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Introduction

MALDI Imaging is a powerful tool for spatially resolved
molecular analysis. Sample preparation, particularly matrix
application, plays a crucial role in determining limit of
detection and lateral resolution. While spraying is
commonly used, it inherently involves trade-offs between
sensitivity and lateral resolution. Sublimation improves the
latter by avoiding solvents and providing smaller matrix
crystals.

However, homemade laboratory sublimation set-ups
require expertise, substantial effort, and often lack
reproducibility. Here, we demonstrate a novel automated
sublimation and recrystallization device that ensures
consistent spatial resolution and low limits of detection. We
evaluated three common MALDI matrices and
demonstrated reproducibility across different devices,
operators, and sites.

Methods

Three identical prototype sublimation devices were
evaluated independently at three laboratories to assess the
reproducibility, robustness, and performance of automated
matrix application for MALDI Imaging. Experiments focused
on coating quality, transfer efficiency, limits of detection,
and achievable spatial resolution under standardized
preparation conditions.

Reproducibility & Homogeneity of Coating

To assess the consistency of matrix deposition across
devices, users, and sites, coating performance was
evaluated using gravimetric measurements and optical
quality assessment.

=  MALDI matrices: 5 mg of DHAP, DHB, and CHCA
= Substrates: Plain IntelliSlides®

= Study design: 3 sites x 3 users x 3 slides per matrix =
81 slides

= Evaluation: Matrix transfer efficiency by gravimetry and
coating homogeneity by pixel-intensity histograms from
transmitted-light scans

Sensitivity & Lateral Resolution of MALDI Imaging

The effect of sublimation-based sample preparation on
MALDI Imaging performance was investigated across
different tissues, analytes, and spatial resolutions.

=  MALDI matrices: DHAP, DHB, and NEDC

=  Substrates: Rat testis, rat brain, rat kidney, and Vero B4
cells

= Instrumentation: timsTOF fleX MALDI-2 systems,
including selected measurements using a
transmission-mode prototype

= Analytes: Lipids and metabolites

= Readouts: Signal intensity, analyte localization, image
quality, and achievable lateral resolution

Optimized sublimation and recrystallization parameters are
summarized in Table 1.

Table T Optimized sublimation parameters
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Fig. T A Matrix transfer measurements for three MALDI matrices at
three different instruments and sites; B coating homogeneity results
for three representative slides with DHAP (left), DHB (middle) and
CHCA (right) prepared at site 2.

Sublimation with the automated device resulted in a
reproducible matrix transfer of 75% + 5% for DHAP, DHB, and
CHCA across all sites.  Transmitted-light  scans
demonstrated highly homogeneous coatings with only minor
matrix-dependent differences in crystal morphology (Fig. 1).

Reproducibility Across Sites

Fig. 2 MALDI Imaging data from rat testis tissue prepared with DHAP
and measured at 10 um pixel-size; A representative image result from
site T, B segmentation results from triplicates acquired at all 3 sites.

Independent sample preparation and MALDI Imaging
acquisition at three laboratories generated comparable
Image data. Unsupervised segmentation grouped tissue
structures  rather  than laboratory-specific  effects,
demonstrating inter-site reproducibility (Fig.2).

Sensitivity Comparison

Heating (°C)  Cooling (°C) Time (s)
DHAP 90 10 60
DHB 110 10 180
CHCA 160 10 300
NEDC 160 10 180
Recrystallization 50 18 10
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Fig. 3 MALDI Imaging data from rat brain tissue measured at 10 um
pixel-size and prepared with DHB by sublimation, sublimation &
recrystallization, and spraying.

Sublimation combined with recrystallization provided the
best balance between signal intensity and spatial fidelity. In
contrast, spraying resulted in analyte delocalization, while
sublimation alone produced lower signal intensities for
several compounds (Fig. 3).
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Fig. 4 MALDI Imaging data of A lipids in rat brain tissue (DHAP, 5
um), B lipids in single Vero B4 cells (DHAP, 5 um) and C
metabolites in kidney (NEDC, 1.5 um) prepared with D the
automated sublimation device superlimator™.

The workflow enabled high-quality MALDI Imaging at
pixel sizes down to 5 um and 1.5 pm. Tissue
architecture, individual cells, and selected subcellular
features were visualized while preserving accurate
analyte localization (Fig. 4).

Summary

MALDI Imaging relies heavily on matrix application,
which directly impacts [imit of detection, analyte
localization, and achievable spatial resolution. To
address the limitations of conventional spraying
methods and manually operated sublimation setups,
an automated sublimation and recrystallization device
was developed and evaluated across three independent
laboratories. Three commonly used MALDI matrices
(DHAP, DHB, CHCA/NEDC) were assessed for coating
reproducibility, while tissue and cellular samples were
used to evaluate MALDI Imaging performance. The
automated workflow demonstrated reproducible matrix
deposition, consistent results across sites and users,
and robust performance for lipid and metabolite
iImaging. Furthermore, the combination of sublimation
and recrystallization provided improved signal intensity
while maintaining accurate spatial localization of
analytes, enabling high-quality MALDI Imaging at pixel
sizes down to 5 um and below.

Conclusion

Reproducible matrix coating across sites and
users

Consistent MALDI Imaging performance across
laboratories

Increased limits of detection with preserved
analyte localization

High-resolution imaging down to cellular and
subcellular scales

Standardized and user-friendly MALDI Imaging
sample preparation
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