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Prep-ahead mode with overlapping enables to start the online sequential sample preparation and measurement ahead of time for more
efficiency and throughput.
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AUTOMATED
SAMPLE PREP AND MEASUREMENT

After a manual biphasic extraction of samples (HLF cells with ALDOA knockdown and control-shRNA cells as well as yeast cultures), the PAL
System executes the two-step chemical transformation immediately prior to analysis. First, carbonyl groups are stabilized via methoximation
using methoxyamine hydrochloride in pyridine, protecting volatile aldehydes and ketones and preventing keto-enol tautomerization. Second,
acidic protons on hydroxyl, carboxyl, and amine groups are replaced with trimethylsilyl groups using MSTFA to increase volatility and thermal
stability for gas chromatography. 

Manually executing this process in batches creates variable waiting times, causing the degradation of moisture-sensitive silyl derivatives and
introducing chemical artifacts. In contrast, robotic automation coordinates these steps in an online, just-in-time schedule for individual
samples. Every sample experiences identical incubation times and immediate injection, eliminating ambient degradation and ensuring
exceptional retention time and signal reproducibility.
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Untargeted gas chromatography-mass spectrometry (GC-MS) metabolomics is a powerful approach for profiling polar metabolites, but scalability is
frequently hindered by manual sample derivatization and labor-intensive spectral annotation. Manual batch workflows introduce variable reaction and
queue times, leading to the degradation of moisture-sensitive derivatives and human bias during data curation. To address these bottlenecks, we
evaluate an integrated, fully automated workflow. On-line, sequential sample preparation using a PAL System executes just-in-time methoximation
and silylation immediately prior to injection, ensuring identical incubation conditions for every sample. Downstream spectral data are processed
autonomously using the NXT Spectra software suite. This platform eliminates column background and noise without human intervention, utilizing
dual artificial intelligence (AI) models (METIS and IRIS) to interpret mass spectra and confidently annotate compounds beyond traditional database
boundaries.

Before Processing After Processing

To evaluate NXT Spectra’s capabilities in removing column background, matrix effects and noise the intelligent preprocessing was applied on
measured yeast sample. Thereby, no settings have been adjusted and no human intervention was required. Overall, the software isolated
cleaned spectra for 142 peaks down to peak areas of 0.001% in relation to the base peak. 

Usually, non-targeted screening relies on databases and their coverage or time-consuming manual interpretation. In addition to classical
databases the NXT Spectra software utilizes two AI models to elucidate structure of unknown compounds. The initial model (METIS) thereby
interprets the spectrum directly to generate structural suggestions independent of databases. To validate those a second model (IRIS)
predict spectra for each structure which can then be compared to the experimental result. By this approach, the rate of hits (cosine >80%)
increases from 64 to 81 while the likeliness of low similarities decreases significantly.
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Without any human intervention and default parameters NXT Spectra allowed for the automated extraction of 142 cleaned spectra.
NXT Spectra’s AI models significantly increased the number potentially identified metabolites (+26%) compared with database approaches.
Overall, the combined workflow improves technical reproducibility of derivatization and allows for automatic and precise data interpretation, thereby
supporting scalable untargeted GC-MS workflows.

Comprehensive profiling of the central
carbon metabolism requires the reliable

analysis of highly polar biological
molecules, including amino acids,
organic acids, and carbohydrates.

Fritsche-Guenther, Kirwan et al. (2021), an
optimized on-line robotic workflow significantly
enhances data repeatability, reducing the
median relative standard deviation (RSD) from
21% in off-line batches down to 11% via on-
line injection. 


