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Integrated annotation pipeline using in-silico prediction
for on-target chemical derivatization MALDI Imaging

(<O

Arne Behrens’, Nikolas Kessler?, Sofie Weinkouff!, Bram Heijs?, Tobias Boskamp’, Nannan Tao?, Azad Eshghi3, Andrew DelaCourt3, Michael Easterling?, Sarah Diez*, Achim Buck 4, Michael Becker 4, Kevin Zemaitis®, Dusan Velickovic®, Christopher Anderton®

'Bruker Daltonics GmbH &Co. KG, Bremen, Germany, 2Bruker Nederland B.V., Leiderdorp, The Netherlands, 3Bruker Daltonics LLC, Billerica, MA, USA, “Boehringer Ingelheim Pharma GmbH, Biberach, Germany, °>Pacific Northwest National Laboratory, Richland,
WA, USA

Introduction FMP-10 Derivatization for Neurotransmitter Imaging

On-tissue/on-target chemical derivatization (OTCD) is a

widely applied method to improve the ionization |- Reactive matrix: 4-(anthacene-9-yl-)2-fluoro-1-methyl pyridinium (FMP-10) = Exemplary data: Rat brain, coronal section

efficiency and detection of low molecular weight and/or |* Reactivity towards primary and secondary amines, as well as phenolic hydroxyls = MALDI-MS Imaging @ 50 um raster width

nonpolar analytes for MALDI Imaging. = Established protocols for advanced mapping of neurotransmitters (Shariatgorji, 2019) = Accurate mass and isotopic pattern scoring for high annotation confidence
The portfolio of applied derivatization agents is highl from brain tissues . | - | ” on A/ -

. P . PP J 9Nty Figure 3: Annotation details and ion images of 4 exemplarily - m _ . eme jmmu'a on Notefion | Smvz lppm] miigma, AZcore
diverse, depending on the targeted compound class and ecul selected compounds from rat brain derivatized with FMP- 1152702 |Spermidine 1 TMPID | AT |IMI h4% 04
the respective attributes desired for the analysis. Ideally, Target Molecule Test Structure Reagent Structure 10. Spermidine, Dopamine and Serotonin are shown as B 2211908 Dopamine _1-FMP10 C2BH25MN202  [M]+ -0.520 39.6

: : : : . Reaction Site Primary or sec. amine - Phenol ons _ i ivati i ine i 444.2071 Serotonin_1-FMP10 CIOH2EN30  [M]+ 0.082 31.3

g N e oo |, Reactionste cF singly derivatized species, Noradrenaline is shown as double[lll -
the der|ve.at.|z.at|on agents should have hlgh reactivity neoer e s 9 ’ ™ U %ﬁfgf%argemmms; . derivatized species including a demethylation. 690.2744 Moradrenaline_2-FMP10  C48H3IN303  [M-CH3]+ -1.109 27.1
and specificity towards the targeted compound class. | : | PR
Additionally, they should contribute to the absorption of HOw!
laser energy and introduce a specific ionization site. N P P,
: : : : Serotoni N

Furthermore, derivatization agents are often designed SroTomn :
to improve the identification of derivatized compounds Derivatization Product Structures: O i
from a COmpleX |mag|ng dataset Singly derivatized: DOUbIe derivatized: \N+’ O Spermidine_l-FMP]:J'-'413.2702m/ziIO.SpmeL/o ?0%274% Do;:;cmine_l-FMPIO-421.1908m/ztlO.SpmeL/O ?0%152%

To enhance the annotation of derivatized compounds,
VietaboScape® introduced an in-silico derivatization
orediction, which is directly available via the
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Note: Demethylation and/or deprotonation is ot ‘
| | 1 | expected for higher derivatization grades. el N T e o3 _ i _ 413, L0
MetaboScape-powered Molecular Annotation pipeline in Can e defiacos dcrional ackts (6.3, G i Spermicine_1-FMP10 - 4192702 m/z &
Noradrenaline). SRR ST W S e s ' Dopamine _1-FMP10 - 421.1908 m/z * 10.
. N g et 4 s "~ 08 '"‘ 5 / v ’ .
SC”_STM Lab H o R aid x : Serotonin_1-FMP10 - 444.2071 m/z + 10.
Figure 2: Definition of in-silico derivatization parameters for FMP-10 using P T —— Norcencine P10 6902744 iz 103 o | . 115 R MR AT T 20

MethOdS Serotonin as Target Molecule Test Structure.

MALDI Imaging data was generated on timsTOF fleX
MALDI-2 instruments. The schematic workflow is

Data from rat brain after FMP-10 derivatization was kindly provided by Michael Becker, Boehringer Ingelheim.

depicted in Figure 1. To annotate the derivatized 4-APEBA Derivatization for TCA Cycle Imaging Improved experience for on-target
compounds, the MALDI Imaging data was imported into | | | . derivatization analvsis:
SCILS Lab 2025b, and T-ReX® Feature Finding was | Rtiage?; 4‘(2‘((4‘berOEheﬂ?;hYéZ(XESéfL%'aAm[ﬂOftW'O)‘1 T —— : - ]ﬂ;;w] _ y

erformed during import. The respective in-silico cthoXy)bEnZENAmInIUm bromiae (5- A T S = | '
e ’ P ; 3-(3-dimethylaminopropyl)carbodiimide (EDC), Matrix: DHB 479.1182| 2153455 Malicacid_1-4-APEBA M)+ 1301 19 B % Seamiess integration of
derivatizations were defined in MetaboScape 2025b by T = e MetahoS S in-gil
providing the structural information of the derivatization | * Reactivity towards carbonyl and carboxy functionalities 519.1150 220.7359 cis-Aconitic acid_1-4-APEBA [M]+ 383 04 £.1] Clabostape s N-SHIco
agents as InChi or SMILES and the reaction sites of | = Established protocols for advanced mapping of TCA 537.1264 223.0M49 Isocitric acid_1-4-APEBA  [M]+ 6233 02 . derivatization into SCiLS™ |Lab
both the agent and target analytes as SMARTS strings metabolites from plant materials (Zemaitis, 2023)

(Figure 2, Figure 4). This in-silico derivatization was |, annotation worktlow

| o | | A Exemplary data: Poplar root cross section
automatically appliea to all target list entries that . .
included structural information. Molecular annotation MALDI-TIMS-MS Imaging @ 5 pm raster width

was triggered from SCiLS Lab 2025b, and the T-ReX = |n-silico CCS scormg supported by MetaboScape's CCS Predict

- .
mass and/or mass-mobility features were annotated Pro a|90rltlhml
for both underivatized and derivatized states of the Target Molecule Test Structure  Reagent Structure

target list compounds (Figure 3, Figure 5). HéM i o~ WQ/

@ Fast and direct annotation
feedback

@ High annotation confidence by
m/z, mSigma and CCS scoring
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] B R S S structure prediction
D . Derivatization Product Structures: - iy Byt 3 R s
ﬁ & N Q/ Note: Higher derivatization - . . . . . Imaging MS: Computational Methods, Software & Analysis
. grades were not observed igure 5: Annotation details and ion images of 4 exemplarily s.e.lected
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Serotonin as Target Molecule Test Structure. candidates from the in-silico derivatization. analytical instruments including mass spectrometers and software
Figure 1: Schematic workflow for OTCD measurement and data Data from poplar root thin sections after 4-APEBA derivation was kindly provided by PNNL. used in this study.

analysis.
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