superlimator - Streamline Imaging Sample
Preparation with Push-Button Sublimation
and Recrystallization

A new sublimation device for high-resolution, reproducible MALDI Imaging —
designed to deliver precision at the push of a button.

Introduction
High-resolution MALDI Imaging has become an indispensable tool in spatial biology, enabling Keywords
researchers to visualize molecular distributions with exceptional precision. As imaging technical ~ MALD!Imaging, matrix

application, MALDI matrix,

demands evolve, especially in fields like single-cell analysis, drug distribution, and biomarker
sublimation, fast, easy,

discovery, so must the sample preparation methods that underpin data quality. reproducible, efficient
Matrix application is a pivotal step in MALDI Imaging workflows. It directly influences ionization

efficiency, spatial resolution, and analyte localization. While sprayer technology remains

essential for many applications, particularly those requiring wet matrix spray or enzymes, there

is a growing need for a complementary solution tailored to use cases where reproducibility,

sensitivity, and spatial fidelity are paramount.

Device Overview

The superlimator™ is a purpose-built sublimation and recrystallization device designed to
deliver artifact-free, solvent-free matrix coatings with minimal user input. Its intuitive layout and
integrated touchscreen interface make it easy to operate, even for users with minimal training.
An additional advantage is that users across different laboratories are now able to obtain
comparable, reproducible results by using default methods provided by Bruker.
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Figure 1 illustrates the core components of the device:

® Touchscreen display: Provides guided workflows for sublimation and recrystallization,
with real-time status indicators and customizable method parameters.

® Hot side (removable crucible): Holds the MALDI matrix or recrystallization solvent,
precisely heated to initiate sublimation or recrystallization.

® Cold side (slide holder): Hinged top of the sublimator that sits above the hot side.
Accommodates up to three IntelliSlides® (or slides comparable in size) and includes a
coating mask (slide frame), staring out teachmarks and barcode of the slides, while ensuring
high contact pressure against the cold side, thereby providing a homogeneous and
reproducible matrix coating.

® Cool-down platform for crucible: Allows a space for the removable crucible to cool down
after sublimation, increasing cycling time.

This integrated design supports validated workflows for common MALDI matrices, enabling
users to develop own protocols for new matrices. It also ensures consistent sample preparation
across users and instruments. The superlimator fits seamlessly into Bruker's Spatial OMx®
workflow, enhancing imaging performance for high-resolution and high-sensitivity applications.
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Figure 1. Schematic of the superlimator.

The superlimator integrates sublimation and recrystallization into a compact platform for MALDI Imaging sample preparation. The touchscreen display
(top right) provides intuitive control over all workflows, including method selection, process monitoring, and customization. The hot side (bottom right)
contains the crucible, which is filled with MALDI matrix or solvent and precisely heated to initiate sublimation or recrystallization. The cold side (bottom
left) accommodates up to three IntelliSlides and includes a coating mask to cover teachmarks and barcode, ensuring uniform matrix deposition and
optimal thermal contact. The cool-down platform (top left) allows for storage of the hot crucible after sublimation.



Sublimation Workflow

First, the MALDI matrix of choice should be prepared by dissolving in an organic solvent to the
desired concentration. The standard matrices used here were dissolved in acetone or ethanol.
To begin a sublimation run, power on the superlimator and select the “Sublimation” option from
the main menu, followed by a method. The system initiates a pre-heating phase, defined by the
method, followed by a prompt to pipette T mL of the prepared MALDI matrix solution into the
hot crucible.

After loading the matrix solution, IntelliSlides are placed onto the cooled slide holder and
secured with the slide frame, ensuring proper contact with the cold side. Once the solvent of
the MALDI matrix solution has evaporated, an additional conditioning step follows to ensure
that all solvent residues are completely removed and that the matrix forms a dry, homogeneous
crystalline layer at the bottom of the crucible. The chamber evacuates, and the cold side is
cooled to the defined temperature. As soon as vacuum is settled and the cold side is chilled,
the crucible is heated to the defined sublimation temperature. Once this is reached, sublimation
begins automatically (the timer will start), resulting in a uniform matrix layer being deposited
onto the sample slides. The process concludes with a venting step, at which the cold side is
settled back to ambient temperature and after which the slides should be removed. To cool
down the crucible and prepare it for the next sublimation or recrystallization workflow, it can

be removed from the sublimation chamber and stored on the cool-down platform to fasten the
cooling process.

The system comes with pre-installed and validated methods for three commonly used

MALDI matrices: 2,5-Dihydroxyacetophenone (DHAP), 2,5-Dihydroxybenzoic acid (DHB), and
a-Cyano-4-hydroxycinnamic acid (CHCA) as well as the recrystallization protocols. The
corresponding parameters for optimized heating, cooling, and duration are summarized in

Table 1. For advanced users or novel applications, these methods can be customized directly via
the touchscreen interface. The method editor allows users to adjust parameters, or to create
entirely new protocols tailored to specific matrix types or experimental needs, with the NEDC
(N-(1-naphthyl)ethylenediamine dihydrochloride) protocol shown here as an example (table 1).

Recrystallization Workflow

The recrystallization workflow follows a similar structure. After selecting “Recrystallization”
from the main menu, the system adjusts the cold side and heats the crucible based on the
solvent used. The user then adds 1 mL of solvent (e.g., 5% isopropanol) into the crucible
and inserts the matrix-coated IntelliSlides into the cold side (slide holder) secured with the
slide frame.

Once the chamber lid is closed, the recrystallization timer begins automatically. During
recrystallization, the humidity enhances the analytes to be extracted from the tissue and
incorporated into the matrix crystals. After completion of process and timer, the lid needs to
be opened immediately allowing the slides to dry, and the device cleaned for the next run.

Table 1. Validated method parameters for sublimation and recrystallization of common MALDI matrices using the superlimator for MALDI
Imaging measurements on the timsTOF fleX and neofleX". *Validated on the neofleX

Pre-heating Heating Cooling Sublimation Solvent Matrix concentration
temperature (°C) temperature (°C) temperature (°C) time (s) (mg/mL)

DHAP 75 90 10 60 Acetone 3

DHB* 75 110 10 60 Acetone 3

CHCA 100 160 10 180 EtOH 2

NEDC* 100 160 10 180 EtOH 2

Recrystallization - 50 18 10 5% IPA



After use

Excessive matrix should be cleaned from the instrument after every sublimation cycle to avoid

contamination of the following samples. The need to clean parts of the instrument can individually be
decided upon visible detection of contamination. Clean the cold side, the slide frame, the crucible,
and the chamber with a lint-free wipe dampened with isopropanol until no contamination is visible.
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Figure 2. Screenshot of superlimator’s main menu.
After selection of “sublimation” or “recrystallization” :A: and the respective method :B: the user will be guided through the process step-by-step.

Methods

To assess the reproducibility of matrix coating achieved with the superlimator, matrix transfer was
measured for three commonly used MALDI matrices: DHAP, DHB, and CHCA. Plain slides were
prepared with predefined methods using all three slide positions at three different instruments —
each at a different site with a different operator. This resulted in a total amount of (3 runs x 3 slides
x 3 instruments x 3 matrices) 81 prepared slides. Each slide was weighed before and after matrix
application to determine the amount of matrix deposited. The matrix transfer was calculated by
subtracting the sublimated amount of matrix on the slide from the amount originally placed in the
crucible.

The homogeneity of representative slides was evaluated using optical methods. Sublimated

slides were scanned with a flatbed scanner (Canon LIiDE 120), generating .png files. Pixel intensity
histograms were extracted using a custom Python script, and the median, 2.5" percentile, and
97.5" percentile values were calculated for each image to assess coating uniformity. Representative
scans are shown in Figure 3.

After establishing the analytical features on plain slides, the superlimator was used for MALDI
Imaging. The following sample preparation steps were performed:

Lipid imaging

Rat brain and rat testis tissue were cryosectioned at 10 um thickness, thaw-mounted onto
IntelliSlides, then dried completely in a desiccator prior to matrix sublimation. MALDI matrices
(DHAP for brain and DHB for testis) were applied using standard methods with the superlimator
followed by recrystallization (see Table 1 for details). Imaging experiments were performed on a
timsTOF fleX with microGRID technology in positive ion mode targeting the lipid mass range at 5 um
pixel size (DHAP on brain) or on a neofleX in positive ion mode at 20 pm pixel size (DHB on testis).

Metabolite imaging

Rat kidney tissue was cryosectioned at 10 pm thickness using the protocols described above.
MALDI Imaging was performed on a timsTOF fleX with microGRID technology in negative ion mode
with NEDC matrix at 5 ym pixel size. Measurements were performed in MALDI-2 mode. Sublimation
and recrystallization were performed using the standard method (see Table 1 for details).



HiPLEX-IHC imaging

Rat kidney tissue was cryosectioned at 10 um thickness using the protocols described above.
MALDI HiPLEX-IHC staining was done according to a previously published protocol [1]. A total
of 3 photocleavable mass-tagged antibodies (PC-MTs), available from AmberGen Inc. (Billerica,
MA), (Na/K ATPase, vimentin, collagen 1A1) were used for the staining at a concentration of
2.5 ug/mL. After staining and photocleavage, the slides were coated with CHCA matrix using
the standard protocol followed by recrystallization on the superlimator. MALDI images were
acquired with a timsTOF fleX (20 um pixel size, positive ion mode) covering the m/z range
900-1600. All data analysis was conducted in SCiLS™ Lab (version 2026a).

Results

Reproducibility and Homogeneity of Coating

Consistent matrix deposition is essential for reliable and reproducible MALDI Imaging. The
superlimator was evaluated across three independent laboratories using validated protocols
for DHAR, DHB, and CHCA matrices. As shown in Figure 3, matrix transfer efficiency remained
highly consistent across users and sites, with a low standard deviation demonstrating high
reproducibility.

Figure 3A presents matrix transfer data for each matrix across three sites. The box plots

show tight distributions, confirming reproducible coating performance regardless of operator
or location. Figure 3B illustrates representative transmitted light scans of coated slides,
highlighting the homogeneity of matrix deposition at every position on the slide. The narrow
pixel intensity distributions further validate the system'’s ability to produce artifact-free coatings
suitable for high-resolution imaging.
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Figure 3. Reproducibility and Homogeneity of Coating.
(A) Matrix transfer measurements for three MALDI matrices at three different instruments and sites; (B) Homogeneous matrix distribution for three
representative slides sublimated with DHAP (left), DHB (middle) and CHCA (right) prepared at site 2.



High Sensitivity and Spatial Resolution

Beyond reproducibility, the superlimator enables exceptional sensitivity and spatial resolution.
Sublimated samples reveal fine molecular details at 5 um pixel size on a timsTOF fleX MALDI-2
instrument with microGRID technology. Optional recrystallization further enhances analyte
incorporation into the matrix layer, improving signal intensity without compromising spatial
fidelity. Slides prepared with the superlimator are also compatible with other instruments, e.g.,
neofleX, offering flexibility for different imaging workflows.

Figure 4 showcases representative MALDI Imaging data obtained from sublimated samples on
both instruments, timsTOF fleX and neofleX:

Panel A illustrates lipid imaging in rat brain tissue using DHAP matrix at 5 pm pixel size. Distinct
lipid species, putative PE(O-40:7) (red), HexCer(d42:2) (blue), and PC(40:6) (yellow) are clearly
resolved, revealing fine structural details including neuronal layers and Purkinje cells (highlighted
in yellow). These lipids reflect membrane composition and functional compartmentalization,
with PE and PC enriched in synaptic and neuronal regions, and HexCer marking myelinated
white matter.

Panel B shows an overlay of four lipid distributions in rat testis prepared with DHB matrix and
acquired at 20 um resolution on a neofleX instrument. The resulting molecular patterns delineate
distinct anatomical regions, demonstrating suitability for resolving structural and functional
features in complex tissue.

Panel C shows metabolite imaging in kidney tissue using NEDC matrix at 5 um pixel size.
Analytes such as putative 2,3-diphosphoglyceric acid, glutathione and adrenic acid are sharply
localized, enabling visualization of the cortex, medulla, pelvis and some glomeruli (yellow),
underscoring the superlimator’s performance in high-resolution spatial metabolomics.

Panel D demonstrates a MALDI HiPLEX-IHC experiment, where the respective CHCA matrix
has been sublimated with the superlimator. Na/K ATPase-1 (red) is localized in the renal cortex,
reflecting active ion transport, whereas vimentin (yellow) marks glomeruli, indicating mesangial
cell presence and collagen-1A1 (blue) is enriched around vessels and interstitial areas,
highlighting structural support.

These examples emphasize the superlimator’s ability to deliver high-quality, spatially precise
molecular images across a broad range of sample types and analyte classes.
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Figure 4.

MALDI Imaging data of A lipids in rat brain tissue (DHAP, 5 ym pixel size, timsTOF fleX), B lipids in rat testis tissue (DHB, 20 ym pixel size, neofleX)
and C metabolites in kidney (NEDC, 5 um pixel size, timsTOF fleX) and D PC-MTs from HiPLEX-IHC experiment in kidney (CHCA, 20 um pixel size,
timsTOF fleX) prepared with the automated sublimation device.



The superlimator sets a new benchmark in MALDI Imaging sample preparation by
combining automation, precision, and ease-of-use in a compact, purpose-built instrument.
Designed to deliver reproducible, solvent-free matrix coatings with minimal user input, it
streamlines a critical step in the imaging workflow and ensures consistent performance
across users and sites.

Fully automated push-button simplicity: Intuitive touchscreen interface and guided
workflows minimize training and maximize confidence.

Fast processing: Matrix application completed in just 5-10 minutes for standard
protocols.

Validated protocols for common MALDI matrices, with customizable parameters for
advanced users.

2-in-1 functionality: Enables both sublimation and post-coating recrystallization in a
single device.

Seamless integration into Bruker's SpatialOMx workflow, complementing existing
sample prep tools.

Ready to experience the superlimator in action?

Schedule a demo today to see how the superlimator can elevate your MALDI Imaging
workflow. Contact your Bruker representative or visit bruker.com/superlimator to learn more.

References
(1] Yagnik G, Liu Z, Rothschild KJ, Lim MJ (2021). J Am Soc Mass Spectrom. 32:977-988.

Bruker Daltonics is continually improving its products and reserves the right to change

specifications without notice. © Bruker Daltonics 02-2026, TN-64, 1927026

For Research Use Only. Not for use in clinical diagnostic procedures.

Bruker Switzerland AG Bruker Scientific LLC

Fallanden - Switzerland Billerica, MA - USA
Phone +41 44 825 91 11 Phone +1 (978) 663-3660

ms.sales.bdal@bruker.com — www.bruker.com Learn more at www.bruker.com/superlimator



https://www.bruker.com/superlimator
https://www.bruker.com/superlimator



