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Purpose: Demonstrate the performance of the Thermo Scientific™ Orbitrap™ Astral™ mass spectrometer for glycopeptide
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Methods: 1) Chromatographic separation using a Thermo Scientific™ Vanquish™ Neo UHPLC system, operated in a direct ——
injection configuration, 2) Data-dependent acquisition (DDA) analysis on the Orbitrap Astral MS using stepped collision e part 4
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Results: more than 3000 glycopeptides were identified with higher scores using stepped collision energies. = = = =2
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Introduction |
Post-translational modifications (PTMs), such as phosphorylation or glycosylation of proteins, are essential in defining and 4 . s = 58 -
regulating protein functions. Hence, their identification and site localization is crucial in understanding biological functions and nmems)
disease mechanisms. While improvements in instrumentation, computational tools, and sample preparation methodologies have Figure 2. Stepped collision energy in the Orbitrap Astral mass spectrometer. Several serial injections with different
made fields such as glycoproteomics realizable for many labs, consistently detecting glycopeptides in clinical samples such as collision energies can be performed, three in this example. After the ions of all injections are fragmented and
human plasma remains a challenging endeavor due to the complexity and the huge dynamic range posed by these types of accumulated, they are transferred to the Astral analyzer and the next scan can be started in parallel.
samples. From a sample preparation perspective, glycopeptide enrichments have been shown to improve the identification of
glycopeptides. From an instrumentation perspective, besides the conventional collision-induced dissociation (CID) or higher DDA - CE steps dependent, OT-AST vs OT-OT DIA - CE steps dependent, OT-AST
collision energy (HCD), glycopeptide identification and site localization are improved by the use of electron-transfer dissociation 90 250
(ETD) or a combination of the ETD and higher collision energy (EThCD) for fragmentation. Recent reports [1] have suggested 80 ;g Hgg ztggz g:ﬁg
that using two different serialized collision energies (CEs) in the same analyzed spectrum improves glycopeptide detection. 70 -o-2 NCE steps OT-OT o 200 L CE <t
Therefore, in this work, we sought to demonstrate that the Orbitrap Astral mass spectrometer [2] is a suitable platform for T 60 3 NCE steps OT-OT % vHep
glycoproteomics analysis. £ 50 5 190 —e—2 CE steps
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Sample preparation 10
For these evaluations we used Human Plasma K2 EDTA Gender Pooled Normal (BiolVT). 400 uL of plasma was depleted using 0 > 19 oo 25 30 0.5 1.5 2.5 3.5 4.5 2.3
Fixed MS2 injection time [ms] Fixed MS2 injection time [ms]

HSA/Immunoglobulin Depletion Resin (Thermo Scientific). The depleted sample was processed using a Thermo Scientific™

mode. Peptide yields were assessed using a Thermo Scientific™ Pierce™ Quantitative Colorimetric Peptide Assay. conducted for one, two and three CE steps. For the DDA case both the Orbitrap Exploris 480 MS (OT-OT) and
Orbitrap Astral MS (OT-AST) instruments are compared. The repetition rate for a single CE in DIA is up to 200 Hz

LC-MS depending on the injection time. DIA with stepped collision energy is only available on OT-AST (lower).

The peptides were separated on an Aurora Ultimate TS 25x75 C18 UHPLC column using a Vanquish Neo UHPLC system i mmgmGSNFQLEEISR

coupled online to an Orbitrap Astral mass spectrometer. The LC mobile phases used were water with 0.1% formic acid (solvent A) = E NCE 25

and 80% acetonitrile in water with 0.1% formic acid (solvent B) (both UPLC Grade). The Orbitrap Astral MS was operated in a i e

positive ion mode and configured to collect DDA MS/MS using one, two, and three CEs per scan. For single CE experiments, the

fragmentation was performed in the ion processor, and for multiple collision energies, “stepped collision energy”, the "m*“‘:-_.:.;fii!j;"*i';f

fragmentation was done in the IRM (highlighted in red, shown Figure 1). A summary of the MS, LC and MS parameters are el B e e v R R e

shown in Tables 1 and 2. All ions from each stepped collision energy injection are accumulated in the IRM and then passed to S S S S "SSP "

the Astral analyzer simultaneously, for analysis and detection. The schematic in Figure 2 shows how the stepped collision energy 1000e105

was implemented. TN I BT i
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Raw data files were searched using PMI-Byonic (v.5.3.44, Protein Metrics) against the UniProt Human FASTA ! Pl e -

(UP000005640_9606, downloaded 17 May 2024) and a built-in library of 132 human N-glycans, 57 human plasma N-glycan and - E S o g o e ol 0 NN s S

9 common O-glycan all set as ‘rare1’. Carbamidomethylation (+57.0214) was set as a fixed modification and oxidation (+15.9949) i s SRR e P S e IR B S TR e PR
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as ‘common?’. Tryptic digest was selected (RK, ‘C-terminal cutter’, fully-specific, max. 2 missed cleavage). In addition, we used
the following parameters: precursor tolerance: 10 ppm, fragment tolerance (HCD): 20 ppm, and protein false-discovery rate
(FDR): 1%. ldentified glycopeptide information (‘Spectra’ tab of each Byonic output file) was imported into R and PSMs were
further filtered with the following thresholds: presence of glycan in ‘Glycans NHFAGNa’' column, Byonic score > 200.

Figure 4. Comparison of single spectra for a single NCE (upper) and double NCE with two collision energies (lower).
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Table 1. MS parameters used for the evaluation. Table 2. LC gradients used for the high-throughput evaluation. Conclusions
» A glycoproteomics study using HCD stepped collision energy was successfully implemented on an Orbitrap Astral MS in
RGSUltS which we saw a speed increase of up to 3x with respect to an Orbitrap Exploris 480 MS.

« Use of two or even three CEs as opposed to a single CE showed marker improvements in the confidence of
glycopeptide IDs when analyzing enriched human plasma. Up to 33% increase in uniquely identified peptides was
obtained by using stepped collision energy.

One reason that the Orbitrap Astral MS is able to rapidly analyze samples is by taking advantage of scan parallelization, thus
attaining a scanning frequency of up to 200 Hz. However, it has been demonstrated that the use of multiple collision energies is
essential to enhance the structural characterization of posttranslational modifications such as phosphorylation and glycosylation.
The schematic implementation of stepped collision energy on the Orbitrap Astral MS is shown in Figure 2. In this example, three * This unoptimized study demonstrates the potential of the Orbitrap Astral MS for glycopeptide analysis by greatly
injections are performed in series, with the ions accumulated in the IRM (see red shaded area of Figure 1.). Following the Increasing speed and sensitivity.

accumulation, all fragmented ions are released into the Astral analyzer, and new injections can begin in parallel to the onward
flight of the ions into the analyzer. It can therefore be seen that the number of serialized injections and the individual injection time Acknowledgements
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compared to that of the Thermo Scientific™ Orbitrap Exploris™ 480 mass spectrometer using the same acquisition parameters. References

Figure 3. shows the repetition rate achieved for stepped collision energy experiments with two and three NCEs (normalized
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Next, we separated 250 ng glycopeptides enriched from human plasma, and the eluted peptides were then measured on the . .
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