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timsMetabo for Proteomics:
Bridging Omics for Deeper Biological Discovery

Multi-Omics with 4D-TIMS Innovation.

Abstract
Comprehensive investigation of biochemical and medical systems necessitates robust and Keywords:
scalable analysis of diverse molecular classes across a broad dynamic range of sample Bottom-up proteomics,

. . . quantitative proteomics,
amounts. The timsMetabo™ mass spectrometer was designed to deliver unprecedented TIMS F‘;M;‘fom“ig [FfA;EL ‘

separation power for small molecules, while maintaining the established, high performance MORE, Plasma, 4D-TIMS,
for bottom-up proteome sample analysis. WWe demonstrate that the timsMetabo is capable small molecules

of addressing complex cell lysate samples from hundreds of nanograms to single cell levels,

as well as comprehensively covering the plasma proteome for neat plasma preparations and

enriched plasma protein fractions (ENRICH-iST). Furthermore, we present a new TIMS-enabled

MS/MS mode which unlocks a larger dynamic loading range for complex proteomics samples.

Introduction

Fundamental biological research requires quantitative analysis of multiple classes of biologically
active molecules, including RNA, proteins, metabolites, and lipids. While mass spectrometers
in principle allow multi-omic analysis across these molecular classes, achieving highest
sensitivity and coverage of each analyte class requires dedicated optimization of experimental
parameters[1,2,3]. Previous generations of timsTOF mass spectrometers demonstrate
outstanding performance for 4D-Proteomics™ applications, the recently launched timsMetabo
system features enhanced transmission efficiency for low m/z analytes, which is particularly
important for 4D-Metabolomics. lon transmission from the ion source into the TIMS region
was optimized for higher gas flows, improving sensitivity under low sample input conditions.
Synergistic operation of the TIMS-MX cartridge and novel Athena ion processor (AlIP) enables
uncompromised high-throughput time-of-flight analysis for a wide m/z range, improving MS
sensitivity and established PASEF® data collection [4]. Furthermore, the timsMetabo can be
operated in the novel Mobility Range Enhancement (MoRE) mode (Figure 1A) which facilitates
4D-analysis of labile molecules and is compatible with dda- and dia- acquisition schemes.
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Methods

To demonstrate multi-omics capabilities, we evaluated the timsMetabo for a range of proteomics
samples covering a peptide amount on column range from 250 pg (about the protein mass of a
single Hela cell) to 100 ng digested cell lysate. The timsMetabo was setup with a nanoElute®

I HPLC system equipped with an lonOpticks Aurora® column (25 cm x 75 um, reversed-phase
C18) and the captive spray Il ionization source. The acquisition parameters were optimized for a
tryptic digest of K562 cell lysate, injected in triplicate at amounts of 250 pg, 500 pg, 1 ng, 10 ng,
50 ng, and 100 ng. For all injection amounts, we used a 22 min linear gradient from 5% to 38%
ACN for peptide separation. timsMetabo was operated in dia-MoRE or dia-PASEF mode, isolating
precursors with 24x 25Th windows from 400 - 1000 m/z in 8 PASEF ramps.

K562 cell lysate data were searched separately for each run within DIA-NN 1.8.1 against a
human spectral library. Protein CVs were calculated after median normalization. EDTA plasma
was digested with trypsin using the PreOmics® iST-BCT or ENRICH-IST sample preparation
kits. Triplicates of plasma data were searched in Spectronaut® 20 (Biognosys) using a directDIA
approach with standard settings performing median normalization. Proteins and precursors
were filtered for 1% FDR. Protein CVs were calculated from extracted total protein quantities.

Results and discussion

Dilutions of Kb62 digest were separated by nano-reversed phase HPLC separation coupled

to the timsMetabo. For proteome analysis, peptide precursors were analyzed in dia-PASEF
mode for low sample injections of 250 pg — 1 ng to ensure fast cycle times of 100 ms, high
duty cycle and highest sensitivity. Higher amounts of K562 were measured using the novel
MoRE (Mobility Range Enhancement) TIMS operation mode, which can improve precursor
detection by increasing TIMS capacity. In MoRE mode (Figure 1A), ions are separated into two
mobility fractions in the accumulation steps and sequentially transferred for fragmentation
and detection, thus improving capacity and optimizing analysis of labile compounds. MoRE is
compatible with dda- and dia-acquisition schemes.
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Figure 1. Proteome coverage.

@ Comparison of MoRE (mobility range enhanced) and dia-PASEF acquisition schemes. Proteome coverage for bottom-up proteomics of tryptic
digest of K662 cell lysate from 250 pg to 100 ng injections. @ Protein CV form 3 replicates of each injection amount [5]. Injections of 250 pg to 1 ng
K562 were measured with dia-PASEF acquisition (blue); higher sample amounts 10 ng to 100 ng were measured with dia-MoRE acquisition (orange).



For 250 pg of K662, on average 3300 protein groups (19k peptide sequences) were detected in
dia-PASEF acquisition mode (Figure 1B, blue), which increased to 4000 protein groups

(25k peptides) for 500 pg injections, highlighting sufficient sensitivity for single cell applications.
Utilizing the dia-MoRE acquisition mode (Figure 1BC, orange), over 7000 protein groups were
detected from 100 ng K562 digest, covering more than 60,000 unique peptide sequences
(Figure 1B). Protein quantitation across a wide range of injection amounts demonstrated
excellent reproducibility, as shown by the calculated CV values. Median CVs of below 5% were
observed across 7000 protein groups at injection amounts of 50 ng and 100 ng, while CVs
remained below 13% at low, single-cell-equivalent loads of 250 pg (Figure 1C).

Plasma proteomics analysis

After confirming its utility for experiments in complex matrix, we tested the timsMetabo for
challenging proteomics samples featuring a high dynamic range of protein concentration.
Plasma peptide samples were prepared from neat plasma and low-abundant protein enrichment
with the ENRICH-iST kit (PreOmics) followed by tryptic digestion. 200 ng of the neat peptide
mixture and 100 ng of the enriched plasma were injected and analyzed with the dia-MoRE
strategy. Neat plasma samples (blue) resulted in 540 protein groups (3800 peptide sequences) and
enriched plasma (orange) covered 1600 protein groups (11k peptides) as depicted in Figure 2AB.
Reproducibility of plasma proteomics analysis was excellent, with protein CVs below 11% for
both neat and enriched plasma (Figure 2C). For database searching, match between run (MBR)
feature was disabled. Nevertheless, the neat plasma data demonstrated almost complete
coverage of all identified proteins across all three replicates, as illustrated in the histogram in
Figure 2D. Protein abundance for the neat and enriched dataset were sorted from most to least
abundant protein based on the summed peak area of all peptides. Figure 2E shows that almost
3x more proteins are detected in the enriched plasma sample, although the overall dynamic
range of protein abundances is similar.
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Figure 2. Plasma proteomics on timsMetabo.

@ Protein identifications in neat (blue) and enriched plasma samples (orange). Peptide identifications in neat (blue) and enriched plasma samples
(orange) @ CV values for protein quantitation in neat (blue) and enriched plasma (orange). @ Heatmap of protein quantitation in neat plasma covering
540 proteins. @ Ranked plasma proteins for neat (blue) and ENRICH-iST plasma (orange).



Using short chromatographic separation and data-independent acquisition methods, we
demonstrated good coverage and reproducibility of complex proteomes such as cell lysates as
well as samples with challenging range of protein abundances such as plasma. Future studies
focus on plasma prepared with ENRICH plus to cover thousands of plasma proteins as well as
FFPE-conserved tissues and low input applications. Combined with the superior performance
for metabolomics and lipidomics, the timsMetabo represents an excellent platform for
multi-omics research.

Conclusions

e With its strong performance across proteomics and metabolomics, the timsMetabo is
well positioned to support scalable multi-omics research.

o |dentification of more than 7000 protein groups from 100 ng complex proteomics
samples with average CV of 5% in dia-MoRE acquisition mode.

e Coverage of more than 3200 protein groups in single cell equivalents with more than
19,000 peptides using dia-PASEF acquisition.

e Detection of more than 540 protein groups in neat plasma and 1600 protein groups in
ENRICH-IST plasma with CVs ~10%.

e dia-MoRE provides wider range of sample injection amounts for bottom-up proteomics
analysis.
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Bruker 4D-Proteomics™ Ecosystem

Benefit

Feature

Universal range
of applications

Ultra separation

Multi-Omics
Ready

Ultimate
performance

Higher
throughput,
deeper profiles

Enhanced
confidence with
TIMS

Powerful
insights

Limitless
processing

4D-Proteomics™ Ecosystem by Bruker, empowering unmatched
speed, selectivity, sensitivity, and robustness for the analysis of

large cohorts.

For Research Use Only."Not for use in clinical diagnestic p ,Qpedm
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proteoElute™ delivers robustness and
performance without compromise.

PepSep® Advanced delivers ultra sensitivity
and reproducibility at PASEF® speeds,
ensuring high-quality results.

The timsMetabo delivers excellent
performance for both proteomics and small
molecule applications.-Perfectly suited for
the future lab.

CSl ion-sources: CaptiveSpray Ultra 2 moves
boundaries and delivers robust performance
and simplicity for outstanding sensitivity.

TIMS spreads sample complexity across S\ \ ‘; _M;E_\
the mobility. dimension for fast turnaround, \ N 3 ;
without compromise. )" . 2

4\ g 9

Mobility offset, mass aligned (MOMA)
for confident identification and guantification
of isobaric or nearly isobaric peptides.

ProteoScape™: Real-time data
processing for large experiments.

Spectronaut®20 module integrated into
ProteoScape.
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Bruker Scientific LLC

Billerica, MA - USA
Phone +1 (978) 663-3660

Learn more at www.bruker.com/timsMetabo
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