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Introduction

Achieving high sensitivity and throughput in targeted quantitative pro-
teomics remains a significant challenge due to inherent trade-offs between
instrument acquisition speeds, and the number of analytes monitored

to achieve ideal data points per peak per analyte. These constraints lim-

it the ability to comprehensively profile complex biological samples while
maintaining accurate identification and quantification. To address this, we
explored retention time (RT) down-sampling using SpectroDive as a nov-

el strategy aimed at improving prm-PASEF performance on the timsTOF
platform. By selectively reducing data sampling of oversampled peaks to
the optimal data points per peak (DPPP), this approach seeks to maintain
or improve sensitivity of low-abundance peptides without compromising
throughput. Our research demonstrates the potential of RT down-sampling
to enhance targeted proteomics workflows in high-complexity biological
specimens.

Materials and Methods

Sample Preparation

Experiments were performed on a timsTOF Ultra 2 mass spectrometer in
prm-PASEF mode. A panel of 21 stable isotope-labeled (SIS) peptides was
spiked into a K562 cell lysate matrix at concentrations ranging from 1 ng to
40 ng. Chromatographic separation was achieved using an Evosep One sys-
tem using Whisper Zoom methods with lonOptics Aurora columns of 15 cm
and 8 cm lengths, running 20SPD, 40SPD, 80SPD, and 120SPD gradients.
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Figure 1: Sample preparation workflow for targeted proteomics. Proteins from K562 cell line
lysate were processed and combined with 21 reference peptides using an in-house automated
LC-MS sample preparation system. All the samples were analyzed using Evosep One and tim-
sTOF Ultra 2 mass spectrometer.

Data Processing

Data analysis was done with SpectroDive 13 with the added RT down-sam-
pling feature. Experimental variables included RT down-sampling rate, cycle
time adjustments, TOF noise floor and gradient length variations. Perfor-
mance was assessed based on peptide lower limit of quantification (LLOQ),
accuracy, precision, Qvalue and overall throughput.
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Results

Retention Time Down-Sampling Concept

RT down-sampling has a pronounced impact on data analysis and overall method performance. RT
down-sampling merges multiple consecutive scans at Extracted lon Chromatogram (XIC) level and presents
an averaged N consecutive point intensity as ion traces after scan extraction.
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—— [b5+] (474219 m/z) [y10+] (1154.509 m/z) —— [b5+] (474219 m/z) [yT0+] (1154.509 m/z) S e 1t _
[y10++] (577.758 m/z) [y11++] (628.282 m/z) [y10++] (577.758 m/z) [y11++] (628.282 m/z) limit of quantification (LLOQ) concentra
—— [y7+] (779.366 m/z)  —— [y8+] (894.393 m/z) —— [y7+](779.366 m/z)  —— [y8+] (894.393 m/z) tion, shown both before and after the appli-

cation of retention time downsampling. On
the left, an oversampled extracted ion chro-
matogram (XIC) illustrates an over-sampled
peak with a high number of closely spaced
data points. On the right, the corresponding
downsampled XIC is displayed, where every
six data points are averaged, resulting in a
simplified peak representation while preserv-
ing the overall signal shape and improving
interpretability.
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Application of Down-Sampling

Applying RT down-sampling reduces the number of data points per chromatographic peak. Importantly, the
post-acquisition processing indicates that LC-MS methods do not require excessive optimization to achieve
the desired data points per peak when RT down-sampling is implemented. The optimal cycle time for 21 an-
alyte RT down-sampling was identified at 1.4 sec with 5.4 data points per peak on average, balancing acquisi-
tion speed and data quality.

Q-values scores improve consistently with RT down-sampling, improved peak quality and reduced noise. The
quantitative accuracy also improved across the tested peptides, and analyte lower limit of quantification
(LLOQ) was maintained even when the K562 matrix amount increased from Tng to 40ng. Furthermore, RT
down-sampling improved LLOQ for 15 out of 21 peptides in previously acquired datasets.
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Figure 4: Calibration curve of a target peptide before and after RT down-sampling. On the left, a calibration curve without RT
down-sampling, quantification range (LLOQ to ULOQ) is 2 amol to 1000 amol exhibits high variability between calibrants, a limited num-
ber of confidently identified peptides (Qvalue < 0.05), reduced accuracy, and a higher lower limit of quantification (LLOQ). On the right, a
calibration curve with RT down-sampling of 6 scans results in an increased number of confidently identified peptides, improved precision,
better accuracy, and a lowered LLOQ.
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This enhancement was attributed to reduced matrix noise, which facilitated
more reliable quantification in SpectroDive.

Finally, RT down-sampling enabled up to a two-fold increase in sample pro-
cessing without sensitivity loss, achieving 80 samples per day (SPD) with
the sensitivity typically associated with 40 SPD gradients.
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Figure 6: RT down-sampling effect on target peptide LLOQ across different LC gradient
conditions. A constant amount of 20 ng K562 cell lysate spiked with 21 heavy reference pep-
tides was analyzed using four Evosep Whisper gradients (20 SPD, 40 SPD, 80 SPD, and 120
SPD). For each gradient, peptide specific LLOQs were determined before and after applying
the optimal retention time downsampling rate, enabling assessment of sensitivity gains as a
function of gradient length and sampling strategy.

Conclusion

In conclusion, RT down-sampling represents a robust and scalable strate-
gy to improve LLOQ, reduce matrix-related noise, and increase throughput
without compromising sensitivity. While study-specific cycle time optimi-
zation remains essential for maximizing performance, they remain stable
once established for a peptide and MS method. These findings highlight RT
down-sampling as a practical solution for high-throughput targeted pro-
teomics workflows.
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