
Materials and Methods

Experimental Design
For the protein input titration experiment, HeLa and HEK293T cell suspen-
sions were diluted to corresponding protein input amounts of 0.5–10 µg in 
10 µL PBS and processed using either the standard iST protocol or the op-
timized iST-S low-input workflow. For cell line screening, 5 µg protein from 
each of nine cell lines was processed using the iST-S workflow (Fig. 1).

Introduction
Advances in mass-spectrometric sensitivity have expanded low-input, 
high-content proteomics for cell-based assays, microdissected tissues, 
and other limited-quantity samples. However, conventional workflows of-
ten struggle with recovery and reproducibility at these low-input scales. 
In this study, we benchmarked a new low-input iST (in-StageTip) sample 
preparation workflow against the standard iST. The optimized chemistry 
unifies lysis, digestion, and cleanup into a single enclosed kit, improving 
peptide yield and consistency with minimal protein input. This format sup-
ports sensitivity-limited applications, including rare cells and microdissect-
ed samples, as well as high-throughput targeted protein degradation (TPD) 
screening requiring robust quantification across large libraries. The low-in-
put iST workflow is compatible with automation, enabling scalable, stan-
dardized sample preparation critical for modern drug discovery pipelines. 

Proteins detected across disease cell lines were matched against TPD-DB1 
to map baseline expression of compound-associated targets. Based on 
z-score-normalized target intensity distributions, U251 showed the most 
favorable profile for autophagy-related TPD targets, while SKOV3 was 
was preferable for LYTAC-associated targets. This analysis supports com-
pound-specific cell line selection based on target detectability and relative 
abundance (Fig. 5).

Results

iST-S Enables Sensitive, Unbiased, and Reproducible Low-Input Proteomics
iST-S demonstrated higher sensitivity and more consistent protein and peptide identfications as well as im-
proved repeatability compared to Std-iST, particularly at low input amounts. While Std-iST showed a sbift to-
ward hydrophilic peptides at low input levels, iST-S maintained a neutral peptide hydrophobicity profile, indi-
catating consistent performance across the entire input level (Fig. 2).
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Key Takeaways
•	iST-S enables sensitive low-input proteomics, supporting robust protein 

and peptide identification from limited protein input from cells.

•	iST-S provides excellent quantitative precision with low CVs and consis-
tent peptide profiles demonstrating consistent performance across the 
tested input range (0.5-10 µg protein).

•	iST-S enhances reliable detection of TPD-relevant targets from low input 
samples. 

•	Cell line screening combined with TPD-DB matching maps protein target 
expression across cell models, supporting informed selection of cell lines 
for TPD studies.
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Sample Preparation
Cells were lysed and protein concentrations were determined using a BCA 
assay. Protein input amounts were then adjusted accordingly. Reduction, 
alkylation, digestion, and peptide cleanup were performed using the re-
agents specified for the respective workflows. All conditions were prepared 
in triplicates from cell samples.

LC-MS and Data Analysis
Samples were acquired on an Evosep One coupled to a timsTOF HT using 
Whisper Zoom 40 SPD and diaPASEF methods. DIA data were analyzed us-
ing Spectronaut 21 with directDIA. Statistical analysis and visualization were 
performed using Shiny for R and Python.

iST-S Enables Robust Cell-Line Proteome Screening for TPD Applications
Cell line screening demonstrated that iST-S provides consistent proteome coverage and quantitative precis-
sion evaluated via %CVs across diverse cellular models using only 5 µg protein input. PCA analysis further 
showed clear separation of cell lines based on global proteome profiles, supporting the use of iST-S for low-
input comparative proteomics (Fig. 4).

Figure 1. Schematic overview of the experimental design, sample preparation, LC-MS 
acquisition, and DIA data processing workflow. *Protein input titration was performed using 
both iST-S and Standard-iST (Std-iST), whereas subsequent cell line screening was performed 
using iST-S only. 

Figure 5. Z-score-normalized protein intensities of TPD-DB-matched target proteins across 
screened cell lines, excluding HEK293T. Targets were grouped according to reported TPD 
compounds/chimeras to compare target expression patterns across relevant disease cell 
models. Violin plots show the distribution of relative protein abundance within each cell line.
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Figure 3. Log2-transformed protein 
intensities of selected TPD-relevant 
target proteins across protein input 
amounts in (A) HEK293T, and (B) 
HeLa, comparing Std-iST and iST-S.

Figure 2. (A) Protein group and peptide identifications across 0.5–10 µg protein input from HEK293T and HeLa cells processed using 
Std-iST or iST-S. (B) Protein group %CV distributions across input amounts in HEK293T and HeLa cells, comparing Std-iST and iST-S. (C) 
Hydrophobicity (Kyte-Doolittle scale, KD) distributions of identified peptides across input amounts for Std-iST and iST-S.

Figure 4. (A) Identified protein groups across nine distinct cell lines processed with 5 µg protein input using the iST-S workflow. (B) Pro-
tein group %CV distributions across cell lines, showing quantitative precission across replicate preparations. (C) Principal component 
analysis of protein-level intensities, showing distinct proteomic profiles across cell lines.

Focusing on a selection of proteins known as targets in target protein degradtation (TPD) studies, iST-S im-
proed detectability and quantitative consistency at low input amounts. Several TPD-relevant targets that 
were missing or poorly quantified with Std-iST were reliably detected with iST-S, supporting its use for robust 
low-input quantification in targeted protein degradation workflows (Fig. 3).


