented, with the resulting product ions
analyzed in the Orbitrap. This approach benefits from the
pbrighter ion source and Advanced Quadrupole Technology

™ ™ ™

of the Thermo Scientific™ Orbitrap Fusion™ Lumos

Tribrid™ MS, routinely achieving attomole-level limits of
quantification (LOQ) in matrix.

all confidently identified isotopes from
consecutive MS full scans, correcting
for interference and using cross-run
normalization.
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100 amol

10 amol

of the unique peptides were confidently matched
to the spectral library and quantified with <6.9%
CV when using 500 ng of Hela digest.

5 amol

1 amol

Fifteen (15) PRTC peptides
were spiked into 200 ng of
Hela digest and analyzed
by LC-MS (30 min run).
The Orbitrap Fusion Lumos
MS provides accurate
quantitation of all 15 PRTC
peptides with some down
to 1 attomole levels.
Average CV% for each
LOQ level is shown.




New Horizons in Intact Protein Analysis

“The Lumos proved capable of high selectivity precursor
selection in MS but retained exceptionally high sequence

coverage for MS?. This enabled the decoding of the
most complicated core histone H3 to detect trivalent
proteoforms uniquely detected in a cellular model

of the B-cell cancer, multiple myeloma.”

— Neil Kelleher, Professor, Northwestern Universtiy

INTACT HISTONE H3 HIGH RESOLUTION FRAGMENTATION MAPS
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Advanced Vacuum Technology With improved ion transmission provided by ETD HD identification of isomeric forms of histone H3,
increases ion transmission, improving the Advanced Quadrupole Technology, it is now differing in the site of trimethylation (K9 vs. K27) from
the quality of intact protein spectra possible to efficiently enrich for individual isobaric the precursors at m/z 853.4.

acquired in the high resolution protein forms for a subsequent top-down analysis.

accurate mass Orbitrap analyzer. ETD HD enhances the dynamic range of ETD spectra
by increasing the precursor ion storage capacity.

The higher efficiency of ETD HD experiments provides

Zheng, Y et al. Mol Cell Proteomics 2016, 15,776-90. o
greater sequence coverage at faster acquisition rates.



Comprehensive Characterization of Intact Monoclonal Antibodies

Recent advances in protein and antibody-based therapeutics have led to a demand for mass spectrometers
capable of comprehensive characterization of antibody heterogeneity in addition to providing accurate mass
measurements. The Thermo Scientific™ Orbitrap Fusion™ Lumos™ Tribrid™ MS allows high accuracy mass
analysis of the intact monoclonal antibody with isotopic resolution of the heavy and light chains. The combination
of the various fragmentation methods available on the Orbitrap Fusion Lumos MS and the improved efficiency
provided by ETD HD enables users to obtain high sequence coverage for the light and heavy chains.
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mAb LIGHT AND HEAVY CHAINS FOR mAb LIGHT AND HEAVY CHAINS

p v[L MLTIQITIPIL]STLLPIVISILIGIDIQ A S 1 S C]R]S
1s1ql¥T1lv HISINIGINIT]Y LTEWIYIL QIk PlGlQls PlK
U111 vIkIv]IsINIR]Fls]Glv pIDIR]Fls]GlslG]s]GlTID
TFITILIkI 115 1RIVIE]ATE]DILTGIVIYI Y] C1FlQ GISIHLY P
1171 FlelalalTIkIL] ELITKIR1ADTALATPITIVISTILFLPLR

slslelolilrlslelelalslvivic lFLLININLFLY PLKIDLITN
Ivikwikl1lolsls|elrlQInlslviL INlsiwlTplalpls kD
[sirlylsmlsisirlelTlelriklplely [elrHINLS LY LT clE
lalrHiklrlsirlsipLlvikls LFINLR N ETC

8 Light Chain, 26+
24182.85 Da

| I | i1
9313 9315 ,,, 9319 9321 Q v q LIkKIelslalrlG] L1v]AlPIsTqlsIL]sTITTICITIV]S

16 FIsILIL]G]Y]6 v NIW VIRIQIPIP G|Q GIL]EIW LIM|G

2750 2790 2830 2870 1lwa plG s|TID Y N s]A L KIsIrR]I]s 11T]K|DINIS]K
m/z , 151QIVIFILIKIMINIsTLIQ T1D1DITIATKIVIVIC T R1A PlY
Ressoledibicavy Chain, 42+ 161KIQI¥LF1A1 VIWIGIQIG1 T LIVITIVISTATATKITI TR TP §

148541.91 7.0 G1F/G2F 38.6165 49894.17 Da 50056.48 Da Tvlyle LlalrlG|s]AlalQITIDIsMVIT L G € L VIKIG ¥
148380.82 0.0 G1F/G1F 84.1024 TFIPIEIP V TV TWN|SGS LS[SGVHTIFPAIVL
148219.21 3.6 GOF/G1F 100.0000 Qs ole VITLL SIS SIVIT VP S S TWIPSETVTC
‘ NIVAHPASSTKVDIKKIVPRDC|GC K[P ¢

148058.29 11.8 GOF/GOF 68.152 “ B Rl vr e PP P KD VIL TlE T L
147909.08 9.2 GO/GOF 10.2611 o TPKVTCIVVVDISKDID PlE V QLFLSIWLF ViD

Average  Matched Matched Relative \ i LLlp 1 MIRlQIDIWILINIGLKLELFIK LR VIN S A A F Pla

I | DIVEVHTAHTQPREEQFNISTFRSVSLE
| I i i |
\‘\‘ LA | I | “m% AR H |

Mass Delta  Glycoforms Abundance ‘ lpLr LEIKLTLI LS IKLT LKLGIRLPLKIA PLQ V YITLI P P PLK

Mass (ppm) 1I18|9 5 : 119|O 5 : 119|1 5 : 11$2 5 : 1153 5 " lelolmlalkiplklvisie T clm 1lrlolFlFlelelolilrivie

' ' ' ' ' wlewinlslalplale InLykInlTlole L1 IMIDLT LD LG LS LY LF

m/z vlvlslkliinlviolk (s nlwlelals Nl LFLTLcLs IvILHLE -
lelLHInlHHLTLElK IS ILls s P 6

Raw spectrum showing baseline resolution of Isotopic resolution of light chain (top panel), Combination of ETD HD, CID and HCD fragmentation
major intact mAb glycoforms. Deconvolution and heavy chain (bottom panel), showing the modes provided 91% sequence coverage for the light
results are shown in the table above. detection of glycosylated forms. chain (top panel) and 62% sequence coverage for the

heavy chain (bottom panel).



Revolutionizing Glycoproteomics
Simplified Glycopeptide Analysis

Analysis of post-translational modifications (PTMs) is often central to The high dynamic range of ETD and EThcD HD vyields high quality MS/
biological research because of their roles in cellular function and disease MS spectra of glycopeptides backbone fragmentation, resulting in higher
states. Some PTMs, such as glycosylation, are particularly challenging to sequence coverage and accurate localization of the modification site.
analyze because they require information to both accurately determine the Accompanying HCD spectra provide complementary information about
composition of the modification as well as correctly identify the modification glycan composition. Combination of fragmentation techniques, in addition
site. The multiple fragmentation capabilities (CID, HCD, ETD and EThcD) to intelligent instrument control workflows for glycopeptide analysis unique
on the Thermo Scientific™ Orbitrap Fusion™ Lumos™ Tribrid™ MS are to the Orbitrap Fusion Lumos MS, enables deeper mining of glycosylation
essential for high-throughput, comprehensive glycopeptides analysis. modifications in a variety of biological samples.

EThcD MS/MS spectrum of O-linked glycopeptide
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Comprehensive Lipid

Enhancing Productivity with Fast Polarity Switching

2rofiling

For specific lipid sub-classes such as phosphatidylcholine (PC), both positive and negative HCD MS/MS data are required for
full characterization of the individual molecular species. The Thermo Scientific™ Orbitrap Fusion™ Lumos™ Tribrid™ MS allows fast
polarity switching and intelligent acquisition of HCD and CID MS". This provides complementary fragmentation information for
identifying PC molecular species and elucidating co-eluting triacylglycerol (TG) isomers within a single LC-MS run, yielding higher
throughput, increased sensitivity and more confident analysis of lipid molecular species.
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Small Molecule Analysis

Ultimate Confidence in |dentification and Quantitation

The high sensitivity and high resolution of the Thermo Scientific™ Orbitrap Fusion™ Lumos™ Tribrid™ MS makes it a powerful instrument for

the identification and quantitation of small molecules. Due to the instrument’s very high resolution capabilities, fine isotopic structure can

be observed, enabling the determination of highly accurate molecular formulae. This direct measurement removes the ambiguity of pattern
matching estimations and is critical in cases where monoisotopic elements like fluorine or phosphorous may be present in the compound, as
shown in the example of norfloxacin below. Furthermore, the enhanced sensitivity of the Orbitrap Fusion Lumos MS enables far lower levels of
quantitation.
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Extracted ion chromatogram of Irganox 1035 (M+NH,)* ion at m/z 660.429 (100 fg on

column). Irganox is a plasticizer known to leach into foods stored in plastic and must be

quantified at very low levels. The Orbitrap Fusion Lumos MS operated in SIM mode was

able to quantify Irganox 1035 in food simulant matrix, achieving an LOQ of 100 fg with

linear dynamic range of 5 orders and <10% CV for all levels. This LOQ is 5x lower than High resolution MS2 spectra of norfloxacin. The direct observations of fine isotopes
achieved earlier on an Orbitrap instrument equipped with a standard ion source. of the drug are essential for determining elemental composition.



Run advanced
experiments
effortlessly

with validated
template methods
for a variety of
applications
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Bullding on
Revolutionary
Tribid Architecture

With the Orbitrap Fusion Lumos MS, we are
true partners, committed to innovations to
advance your scientific pursuits.

ADVANCED ACTIVE
ION BEAM GUIDE

Prevents neutrals and high
velocity clusters from entering
mass resolving quadrupole

FASY ETD SOURCE

Based on Townsend discharge;

reliable and easy to use

ELECTRODYNAMIC
ION FUNNEL

Focuses ions after High
Capacity Transfer Tube;
broad tuning curves




DUAL-PRESSURE
O—— LINEARION TRAP

,!—‘ L y MS" and sensitive mass analysis
ML <
& of fragments resulting from CID,

ETD HD P S 4
Improved dynamic range - —

and detection limits for
ETD/EThcD events

HCD, ETD and EThcD

ION ROUTING MULTIPOLE

Enables parallel analysis; allows
HCD at any MS" stage

ULTRA-HIGH FIELD
ORBITRAP ANALYZER

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

ADVANCED VACUUM TECHNOLOGY

Reduces pressure in UHV region, improving

transmission to the Orbitrap analyzer

L ADVANCED QUADRUPOLE TECHNOLOGY

Segmented design improves transmission at higher resolution;
symmetric transmission across the isolation window

— HIGH CAPACITY TRANSFER TUBE

Increases ion flux into the mass spectrometer




Pushing New Frontiers in Science

The Industry’s Leading Portfolio of Mass Spectrometry Solutions
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