Deep Metabolome Profiling Using mzmine and Self-Supervised Deep Learning Molecular Networking based on LC-TIMS-MS2
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Modern metabolomics using LC-MS2 generates rich, multidimensional datasets, yet only a fraction of features can typically be . . Higher feature count with LC-TIMS-MS2: Hydroxycotinine
annotated. The introduction of the TIMS-MX analyzer on the timsMETABO platform adds a new scan mode - MoRE (Mobility 1 SRV 3672 smokers® Urinegvasgiluted LC-TIMS-MS2 detected ~84% more features than LC-MS2 (12149 vs. 6599) LC-MS2
1:10 and subsequently analyzed by LC-MS2 ' !
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ange Enhancement) whlch further increases peak capacity beyond traditional LC. MS2 and. previous LC-TIMS-MS2 workflows and LC-TIMS-MS2 using the timsMETABO indicating enhanced separation power and sensitivity through ion mobility
This enables cleaner, more informative MS2 spectra and enhances structural annotation capabilities. .
instrument. For the LC-MS2 dataset, the

instrument was operated as a QTOF with TIMS
deactivated. MS2 spectra were acquired in
autoMSMS acquisition mode. For the LC-TIMS-
MS2, the novel scan mode MoRE was utilized L 50 15D 560

to acquire mobility-resolved MS2 spectra. Improved spectral annotatlon:_ | |
Spectral matches more than triple in LC-TIMS-MS2 (220 vs. 73), suggesting better

identification potential and enhanced annotation confidence.
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Substantial gain in MS2 coverage:
The number of features with MS2 spectra increased by over 5.7x in LC-TIMS-MS2
(5131 vs. 889), reflecting improved sampling of the ion population. o

We present a computational workflow to process complex multi-dimensional LC-TIMS-MS2 datasets, acquired with MoRE for
deep MS2 coverage. The open-source MS data processing platform mzmine'! provides workflows combining spectral processing,
feature detection, compound annotation, and molecular networking to map the chemical space.
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Additionally, we incorporate self-supervised deep learning for MS2 spectral similarity using DreaMS? (Deep Representations m/z

Empowering the Annotation of Mass Spectra), a transformer-based neural network. This enables the discovery of structurally
related compounds, even in the absence of direct spectral matches, improving annotation depth and network connectivity.
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Together, this pipeline enables deeper, faster, and more interpretable metabolome profiling, unlocking new dimensions of chemical 12149 5131 290

space Iin untargeted metabolomics.. % 50
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Furthermore, the processed datasets were used to generate Interactive Molecular Networking similarity score.
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enable comprehensive metabolomic profiling. It transforms raw instrument data into structured information by: , *_ |
- Detecting features across m/z, retention time, and, when available, ion mobility dimensions Conclusion' - . = e z

» Aligning features across multiple samples to enable quantitative comparisons
- Annotating features using isotope patterns, adduct relationships, and MS2 spectral library matches using the open librarys Two metabolomics LC-MS profiling methods were developed on the timsMETABO instrument, one with TIMS using the novel MoRE MS2 scan option, and the other one without TIMS, using conventional DDA MS2

MSnLib and MassBank of North America (MoNA) acquisition. Both methods were used to analyze NIST SRM 3672 smokers’ urine. The data was subsequently processed and compared with mzmine 4.6.1.

Using TIMS and the MoRE scan mode resulted in higher peak capacity, reflected by ~84% more detected features, over 5.7 x more features with corresponding MS2 spectra, and in 3 x higher number of
spectral matches, showing the advantage of TIMS-based methods, compared to conventional LC-QTOF methods. Furthermore, mobility resolved MS2 spectra yield higher similarity scores and less chimeric MS2
spectra. Molecular networking revealed more complete and structurally coherent clusters with TIMS-enhanced data, and the integration of DreaMS further improved clustering of structurally related compounds with
divergent fragmentation patterns.

* Building interactive ion identity and feature based molecular networks to search for analog compounds

The result is a richly annotated dataset for statistical analysis, biological interpretation, and molecular networking, for both targeted
and untargeted metabolomics.
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