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SBORNIK ABSTRAKT

Tracking Neutral Lipid Metabolism in Hepatocytes and Adipocytes
Ondrej Kuda, Dovilé Milonaityté, Martina Rombaldova, Tomas Cajka

' Metabolism of Bioactive Lipids, Institute of Physiology CAS, Videnska 1083, Prague 4, 142 00

Triglyceride (TG) cycling is the continuous process of partial triglyceride degradation and re-synthesis
(re-esterification) within cellular stores. This project focuses on understanding TG turnover and the
mechanisms of futile substrate cycling in adipocytes and hepatocytes. Using a combination of molecular
biochemistry, mass spectrometry, and bioinformatics, we model the interconnected pathways at the
stereospecific level of acylglycerol substrates and products. This tracer-based approach to metabolic flux
analysis allows us to study biochemical reactions that would otherwise be experimentally inaccessible.
Our data indicate a rapid and continuous redistribution of fatty acyls within acylglycerols, with specific
spatial distributions of reactions and preferred stereo- and regio-specific combinations of acyls in acyl-
glycerols. We observe both quantitative and qualitative differences in acylglycerol metabolism between
hepatocytes and adipocytes, suggesting that not all TG combinations can be synthesized everywhere
and that cells have fatty acyl-specific preferences. Our results reveal cell type-specific biochemical mech-
anisms beyond TG cycling.

Supported by the project National Institute for Research of Metabolic and Cardiovascular Diseases (Programme
EXCELES, ID Project No. LX22NPO5104) - Funded by the European Union - Next Generation EU.

Analysis of FAHFA isomers in biological samples using RP-LC fractionation
and chiral SFC/MS

Oleksandr Kozlov', OndFej Kuda?, Martin Rie¢an? Miroslav Lisa’

' Department of Chemistry, Faculty of Science, University of Hradec Krélové, Rokitanského 62, 50003 Hradec Krélové,
Czech Republic
2 Institute of Physiology, Czech Academy of Sciences, Videriska 1083, 14220 Prague, Czech Republic

Branched fatty acid esters of hydroxy fatty acids (FAHFAs) represent a recently discovered class of endog-
enous lipids with promising therapeutic potential for diabetes and inflammation. Their common struc-
ture includes a fatty acid (e.g. oleic acid, OA) esterified to the hydroxyl group of a hydroxy fatty acid (e.g.
hydroxystearic acid, HSA) by its carboxyl head (abbreviated as OAHSA). Depending on the position of the
hydroxyl group in the acyl chain, FAHFAs can exist as different positional isomers, each providing two
enantiomers with distinct roles in physiological processes. Moreover, a variety of combinations of fatty
acids and hydroxy fatty acids occurred in biological samples. This complexity creates significant challeng-
es for FAHFA analysis, demanding powerful analytical techniques.

This study focused on developing a novel SFC/MS method for the enantioselective analysis of FAHFAs.
The 21 commercially available representatives from the FAHFA family, primarily with HSA backbone,
were selected for the method development with using of polysaccharide-based chiral stationary phases.
A detailed evaluation of key chromatographic parameters on separation efficiency was conducted. The
optimized chiral SFC/MS method utilizes a methanol-acetonitrile mobile phase modifier, enabling the
separation of the targeted compounds in 5 min. While the method achieved good enantioselectivity, suc-
cessfully resolving most FAHFA racemic pairs into single enantiomers, positional isomers within the FAH-
FAs remained poorly distinguished by SFC, which makes the developed method hardly applicable to the
analysis of complex biological samples. To address this limitation, we propose a two-step approach: RP-
LC fractionation followed by chiral SFC/MS analysis. Lipid extracts from white adipose tissue and rice
were fractionated after careful identification based on the retention time of standards and characteristic
fragments in tandem mass spectra. Subsequently, the developed chiral SFC/MS method was used to
determine the enantiomeric composition of the FAHFAs in collected fractions. The developed approach
provides a valuable tool for future research on the biological roles of FAHFAs in health and disease.

This work was supported by the Czech Science Foundation (project no. 24-12234S). O.K. wishes to acknowledge project
2200/04/2024-2026 as part of the ,, Competition for 2024-2026 Postdoctoral Job Positions at the UHK” for the support.

LC-HDX-MS for enhancing structure elucidation of unknowns

Tomas Cajka, Jiri Hricko, Stanislava Rakusanova, Kristyna Brejchova, Michaela Novakova, Lucie Rudl Kulhava,
Veronika Hola, Michaela Paucova, Ondrej Kuda

Institute of Physiology of the Czech Academy of Sciences, Videnska 1083, 14200 Prague, Czech Republic

Liquid chromatography with mass spectrometry (LC-MS)-based metabolomics detects thousands
of molecular features (retention time-m/z pairs) in biological samples per analysis. However, the
metabolite annotation rate remains low, with 90% of signals classified as unknowns (). Research-
ers employ tandem mass spectral libraries and challenging in-silico fragmentation software to
enhance the metabolite annotation rates . Here, we investigated the potential of hydrogen/deu-
terium exchange mass spectrometry (HDX-MS) with reversed-phase liquid chromatography (RPLC)
and hydrophilic interaction liquid chromatography (HILIC) as an additional layer of structural infor-
mation in LC-MS-based untargeted metabolomics. Specifically, we evaluated the effectiveness of
two approaches using hypothetical targets: the post-column addition of deuterium oxide and the
on-column RPLC-HDX-MS and HILIC-HDX-MS methods. The post-column addition of D20 in LC-MS
exhibited limitations, particularly in achieving complete H/D exchange for the polar metabolites.
However, the LC-HDX-MS setups, where mobile phases included D20, demonstrated improved
performance with complete H/D exchange for the evaluated metabolites. To illustrate the practical
application of LC-HDX-MS, we applied this methodology and the in-silico fragmentation software
MS-FINDER to an unknown compound detected in various biological samples, including plasma,
serum, tissues, and feces during metabolomic profiling, subsequently identified as N1-acetylsper-
midine ©).

The work was supported by the Czech Science Foundation (21-004775S) and the National Institute for Research
for Metabolic and Cardiovascular Diseases (Programme EXCELES, ID Project No. LX22NPO5104) funded by the
European Union—NextGenerationEU.

1. Rakusanova, S. et al. Toward building mass spectrometry-based metabolomics and lipidomics atlases for biological
and clinical research. TrAC-Trend Anal. Chem. 158, 116825 (2023).

2. Kind, T. et al. Identification of small molecules using accurate mass MS/MS search. Mass Spectrom. Rev. 37, 513-
532 (2018).

3. Cajka, T. et al. Hydrophilic interaction liquid chromatography-hydrogen/deuterium exchange-mass spectrometry
(HILIC-HDX-MS) for untargeted metabolomics. Int. J. Mol. Sci. 25, 2899 (2024).

VyuZiti hmotnostni spektrometrie s UV fotodisociaci pro strukturni analyzu
esterovych lipida
Josef Cvacka'?, Luka$ Cudiman'?, Barbora Kloudova'?, Vladimir Vrkoslav', Ale§ Machara', Miroslav Polasek?

1 Ustav organické chemie a biochemie AV CR, Flemingovo ndmésti 542/2, 160 00 Praha 6
2 Katedra analytické chemie PFF UK, Hlavovg 2030/8, 128 43 Praha 2
3 Ustav fyzikalni chemie J. Heyrovského AV CR, DolejSkova 2155/3, 182 23 Praha 8

Podrobna znalost struktury lipidd je daleZita pro hlubsi
porozuméni komplexnich roli lipid v patologii mnoha i
onemocnéni v€etné kardiovaskularnich. V hmotnostni

spektrometrii se pro strukturni analyzu nejcastéji vyu- UVPD
Ziva kolizné indukovana disociace (CID). Tato technika
poskytuje cenné informace o lipidech, avSak nékteré
strukturni detaily, napfiklad polohy dvojnych vazeb,
popsat nedokaze. Nedavné pokroky v instrumentaci
umoznily vyuzivat nové fragmentacni techniky, napf.
fotodisociaci UV zafenim (UVPD). Interakce iontd s UV
fotony vedou k fotochemickym reakcim a fotoproduk-
tm, které Ize vyuZit pro strukturni analyzu lipidQ.

| (- )
V této praci jsme se zabyvali strukturni analyzou ’ 0, 1000 1200
esterovych lipidd pomoci UVPD. Aktivace lithnych
aduktl voskovych esterl (WE) a estolidl triacylglycerold (TG-EST) pomoci UV laseru (213 nm) po-
skytovala informativni hmotnostni spektra s fragmenty, které nebyly dosud pozorovany a popsany. Do-
mnivame se, Ze na esterovych skupinach probihaly Norrishovy a Norrish-Yangovy fotochemické reakce.
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Absorpce UV fotonl vedla k excitaci karbonylu, ktery abstrahoval y-vodik z alifatického fe-
tézce. Vznikly biradikal se bud fragmentoval pfimo (Norrishova reakce typu Il), nebo se nej-
prve interné rekombinoval na substituovany oxetan-2-ol nebo cyklobutan (Norrish-Yan-
gova reakce). Ve spektrech WE se tvofily aldehydové fragmenty odpovidajici kyselinovym
a alkoholovym fetézcim a fragmentové ionty mastnych kyselin. TG-EST obsahuji nékolik este-
ni estolidy liSici se polohou esterové vazby v jednotce FAHFA. Rozdily byly vyrazné ve spektrech
MS3 CID/UVPD s lithnym aduktem FAHFA jakoZto prekurzorem pro UVPD. Spektra MS3 CID/UVPD
dale umoznila odliSit regioizomery liSici se substituenty v sn-1/3 a sn-2 polohach na glycerolu.
Interakce foton® s dvojnymi vazbmi vedla k fragmentim, které jednoznacné urcovaly jejich polohy.
Tyto fragmenty bylo snadné poznat, protoze se vzajemné liSily o 24,0000 Da. V pFipadé TG-EST bylo
mozné ziskat ionty souvisejici s dvojnou vazbou pomoci MS3 HCD/UVPD nebo MS4 CID/CID/UVPD.
VyuZiti nové metody strukturni analyzy lipidd jsme demonstrovali na biologickych vzorcich.

Tato prdce vznikla za podpory projektu Ndrodni institut pro vyzkum metabolickych a kardiova-
skuldrnich onemocnéni (Program EXCELES, ID: LX22NP0O5104), financovaného Evropskou unii - Next
Generation EU.

Potential Novel Regulators of Adipose Tissue Thermogenesis: Insights from
Multi-omics Analysis.

Dominika Ole$ova', Adhideb Ghosh3, Ale$ Kvasnicka?, Livia Petriskova', Patrik Stefani¢ka?, Dana Dobe3ova?,
Lucia Balazova', Christian Wolfrum?, David Friedecky?, Miroslav Balaz'

' Institute of Experimental Endocrinology, Biomedical Research Center, Slovak Academy of Sciences, Dubravska cesta 9,
845 10, Bratislava, Slovak Republic

2 Laboratory for Inherited Metabolic Disorders, Department of Clinical Biochemistry, University Hospital Olo-
mouc and Faculty of Medicine and Dentistry, Palacky University Olomouc, Zdravotnikd 7, 779 00 Olomouc,
Czech Republic

3 ETH Zurich - Swiss Federal Institute of Technology, Department of Health Sciences and Technology, Laboratory of
Translational Nutrition Biology, Institute of Food, Nutrition and Health, Schwerzenbach, Switzerland.

4 Bory Hospital, lvana Kadlecika 2, 841 03 Bratislava, Slovakia.

In the quest to combat obesity and its associated metabolic complications, the activation of thermogenic
adipocytes has emerged as a promising therapeutic strategy. Brown adipose tissue (BAT) shows unique
metabolic properties, characterized by its ability to release energy as heat through thermogenesis. Stud-
ies have shown that increasing the activity or amount of BAT could help improve systemic metabolic
control, alleviate metabolic complications such as dyslipidaemia, impaired insulin secretion, and insulin
resistance.

We established a biobank comprising paired human deep neck brown and subcutaneous white adipose
tissue (WAT) samples obtained from patients undergoing neck surgery (N=48) with varying levels of ther-
mogenic activation. Through quantitative real-time PCR analysis of all adipose tissue biopsies, we iden-
tified 15 patients exhibiting enrichment of UCP1 mRNA in BAT. In this study, we employed a multi-omics
approach to identify key regulators of adipose tissue thermogenic activity.

Through lipidomic, metabolomic, and transcriptomic analyses, we systematically characterized both
BAT and WAT collected from patients with active brown fat. Using this approach, we identified 240 lip-
ids species, 59 metabolites and 5722 transcripts differentially regulated between BAT and WAT. Robust
evidence shows enrichment of membrane and mitochondrial lipids in BAT, while neutral glycerolipids
and fatty acids predominate in WAT. To identify novel targets with potential to activate BAT thermo-
genesis, we conducted pathway analysis on the lipidomic data and identified several lipid-processing
genes, including DGAT2, PISD, PTDSS1, CHPT1 and PEMT as interesting candidates for further functional
validation. Moreover, multi-omics factor analysis showed that purine metabolites emerge as the most
prominent features driving BAT activation.

These findings provide a groundwork for understanding the metabolic differences between brown and
white adipose tissue. In this work we elucidated key regulators of adipose tissue thermogenic activity,
with purine metabolites, and several lipid-associated genes emerging as new promising drivers of BAT
activation.

The role of glucose and trehalose metabolism by cyclic pentose phosphate
pathway in pathogen resistance and host protection in Drosophila

Michalina Kazek’, Lenka Chodakova', Katharina Lehr?, Lukas Strych’, Pavla Nedbalova', Ellen McMullen’, Adam Bajgar,
Stanislav Opekar?, Petr Simek?, Martin Moos?, Tomas DolezZal'

! Department of Molecular Biology and Genetics, Faculty of Science, University of South Bohemia, Ceské Budé&jovice,
Czech Republic

2 |aboratory of Analytical Biochemistry and Metabolomics, Biology Centre, Czech Academy of Sciences, Ceské Budg&jov-
ice, Czech Republic

In different situations, the cell uses the glycolysis - pentose phosphate pathway (PPP) linkage in different
ways, depending on how much ATP, NADPH and de novo nucleotide production (e.g. for proliferation) it
requires. If it mainly needs ATP, it uses glycolysis (possibly in conjunction with oxphos in the mitochondria).
If the cell mainly needs nucleotides, it uses the non-oxidative pentose pathway. If it requires NADPH and
nucleotides, it uses the oxidative PPP to produce NADPH and divert ribose 5-phosphate for de novo nucle-
otide synthesis; if it needs NADPH and ATP, it uses the oxidative PPP and returns to downstream glycolysis
via the non-oxidative PPP and continues ATP production. If the cell primarily needs to produce NADP (e.g.
in the case of oxidative stress), it uses the cyclic PPP.

The activation of immune cells requires a remodeling of cell metab- Trehalose - /-
olism to support immune function. We investigate these metabolic

. . . A ~,._ cTreh
changes by studying the infection of Drosophila larvae by parasitic 1
wasps. Neutralization of the parasitoid egg involves the differen-  Glucose 556 GSH==H,0;
tiation of lamellocytes that encapsulate the egg. A melanization l N H
cascade is initiated that produces toxic molecules to destroy the T '
egg; at the same time, the capsule formed protects the host from  Glucose-6P NADPH *
the toxic response. We combine transcriptomics and metabolom- /!
ics, including HRMS tracing of 13C-labeled glucose and trehalose, N
and genetic manipulation of sugar metabolism to study changes in o 3¢
metabolism, specifically in Drosophila hemocytes. We found that smolymph 7
hemocytes increase the expression of several carbohydrate trans-
porters, and thus the uptake of sugar during infection. These carbohydrates are metabolized by
increased glycolysis, which is accompanied by lactate production, and the PPP, in which gluco-
sa-6-phosphate is re-oxidized to maximize NADPH production. The oxidative PPP is required for
lamellocyte differentiation and resistance, as is systemic trehalose metabolism. In addition, fully
differentiated lamellocytes utilize a cytoplasmic form of trehalase to cleave trehalose into glucose
within the cell, to drive cyclic PPP. Intracellular trehalose metabolism is not required for lamello-
cyte differentiation, but its downregulation increases reactive oxygen species levels, which is as-
sociated with increased resistance and decreased fitness. Thus, our results suggest that sugar me-
tabolism in immune cells, and especially in the cyclic PPP, may be important not only for fighting
infection, but also for protecting the host from its own immune response and ensuring sufficient
fitness of the survivor.

ijffofd "OH

The work was supported by GACR 20-09103S and Marie Sktodowska-Curie grant No 867430 to M.K.

1. Kazek M. et al. The role of glucose and trehalose metabolism by cyclic pentose phosphate pathway in pathogen resis-
tance and host protection in Drosophila. PLOS Biology (2024)

LORA: Lipid Over-Representation Analysis Based on Structural Information
Michaela Vondrackova', Dominik Kopczynski?, Nils Hoffmann?, Ondrej Kuda'

' Institute of Physiology, Czech Academy of Sciences, Videnska 1083, 14220 Prague, Czechia
2 Institute of Analytical Chemistry, University of Vienna, 1090 Vienna, Austria
3 Forschungszentrum Julich, Institute of Bio- and Geosciences (IBG-5), 52428 Julich, Germany

With the increasing number of lipidomic studies, there is a need for efficient and automated analysis
of lipidomic data. One of the challenges faced by most existing approaches to lipidomic data analysis
is lipid nomenclature. The systematic nomenclature of lipids contains all available information about
the molecule, including its hierarchical representation, which can be used for statistical evaluation.
The Lipid Over-Representation Analysis (LORA) web application (https://lora.metabolomics.fgu.cas.cz)



analyzes this information using the Java-based Goslin framework, which translates lipid names into
a standardized nomenclature. Goslin provides the level of lipid hierarchy, including information on
headgroups, acyl chains, and their modifications, up to the ‘complete structure’ level. LORA allows
the user to upload the experimental query and universe datasets, select a grammar for lipid name
normalization, and then process the data. The user can then interactively explore the results and per-
form lipid overrepresentation analysis based on selected criteria. The results are graphically visualized
according to the lipidome hierarchy. The lipids present in the most over-represented terms (lipids
with the highest number of enriched shared structural features) are defined as Very Important Lipids
(VILs). For example, the main result of a demo dataset is the information that the query is significantly
enriched with ,glycerophospholipids’ containing ,acyl 20:4' at ,sn-2 position'. These terms define a set
of VILs (e.g., PC 18:2/20:4;0 and PE 16:0/20:4(5,8,10,14);0H). All results, graphs, and visualizations are
summarized in a report. LORA is a tool focused on the smart mining of epilipidomics datasets to facil-
itate their interpretation at the molecular level.

Supported by the project National Institute for Research of Metabolic and Cardiovascular Diseases (Programme
EXCELES, ID Project No. LX22NPO5104) - Funded by the European Union - Next Generation EU.

Lipidomic analyses and single-cell profiling of glycosphingolipids in non-
tumor and tumor breast in vitro models and clinical samples

Jifina Prochazkova', Barbora Hradilova'3, Radek Fedr'? Barbora Kvokackova'23, Josef Slavik*, Ondrej Kovac,
Miroslav Machala#, Jifi Navratil®, Pavel Fabian®, Karel Soucek'?3

' Institute of Biophysics of the Czech Academy of Sciences, Brno, Czech Republic,

2 The International Clinical Research Center of St. Anne’s University Hospital, Brno, Czech Republic,

3 Department of Experimental Biology, Faculty of Science, Masaryk University, Brno, Czech Republic,

4 Department of Pharmacology and Toxicology, Veterinary Research Institute, Brno, Czech Republic,

> Department of Comprehensive Cancer Care, Masaryk Memorial Cancer Institute, Brno, Czech Republic,
& Department of Oncological Pathology, Masaryk Memorial Cancer Institute, Brno, Czech Republic

Epithelial-mesenchymal plasticity is the shape-shifting ability of tumor cells, which helps them to leave
the site of the primary tumor, enter the circulation system, and form metastases in distant organs.
During this process of tumor dissemination, cancer cells actively change their epithelial phenotype and
adopt a more migratory mesenchymal-like phenotype. In this study, we asked a question if the com-
position of glycosphingolipids (GSLs) is changed during epithelial-to-mesenchymal transition (EMT),
and if so, can single-cell profiling of GSL-related surface epitopes present in primary tumors serve as
a tool for evaluation of tumor progression or at least prediction of EMT status in patients with breast
cancer (BCa)?

Total levels of selected GSLs were analyzed by HPLC-MS/MS in in vitro EMT models derived from
breast tissue to reveal the association of GSLs with the phenotypic status of cells (epithelial vs. mes-
enchymal). These associations were then investigated in clinical samples of breast non-tumor and
tumor tissue using a set of commercial antibodies recognizing GSL-related epitopes together with
lineage and EMT surface markers. Our data show changes in the surface presence of Gb3, SSEA3,
and SSEA4 between epithelial cells and/or stromal mesenchymal-like cells based on BCa disease
status. Breast epithelial cells appeared more positive for surface SSEA1 than their paired stromal
mesenchymal-like counterparts. We plan further lipidomic and single cell-based phenotypic anal-
yses as they are essential to validate effectively the unique associations we observed between the
surface presence of specific GSL-related epitopes (e.g. Gb3, SSEA3, SSEA1) and distinct breast cancer
phenotypes and disease status.

In conclusion, the prognostic value of GSLs as markers of EMT is very limited. However, single-cell profil-
ing of surface GSL-related epitopes may provide a useful description of heterogeneity present in subpop-
ulations of epithelial and stromal mesenchymal-like cells residing in the breast tissue microenvironment
of BCa patients with different disease statuses.

The study was supported by the Internal Support of Research Program of the Institute of Biophysics of the CAS
(l.P.), by the Czech Science Foundation project GA CR 21-11585S (K.S.), and by the project National Institute for
Cancer Research (Programme EXCELES, ID Project No. LX22NPO5102) - Funded by the European Union - Next
Generation EU (K.S.).

Clinical Validation of Pancreatic Cancer Screening Test and Investigation of
Mechanism of Observed Dysregulations

M. HolCapek', O. Peterka'?, Z. Doleckovéd?, M. Kanasova?, Z. Vankova', R. Jirdsko', B. Mohelnikova Duchoriova?,
M. Lovecek?, O. Urban?, B. Melichar?, ). Trna® K. KaSparova? Z. Jirsa?

' University of Pardubice, Department of Analytical Chemistry, Czech Republic
2 Lipidica, a.s., Pardubice, Czech Republic

3 Palacky University and University Hospital, Olomouc, Czech Republic

4 Masaryk Memorial Cancer Institute, Brno, Czech Republic

Pancreatic cancer has the worst prognosis among all cancers. The main reason is that most patients
are diagnosed too late in an incurable stage because pancreatic cancer does not have symptoms at
an early stage, and no screening test exists so far. We have demonstrated in a cohort of 830 human
blood samples that lipidomic analysis enables the differentiation of patients with pancreatic cancer from
healthy controls with an accuracy of more than 90%, including the early stage [}, and is applicable for
high-throughput analysis. The University of Pardubice and FONS company established in 2022 spin-off
company Lipidica with the goal of translating the screening methodology into real clinical practice. The
OPLS-DA statistical models include concentrations of ca. 150 lipid species measured by ultrahigh-perfor-
mance supercritical fluid chromatography-mass spectrometry method, which provides high robustness
and short analysis time (<5 min). The major dysregulations are observed for very long chain sphingo-
myelins, ceramides, and some lysophosphatidylcholines. Now Lipidica, together with the Masaryk Me-
morial Cancer Institute and 14 cooperating clinics, is preparing the clinical validation of LDPC (Lipidomic
Diagnostics of Pancreatic Cancer) test for high-risk groups according to the IVDR EU Regulation. The
clinical study includes high-risk subjects for pancreatic cancer due to a family history of pancreatic can-
cer (2 2 first- or second-degree relatives), selected genetic mutations (STK11, CDKN2A, APC, ATM, BRCA1,
BRCA2, mIH1, MSH2, MSH6, PMS2, EPCAM, PALB2, or TP53), or hereditary pancreatitis. Our new data
indicate that the LDPC test does not decrease accuracy even for very early stages of pancreatic cancer.
Measurements from patients with other types of cancer show that similar lipidomic dysregulations are
observed in multiple types of cancer 2. The next goal is the investigation of the biological mechanism
of these dysregulations. The interesting observation is that altered lipidomic profiles do not return to
normal even for cured patients with no symptoms for >5 years.

This work was supported by grant projects NU21-03-00499 from the Czech Health Research Council and ERC
Advanced grant No. 101095860.

1. D. Wolrab et al., Nat. Com. 13 (2022) 124.
2. D. Wolrab et al., Sci. Rep. 11 (2021) 20322.

Brain lipidomic and metabolomic changes in psychotic relapse relevant
to schizophrenia

Eva Cifkova’, Kristina Holubova?, David Kolar?, Miroslav Lisa’, Karel Vales?3?

' University of Hradec Kralove, Rokitanskeho 62, 500 03 Hradec Kralove, Czech Republic
2 National Institute of Mental Health, Topolova 748, 250 67 Klecany, Czech Republic
3 Charles University, Third Faculty of Medicine, Ruska 87, 100 00 Prague 10, Czech Republic

Schizophrenia is a mental disorder characterized by reoccurring psychotic relapses that may have delete-
rious effects on brain structure, function, and treatment outcome. The characterization of metabolomic
and lipidomic changes in the individual brain parts including the hippocampus, prefrontal cortex, stria-
tum, and cortex induced by single or reoccurring psychotic episodes using the MK-801 application in the
preclinical models provides valuable information on the response of the immune system to recurrent
episodes. Male rats were assigned to groups with a single MK-801 injection and a regimen of five daily
MK-801 injections and control groups. Metabolomic analysis of individual brain extracts was performed
using the reversed-phase LC/MS, while lipidomic analysis using SFC/MS experiments. Obtained results
provide significant changes for repeated MK-801 injections group in metabolic pathways associated with
inflammation (quinolinic acid, glutamic acid, ceramide, and cholesterol ester).

This work was supported by the Czech Science Foundation project no. 22-13967S.



Clinical lipidomics in cardiology and rheumatology
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Lipidomics has reached the point where it is possible to perform routine high-throughput analyses in a clinical
setting. The commercial availability of various labelled internal standards and standard mixtures has enabled
the transition to the precise quantification of lipids of interest. One of the most promising areas of medicine
where clinical lipidomics is showing robust results is in cardiovascular risk assessment. Many independent stud-
ies in large international cohorts (n > 30 000) have identified and validated selected sphingolipids (especially
ceramides) as promising prognostic markers for cardiovascular events and death. Elevated levels of ceramides,
a class of sphingolipids circulating in plasma, have been associated with an increased risk of CVD events and
death in primary and secondary prevention. The Coronary Event Risk Test (CERT) has been developed and
is routinely used by specialised clinical laboratories. This presentation will show how plasma ceramides can
be used to calculate the CERT score and how sample collection can be streamlined in the hospital setting. In
addition, a novel application of the CERT score in the cohort of patients with hyperuricemia and gout will be
presented and discussed together with a comprehensive lipidomic analysis of this unique rheumatology cohort.

Fully validated lipid fatty acid analysis after transmethylation by isotope-
coded derivatization and GC-PICI-MS

Lucie Rimnacové, Petr VodraZka, Stanislav Opekar, Petra Berkové, Helena Zahradni¢kové, Petr Simek and Martin Moos

Laboratory of Analytical Biochemistry and Metabolomics, Biology Centre, Academy of Sciences of the Czech Republic,
BraniSovska 31/1160, CZ-37005, Ceské Budéjovice, CZ

Fatty acids (FAs) are essential components of lipids SAMPLE
and an important source of energy for organisms. [,
Polyunsaturated fatty acids (PUFA, mainly omega /.
3, 6 and 9) play a key role in the structure of cell -
membranes, promote immunity and support the N4 [ Rrcoon |
development of the nervous system. The determi- , ‘ ’
nation of the omega-3 index (DHA and EPA levels = o=
in the blood) is an important medical indicator of | Hc-00CR | N SR
health status and is usually measured by GC-MS [ 1\!“‘°°°CD3J o0 o
quantification of transmethylated fatty acyl methyl <& N 7 2
esters (FAME) using one or more appropriate inter-
nal standards. However, the availability of individual
standards is very difficult when comprehensively an-
alyzing lipid FA in a complex biological matrix.

In this study, we present a comparison between a new method for the determination of lipid-bound fatty
acids using isotope-coded derivatization (ICD) and a conventional technique using only one internal standard.
The paired internal FAME standards with a D3 mass shift are first prepared by esterification of an FA standard
mixture with D3-labeled methyl chloroformate. The D3 FAME standards are then mixed with a FAME sample
obtained by transmethylation of a lipid extract with sodium methoxide. The approach was investigated with
FAME detection using El and isobutane PICI-MS ionization. The latter ionization mode proved to be clearly
advantageous, especially for PUFA, where the El mass spectra of the FAME/FAME-D3 pair are complex and
very similar due to double bond migration during the El ionization process. Instead, the PICI spectra of FAME
contain intense molecular [M+H]+ ions and distinct mass shifts that allow direct quantification of FAME ver-
sus the FAME-D3 standard in biological samples. The method has been fully validated according to generally
accepted analytical guidelines. The efficiency of the transesterification method for the most important lipid
classes was also investigated and showed values between 72% and 100%.
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The described method was successfully applied to the validated GC-PICI-MS analysis of 37 FA in differ-
ent biological samples, i.e. dried blood spots, human serum, or bird sperm. Excellent validation criteria
were achieved. The coefficient of determination R2 in linear regression was > 0.99 for all FAME, the
LLOQ was 50 ng/mL, and the precision and accuracy were in the range of 0.2 - 15 % and 82 - 122 %,
respectively.

Workflows enabling simultaneous targeted and non-targeted metabolomics

Harald Schoeny, Lisa Panzenboeck, Veronika Fitz, Helena Hyo Gyoung Kim, Christina Brenner, Felina Hildebrand,
Gunda Koellensperger (Invited speaker)

Department of Analytical Chemistry, Faculty of Chemistry and Vienna Metabolomics Center (VIME), University of Vienna, Austria.

The different facets of mass spectrometry-based metabolomics navigate the conflicting goals of
analytical throughput and metabolome coverage. Customized workflows involve clever combina-
tions of orthogonal chromatographic separations, wide-panel internal standardization and high
resolution mass spectrometry. We will discuss different strategies merging metabolomics and
lipidomics into one run. Moreover, we will present new approaches based on latest generation
tandem high-resolution mass spectrometry offering MS/MS acquisition rates > 100 Hz, this way un-
locking the potential for high throughput /high metabolome coverage strategies. Multiple MS-ex-
periments can be merged within a single analytical run, increasing the sampling depth for both
essential scopes of metabolomics, i.e. the identification and quantification of small molecules.
We will showcase the power of the simultaneous targeted and non-targeted metabolomics, in the
frame of on-going clinical studies.

BIO: Gunda Koellensperger is a respected scientist with a distinguished career in analytical chemistry.
She earned her academic credentials at the Technical University of Vienna, where she received her
Diploma (Dipl.-Ing.) in 1995 and her Doctorate (Dr. techn.) in 1998, both in the field of analytical chem-
istry. Her doctoral thesis explored the use of scanning force microscopy to investigate small particles.
Her professional journey is marked by significant contributions to environmental and life sciences,
particularly through her expertise in inductively coupled plasma mass spectrometry. After completing
her habilitation at the University of Natural Resources and Life Sciences, Vienna (BOKU), where she
focused on elemental trace analysis and speciation, she progressed through various academic posi-
tions. These include roles as Assistant and Associate Professor at BOKU, and later as a guest professor
at Humboldt University in Berlin. Currently, Gunda Koellensperger holds the position of Full Professor
for Environmental Chemistry at the University of Vienna. She has also been involved with the Austrian
Centre for Industrial Biotechnology (ACIB), where she has significantly influenced the fields of metab-
olomics and analytical chemistry through both leadership in core facility management and innova-
tive research. Her research has resulted in numerous important publications in the field of analytical
chemistry, with significant work in the development of methodologies for analyzing complex biological
systems and environmental samples. (generated by ChatGPT 4.0)

Lessons learned from repository-scale machine learning on tandem mass spectra
Roman Bushuiev, Anton Bushuiev, Raman Samusevich, Josef Sivic, Tomas Pluskal

Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences

Mass spectrometry is the primary method for characterizing biological and environmental samples at
a molecular level. Despite this, the interpretation of mass spectra remains a challenge to overcome.
Existing methods heavily rely on limited spectral libraries and human expertise, so we have taken an or-
thogonal approach. Here, we introduce a foundation transformer-based model pre-trained in a self-su-
pervised way on millions of unlabeled mass spectra from our new GeMS (GNPS Experimental Mass
Spectra) dataset. We show that by learning to predict masked spectral peaks and chromatographic
retention orders, our model discovers rich molecular representations, which we name DreaMS (Deep
Representations Empowering the Annotation of Mass Spectra). Fine-tuning the neural network for pre-
dicting spectral similarity, molecular fingerprints, chemical properties, and the presence of fluorine from
mass spectra yields state-of-the-art performance across all tasks. This underscores the practical utility
of DreaMS across diverse spectrum interpretation tasks and establishes it as a foundation for future
advances in the field.



Klinické aplikace cilené metabolomiky

David Friedecky, Barbora Pisklakova, Ales Kvasnicka, Eliska Ivanovova, Jakub Rozhon, Dana DobeSova, Radana
Brumarova

Laboratofr dédi¢nych metabolickych poruch, Oddéleni klinické biochemie, Fakultni nemocnice Olomouc a Lékarska
fakulta Univerzity Palackého v Olomouci

V poslednich letech si omické techniky na Urovni nizkomolekularnich analytd nasly své misto pfi hledani bio-
marker zndmych onemocnéni i v rutinni diagnostice. S tim, jak se metody analyzy metabolitd a lipidd stale
roli v mnoha patofyziologickych a patobiochemickych procesech. Cilené i necilené pfistupy pak poskytuji novy
komplexni pohled na metabolické profily odpovidajici zmé&nam u Siroké Skaly onemocnéni. V oblasti dédi¢nych
metabolickych poruch zachranuje rychlé zavedeni metabolomiky v podobé viceslozkové analyzy malych mo-
lekul velky pocet déti. Metabolomické a lipidomické studie v posledni dobé ukazaly nové slibné biomarkery pro
zanétlivé stavy nebo pro predikci rizika ischemické choroby srde¢ni a akutniho koronarniho syndromu, obezity
a hyperlipidemie, rakoviny, Alzheimerovy choroby a dalSich. Nezbytnou soucasti je hodnoceni pomoci viceroz-
mérnych statistickych metod a nasledné pouZziti bioinformatickych nastrojd, které umoziuiji ziskat komplexni
pohled. Tato prezentace predstavi nové poznatky ve vy3e uvedenych oblastech a shrne vysledky nasich studif,
které nabizeji potencial v oblasti laboratorni diagnostiky. Z ¢asti bude vénovana pozornost také nové direktivé
IVD-R, ktera je nezbytnou podminkou pro zavedeni omics metod do rutinniho diagnostického procesu.

LC/MS analysis of polar metabolites and endocannabinoids in spontaneous
preterm birth human placenta samples

Eva Cifkova', Rona Karahoda?, Jaroslav Stranik?, Cilia Abad? Marian Kacerovsky?, Frantisek Staud?, Miroslav Lisa’

' Department of Chemistry, Faculty of Science, University of Hradec Kralove, Rokitanskeho 62, 50003, Hradec Kralove,
Czech Republic

2 Department of Pharmacology and Toxicology, Faculty of Pharmacy in Hradec Kralove, Charles University, Akademika
Heyrovskeho 1203/8, 50005, Hradec Kralove, Czech Republic

3 Department of Obstetrics and Gynecology, University Hospital Hradec Kralove, Sokolska 581, 50005, Hradec Kralove,
Czech Republic

Spontaneous preterm delivery presents one of the most complex challenges in obstetrics and is a leading
cause of perinatal morbidity and mortality. Although it is a common endpoint for multiple pathological pro-
cesses, the mechanisms governing the etiological complexity of spontaneous preterm birth and the placental
responses are poorly understood. This work aimed to evaluate metabolomic changes in placental tissues
from a well-defined cohort of women who experienced spontaneous preterm birth (n = 72) and healthy full-
term deliveries (n = 30). Metabolomic profiling of polar metabolites and endocannabinoids was performed
using an ultra-high performance liquid chromatography-mass spectrometry platform based on a C18 column
for 100% aqueous phases and water - acetonitrile - propan-2-ol mobile phase using two different gradi-
ents for polar and middle-polar metabolites. The resulting data were assessed using multi- and univariate
statistical methods followed by unsupervised clustering. A comprehensive metabolomic evaluation of the
placenta revealed that spontaneous preterm birth was associated with significant changes in the levels of
N-acylethanolamines, monoacylglycerols, and polar metabolites involved in intracellular energy metabolism
and biochemical activity, including amino acids, purine metabolites, and small organic acids (1).

This work was supported by the Czech Science Foundation project no. 22-13967S

1. Cifkov4, E. et al. Metabolomic Analysis of the Human Placenta Reveals Perturbations in Amino Acids, Purine Metabo-
lites, And Small Organic Acids in Spontaneous Preterm Birth. EXCLI J. 23, 264 - 282 (2024).

Metabolomic changes in malted barley after pulsed electric field (PEF)
treatment
Adam Behner’, Denisa Egrova’, Jana Chrpova? Pavel Svoboda? Milena Stranska’

! Department of Food Analysis and Nutrition, University of Chemistry and Technology, Technicka 3, 166 28, Prague,
Czech Republic
2 Crop Research Institute, Drnovska 507/72, 161 06, Prague, Czech Republic

Fusarium micromycetes are widespread pathogens causing fungal diseases of crops, including barley.
Such contamination is usually associated with formation of mycotoxins posing a serious health risk
to consumers. The malting of barley is susceptible for spreading of Fusarium pathogens and myco-
toxins, as favorable conditions (temperature and humidity) during germination support the fungal
development. Recently developing food processing technology significantly contributing to Fusarium
fungi minimization, is the pulsed electric field (PEF), which also influences the metabolism of germinat-
ing barley. Here, we investigate the metabolomic changes during the individual technological steps of
malting after the PEF treatment. Methanolic extracts of technological intermediates of malting were
analyzed by metabolomic fingerprinting performed by ultra-high performance liquid chromatogra-
phy coupled with high-resolution tandem mass spectrometry (UHPLC-HRMS/MS). For data processing
and interpretation, the freely available MS-DIAL - MS-CleanR - MS-Finder software platform was used.
Additional software utility MS-CleanR able to effectively filter the ‘blank’ ions, improbable ions and
various artefacts, preventing overfitting of multivariate statistical models and improving biomarkers’
annotation rate. After creation of OPLS-DA binary models, separately for each technological interme-
diates, statistically significant features were selected using variable importance in the projection (VIP,
VIP score>1) and the receiver operating characteristic (ROC, AUC=1) methods. Both filters were ap-
plied simultaneously to ensure proper statistical filtration and to keep only the statistically significant
biomarkers relevant for further data interpretation. The evaluation of metabolomes of the treated
and untreated samples enabled the tentative identification of up- and down-regulated biomarkers
of the PEF treatment. The validity of biochemical interpretation of these biomarkers was strength-
ened by statistically significant Fusarium / barley genes selected by transcriptomics approach, and the
multi-omics data-driven approach (OmicsAnalyst software). Final interpretation of data generated at
both “omics” levels significantly contributes to the basic knowledge on the “germinating barley grain -
pathogen” cross-talk.

The work was supported by Czech Science Foundation (project No 20-14649S), METROFOOD-CZ (MEYS Grant No:
LM2023064) and Specific university research - grant No A1_FPBT_2024_006.

Can lipid profiles reflect the true biological age and healthy ageing?
Lukas$ Najdekr, Marian Hajduch
Institute of Molecular and Translational Medicine, Palacky University Olomouc, Olomouc, Czech Republic

Lipidomics, the comprehensive analysis of lipid molecules within biological systems, has emerged as
a powerful tool for understanding the complex interplay between lipids and human health. This work
explored lipidomic profiles as potential indicators of true biological age and healthy ageing.

We collected human plasma samples (n = 1104) of various ages (19 - 73 y.o.) from a Transfusion de-
partment of University Hospital Olomouc (CZ). All samples can be considered healthy without signifi-
cant pathologies, creating the perfect sample collection for studying ageing effects. The human plasma
was analysed using ultra-high-performance liquid chromatography coupled with mass spectrometry
(UHPLC-MS). The data matrix was processed using Compound Discoverer 3.3 SP1 (Thermo Fisher Sci-
entific, USA).

By approach of untargeted lipidomics, we have putatively annotated 182 lipids in positive ionisation
mode and 130 lipids in negative ionisation mode (MSI ID Level 2). Furthermore, on MSI ID Level 3, we
annotated 602 and 175 lipids in positive and negative ionisation modes, respectively. The first glimpse at
the data set did not reveal any ,,one-molecule” markers. Still, we have observed trends associated with
age in groups of phosphocholines (PC), ceramides (Cer) and hexosylceramides (HexCer). This finding is
in concordance with the latest trends in small molecule research, where it is more effective to focus on
a combined panel of molecules rather than a single entity. As expected, we have also observed differenc-
es in lipid profiles based on gender.

By unravelling the intricate relationship between lipids and ageing, lipidomics offers a unique oppor-
tunity to identify novel therapeutic targets and develop personalised interventions to mitigate age-re-
lated pathologies. Further investigation is warranted to validate and refine these findings, enabling
the translation of lipidomic-based approaches into clinical practice for assessing and monitoring the
ageing process.
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1) Comparison of Bioinert and Conventional UHPLC Systems for Metabolomic
Analysis
Alena Langovd, Ondrej Peterka, Robert Jirdsko, Michal Hol¢apek

University of Pardubice, Department of Analytical Chemistry, Pardubice, Czech Republic

In recent years, metabolomics has been ranked as one of the leading omics approaches, offering direct in-
formation about the current state of the organism. This approach is utilized to identify and quantify metab-
olites in biological samples. Metabolomics might improve the understanding of physiological conditions and
facilitate the characterization of metabolic alterations linked to serious diseases or the exploration of novel
biomarkers. Metabolites are small molecules mostly containing polar function groups, e.g., phosphate and
sulfate. Those ionic groups are typically challenging for chromatography because of the interaction with the
metal surface of the instrument, resulting in poor peak shapes, reduced chromatographic resolution, and
decreased sensitivity. A fully bioinert system compared to a conventional system, can solve these problems,
especially for nucleotides containing one to three phosphate groups (e.g., AMP, ADP, ATP). Traditionally, bio-
inert columns are made from polyether ether ketone (PEEK), but materials like titanium and MP35N alloys are
frequently favored over PEEK due to their superior capacity to resist high pressures.

In this study, a new metabolomics method was developed that focuses on ionic metabolites present in
human plasma. This method can separate all proteinogenic amino acids, including isomers, such as leu-
cine/isoleucine/norleucine, carnitines, nucleotides, and nucleosides. Optimized method was applied to
NIST SRM 1950 human plasma, leading to the identification of more than 130 metabolites (in addition to
lipids). The identification was based on retention times, mass shifts within a 3 mDa tolerance in full-scan
mode, tandem mass spectrometry, and retention dependencies. At the same time, we cross-compared
two different systems: bioinert and conventional, which included both bioinert and conventional col-
umns. The results indicate that a fully bioinert system significantly improves peak shapes and resolution.
In comparison to the effect of the column and the system, it is evident that the column has a more
pronounced effect on enhancing the overall behavior of metabolites. However, even the bioinert system
without bioinert column contributes also better results than the fully conventional system.

This work was supported by ERC Advanced grant No. 101095860 sponsored by the European Research Council.

2) Detailni LC-MS/MS analyza cukr a jejich alditolt pro diagnostiku
dédiénych metabolickych poruch

EliSka Ivanovova'?, Eva Hlidkova?, Vojtéch Bekarek?, Hana Janeckova?, David Friedecky ' 2

' Lékarska fakulta, Univerzita Palackého v Olomouci
2 Laborator dédi¢nych metabolickych poruch, Oddéleni klinické biochemie, Fakultni nemocnice Olomouc

Dédicné poruchy metabolismu (DMP) sacharid se vyznacuiji abnormalni hladinou cukr a jejich alditold v télnich
tekutinach, které utvari strukturni isomery, tedy latky o stejné molekulové hmotnosti liSici se svou strukturou,
které nenf snadné rozliSit. V ramci rutinniho vySetfeni vybranych metabolitd v moci se v Laboratofi dédi¢nych
metabolickych poruch ve Fakultni nemocnici Olomouc provadi analyza zaloZena na hydrofilni interakéni chro-
matografii ve spojeni s tandemovou hmotnostni spektrometrii, ktera slouzi k detekci >60 metabolitl ze spektra
purind, pyrimidind, N-acetylovanych aminokyselin, acylglycind, cukrd, jejich alditol( a dalsich diagnosticky vy-
znamnych marker(, aviak jednotlivé isomery cukr( a alditold touto metodou nelze rozlisit. V pfipadé potieby
jejich rozliseni se pristupuje ke druhostupriovym metodam. V klinické praxi se ¢asto jedna o koeluci hexitold,
tedy galaktitolu, mannitolu a sorbitolu. Galaktitol je klicovy marker galaktosémie, ktera bez spravné |écby mize
prejit v Zivot ohroZuijici stav, zatimco mannitol/sorbitol se v moci hromadi v disledku jejich pfitomnosti v fadé
potravin, potravinovych doplik( a 1ékd. Rozliseni galaktitolu od mannitolu/sorbitolu je tedy naprosto stéZejni
v ramci diagnostiky galaktosémie. V laboratofi k tomu vyuzivame GC-MS metodu, ktera je vSak pro urgentni
pfipady pfili$ zdlouhava vzhledem k ¢asové narocné extrakci a derivatizaci vzorku, dlouhé analyze a vyhodno-
ceni. S cilem urychlit a zjednodusit diagnostiku DMP sacharidC jsme vyvinuli LC-MS/MS metodu, ktera dokaze
galaktitol od ostatnich alditold spolehlivé rozlisit pomoci jeho znaceného standardu (galaktitol-13C6) na zakladé
retencniho ¢asu. Nova LC-MS/MS metoda umoznuje simultanni analyzu 19 cukrG a 10 alditolC za 17 min. Jedna
se tak o diagnostickou platformu pro vice nez 20 DMP sacharidl (poruchy pentosafosfatové drahy, transportu
glukosy, metabolismu galaktosy, fruktosy a glykogenu), ktera ma potencial v budoucnu nahradit GC-MS metodu.

Prdce byla podporena grantem DRO (FNOL, 00098892).



3) Hodnoceni rizika kardiovaskularnich pfihod pomoci skére CERT
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2 1.Interni klinika - kardiologicka, Fakultni nemocnice Olomouc

Lipidy jsou obecné spojovany se vznikem a patologii aterosklerotickych kardiovaskularnich onemocné-
ni. Na zakladé doporuceni Evropské kardiologické spolecnosti a Evropské spolecnosti pro aterosklero-
zu z roku 2019 se jako zakladni hodnoceni téchto onemocnéni doporucuje metrika SCORE (Systema-
tic Coronary Risk Evaluation). SCORE vychazi z kombinace faktord, jako je vék, pohlavi, kouFeni, krevni
tlak a celkovy cholesterol. Velkou roli oviem v téchto zanétlivych onemocnénich hraji nejen cholesterol
a triacylglyceroly, ale i ceramidy a fosfatidylcholiny, které byvaji spojovany s infarkty myokardu, ische-
mickou chorobou srde¢ni, cévni mozkovou pfihodou a obecné se zvy3enou mortalitou. Pro vytvoreni
jednoduchého skére pro predikci téchto kardiovaskularnich pfihod byly kombinovany namérfené kon-
centrace ceramid( a fosfatidylcholind s pokrocilymi statistickymi modely. Z téchto vytvorenych skére méa
velky potencial pfedevsim CERAM (Mayo Clinic, USA), CERT1 a CERT2 (Zora Biosciences, Finsko). CERAM
a CERT1 zahrnuji vypocet tohoto skére pouze v rdmci koncentrace ceramid, kdeZto CERT2 zohlediiuje
i koncentraci fosfatidylcholinG. V rdmci této prace byla u kohorty pacientll (n=600) z 1. IK FNOL zméfena
koncentrace vybranych ceramid( a fosfatidylcholin(i v krevnim séru. Pro tento Ucel byla optimalizovana
LC-MS/MS metoda (1,2) pro analyzu ceramidd: Cer 18:1/16:0, Cer 18:1/18:0, Cer 18:1/24:0, Cer 18:1/24:1,
a fosfatidylcholinG: PC 16:0/16:0, PC 14:0/22:6, PC 16:0/22:5. Analyza byla provedena pomoci kolony
Acquity BEH C18 2.1 x 75 mm x 1.7 pm (Waters), HPLC pfistroje Exion LC (SCIEX) a hmotnostniho spektro-
metru QTRAP 6500+ (SCIEX). Mobilni faze A obsahovala 10mM octan amonny + 0.1% kyselinu mravenci
a mobilni faze B 10mM octan amonny v acetonitrilu:2-propanolu (4:3, v/v) + 0,1% kyselinu mravenci.
Vyhfivani kolony bylo nastaveno na 60 °C, pritok na 0.5 ml/min, nastfik vzorku 0.5 pl a doba analyzy 5
min. Koncentrace analytl byly vypocitany na zakladé jejich pfislusnych stabilnich izotopové znacenych
internich standardd. Nasledné bylo vypocitano CERT skére, jeho kvartily a dle téchto vysledkd byly stano-
veny rizikové skupiny. Tyto vysledky byly navic podrobeny korelacni analyze s rutinnimi biochemickymi
parametry. Vysledky ukazuji, Ze tato rychla kvantitativni analyza a nasledny vypocet CERT skére maji velky
potencial pro predikci kardiovaskuldrnich pfihod a jejich prevenci.

Grantovd podpora: FNOI (IP-2023-000017), MZ CR - DRO FNOI, 00098892.

1) Kauhanen D, Sysi-Aho M, Koistinen KM, Laaksonen R, Sinisalo J, Ekroos K. Development and validation of a high throu-
ghput LC-MS/MS assay for routine measurement of molecular ceramides. Anal Bioanal Chem. 2016;408(13):3475-
3483. doi:10.1007/s00216-016-9425-z

2) Katajamaki TT, Koivula MK, Hilvo M, et al. Ceramides and Phosphatidylcholines Associate with Cardiovascular Disea-
ses in the Elderly. Clin Chem. 2022;68(12):1502-1508. doi:10.1093/clinchem/hvac158

4) Komplexni analyza nepolarnich lipidii ve vzorcich plazmy a séra pomoci
RP-UHPSFC/MS

Veronika Subrtova, Zuzana Varkova, Ondrej Peterka, Robert Jirdsko a Michal Hol¢apek

Univerzita Pardubice, Fakulta Chemicko-technologickd, Katedra analytické chemie, Studentska 573, 532 10 Pardubice,
Ceska republika

Nepolarni lipidy tvori skupinu dileZitych biomolekul, které jsou klicové pro vyrobu a skladovani energie
ve viech bunkach. Do této skupiny Ize zafadit acylglyceroly, steroly (ST) a sterol estery (SE). Kazdy z téchto
lipid¥ také hraje vyznamnou roliv bunécné homeostaze, nicméné vyznam jednotlivych lipidC v téchto pro-
cesech neni dosud presné zndm. Tyto latky jsou sice hojné zastoupeny v lidské plazmé/séru, ale i presto
je jejich analyza komplikovan4, a to z mnoha ddvodd, zejména pak kvili velkému mnoZstvi izomer(. Pro-
to jsou zapotrebi vysokoucinné separacni metody, které umoZzni jednotlivé izomery rozlisit. Vzhledem ke
komplexnosti biologickych vzorkl je analyza lipidd zaloZena zejména na hmotnostni spektrometrii (MS)
ve spojeni s predfazenou separacni technikou. Velmi vyhodnou kombinaci pro analyzu nepolarnich lipid{
je ultra-vysokoucinna superkriticka fluidni chromatografie v systému s obracenymi fazemi (RPUHPSFC),
kterou Ize snadno kombinovat s ionizaci elektrosprejem. UHPSFC technika umoZfiuje dva separacni pfi-
stupy v lipidomické analyze. Prvnim pfistupem je separace dle lipidovych tfid (separace podobna HI-
LIC médu), kterd primarné déli lipidy na zakladé polarni skupiny, coz vede ke koeluci lipidl z jedné ti-
dy do jednoho chromatografického pikd. Tento pfistup je vyhodny zejména pro kvantitativni analyzu.

Druhym pfistupem je separace jednotlivych druh( lipid( (separace podobna chromatografii v systémech
s obracenymi fazemi (RP) u kapalinové chromatografie), ktera separuje jednotlivé lipidy na zakladé délky
mastného acylového Fetézce a poctu dvojnych vazeb, coZ umoZiiuje i separaci izomer( s odliSnymi po-
lohami dvojné vazby.

Hlavnim cilem této prace bylo vyvinout a zoptimalizovat RP-UHPSFC/MS metodu pro analyzu nepo-
larnich lipidd, jmenovité mastnych kyselin (FA), ST, SE a mono- (MG), di- (DG) a tri-acylglyceroll (TG)
ve vzorcich plazmy a séra. Kromé separacnich a ionizacnich podminek byly optimalizovany i extrak¢-
ni protokoly, kde byla jako nejvhodnéjsi zvolena selektivni extrakce nepolarnich lipidG do hexanu
v kombinaci s chemickou derivatizaci pomoci benzoylchloridu, diky které se vyznamné zvySuje ode-
zva nepolérnich lipid{ a to zejména FA, ST, MG a DG. Benzoylace navic poskytuje stabiln&jsi derivaty
sterol( a umoznuje detekci FA v reZimu zaznamu pozitivnich iontd, bez nutnosti pfepinani polarity
ve srovnani s analyzou nederivatizovanych forem. Pfi optimalizaci pfipravy vzorku byl také vyfeSen
problém enzymatické degradace TG za vzniku DG nahrazenim plvodni proteinové precipitace za
Folchovu extrakci.

Zoptimalizovana metoda byla pouZita pro analyzu nepolarnich lipidd v lidské plazmé a séru, pricemz s vy-
uzitim kombinace presné urcené hodnoty m/z, specifickych fragmentl v MS/MS a retencnich zavislosti
byly identifikovany stovky nepolarnich lipidd, véetné rozliSeni polohy a pozice dvojnych vazeb. Kromé
zvySeni poctu identifikovanych lipidd metoda také poskytuje podrobnéjsi informace o struktufe ve srov-
nani se sou¢asnym stavem.

Tato prdce byla podporena grantem ERC Advanced & 101095860 sponzorovanym Evropskou vyzkumnou radou.
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S inzulinovou rezistenci, aterosklerézou a diabetem 2. typu je relativné nové spojovan také mirny chro-
nicky zanét v tukové tkéni. V tukové tkani jsou kromé adipocitd pritomny i buriky imunitniho systému.
Jednou z dllezZitych skupin téchto bunék jsou makrofagy. Makrofagy Ize rozdélit na zakladé jejich znakdl

makrofagl tukové tkané.
Tukova tkan byla odebréna v prabéhu transplantace z povrchu ledviny darch. Makrofagy ze vzorku kaz-

problémem analyzy bylo liminované mnoZstvi makrofagd, kreré Ize z jednoho vzorku zistkat Lipidy byly
extrahovany metodou MTBE adaptovanou na malé mnozZstvi vzorku(2). Pro separaci byla pouZita kolona
Acquity UPLC BEH C18 (1,7 um; 2,1 mm) pfi teploté 55°C. Binarni gradient mobilni faze byl michan s téch-
to smési: A) acetonitril/voda (60:40 (v/v)) a B) acetonitril/2-propanol (90:10 (v/v)) s pfidavkem kyselina
mravenci (0,1 %) a mravencanu amonného (10 mm)) do obou smési.

Ziskané krivky retencnich zavislosti pro jednotlivé t¥idy lipidd byly nasledné pouZity k potvrzeni anota-
ce lipidd ve vzorcich lipidomu makrofagl. Optimalizovanou LC-MS metodu jsem aplikovali na analyzu
lipidomd makrofagl. Bylo zjisténo, Ze vétsi celkové mnozstvi lipid( obsahovaly prozanétlivé makrofa-
gy. Z analyza hlavnich komponent vyplynulo, Ze vzorky prozanétlivych makrofagd vykazuiji vyssi rozptyl
v ramci skupiny. Vulkédnovy graf ukazal vyznamny narlst koncentrace nékterych konkrétnich lipid (napf.
fosfatidylcholin(, fosfatidylethanolamind, sfingomyelin() v pfipadé prozanétlivych makrofagd. Tyto lipi-
dy obsahovaly pFevazné nasycené a mononenasycené mastné kyseliny.

Prdce byla podporena projektem Ndrodni institut pro vyzkum metabolickych a kardiovaskuldrnich onemocné-
ni (Program EXCELES, ID LX22NPO5104) - Financovdno Evropskou unii - Next Generation EU.

1. Liang, W. et al. The Roles of Adipose Tissue Macrophages in Human Disease. Front. Immunol. 13, 908749 (2022).
2. Matyash, V. et al. Lipid Extraction by Methyl-tert-butyl Ether for High-throughput Lipidomics. J. Lipid Res. 49, 1137-
1146 (2008).



6) Lipidomic test for early detection of pancreatic cancer - transfer to clinical
practice
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Pancreatic cancer (PaC) has one of the worst prognoses among solid malignancies. The main reason is the late
diagnosis due to the lack of symptoms at an early stage. Moreover, no screening program for PaC is available.
A new method for the early diagnosis of PaC was developed at the University of Pardubice M. The diagnostic test
is based on Folch extraction of lipids from plasma to organic solvent, accurate and high-throughput quantifica-
tion of lipid species from 7 lipid classes using UHPSFC/MS in a total run time of 8 min 2. The lipidomic profiles of
cancer patients and healthy controls are measured together with samples of unknown classification and quality
control samples. Then, multivariate data analysis (MDA) is used to create orthogonal partial least squares (OPLS)
models for differentiating patients and controls, which can be applied to samples with unknown classification.
The whole process is patent protected. The spin-off company Lipidica is the user of the patent and works on
its transfer to clinical practice as the LDPC test (Lipidomic Diagnostics of Pancreatic Cancer). The methodology
(analysis, data processing and multivariate statistical analysis) was transferred successfully from the University
of Pardubice to Lipidica. Furthermore, the precision of the test based on biological material was investigated for
more than 200 cancer patients and 240 healthy control samples of plasma and serum. The next step is clinical
performance study that focuses on high-risk groups of people for the outbreak of PaC (i.e. the lifetime risk is
higher than 5%). The result of LDPC test will be correlated with current diagnostic approaches (endoscopic ultra-
sound and magnetic resonance imaging). After successful clinical validation of LDPC test, the method could be
implemented in clinical practice and later in the national screening program for PaC.

1 D. Wolrab et al., Lipidomic profiling of human serum enables detection of pancreatic cancer, Nat. Com. 13 (2022) 124.

2 D. Wolrab et al., Validation of lipidomic analysis of human plasma and serum by supercritical fluid chromatography-
mass spectrometry and hydrophilic interaction liquid chromatography-mass spectrometry, Anal. Bioanal. Chem. 412
(2020) 2375.

7) Lipidomicka analyza pacientt se stfadavymi lysozomalnimi poruchami (LSD)

Jakub Rozhon?, Ales Kvasnicka?, Matus Pridavok®, Dana DobeSovéa?, Radana Brumarova?, Eliska lvanovova?, Barbora
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Poruchy metabolismu sfingolipidd, Fadici se do skupiny lysozomalnich stfadavych onemocnéni (LSD),
vznikaji v dUsledku genetické mutace, ktera vede k deficitu enzymU potfebnych pro lysozomalni degra-
daci sfingolipidovych substratd. Tato studie je zaméFena na vybrana LSD (Niemann-Pickova choroba typu
C (NPC), Niemann-Pickova choroba typu A a B (NPA/B), Fabryho choroba (MF), Gaucherova choroba (MG),
mukolipid6za (ML) a deficit lysozomalni kyselé lipazy (LAL)) s cilem ziskat lipidové profily pacientd trpicich
vybranymi LSD a odhalit zmény v profilech pacientl v porovnani s kontrolni skupinou.

V rémci studie byla provedena cilena lipidomicka analyza séra pacient s NPC (n = 1), NPA/B (n = 2), MF (n
=4), MG (n =8), ml (n =1) a LAL (n = 4) a kontrol (n = 38). Pomoci vysokoucinné kapalinové chromatogra-
fie (Exion LC, Sciex; kolona BEH C8 1,7 um, Waters) ve spojeni s tandemovou hmotnostni spektrometrif
(Qtrap 6500+, Sciex) bylo v krevnim séru semikvantifikovano témér 700 lipid{i patficich do 19 lipidovych
tfid a podt¥id a dale znamych biomarkerl téchto onemocnéni, jako jsou lysoGb3, lysoHexCer, lysoSM, ly-
SoSM-509 pro onemocnéni MF, MG, NPA/B a LAL.Multivariantni statisticka analyza odhalila vyrazné zmé-
ny v lipidomu pacientl a kontrol.l. Kromé zndmych biomarkerU pro vybrana LSD byly u pacient( trpicich
LAL odhaleny systematické zmény na Grovni ceramidd, hexosylceramidd, fosfatidylinositol( a mastnych
kyselin ve srovnani s kontrolni skupinou. U pacientd s MF doslo k systematickym zménam fosfatidylcho-
linovych plasmalogen( a fosfatidylcholinG ve srovnani s kontrolami.

V této studii byla demonstrovana vyuzitelnost cilené lipidomické metody pro diagnostiku a studium pacient(
s LSD. Hromadéni lipidd v krviv dlsledku téchto onemocnéni koresponduje s provedenym experimentem,
ktery poukazuje na zapojeni vybranych podskupin sfingolipidd a glycerofosfolipid( do patobiochemie LSD.

Podporfeno z MH CZ AZV CR NU20-08-00367 a DRO (FNOL, 00098892).

8) Mass spectrometry Core laboratory in BIOCEV offers metabolomic,
proteomic and lipidomic services for public
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In our facility we offer services in metabolomics, lipidomics and proteomics. We can tailor our services
to meet any specific requirements, including method development sample preparation, final chemical
analyses and basic statistical evaluation. The interconnection among the Omics provides comprehensive
information crucial for understanding of biological systems. In our laboratory we offer the advantage to
analyze metabolites, lipids and proteins in the same sample(1). To accomplish this task our laboratory is
equipped with hi-end instrumentation and software.

Metabolomics: In order to achieve better metabolite coverage in targeted or untargeted setup we can
combine using liquid chromatograph connected with tribrid mass spectrometer (Fusion or Ascend, Ther-
mo) and gas chromatograph with mass detector (GCxGC/MS, Pegasus4D). Furthermore, we offer specific
services including dynamic headspace sampling for volatiles(2), or isotope tracing analysis both for vol-
atiles and non-volatiles.

Lipidomics: We are focused on targeted analyses using shotgun approach of mainly phospholipids such
as phosphatidyl cholines, ethanolamines, serines, inositols, glycerol and phosphatidic acid including their
lyso-forms. We can also detect diacyl and triacyl-glycerols(3).

Proteomics: We provide a bottom-up proteomic analyses in combination with nano-flow liquid chroma-
tography. We are able to perform proteomic analysis in wide variety of biological matrices. Our routine
services include analysis of cell lysates, immunoprecipitations, phosphoproteome profiling or thermal
proteome profiling.

1. Stopkova, R. et al. Variation in mouse chemical signal is genetically controlled and environmentally modulated. Scietif-
ic Reports 13, (2023).

2. Caspar, Kai R. et al. Perioral secretion enble comples social signaling in African mole-rats (genus Fukomys). Scientific
Reports 12, (2022).

3. Zacek, P. et al. Selective enrichment of n-3 fatty acids in human plasma lipid motifs following intake of marine fish
Journal of Nutrition Biochem. 54, 57-65 (2018).

9) Metabolic pathways of acylcarnitine synthesis
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Acylcarnitines are important markers in metabolic studies of many diseases, including metabolic,
cardiovascular, and neurological disorders. We reviewed analytical methods for analyzing acylcarni-
tines with respect to the available molecular structural information, the technical limitations of lega-
cy methods, and the potential of new mass spectrometry-based techniques to provide new informa-
tion on metabolite structure. We summarized the nomenclature of acylcarnitines based on historical
common names and common abbreviations, and we propose the use of systematic abbreviations
derived from the shorthand notation for lipid structures. The transition to systematic nomenclature
will facilitate acylcarnitine annotation, reporting, and standardization in metabolomics. We have re-
viewed the metabolic origins of acylcarnitines important for the biological interpretation of human
metabolomic profiles. We identified neglected isomers of acylcarnitines and summarized the meta-
bolic pathways involved in the synthesis and degradation of acylcarnitines, including branched-chain
lipids and amino acids. We reviewed the primary literature, mapped the metabolic transformations
of acyl-CoAs to acylcarnitines, and created a freely available WikiPathway WP5423 to help research-
ers navigate the acylcarnitine field. The WikiPathway was curated, metabolites and metabolic reac-
tions were annotated, and references were included. We also provide a table for conversion between
common names and abbreviations and systematic abbreviations linked to the LIPID MAPS or Human
Metabolome Database.

The work was supported by GA CR 24-10264S.



10) Metabolomic changes across various matrices in mice in response
to chow and high-fat diet
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The rapid expansion of metabolomics has generated significant interest in understanding the role
of small molecule metabolites in various biological processes. Liquid chromatography-mass spec-
trometry (LC-MS) has emerged as the most widely utilized chromatography-MS tool for analyzing
both polar and nonpolar metabolites. However, a single extraction method or instrumental platform
cannot capture the true breadth and scope of polar metabolites (metabolome) and complex lipids
(lipidome). Thus, the task is to achieve high metabolite coverage using as few platforms as possible
while maintaining the requisite precision and accuracy. We have developed and validated an LC-MS
workflow to extract complex lipids and polar metabolites from mouse plasma, liver, and feces. This
“all-in-one” extraction method employs a mixture of methanol, methyl tert-butyl ether, and water
to isolate sub-groups of compounds. Analysis of complex lipids is performed using reversed-phase
LC (RPLC) in both positive and negative electrospray ionization (ESI) modes, while polar metabo-
lites are separated using hydrophilic interaction chromatography (HILIC) in ESI(+) and RPLC in ESI(-).
We employ simultaneous MS1 and MS/MS spectra acquisition in data-dependent mode for each
platform to enhance data acquisition. We applied this workflow to samples from mice subjected to
systemic energy balance (chow diet) and chronic nutrient stress (high-fat diet). Our method enabled
the annotation of over 400 simple and complex lipids and more than 100 polar metabolites based
on a matrix-type approach.

Acknowledgments: This research was funded by the Czech Science Foundation (21-004775) and the National
Institute for Research for Metabolic and Cardiovascular Diseases (Programme EXCELES, ID Project No. LX22N-
PO5104) funded by the European Union—NextGenerationEU.
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This study estimates the permeability of selected antiepileptic drugs (AEDs) through our developed
in vitro blood-brain barrier (BBB) model. The BBB model we used consisted of a differentiated
monolayer of three cell types: immortalized human brain microvascular endothelial cells, primary
human brain vascular pericytes, and immortalized human astrocytes, cultured on transwell carri-
ers. Firstly, transepithelial electrical resistance (TEER) was measured to verify the barrier integrity.
Then, the AEDs were introduced into the apical medium, and the cells were incubated for 4h. The
compounds were collected from both the apical and basolateral compartments, and quantitatively
analyzed. The quantitative analysis of drug permeability was performed using HPLC-MS with a sin-
gle quadrupole detector. In the methodological approach, we utilized a gradient elution program
on a C18 column with a mobile phase A composed of water, methanol, formic acid (950:50:1), and
acetonitrile (mobile phase B). Although the developed HPLC MS analysis seems to be appropriate,
our results indicate that some of the measured compounds accumulated at the boundary, or did
not penetrate properly the BBB model at all. Thus, further evaluation of the in vitro BBB model is
necessary.

This work was supported by TACR, No. TN02000109 and by the Academy of Sciences of the Czech Republic (AS
CR) (grant RVO 61388963).

12) Stratification of patients with and without significant carotid plaque by
LC-HRMS/MS plasma lipidomics
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Atherosclerosis is a major cause of isch-
emic stroke, and early detection of ad-

vanced atherosclerosis in the carotid artery
is important for reducing morbidity and
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mortality. What is even more important is
not only detection of atherosclerosis but
early determination whether the patients
are at high risk of an event with adverse ef-
fects as the size of the plaque does not nec-
essarily reflect its potential to trigger such
events.We studied whether plasma lipid-
omics profile can be used as a diagnostic
tool for stratification of stable or unstable plaques without the need of removing the carotid plaque. This
study used liquid chromatography high-resolution tandem mass spectrometry lipidomics to characterize
lipid profiles in patients’ plasma and found that patients with significant and complicated (i. e. vulnerable)
atherosclerotic plaque had distinct lipid profiles compared to those with insignificant plaques.

The lipid classes that were most predictive of vulnerable plaque were lysophosphoethanolamines, fat-
ty acyl esters of hydroxy fatty acids, free fatty acids, plasmalogens, and triacylglycerols. Most of these
compounds were found decreased in plasma of patients with unstable plaques which enabled sufficient
performance of a statistical model used for patient stratification. Plasma lipidomes measured by lig-
uid chromatography-mass spectrometry show differences in patients with stable and unstable carotid
plaques, therefore these compounds could potentially be used as biomarkers for unstable plaque in
future clinical diagnosis.

The work was supported by INTER-EXCELLENCE Il grant number LUC-23138. This work was also funded by
a grant from the Czech Health Research Council, Czech Republic (NU22-04-00389).
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Type 2 diabetes (T2D) is a complex metabolic disorder characterized by hyperglycemia and associated with
retinopathy, nephropathy, neuropathy, and cardiovascular diseases. The impact of diabetes on the central
nervous system (CNS), particularly concerning cognitive dysfunction, remains poorly understood. CNS com-
plications may include stroke, alterations in the blood-brain barrier (BBB), or disruptions in the transport
functions of the cerebral microvasculature. Substantial epidemiological evidence suggests a strong associ-
ation between T2D and neuroinflammation and cognitive impairment, attributed to the failure of glucose
absorption in neurons for energy production. Diabetes is also linked to lipid alterations. In obese individu-
als, the excess triglycerides and free fatty acids released into insulin-sensitive organs result in the release
of other lipids, such as sphingolipids, ultimately leading to inflammation and insulin resistance. Several
studies have demonstrated a direct connection between insulin receptor signaling and ganglioside GM3.



In this study, we utilized ob/ob mice, an animal model for T2D, that exhibit obesity, hyperinsulinemia, and
hyperglycemia. We used this animal model to characterize changes in lipid production in the CNS. The
semi-targeted screening revealed significant changes in the levels of GD1a d38:1 and GD1a d40:1 in the
brain tissue of ob/ob mice. We found elevated levels of GD1 gangliosides, which have anti-inflammatory
properties. This indicate that GD1 can modulate inflammatory processes in ob/ob mice.

The work was supported by APVV-22-0313, VEGA 2/0078/22, ICGEB CRP/SVK23-01

14) Untargeted lipidomics distinguish Streptococcus zooepidemicus mucoid
and non-mucoid phenotype
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Hyaluronan is produced via enzymes HasA and ]
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up-regulated in non-mucoid phenotype, while FA and MGDG were down-regulated. In general, statistical
analysis revealed non-mucoid phenotype tends to form shorter and less saturated lipid species than
mucoid phenotype. Differences in lipidome could be linked with structural differences of plasma mem-
brane where length and saturation of lipid species is crucial for fluidity, permeability, and proper mem-
brane protein function maintenance. The difference could be an underlying factor for HasA dysfunction
in non-mucoid phenotype and lays the ground for further research.

15) Utilization of Comprehensive Online RP-UHPLCxUHPSFC/MS/MS
configuration to Lipidomic Analysis of Human Plasma

Zuzana Vankova', Tomas Hajek', Robert Jirasko', Ondrej Peterka', Petr Simek?, Michal Holcapek’

' University of Pardubice, Faculty of Chemical Technology, Department of Analytical Chemistry, Studentska 573, 532 10
Pardubice, Czech Republic B
2 Biology Centre of the Czech Academy of Sciences, Ceské Budé&jovice, 370 05, Czech Republic

In contemporary research, increased attention is paid to the distinguishing of individual lipid species and
isomers. Detailed characterization of the human lipidome offers valuable information into the patho-
physiology of various diseases such as cardiovascular diseases, diabetes, neurodegenerative diseases,
and cancer. Chromatographic separation coupled by mass spectrometry detection represents the most
widely used approach for lipidomic analysis. The conventional one-dimensional chromatographic tech-
nigues may have limited ability to separate and identify all these diverse components. However, multi-
dimensional techniques bring the potential to combine various separation mechanisms enhancing the
resolution and separation of lipids.

The main goal of this study was the development of a new comprehensive online RP-UHPLCxUH-
PSFC/MS/MS method applicable for the characterization of wide range of lipids in human plasma
samples. Reversed-phase UHPLC with C18 column (150 x 0.5 mm, 1.9 pm) applied in first dimension
(1D) allows the separation of lipids with low flow rate of mobile phase (8 yL/min). UHPSFC in second
dimension (2D) is used due to the high speed of the analysis (35, 10 x 2.1 mm, 1.7 pm column).

The development includes detailed optimization such as flow rate from 1D, matching the loop sizes,
and a rather fast separation in 2D. The individual lipid species were identified according to the reten-
tion behaviors in both dimensions, mass accuracy of molecular adducts, and characteristic fragment
ions measured by MSE and fast DDA mass spectrometry acquisition modes.

Continuous 4D lipidomic analysis represents a novel strategy for the comprehensive analysis of lipids in
biological samples. Due to the orthogonality of both systems and their connection to MS, we were able to
identify more than 300 lipid species from 16 lipid subclasses. So far, this is probably the first connection
of UHPLC and UHPSFC in this configuration for lipidomic analysis, using very short columns in the 2D
(10 mm), short sampling time (0.55 min), and using gradient elution in both dimensions.

Authors acknowledge the support of Czech Science Foundation (GACR) project No. 21-20238S and ERC Adv
grant No. 1071095860 sponsored by the European Research Council.

16) Androgen levels determination in ADTRP male and female knock-out mice
Martin Rie¢an', Tomas Cajka2 and OndFej Kuda'
' Laboratory of Metabolism of Bioactive Lipids, Institute of Physiology of the Czech Academy of Sciences, Prague, Czech

Republic
2 Metabolomic Laboratory, Institute of Physiology of the Czech Academy of Sciences, Prague, Czech Republic

Androgens are the collective term for steroid hormones, which stimulates or controls the development
of masculine characteristics by binding to androgen receptors. The major androgens in the body are
testosterone (17B-hydroxyandrost-4-en-3-one), androstenedione, and dihydrotestosterone secreted by
cells of the testes, ovaries, and adrenal glands. Androgen dependent tissue factor pathway inhibitor
regulating protein (ADTRP) was initially identified as a regulator of tissue factor pathway inhibitor (TFPI)
which is an inhibitor of blood coagulation connected with bleeding and clotting disorders. Later studies
suggest that androgen regulation of ADTRP expression is on the transcriptional level through direct bind-
ing of the androgen receptor to the androgen response element region at the regulatory region of the
gene. The measurement of androgen levels in biological samples of plasma and tissues has proven to be
a great challenge due to lack of precision and sensitivity of various commercially available testosterone
assays, resulting in limited utility. Various analytical methods based on radioimmunoassay, enzyme im-
munoassay, high-performance liquid chromatography (HPLC) as well as gas chromatography, have been
used in the quantification of testosterone. The current project was aimed at the development of a fast
and simple HPLC-MS/MS method suitable for measurement of testosterone and other androgens in
a limited amount of plasma and adipose tissue samples from ADTRP KO and WT male and female mice.

Supported by the Ministry of Education, Youth and Sports of the Czech Republic (LUAUS24040)
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Targeted lipidomics and metabolomics using LC/MS triple quadrupole Agilent
6495D

Jitka Zrostlikova

Altium International

Besides high resolution and accurate mass (HRAM) mass spectrometers used in the discovery
phase of experiments, the “omics” analysis often utilize targeted analytical strategies. These ap-
proaches facilitate the analysis of large sets of samples with high throughput, easy data process-
ing, better limits of quantification and data reproducibility. The overall data quality and the lower
frequency of false positive and false negative results lead to more reliable statistical analysis and
data interpretation. Considering the physico-chemical properties of biologically active compounds,
LC/MS triple quadrupole is usually the technique of choice. The instrumentation of LC/MS triple
qguadrupoles has undergone a great progress in recent years, especially in terms of detectability
and coverage of very wide sets of analytes per method. In this presentation the new Agilent LC/MS
triple quadrupole 6495D will be presented as well as ready workflows for targeted metabolomics
and lipidomics. The lipidomics method comprises 763 human lipids from 44 classes. The metabo-
lomic method enables profiling of 500 metabolites including the problematic polar analytes, such
as aminoacids, polycarboxylic acids and phosphorylated metabolites. Sample preparation is auto-
mated using Agilent Bravo robot.

Radikalizace hmotnostniho spektrometru - OAD-TOF
David Maxa
Shimadzu, CR

Systém OAD-TOF je Q-TOF LCMS s inovativni fragmentacni technologii spole¢nosti Shimadzu, vyuZivajici
neutralni radikaly pro Stépeni dvojnych vazeb. Diky této technologii je moZné ziskat diagnostické frag-
menty, které nelze analyzovat béZnou fragmentacni technikou (CID), kdy se ionty fragmentuji sraZkou
s inertnim plynem, jako je argon nebo dusik. Neutraini radikaly O/OH/H, generované pomoci mikrovin-
ného vyboje, specificky oxiduji/disociuji dvojné vazby mezi uhliky, coZ je uZite¢né pro identifikaci struktury
organickych sloucenin, jako jsou napf. lipidy. Tuto techniku Ize pouZit pro monovalentni ionty a zaporné
ionty, které je obtiZzné fragmentovat pomoci radikalovych reakci s elektrony a anionty, a poskytuje zce-
la nové strukturni informace. V kombinaci s LCMS-9050, ktery se mize pochlubit prvotfidni presnosti
hmoty, vysokou skenovaci rychlosti a rychlym prepindnim polarity, umoZfiuje OAD-TOF vytvéaret inova-
tivni aplikace.

Quantitation and structural characterization of lipid mediators by high-
resolution mass spectrometry

Mariateresa Maldini
SCIEX, Italy

Lipid mediators are cell-derived signaling molecules that modulate numerous biological functions.
Of note, they play a significant role in all stages of inflammation, including its initiation, propaga-
tion, and resolution. Consequently, this class of molecules and their biochemical pathways are at-
tractive candidates for anti-inflammatory drug development. Lipid mediators are potent signaling
molecules whose endogenous concentrations are in the pM to nM range, making them a challenge
to analyze. Typically, these molecules are measured with highly sensitive triple quadrupole mass
spectrometers using multiple reaction monitoring (MRM) scan modes. However, the recent advent
of an ultra-sensitive high-resolution mass spectrometer (HRMS) now enables accurate and precise
measurements of lipid mediators in vivo while simultaneously providing critical structural charac-
terization.

The ZenoTOF 7600 system is an HRMS instrument capable of measuring the low endogenous con-
centrations of many lipid mediators with a sensitivity level rivaling that of high-end triple quadrupole
instruments. In addition to traditional fragmentation by collision-induced dissociation (CID), the in-
strument has a complimentary fragmentation mode, electron-activated dissociation (EAD), that pro-
vides diagnostic fragment ions for the structural characterization of singly charged small molecules.
Lipid mediators are derived from a limited number of precursor fatty acids. They are distinguished
not necessarily by mass but by the location of their hydroxyl functional group(s), double bonds and,
potentially, carbon rings. Consequently, many of these compounds are isomeric at the precursor
and the CID-based product ion levels; hence, the identification and quantitation of these compounds
have relied heavily on careful chromatographic separation to achieve isomeric resolution. The Ze-
noTOF 7600 instrument, however, has a tunable electron beam to produce EAD-based fragments
that can distinguish lipid mediator isomers.

Herein, the use of the ZenoTOF 7600 system to quantitate and fully characterize lipid mediators
and other small-molecule metabolites using both CID- and EAD-based fragmentation will be demon-
strated. The results presented will demonstrate that this level of molecular characterization can be
achieved on a liquid chromatography (LC) time scale, which enables high-throughput data acquisi-
tion in samples of diverse origins. The data presented will show that the ZenoTOF 7600 system with
EAD is uniquely capable of the specific structural identification of lipid molecular species in simple
and complex matrices.

Unveiling the Lipidome with Unprecedented Speed and Depth: Bruker
4D-Lipidomics™ Empowered by PASEF® Technology

Daniel VI&cil
Bruker, CR

Lipidomics, the comprehensive analysis of a cell's lipid profile, is pivotal for understanding biological
functions and disease mechanisms. Traditional lipidomic analysis methods face challenges such as lim-
ited throughput, sensitivity, and dynamic range. Bruker's 4D-Lipidomics™, utilizing the revolutionary
PASEF® (Parallel Accumulation Serial Fragmentation) technology, addresses these challenges, offering
an enhanced solution for lipidomic research.

Bruker's 4D-Lipidomics™ system integrates high-resolution mass spectrometry with the PASEF® tech-
nique to accelerate ion accumulation and fragmentation processes. This integration allows for an
exponential increase in MS/MS data acquisition without compromising sensitivity or resolution. The
technology allows for the detection of thousands of lipid species across a wide range of concentra-
tions and molecular classes within a single experiment and brings a breakthrough not only for routine
high-throughput screening and quantitation with timsTOF HT but also for single-cell research with
timsTOF Ultra.

Bruker's 4D-Lipidomics™, powered by PASEF®, represents a transformative advancement in lipidomics,
enabling researchers to explore the lipidome with unparalleled speed, depth, and accuracy. This technol-
ogy holds the potential to revolutionize our understanding of lipid metabolism and its role in health and
disease, paving the way for new diagnostic and therapeutic approaches.

Comprehensive data acquisition workflow on Orbitrap Astral MS for
untargeted lipidomics to achieve deep lipidome coverage with high
confidence annotations

J. Ngere
Thermo Scientific

Introduction

Discovery lipidomics using mass spectrometry aims to gather comprehensive insights into the lipid di-
versity of a sample. The presence of large number of isobaric and isomeric species in the lipidome ne-
cessitates the use of fragmentation for confident annotation. Nevertheless, challenges such as mass
spectrometer speed, sensitivity, and accuracy may result in suboptimal production of high-quality MS2



spectra, leading to reduced annotation percentage and confidence. To address this, a thorough untarget-
ed lipidomics approach was established using Thermo Scientific™ Orbitrap™ Astral™ mass spectrometer,
known for its capability of faster MS2 scanning in concert with high resolution accurate mass orbitrap
detection.

Methods

Lipid standards and bovine liver lipid extracts were purchased from Avanti Lipids. Animal and plant-
based milk samples were obtained from local markets (San Jose, California). Lipids were extracted from
the biological matrices using Folch method. The extracted milk lipids were spiked with equal amounts
of liver lipid extract to create a complex matrix sample set. Lipids were separated on a Thermo Scien-
tific™ Accucore™ C30 column connected to a Thermo Scientific™ Vanquish™ Horizon system. Data were
acquired (both positive and negative polarities) on the Orbitrap Astral, which allows faster scanning on
the MS2 level for a higher annotation rate. Thermo Scientific™ Compound Discoverer™ 3.3 and MS-Dial
software was used for data processing, statistical analysis, and unknown annotation.

Preliminary Data

In this study, the complex lipid samples were analyzed on the Orbitrap Astral, with a full-scan Orbitrap
HRAM MS1 analysis at 120Kresolution and a data dependent fast and sensitive Astral HRAM MS2 with
a resolution on 80K. The30-minute LC-MS method recorded around 250000 MS2 events leading to very
high percentage of detected compound being fragmented (i.e., >90%). MS2 spectral quality from Astral
was assessed by comparing to data from traditional detectors. High quality MS2 fragmentation was ob-
served for very low abundant lipids. The improved ratio of MS2 fragmentation is a result of the faster
scanning rates of the Astral mass spectrometer which therefore allows a higher and more confident
annotation of unknown lipids. Around2700 lipids were annotated on Orbitrap Astral compared to 800
lipids on traditional detectors. Reducing the LC separation to 15 minutes gave around 1500lipids with
confident annotations. The assessment of isotopically labeled internal standards revealed high data
quality, reliability, and measurement robustness. Instrument performance, evaluated through metrics
like retention time, mass accuracy, and signal response, demonstrated minimal chromatographic shift
and consistent signal responses, as indicated by low % CV in quality control and sample replicates.
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