
Materials and Methods

Sample Preparation 
Quadruplicates of mouse FFPE tissue curls or punches were homogenized 
using BeatBox with the Tissue Kit 24x tube format, decrosslinked on a heat-
ing shaker followed by iST-based digestion and clean-up. As a control, the 
same workflow was followed using the Tissue Kit 96x (curls only, Fig. 2).

Tissue-Specific Subcellular Protein Differences Driven by Sampling Mode
Protein-level PCA was dominated by tissue type (PC1, 63%), with additional contributions from column type 
(PC2, 10%; discussed below at the peptide-level) and sampling mode (PC3, 8%), with sampling-mode-de-
pendent separation observed in heart but not liver samples. Sampling-mode-dependent separation was 
observed in heart but not liver samples (Fig. 4A). In heart, FFPE punches and curls shared 84% of detected 
proteins (Fig. 4B). Integration of exclusively detected and differentially abundant proteins (Fig. 4C) revealed 
distinct subcellular enrichment, with punch-associated proteins enriched for nuclear/chromosomal proteins, 
whereas curl-associated proteins were linked to membrane/cell-periphery compartments (Fig. 4D).

Introduction
Formalin-Fixed Paraffin-Embedded (FFPE) tissue samples are invaluable 
for biomarker studies and disease understanding due to their extensive 
collections in biobanks, cost-effective long-term storage, and associated 
clinical metadata. Proteomic labs often receive FFPE tissue in various for-
mats and quantities, requiring standardized, simple workflows that support 
streamlined processing across diverse research projects. The PreOmics 
BeatBox-iST FFPE workflow has already provided a non-toxic, high-through-
put solution for FFPE tissue processing by eliminating the need for upfront 
deparaffinization steps. However, it is limited to the FFPE curl format and 
requires additional pre-analytical steps. To address these challenges, we 
present an end-to-end workflow for processing FFPE curls and punches, 
combining BeatBox-iST sample preparation with PepSep-coupled LC-MS 
acquisition and data processing using Spectronaut. 

Complementary Peptide Selectivity Between LC Columns
Peptide-level PCA showed clear separation by column type (Fig. 5A). In liv-
er, 72% of peptides were shared between columns, with PepSep Advanced 
and the competitor contributing unique fractions of 16% and 12%, respec-
tively (Fig. 5B). Column-exclusive peptides showed distinct hydrophobicity 
distributions, indicating peptide-level selectivity (Fig. 5C).

Results

Robust FFPE Proteomics Across Sampling Modes Using the BeatBox Tissue Kit 24×
The BeatBox Tissue Kit 24× format supported FFPE sample preparation from both curls and punches, deliver-
ing comparable protein and peptide IDs and reproducibility between sampling modes within each tissue type 
(Fig. 3 A-D). Together, these results demonstrate that the BeatBox Tissue Kit 24× format enables a robust and 
scalable workflow for FFPE tissue proteomics. When paired with the PepSep Advanced column, the workflow 
maintained protein group IDs comparable to the competitor column while improving quantitative reproduc-
ibility, as shown by lower %CV distributions (Fig. 3 C-D). 
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Key Takeaways
•	Streamlined Sample Prep: BeatBox and iST enable simple, fast and ro-

bust FFPE processing for LC-MS proteomics.

•	Flexible & Scalable: Efficient processing of up to five FFPE curls or single 
punches with tube workflow.

•	Robust Across FFPE Formats: Comparable depth and reproducibility for 
curls and punches regardless of the column used, with improved quantia-
tive precision on PepSep.

•	Tissue-Specific Biological Differences Between Curls and Punches: Sam-
pling-mode effects were observed in heart, with nuclear and chromo-
some-associated proteins enriched in punches and membrane-associated 
proteins in curls.

•	Complementary Peptide Selectivty Between Columns: Largely overlap-
ping peptide profiles between columns with small unique fractions show-
ing complementarey physiochemical properties.
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LC-MS and Data Analysis
300 ng of peptides were analyzed using nanoElute 2 HPLC equipped with 
either a PepSep Advanced or an integrated-emitter (Competitor) C18 col-
umn (25 cm × 75 μm for both), operated with a 24SPD gradient and cou-
pled to a timsTOF HT in dia-PASEF mode.

Raw files were searched in Spectronaut 20 using directDIA+. GO enrich-
ment was performed using significantly regulated genes, with all quantified 
genes serving as the background set in STRING-DB.

Recap: Scalable Tube-Based Processing
The BeatBox Tissue Kit 24× tube format provides a scalable alternative to 
the 96× plate format for liver FFPE curl processing (Fig. 2). 

Figure 1: End-to-end FFPE proteomics workflow for curls and punches, combining the Beat-
Box and iST sample preparation with PepSep Advanced–coupled LC-MS analysis and Spectro-
naut data processing.

Figure 5: Comparison between LC columns on peptide level. (A) Peptide-level PCA plot 
showing column-driven separation within each tissue. (B) Overlap of detected peptides be-
tween PepSep Advanced and competitor column in liver samples. (C) Hydrophobicity (KD: 
Kyte-Doolittle scale) distribution of column-exclusive peptides.

Figure 3: Workflow performance 
across FFPE curls (2x) and punches 
processed using the BeatBox Tissue 
Kit 24× workflow and analyzed using 
different LC columns.
(A) Protein groups and (B) peptides 
identified across tissue types and 
sampling modes using PepSep Ad-
vanced or competitor columns. 
(C) Protein group %CV and (D) pep-
tide %CV distributions showing 
quantitative reproducibility across 
the same conditions.

Figure 2: Liver FFPE curls were 
processed using either the 
96× plate or the 24× tube for-
mat. (A) Protein IDs were main-
tained across formats, (B) while 
the tube workflow enabled 
increased input amounts for 
higher protein extraction yield. 
The 24× tube format was used 
for further studies.

Figure 4: Comparison between 
punch and curls on protein level.
(A) Protein-level PCA plot. 
(B) Overlap of detected proteins be-
tween heart punch and heart curl 
amples. 
(C) Volcano plot showing differen-
tially abundant proteins between 
heart punch and curl samples in the 
PepSep subset. 
(D) Subcellular enrichment analysis of 
sampling-mode-associated proteins.


