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DEMOCRATIZATION OF METABOLOMICS
IN LIFE AND HEALTH SCIENCES

MAIN LECTURE

Nicola Zamboni

Institute of Molecular Systems Biology, ETH Zurich, Otto-Stern-Weg 3, HPM H45, 8093 Zurich, zamboni@imsb.biol.ethz.ch

The metabolomics community has made stunning collective progress towards providing a deep molecular
characterization on all kinds of specimens at scale, fast, and with efficient use of resources. Upon solving most
bottlenecks in data acquisition, untapped opportunities and new challenges emerge. Moving forward, what is
needed to fully seize the unique potential of metabolomics and promote its capillary adoption in biomedical
research? In this lecture, I will present two current developments of our lab.



SERUM METABOLOMICS
AND FECAL MICROBIOTA ANALYSIS
IN NEWLY DIAGNOSED CHILDREN
WITH INFLAMMATORY BOWEL DISEASE

Michal Ciborowski', Katarzyna Zdanowicz?, Karolina Pietrowska', Rafal Kucharski’,
Aleksandra Czajkowska?, Joanna Godzien', Jaroslaw Daniluk?, Dariusz Marek Lebensztejn?,
Adam Kretowski" 4, Urszula Daniluk?

! Metabolomics Laboratory, Clinical Research Center, Medical University of Bialystok, M. Sklodowskiej-Curie 24 A, 15-276
Bialystok, Poland, E-mail address: michal.ciborowski@umb.edu.pl

2 Department of Pediatrics, Gastroenterology, Hepatology, Nutrition, Allergology and Pulmonology, Medical University of
Bialystok, Bialystok, Poland

3 Department of Gastroenterology and Internal Medicine, Medical University of Bialystok, Bialystok, Poland

4 Department of Endocrinology, Diabetology and Internal Medicine, Medical University of Bialystok, Bialystok, Poland

Inflammatory bowel disease (IBD) is a condition characterized by chronic inflammation of the gastrointes-
tinal tract. Crohn’s disease (CD) and ulcerative colitis (UC) are the most common types of IBD. Whilst the
pathogenesis of IBD remains unclear, its incidence in both children and adults is increasing. Dysregulation of
microbiota have recently been hypothesized as a possible cause of IBD development. To increase the knowl-
edge of the intestinal microbiota and metabolites in IBD we performed serum metabolomics and analyzed the
intestinal microbiome of treatment-naive pediatric patients with IBD and healthy controls. The study group
consisted of children with IBD (n = 18) and healthy controls (n = 10). IBD children were diagnosed with CD
(n=9) or UC (n =9). Bacterial abundance in fecal samples was evaluated using a 16S rRNA DNA-based test.
Serum untargeted metabolomics was estimated using liquid chromatography coupled with mass spectrometry
(LC-MS). The majority of significant metabolites belonged to phospholipids and were downregulated in the
CD and UC groups in comparison to the control group. One metabolite was found significant in CD vs UC
comparison, which in combination with certain inflammatory markers composes a potential diagnostic panel
capable of discriminating between CD and UC children with high specificity and sensitivity. Analysis of fecal
microbiome showed significant differences in the 25 families, 52 genera and 79 species of bacteria between
the patients with IBD and the control group. Six species of bacteria were detected only in children with IBD
(Bacteroides clarus, Haemophilus quentini, Sporolactobacillus putidus, Pasteurella pneumotropica, Prevotel-
la oris, Sporolactobacillus putidus). The analysis of the correlation between the bacterial species predominant
in IBD patients, metabolites and lipids showed over 200 significant correlations. Based on the microbiome’s
composition, a PCA model was built showing a spontaneous separation of IBD patients into two groups, in-
dependently of IBD type. Then, serum metabolic profiles of IBD patients were analyzed using the grouping
of the patients observed on above-mentioned PCA model. OPLS-DA modelling showed that these the two
groups of patients have also distinct serum metabolic profiles. In total, 12 metabolites were found significantly
different between these groups. IBD patients and healthy children have different metabolic and intestinal mi-
crobiota profiles. Our results suggest that host metabolites are related to the composition of the gut microbiota
and likely influence each other and may determine the outcome of IBD.

The study was supported by the Medical University of Bialystok (SUB/1/DN/22/001/4406).



PHARMACOLOGIC MODULATION
OF PLATELET ENERGY METABOLISM
AS AWAY TO DEVELOP INNOVATIVE
ANTIPLATELET THERAPIES

Patrycja Kaczara', Kamil Przyborowski', Marta Lech', Anna Kurpinska', Barbara Sitek',
Stefan Chtopicki':?

! Jagiellonian University, Jagiellonian Centre for Experimental Therapeutics (JCET), Bobrzynskiego 14, 30-348 Krakow, Poland,
patrycja.kaczara@jcet.eu
2 Jagiellonian University Medical College, Faculty of Medicine, Department of Pharmacology, Poland

Thrombosis, which is associated with various cardiovascular diseases, is one of the leading clinical concerns
associated with high morbidity and mortality. Despite antithrombotic treatment, the risk of cardiovascular
events related to thrombosis is not eliminated, moreover, unwanted side effects, such as bleeding, can occur.
Platelets represent important players in vascular thrombosis, and antiplatelet drugs are widely used to reduce
thrombosis. However, some patients with metabolic diseases show platelet hyperreactivity despite the use of
antiplatelet drugs, suggesting that platelet reactivity is intrinsically related to altered energy metabolism, an ef-
fect that might not be inhibited by current antiplatelet strategies. Therefore, new strategies are needed to limit
platelet hyperreactivity, without interference with their basic function. The aim of this work was to investigate
the effects of modulation of energy metabolism pathways on platelet aggregation and to define whether the
antiplatelet effects of known antiplatelet mediators, such as nitric oxide (NO) and prostacyclin (PGL), but also
carbon monoxide (CO), are related to modulation of energy metabolism in platelets.

We exposed platelets isolated from healthy volunteers to: 1) metabolic inhibitors: 3-(3-pyridinyl)-1-(4-pyr-
idinyl)-2-propen-1-one (3PO), oligomycin, 2-deoxy-D-glucose, 2) CO (released by CORM-A1) and 3) anti-
platelet mediators: carbaprostacyclin (cPGL; acting via the cAMP-dependent mechanism) and NO (delivered
by PAPA NONOate; acting via the cGMP-dependent mechanism). The effects of all tested compounds on
platelet aggregation, oxidative phosphorylation, and glycolysis were analyzed, respectively, by light trans-
mission aggregometry and the Seahorse XFe technique. Furthermore, the effects of CORM-A1 on platelet
energy metabolism were analyzed by liquid chromatography tandem-mass spectrometry (LC-MS/MS)-based
metabolomics (described previously by Kaczara et al., ATVB, 2020; 40:2376-2390).

The CORM-A1-induced inhibition of platelet aggregation was mediated by the inhibition of both ATP-gener-
ation processes, mitochondrial respiration at the level of cytochrome ¢ oxidase, and glycolysis, at the level of
glyceraldehyde 3-phosphate dehydrogenase (GAPDH), attributed to cytosolic NAD" depletion. 3PO inhibited
platelet aggregation and this effect was associated with reduced oxidative phosphorylation and glycolysis.
In turn, neither cPGI, nor PAPA NONOate at concentrations that substantially inhibited platelet aggregation,
did not reduce oxidative phosphorylation or glycolysis. The combination of 3PO, cPGI, and PAPA NONO at
concentrations, at which each of them individually only slightly affected platelet aggregation, allowed platelet
aggregation to be substantially reduced, suggesting their synergistic activity.

The results of our study reveal the platelet-specific action of CO on energy metabolism pathways that is not
recapitulated by NO or PGI,. Furthermore, we demonstrated that pharmacological modulation of platelet en-
ergy metabolism might increase the antiplatelet efficacy of some other antiplatelet strategies.

Acknowledgments: The National Science Centre Poland [OPUS 2021/41/B/NZ7/01426].
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VASCULAR INFLAMMATION INDUCED
BY IL-1B MODULATES VASCULAR
METABOLISM AND FUNCTION
IN THE ISOLATED MURINE AORTA

Agnieszka Karas$', Patrycja Kaczara!, Anna Kurpinska', Mariola Olkowicz', Anna Bar',
Stefan Chtopicki':?

! Jagiellonian Centre for Experimental Therapeutics (JCET), Jagiellonian University, Krakow, Poland,
e-mail: agnieszka.karas@jcet.eu
2 Chair of Pharmacology, Faculty of Medicine, Jagicllonian University Medical College, Krakow, Poland

Vascular inflammation is one of the major drivers of atherosclerosis and cardiovascular diseases and is asso-
ciated with endothelial dysfunction and arterial stiffness, phenotypes that predict morbidity and mortality. Yet,
the metabolic response of the vascular wall cells to proinflammatory activation is still vague, and it remains
unclear how it affects vessel function. Most studies in this field tend to focus on the metabolism of the isolated
endothelial or vascular smooth muscle cells cultured alone. Such approaches do not take into account meta-
bolic crosstalk between cells in a tissue, and understanding of the influence of metabolic changes on vascular
physiology is limited. In this study, we aimed to investigate effects of acute vascular inflammation on energy
metabolism of vascular wall in relation to endothelial function.

Studies were performed in young and aged healthy C57BL/6 mice to test whether vascular ageing affect
acute vascular metabolic and function response. IL1 was chosen to induce vascular inflammation by ex vivo
stimulation of the isolated aorta. The influence of acute inflammation on vascular metabolism was studied on
functional level using unique approach of analysis of vascular bioenergetics in isolated aortic rings ex vivo
by Seahorse XFe96 Extracellular Flux Analyzer. To explore in detail the metabolic response to acute inflam-
mation targeted metabolomic analysis in the aortic tissue was performed using LC/MS/MS method. Finally,
endothelial function was assessed based on the magnitude of Ach-induced vasodilation using wire myography.
The results revealed that IL1f increased basal respiration linked to ATP production and glycolysis and the
effect was observed 2 and 24 hours after IL1. Surprisingly, metabolic activation preceded severe endothelial
dysfunction caused by IL1p in young mice that was detected 24 hours but not 2 hours after IL1f. In contrast
to young mice, in aged mice IL1p did not induce activation of energy metabolism and endothelial dysfunction
induced by IL1 seemed to be blunted. Targeted metabolomic analysis in the aortic tissue revealed robust al-
terations in concentration of various metabolites suggesting distinct metabolic response to acute inflammation
induced by IL1p in young as compared with aged mice including altered concentration of some metabolites
of TCA cycle (citrate, malate), lactate and pyruvate, as well as changes in arginine and cysteine metabolism.

In summary, acute vascular inflammation induces activation of vascular energy metabolism and endothelial
dysfunction, and these responses were considerably altered in aged mice. Further identification of major met-
abolic pathway effecting vascular inflammation phenotype might bring novel insight into metabolic mecha-
nisms of inflammaging.

This research was funded in part by The National Science Centre grant PRELUDIUM 2021/41/N/NZ5/03396.
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ALTERATIONS OF NAD+ METABOLOMIC
FOOTPRINT IN HUNTINGTON’S DISEASE

Marta Tomczyk', Matgorzata Presler!, Agata Jedrzejewska', Magdalena Podlacha?,
Daniel Zielonka®, Oliwia Krol!, Michal Mielcarek?, Karolina Pierzynowska?, Mark Isalan®,
Grzegorz Wegrzyn?, Ryszard T. Smolenski', Ewa M. Slominska'

! Department of Biochemistry, Medical University of Gdansk, Gdansk, Poland

2 Department of Molecular Biology, University of Gdansk, Gdansk, Poland

* Department of Public Health, Poznan University of Medical Sciences, Poznan, Poland
4 Department of Life Sciences, Imperial College London, London, United Kingdom

The role of nicotinamide adenine dinucleotide (NAD+) metabolism is extensively investigated for a role in the
development of neurodegenerative disorders such as Huntington’s disease (HD). Besides neurodegeneration,
HD is accompanied by skeletal muscle atrophy, and cardiomyopathy and currently it is considered a multi-
system disorder. Experimental studies related to NAD+ in HD were focused so far on brain metabolism. This
work aimed to investigate the transcripts and levels of proteins involved in NAD+ synthesis and consuming
pathways as well as NAD+ metabolites degradation in the striatum, heart, and skeletal muscle of the HD ex-
perimental mice model. Moreover, to assess the possible usage of disrupted NAD+ metabolism in HD diagno-
sis, the levels of NAD+ metabolites were measured in the serum of symptomatic HD mice model and plasma
and blood of HD patients relative to healthy controls.

Striatum, heart, skeletal muscle, and serum were collected from 28 weeks of age R6/1 mice as well as wild-
type littermates (n = 8). Plasma samples from HD patients and control patients (n = 5) were obtained from
the Polish center of the European Huntington’s Disease Network in Poznan. Transcripts of Nmrkl, Nmnatl,
Nampt, NtSe, Pnp, Nmnt, Aox1, Parpl, Sirtl, Sirt2, Sirt3, Nadk2 were measured with RT-PCR. Cardiac and
skeletal muscle PARP1, SIRT1, SIRT2, and SIRT3 levels were analyzed with ELISA tests. The liquid chro-
matography linked to mass spectrometry or HPLC was used to determine mice/patients’ serum/plasma/blood
NAD+ metabolites concentration.

We noted reduced transcripts of genes involved NAD+ salvage pathway accompanied by reduced Sir¢1, Parpl,
and Nadk levels in the skeletal muscle of the HD mouse model. In HD-affected hearts, increased nicotinamide
degradation (Nampt) and heightened Sirt I and Nadk transcripts were found. Altered cardiac and skeletal mus-
cle mRNA levels of sirtuins and PARP1 were confirmed with the protein levels via ELISA tests. Analysis of
striatal transcripts of genes involved in NAD+ metabolism in HD mouse brain revealed reduced Nmrk!, Nadk
and Parpl as well as Pnp mRNA levels. However, an increased striatal transcript of 4ox/ was established.
Moreover, analysis of HD mouse model serum highlighted raised concentrations of nicotinamide and 4-pyr-
idone-3-carboxamide-1-B-D-ribonucleoside (4PYR). Interestingly, increased 4PYR levels were noted also
in HD patients relative to healthy controls, which correlated with HD disease burden and CAG repeat size,
and was accompanied by massively elevated erythrocyte concentration of phosphorylated 4PYR metabolite
—4PYTP.

To summarize, disrupted patterns of NAD+ metabolism in HD were reflected by increased serum/plasma con-
centration of 4PYR in both pre-clinical and clinical settings. Furthermore, 4PYR concentration correlated with
HD severity. Thus, monitoring the concentration of this compound in HD might be valuable for the assessment
of the disease progression and to validate the effectiveness of HD therapies.

11
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Statins are commonly used in the therapy of patients with hyperlipidemia. They are competitive inhibitors of
3-hydroxy-methylglutaryl coenzyme A reductase (HMG-CoA reductase), which block the mevalonate path-
way, leading to reduced cholesterol levels in the blood. Blocking this pathway at the early stage also decreases
other products like ubiquinone (coenzyme Q10). A low level of CoQ10 is postulated as one of the reasons for
myalgia, which is a side effect observed in the group of statin-treated patients. The results of the effectiveness
of CoQ10 supplementation in statin users as a prevention of myalgia are still contradictory. The main aim of
the presented research was an evaluation of the molecular effects of CoQ10 supplementation in statin-treated
patients who suffer from myalgia and patients without side effects.

The study group consisted of 26 statin users, 13 of them suffered from myalgia, and the next 13 used statin
without noting side effects related to muscles. Both groups were supplemented with CoQ10 for 8 weeks. Met-
abolic fingerprinting based on LC-QTOF-MS was performed on the plasma samples obtained from patients
before CoQ10 supplementation and collected at the end of the intervention.

Univariate nor multivariate analysis did not show significant differences caused by the supplementation of
CoQ10 in patients with myalgia. For statin-treated patients without side effects, subtle differences were detect-
ed. Only 6 metabolites significantly differentiate plasma metabolic profiles of patients without myalgia before
and after CoQ10 supplementation.

Supplementation of CoQ10 does not significantly change the metabolic profile of patients treated with statins.
This observation is convergent with many scientific reports and supports the theory that supplementation of
CoQ10 does not resolve problems with statin-induced myalgia.

This study is funded by a grant from the National Science Centre, Poland (2020/37/N/NZ4/03903).
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Over two years since the WHO declared the start of the COVID-19 pandemic, COVID-19 remains a major
public health crisis across the globe. Where outbreaks stretch local healthcare services, rapid clinical decision
making is vitally important to identify patients most at risk of severe disease. Using an LC-MS metabolomics
approach to profile serum from COVID-19 inpatients over the course of their hospital stay, we identify and
characterise prognostic biomarkers to support the development of mass spectrometry rapid clinical screening
tools. Previous works within the group have identified changes to serum lipid, protein, and metabolite profiles
associated with severe allergic reaction, helping to elucidate the underlying immunochemical mechanics.
We expect to achieve similar results with regards to COVID-19 progression, and are hoping to characterise
immune disfunction as a consequence of SARS-CoV-2 infection with findings potentially applicable to the
clinical management of other immune pathologies that are not exclusive to COVID-19.
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Compound identification is one the key aspects of qualitative analysis in targeted and untargeted analytics.
High resolution mass spectrometry (HR-MS) has become the major tool for this kind of analysis because of its
day-to-day reproducibility, very good mass accuracy, broad linearity and high full scanning speeds achieved
in the newest hardware on the market, especially in QTOF instruments. HR-MS data analysis is also strongly
supported by software tools. Targeted analysis includes MRMhr or TOF MS scanning while for untargeted
analysis data dependent analysis (DDA) or data independent analysis (DIA) are used. With faster scanning and
stronger software support DIA slowly becomes a major way for targeted or retrospective quantitation and typi-
cal untargeted qualitative analysis. During lecture selected examples of workflows applied to compounds pres-
ence confirmation in targeted quantitative analysis and unknown compounds identification will be presented.

Examples of targeted analysis include quantitative forensic analysis of anabolic steroids and psychoactive
compounds in urine and blood samples with MRMhr multilevel confirmation of compound presence that
includes scoring for mass defect of pseudomolecular ion, isotope distribution, target fragment mass defect,
mass spectrum database match and retention time. The benefits of novel electron activated dissociation (EAD)
gaining steroids selectivity in targeted analysis will be presented.

For untargeted analysis and unknowns identification DDA and DIA results and workflows will be presented
and discussed with the focus on manual and software supported chemical structure proposal, mass spectrum
align and result verification. The selected examples include diclofenac metabolites identification, hydroxyzine
contaminants identification and loperamide metabolism during 120 h of cell culture.

With unparallel selectivity, sensitivity and scan speed novel HR-MS/MS methods gives accurate results in
much shorter analytical methods while software tools strongly supports qualitative data analysis. The benefits
of EAD — alternative to standard collision induced dissociation (CID) fragmentations opened completely new
level of MS/MS data. Still, the knowledge of fragmentation rules and experience is important in unknown
compound identification.
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Inhibition of glycogen degradation in the brain of young animals has been shown to block memory formation
and disrupt the Long Term Potentiation (LTP). Unexpectedly, inhibition of glycogen phosphorylase (Pyg)
activity, an enzyme indispensable for glycogen breakdown, significantly improved the LTP induction in hip-
pocampal brain slices of old animals [PMID:26101857]. Based on this we hypothesized that inhibition of
Pyg activity using BAY U6751 (Pyg inhibitor) may be used for the improvement of age-associated deficits
of memory. To verify this hypothesis, young (1 mth) and old (18-21 mth) mice were treated for two weeks
with BAY. To evaluate the long-term general memory formation, we performed a Novel Object Recognition
test with a 6h inter-trail interval (ITI). Our results revealed significantly improved memory formation in old
mice treated with BAY (OLD+BAY, p = 0.004). Analysing the dendrite spines, we found that the BAY influ-
enced their morphology in the hippocampus only. Thus, to measure hippocampus-dependent spatial memory
formation we performed the Object Location Test (30’ ITI). BAY treated old mice spent significantly more
time exploring the familiar displaced object than the familiar non-displaced one (p = 0.0001), compared to
the control group (p = 0.42). Moreover, we also observed a shortening of time to the first exploration in the
OLD+BAY group (p = 0.0001).

Pyg is an enzyme of basal energy metabolism thus it might have been expected that its inhibition would dis-
turb physiological parameters. However, two-week treatment of animals with BAY had no effect on body mass
index and blood glucose level, as well as we didn’t observe differences in mice behaviour in the Rotarod and
Open-field tests.

The assumption that the astrocyte-neuron metabolic coupling plays a key role in the phenomenon of plas-
ticity of neural networks and the formation of memory traces is quite attractive [PMID: 21376239]. We used
the NMR method to investigate the metabolomic fingerprint and find potential biomarkers that estimated the
condition and function of nervous tissue at different ages. The frozen tissues were extracted under Folch’s
procedure. Metabolomic analysis identified 27 metabolites involved in various biochemical pathways (energy
metabolism, neurotransmitter metabolism, cell membrane metabolism, and astrocyte-neuron metabolism).
The found metabolites were common for all three analyzed regions of the brain (hippocampus, cortex, and
cerebellum). The comparison of the experiment groups allowed for the identification metabolites with statisti-
cally significant changes in their relative concentrations (p < 0.05). Interestingly, we observed decrease signals
for y-aminobutyric acid, glutamate, and aspartate in the old mice group. Those difference are diminished in
BAY treated old animals. Clear differences between neurotransmitters, in compared animal groups, may indi-
cate the implications of changes in cognitive abilities and the formation of new memory traces relevant to age.
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Many diseases of the brain including multiple sclerosis share common characteristics of neurodegeneration
— sustained changes in organ structure and accumulation of toxic metabolites. Currently, the level/degree of
demyelinization is assessed based on total brain myelin or myelin protein staining. The former lacks spatial
information while the latter is characterized by high spatial resolution but does not give insight into structur-
al lipid changes or the surrounding healthy tissue. A method allowing for their spatial and semi-quantitative
analysis would allow better understanding of brain pathology.

The loss of spatial information during extraction from tissue is a severe limiting factor of traditional liquid
chromatography-based lipidomics. Mass spectrometry imaging (MSI) conserves this information and has been
previously performed on brain tissue at spatial resolutions of less than 10 um. Preserving sub-cellular resolu-
tion while maintaining lipid annotation count of lower resolution workflows remains a significant and partially
unsolved challenge, most often requiring custom-made, one-of equipment with many operational drawbacks.

Herein we present a novel atmospheric-pressure matrix-assisted laser desorption ionization mass spectrome-
try (AP-MALDI-MS) approach for determining the lipid composition of brain tissue in an untargeted manner
using commercially available equipment (MassTech AP-MALDI (ng) UHR and Thermo Scientific Orbitrap
Exploris 480). a-Cyano-4-hydroxycinnamic acid matrix was applied to tissue samples with a SunChrom Sun-
Collect sprayer, followed by a 10% isopropyl alcohol recrystallization step. A wild-type mouse coronal cor-
pus callosum section of 30 um thickness was imaged at 20 um spatial and 240,000 mass resolution. The
MetaSpace2020 service was used to annotate lipid species to acquired spectra, resulting in 329 annotations
at false discovery rate (FDR) of 20%. The locations of annotated lipid species were compared with standard
myelin stainings and matched to appropriate anatomical structures of mouse corpus callosum using the Allen
Institute Brain Atlas. Acquired myelin lipid spectra were successfully colocalized with this data, revealing
arich and diverse molecular composition. Additionally, a white matter section of a consecutive brain slice was
successfully imaged at 5 um spatial and 240,000 mass resolution, maintaining a very high annotation count of
226 at 20% FDR despite a 16-fold decrease in ablated matrix area per pixel.

The developed workflow for both screening (20 um resolution) and precise (5 pm resolution) imaging could
become a valuable tool for the elucidation of brain disease mechanics. The technique described greatly low-
ers the barrier for entry into MSI as well as increases the practicality of the method and its speed compared
to traditional data acquisition using vacuum-based sources and cyclotron-based mass spectrometry, all while
maintaining record-high lipid annotation counts.
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Introduction: BAY U6751 hydrate is a noncompetitive inhibitor of glycogen phosphorylase (PYG) — a criti-
cal enzyme that catalysis the first step of glycogen breakdown (glycogenolysis). Currently known, that enzy-
matic defects along this pathway are associated with numerous pathophysiological conditions. Thus, growing
interest in the development of potent and specific glycogen phosphorylase inhibitors seems to be justified. The
perfect example seems to be the use of glycogen phosphorylase hepatic inhibitors for the discovery of novel
antihyperglycemic drugs in type 2 diabetes (Treadway et al., 2001). Beyond the canonical role of glycog-
enolysis, particularly intriguing is the meaning of glycogen metabolism in the memory paradigm, which was
presented in two flagship publications (Suzuki et al., 2011), (Gibbs et al., 2006). The main goal of the current
study was to develop a fast, sensitive, and selective LC-MS method, which allows determining the level of
BAY in mouse tissues such as the liver, heart, and muscle as well as three regions of the brain: hippocampus,
cortex, and cerebellum.

Methods: All experiments were conducted with one-month male mice (C57BL6), which were divided into
two groups: mice treated with BAY, and the control group. After scarifying the mice, the tissues were imme-
diately frozen under liquid nitrogen and stored until LC-MS analysis. Sample preparation included homoge-
nized with 1 ml of cold methanol and an internal standard. Next, the supernatant was collected and evaporated.
The dried samples were then dissolved in methanol and immediately analyzed by LC-MS.

Results: The linearity in the range of 10 ng/mL—550 ng/mL, had a correlation coefficient 0.9996. The limit
of detection (LOD) was 7.76 ng/mL and the limit of quantification (LOQ) was 23.29 ng/mL in tissue matrix
samples, respectively. The CV value within run precision and between run precision did not exceed £15%
for QC samples. The extraction recovery was in the range of 89.44%-98.70% for lower, medium, and high
concentrations.

Conclusions: In summary, we present the newly developed LC-MS method allowing the analyses of BAY in
tissues. The developed method was validated and met all requirements regarding selectivity, carry over, the
limit of detection, the limit of quantification, precision, accuracy, stability, extraction recovery, and matrix
effect.
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Mass-spectrometry-based techniques offer high specificity and sensitivity, which has made them a popular
choice for analyzing the chemical composition of biological samples. Consequently, by omitting chromato-
graphic separation and time-consuming sample separation step, analysis time using mass spectrometry could
be shortened. Due to this solution, results are obtained in a few seconds but at the same time matrix effect may
occur resulting in irreproducible data. Mentioned problems can be solved by introducing of sample prepa-
ration step that does not compromise the speed of analysis but improves the quality of the results. One such
solution is coated blade spray mass spectrometry (CBS-MS).

CBS-MS is one of the solid-phase microextraction methods where probe is sword-like blade coated with
chosen sorbent particles. In CBS-MS sampling is conducted similarly to the classical SPME protocol (sam-
pling device is introduced into studied biological material). However, desorption, introduction of extract do
the mass spectrometer, and ionization is combined. The probe is positioned in an interface mounted on the
mass spectrometer inlet and a drop of desorption solvent is applied on the coated surface. After a few seconds
of desorption high voltage is applied to the blade to ionize the compounds and enable their analysis in mass
spectrometer.

CBS-MS was widely tested in biomedical applications. For instance, this technology was applied in the quan-
titative analysis of immunosuppressive drugs, benzodiazepines, and opioids in both, urine and plasma. More-
over, CBS-MS has been tested in pilot studies based on the metabolomic differentiation of different brain
tumor types. It was possible to distinguish benign meningiomas and malignant gliomas. Additionally, menin-
giomas were characterized by lower heterogeneity than gliomas which could be explained by the significantly
lower malignancy of these lesions. It was also presented that CBS-MS technology could be a useful tool in the
quantitative analysis of a wide range of endogenous analytes, e.g. carnitine.

To sum up, coated blade spray mass spectrometry can be useful in a variety of biomedical studies due to its
simplicity and fast analysis. Moreover, its characteristics indicate future applications in on-site as well as in
intra-surgical settings.

This research was funded by the National Science Center, Poland, under research grant No. 2019/33/N/ST4/00286, entitled “The
applicability of Coated Blade Spray coupled with mass spectrometry for the analysis of endogenous substances in meningiomas.”
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Background and aims: Although eyes are paired organs, numerous anatomic asymmetries have been de-
scribed, even in ophthalmically healthy patients. Aqueous humor (AH) is a transparent fluid that fills the
anterior and posterior chambers of the eyeball. The aim of our research was to assess the symmetry of concen-
trations of certain metabolites belonging to various classes in human aqueous humor.

Material and methods: Twenty-three patients qualified for simultaneous bilateral cataract surgery were in-
cluded in the study. Quantitative analysis of 188 metabolites was performed using commercial AbsoluteIDQ®
p180 kit. Liquid chromatography coupled with tandem mass spectrometry was used to perform measurements
following the protocol and methodology provided with the kit.

Results: In total, sixty-seven metabolites fulfilled the inclusion criteria. The concentrations the majority of
AH metabolites from both eyes of the same patient were not significantly different. The exception was taurine
(p = 0.037), the concentration of which appeared higher in the right eyes. In contrast, a positive inter-eye cor-
relation was noted between most of the metabolites. However, this correlation was not significant for acylcar-
nitines (C5:1 and C10:2) and glycerophospholipids (PC aa C32:3, PC aa C40:2 and PC aa C40:5).

Conclusion: With a few exceptions, one eye was determined to be representative of the other eye in terms of
the concentrations of analyzed metabolites.

This work was supported by the National Science Centre, Poland (grant no.2021/05/X/NZ5/00723).
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Vitreous humor (VH) is the largest structure of the eye. Since the VH does not have blood vessels, it is nour-
ished by the vessels of the retina and ciliary body. For this reason, in the case of retinal diseases, the composi-
tion of the VH may change. The question of how it is changing and the cause of it remains open. An attempt to
answer this question may be the examination of the molecular composition of the VH of patients with a given
eye disease.

VH can be collected only postmortem or during a vitrectomy procedure. Therefore, it is very difficult to find
a control group. Currently, samples from patients with the epiretinal membrane (ERM) or the macular hole
(MH) are considered as one control group, despite the different etiology of these diseases. The aim of this
study was to compare the metabolome of VH from patients with these two diseases.

Vitreous samples collected from 27 patients (14 with ERM and 13 with MH) were obtained during vitrectomy
surgery. Samples were analyzed by LC-QTOF-MS using reversed-phase and HILIC chromatographies.

The conducted study showed slight differences (statistically insignificant after the correction of the p-value) in
the composition of small molecule compounds between VH from patients with the epiretinal membrane and
the macular hole. Before the p-value correction, the compounds differentiating VH from patients with both
diseases were: octanoylcarnitine, which level was 64% higher in the VH of ERM patients compared to the VH
of MH patients, and pipecolic acid, which level was 83% lower in the VH of ERM patients. Elevated levels of
octanoylcarnitine may be associated with disturbed B-oxidation of fatty acids in the mitochondria, specifical-
ly, with a deficiency of medium-chain acyl-CoA dehydrogenase. Octanoylcarnitine is likely excreted into the
VH from myofibroblast cells located in the epiretinal membrane being formed. Pipecolic acid, in turn, can be
associated with the kynurenine pathway due to common enzymes with the pipecoline acid pathway in lysine
metabolism. There are also reports that it is involved in synaptic transmission or its modulation in GABA syn-
apses. So far, no association of pipecolic acid with retinal center diseases has been found.

The obtained results do not indicate significant differences in the vitreous metabolome of the epiretinal mem-
brane or the macular hole. These illnesses can be treated as one control group.

This work was supported by the National Science Centre, Poland (grant n0.2021/05/X/NZ5/00302).
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Cardiovascular diseases (CVDs) are the leading cause of death worldwide. Despite the increased awareness of
society and the increase in the effectiveness of cardiac prevention, CVDs are still a major medical problem con-
suming considerable financial resources for hospitalization and patient treatment. Atrial fibrillation (AF) is the most
common type of arrhythmia, and the incidence and prevalence of AF are increasing globally. Due to the non-spe-
cific symptoms, it is often hard to diagnose, which is even more relevant as about one-third of the total population
is asymptomatic. Moreover, AF is closely associated with a high risk of ischemic stroke or other thromboembolic
events, leading to significant patient morbidity and mortality. However, effective diagnostics and therapeutic ap-
proaches are still limited, and the primary method of diagnosing AF is based on electrocardiography (ECG). Recent
advances in high-throughput technologies, including metabolomics, will accelerate our understanding of AF. The
untargeted metabolomic approach allows studying the unique chemical signature specific cellular processes leave
behind. As a global in-scope analysis, metabolomics provides insights into the disease mechanisms and has the
potential to generate novel noninvasive diagnostic tests. We deliver the results from an untargeted study designed
to explore the molecular signature and disturbed metabolic pathways of arterial fibrillation. Untargeted metabolo-
mics analysis based on gas chromatography-mass spectrometry was performed on plasma samples obtained from
patients suffering from arterial fibrillation originating from valvular heart diseases. A cohort of 81 patients was
enrolled on the study and divided into a control group without and with observed AF (persistent and paroxysmal).
Standard operating procedures have been applied for the metabolite extraction where the samples followed two-step
chemical conversion (methoxymation & silylation) and analysis DB5—MS column, GC system, Agilent Technolo-
gies 8860 coupled to a mass spectrometer with triple-Axis detector (Agilent Technologies 5977B). Quality control
and quality assurance procedure were applied in each step of the workflow to identify and control any source of
potential unwanted variation. Spectral deconvolution with Agilent Unknown Analysis software (Ver. B.10.1.Ag-
ilent Technologies) was used to extract the acquired data. Assignment of the target ion and the qualifiers, entire
batch pre-processing and manual inspection of the data, including peak area and RT integration, was performed
with Agilent MassHunter Quantitative Analysis (Ver. B.10.1. Agilent Technologies). Compound identification was
performed with the target metabolite Fiehn GC-MS Metabolomics RTL (Retention Time Locked) and the NIST
(National Institute of Standards and Technology) mass spectra library. The data matrix was subjected to appropriate
univariate tests (parametric or nonparametric) and multivariate statistical analyses, providing a list of significant
metabolites. Our data indicate the metabolic pathways altered in patients with atrial fibrillation and could provide
deeper insights into the mechanisms of the disease. It may allow for further research for potential specific indicators
of pathophysiological conditions for AF early onset and have potential value for improved patient stratification.
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Nicotinamide adenine dinucleotide (NAD+) plays a pivotal role in energy production, oxidative stress control
and DNA repair. NAD+ pool tends to decline with ageing, obesity, and hypertension, thus NAD+ precursors
might demonstrate a protective effect in diverse pathologies including heart failure. The main purpose of this
study was to examine the effects of nicotinamide riboside (NR) on NAD+ related metabolic pattern and to
investigate the functional effect in the heart of Spontaneously Hypertensive Rats (SHR) that progressed into
heart failure.

To establish the optimal dose, male WKY rats (n = 3) were injected intraperitoneally with NR (250, 350 or
500 mg/kg body weight). The blood was collected before injection and after 6 and 24 h when also hearts were
collected. To assess the metabolic and functional effect of 7-day administration of the optimal dose of NR,
the erythrocyte and heart concentrations of NAD+ and nicotinamide metabolites and cardiac function were
measured in the WKY and SHR, in the treated and untreated groups (» = 8 in each group). Echocardiography
was performed using a Vinno6 system equipped with a 21 MHz linear probe. The concentration of nico-
tinamide (NA) and metabolites: N-methylnicotinamide (MNA), N-methyl-2-pyridone-5-carboxamide (Met-
2PY), N-methyl-4-pyridone-3-carboxamide (Met4PY), 4-pyridone-3-carboxamide ribonucleoside (4PYR)
were measured by LC/MS. The blood and heart concentrations of NR and NAD+ were measured by RP-
HPLC. Results are presented as mean =SEM and p-value <0.05 (unpaired t-test) was considered significant.

After a single injection, NR persisted longest in blood at a dose of 500 mg/kg: 14.8 and 1.6 uM after 6 and
24 h, respectively, and effectively increased the NAD+ concentration in whole blood (from 544 to 650 uM) and
heart (from 2 to 14 nmol/mg). Hence, a 500 mg/kg NR dose was selected for further studies. Such 7-day NR
treatment significantly elevated NAD+ concentration in the whole blood (715 +34 vs. 1143 +40 uM, p <0.01)
and in the heart (2.0 £0.8 vs. 6.1 1.4 nmol/mg) in treated vs. non-treated WKY rats. Moreover, significant
increases in Met2PY, Met4PY and MNA concentrations were observed after NR treatment in both WKY
(0.32 £0.06 vs. 5.06 £0.9 uM, p < 0.001, 1.66 £0.4 vs. 6.46 £1.5 uM, p < 0.05, 0.2 £0.04 vs. 4.80 £1.4 puM,
p < 0.05, respectively) and SHR (0.14 £0.02 vs. 1.5 £0.2 uM, p < 0.001, 0.11 £0.02 vs. 0.41 £0.07 uM,
p<0.01, 1.3 £0.02 vs. 14.4 £2.8 uM, p < 0.001, respectively). Seven days of NR treatment enhanced EF and
fractional shortening in the SHR rats vs. the non-treated group (p < 0.01).

These studies showed that NR at a daily dose of 500 mg/kg effectively increased NAD+ concentration in the
erythrocytes and in the heart, but this beneficial change was associated with complex alterations in NAD+
catabolites concentrations. These metabolic changes were associated with the improvement of cardiac func-
tion in hypertension-based heart failure.
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Nicotinamide (NA) and its derivatives are involved in cellular energy metabolism and regulation. Alteration
in nicotinamide metabolism are linked to diverse pathologies including endothelial dysfunction (ECD) and
cancers. To address potential importance of these changes in hypertension and heart failure we examined the
blood concentrations of nicotinamide and its metabolites in a Spontaneously Hypertensive Rats (SHR), and
established model of hypertension and its progression into heart failure.

Concentrations of nicotinamide (NA) and its metabolites, including: 1-Methylnicotinamide (MNA), N-methyl-
-2-pyridone-5-carboxamide (Met2PY), N-methyl-4-pyridone-3-carboxamide (Met4PY) and 4-pyridone-3-
-carboxamide ribonucleoside (4PYR) were measured by liquid chromatography-mass spectrometry (LC-MS/
MS) in plasma obtained from venous blood taken from 6-month-old SHR rats (» = 10) with advanced arte-
rial hypertension and initial signs of heart failure and Wistar Kyoto rats (WKY) as a control group (n = 10).
Transthoracic echocardiography of the systolic and diastolic function of the heart was performed using Vinno6
ultrasound system with a 21 MHz linear transducer. To measure blood pressure parameters the CODA tail-cuff
system was used. Paired Student t-test was used for comparisons between two groups. Results are presented
as mean +SEM.

We observed advanced systolic and diastolic hypertension in SHR rats compared to control WKY rats group.
Echocardiographic parameters showed a significant deterioration of the systolic function of the heart in SHR
rats-deteriorated Ejection Fraction (EF) and Fractional Shortening (FS). We observed an increase in plasma
MNA concentration from 2.189 +0.281 to 0.481 +£0.056 umol/L (p <0.0001) and in 4PYR from 0.079 £0.006
to 0.051 £0.007 umol/L (p < 0.01) in SHR vs. WKY rats. In turn, the plasma concentrations of breakdown
products of MNA: Met2PY and Met4PY decreased in SHR rats vs. WKY (0.068 +0.010 to 0.116 +0.015
pumol/L for Met2PY p < 0.05 and 0.052 +0.003 to 1.016 £0.107 pmol/L for Met4PY p < 0.0001).

The results indicate that hypertension progressing into heart failure is associated with altered metabolism of
NA with increased plasma concentrations of its initial breakdown metabolites but decreased concentration of
products of its further methylation.
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Accessions of one plant species may show significantly different levels of susceptibility to stresses. The Arabi-
dopsis thaliana accessions Col-0 and C24 differ significantly in their resistance to the pathogen Pseudomonas
syringae pv. tomato (Pst). To help unravel the underlying mechanisms contributing to this naturally occurring
variance in resistance to Pst, we analyzed changes in transcripts and compounds from primary and secondary
metabolism of Col-0 and C24 at different time points after infection with Pst. Our results show that the dif-
ferences in the resistance of Col-0 and C24 mainly involve mechanisms of salicylic-acid-dependent systemic
acquired resistance, while responses of jasmonic-acid-dependent mechanisms are shared between the two
accessions. In addition, arginine metabolism, and differential activity of the biosynthesis pathways of aliphatic
glucosinolates and indole glucosinolates may also contribute to the resistance. Thus, this study highlights the
difference in the defense response strategies utilized by different genotypes.
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Anthocyanins are a class of flavonoids that are found in a wide variety of fruits and vegetables. They have
been the subject of recent research due to their potential neuroprotective effects. Studies have shown that an-
thocyanins may have the ability to improve cognitive function, reduce inflammation, and protect against neu-
rodegenerative diseases such as Alzheimer’s and Parkinson’s. These beneficial effects are thought to be due to
the antioxidant and anti-inflammatory properties of anthocyanins. Despite promising research, more studies
are needed to fully understand the mechanisms by which anthocyanins protect against neurodegeneration and
to determine their potential as a treatment for these diseases.

Therefore, the aim of this study was to investigate the ability of anthocyanins and their phase II metabolites
to penetrate the blood-cerebrospinal fluid barrier in sheep. The study analyzed changes in the profile and con-
centration of these compounds in physiological fluids (blood plasma, urine, and cerebrospinal fluid (CSF)) of
sheep after intraruminal administration of chokeberry (1), and red cabbage (2), and after intravenous adminis-
tration a mixture of cyanidin 3-galactoside and cyanidin 3-diglucoside 5-glucoside (3).

Our study show that chokeberry and red cabbage are a rich source of anthocyanins. The basic structure of
anthocyanins found in these two plant is cyanidin in the glycoside form. The main cyanidin derivative found
in chokeberry is 3-galactoside of cyanidin, while the basic structure of red cabbage anthocyanins is 3-diglu-
coside-5-glucoside of cyanidin. What is more, the study has shown that chokeberry and red cabbage anthocy-
anins are absorbed and appear in the physiological fluids of these animals in their native form and in the form
of their phase II metabolites (glucuronated, methylated, sulfated and combined derivatives). We observed that
changes in the profile and concentration of anthocyanins and their phase II metabolites in the CSF result from
fluctuations in the concentrations of these pigments in the blood, their different ability to penetrate the blood-
CSF barrier, and metabolic changes in the cells of the CSF blood barrier during penetration.

In conclusion, chokeberry and red cabbage are unique matrices that enable the study of the relationship be-
tween the presence of various glycosidic substituents and the occurrence of mono — and diacylation in an-
thocyanin structures and the processes that occur in the body of sheep after administrating the preparation of
these plants. Research has shown that these anthocyanins are absorbed and penetrate the blood-CSF barrier
in sheep, and that the blood-CSF barrier is selective, depending on the type and number of substituents and
the size of the molecule. The accumulation of native anthocyanins and their phase II metabolites within the
CSF may potentially exert a positive influence on the processes transpiring within the central nervous system
environment, owing to the strong antioxidant properties of these compounds. This is particularly important as
the central nervous system is highly susceptible to oxidative damage.

25
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The aim of this study was to track changes in the volatilome of cold-pressed oil and press cakes obtained from
roasted seeds to understand pathways of volatile organic compound (VOC) formation caused by thermal pro-
cessing. Comprehensive two-dimensional gas chromatography-time of flight mass spectrometry was used for
the analysis of VOCs in cold-pressed oils and corresponding press cakes obtained after roasting of seeds at 140
and 180 °C before pressing. After roasting, the formation of volatile products of Maillard reaction increased,
which is typical for thermal processing. Moreover, levels of the products of thermal oxidation of fatty acids,
such as aldehydes and ketones, increased with the increasing temperature of roasting. Among sulphur-con-
taining compounds, contents of the products and intermediates of methionine Strecker degradation increased
significantly with the increasing temperature of roasting. Degradation of glucosinolates to nitriles occurred
after thermal treatment. The results of this study confirmed that seed roasting before cold pressing has a signif-
icant effect on the volatilomes of oil and press cake obtained from rapeseed. Notably, the significant changes
were observed between the two studied temperatures and the profile of VOCs of oil obtained after roasting at
140 °C was more similar to control oil than roasted at 180 °C.

Funding: This study was financially supported by the National Science Centre, Poland (Project No. 2019/35/B/NZ9/01582).
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DNA methylation is one of the major regulatory systems in gene expression and is known as an epigenetic
mechanism in living organisms. The transfer of the methyl group to cytosine is able to modify the activity of
DNA segments, that results in expression silencing. The whole level of DNA methylation oscillates between
6 and 30% in higher plants, depending on tissue as well as on development stage, and has an important role in
the plant tolerance of several stress factors [1]. Hence, the expression of several genes involved in biosynthetic
pathways are also silenced by DNA-methylation [2]. This process causes inhibition of metabolic biosynthesis
and decreases their accumulation. However, some compounds like zebularine or 5-azacytidine work as inhib-
itors of DNA-methylation and unblock the expression of genes. This strategy is used as a universal tool for
epigenomic research and has been applied by us to demonstrate the effect of methylation on accumulation of
metabolites in tissues of Salix purpurea (purple willow).

S. purpurea is an important source of biomass for energy production, a source of medicine and a tool for soil
remediation. Willow accumulates many groups of metabolites, including primary (aminoacids, carbohydrates,
organic acids, etc.) and secondary metabolites (phenylpropanoids, benozoates, terpenes, etc.). According to
salicin occurrence, this plant is used as an anti-inflammatory drug [3]. The inhibition of DNA methylation
could indicate the groups of metabolites and metabolic pathways under epigenetic control in purple willow.
In the experiment, zebularine was applied as an anti-methylation agent on a S. purpurea plant cultivated in in
vitro culture. The organs (internodes, roots) and tissues (xylem and bark) were collected one and two months
after zebularine application. Plant tissues were homogenized and extracted using 80% methanol. The metabo-
lite profiling was performed using the UPLC-HESI-QExactive-MS system in both ion modes. Collected data
(FullMS-ddMS2) was processed using MSDIAL software, filtrated using the MSCleanR package and anno-
tated using MSFinder software.

The multivariant and univariant analysis shows the differences between control and treated samples in all
types of organs and tissues. The obtained results suggest that zebularine effectively changes the metabolomic
profiles, including several secondary metabolites. However, future analysis like total methylation level,
RNA-Seq, WGBS-Seq and their integration with metabolomics data may show the exact impact of the
DNA-methylation on the metabolic pathways.
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Sepsis is one of the causes of morbidity and mortality in hospitals. It is estimated that about a quarter of all
sepsis cases is due to urinary tract infection (UTI). Prompt administration of the appropriate drug (antibiotic)
targeting the correct causative agent (bacterium) increases the chance of patient survival. The Society of Criti-
cal Care Medicine (SCCM) and the European Society of Intensive Care Medicine established a sepsis council
and in 2016 a new definition of sepsis was published, calling the guidelines SEPSIS-3. According to the cur-
rent definition, “sepsis is a life-threatening organ dysfunction caused by an abnormal (deregulated) response
of the body to infection (bacterial, fungal, viral).” It is estimated that there are about 49 million cases of sepsis
per year, with a mortality rate exceeding 23%, which is 20% of all deaths worldwide. Due to its widespread
prevalence, high mortality and costs related to both treatment and subsequent consequences of sepsis, it is
both a medical and economic problem on a global scale. Bacterial infections, especially those related to the
urinary tract, are the most common cause of sepsis. Escherichia coli is most often responsible for urosepsis,
accounting for as much as 52% of cases, followed by bacteria belonging to Proteus spp. Enterobacter spp.,
Klebsiella spp., and P. aeruginosa.

Isolation of metabolites form cell culture (which could cause the urinary tract infection or urosepsis) is chal-
lenging: (i) the generation time of bacteria is around 20 minutes (all handling should be done in less than
20 minutes), (ii) the shock in temperature or environment will have impact on metabolite levels for E. coli
clinical strain culture (clinical strains have different growth conditions, temperature oxygenation and others),
(iii) the cell growth condition very often requires the full medium like urine. In literature we can find, that
the first step when isolating the bacteria should be the metabolism quenching, this should stop the immediate
changes during liquid handling. Nevertheless, the problem raises when we want to analyze intra- and inter-
nal-metabolites. With use of minimal medium, we have prepared over 100 cell cultures form different clinical
E. coli strains, which were centrifugated (10 min, room temperature, 4000 % g) to obtain the cell pellet and su-
pernatant. The cell pellet metabolic activity was quenched by using cold methanol solution and vortexed. Then
the supernatant and inactivated pellet were freeze dried, the metabolites were extracted by methanol/ethanol
(1/1, v,v) extraction and centrifugated. Resulted supernatants were concentrated and resuspended in (0.1%
formic acid, H,O, Acetonitrile — 2% solution). The resulting metabolite solution was then suspected to LC-MS
analysis with use of nanoLC (Dionex Ultimate 3000, Thermo Fisher Scientific) equipped with 0.075 x 5 mm
C18 precolumn and 0.075 % 100 analytical PepMap Aclaim column). The LC apparatus was connected with
ESI-qTOF (Sciex 6600+, apparatus set for Information depended analysis).
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Obtained data were analyzed against NIST and All-in-one Sciex database to identify the metabolites, then
the MultiQuant Software was used to quantify them. The statistical analysis was performed with the help of
MetaboAnalyst and Mathematica software. We have identified around 500 metabolites, from which more than
100 were statistically significant among two groups UTI and urosepsis.

The research was supported by National Science Center OPUS No. 2018/29/B/NZ7/02489 (M.M.).

29



IDENTIFICATION OF BIOSURFACTANTS
PRODUCED IN MICROBIAL FUEL CELLS
USING LC-MS/MS METHOD

Natalia Tyszkiewicz'-?, Aleksander de Rosset', Jerzy Wisniewski?, Piotr Mlynarz?,
Grzegorz Pasternak’

! Laboratory of Microbial Electrochemical Systems, Department of Process Engineering and Technology of Polymer and Carbon
Materials, Faculty of Chemistry, Wroctaw University of Science and Technology, Wroctaw, Poland

2 Bioanalytical laboratory, Department of Biochemistry, Molecular Biology and Biotechnology, Faculty of Chemistry,
Wroctaw University of Science and Technology, Wroctaw, Poland, natalia.tyszkiewicz@pwr.edu.pl

Microbial fuel cell (MFC) is one of the most common bioelectrochemical system that converts energy from
organic compounds into electrical energy. This process is possible due to the activity of microorganisms called
electricigens, which carry out the oxidation reactions in the anodic compartment and thus, generate electrons
and protons. As we have demonstrated in our previous works, some bacteria are also capable of synthesizing
biosurfactants that facilitate the degradation of hydrophobic compounds within MFC system.

The aim of this study was to identify the biosurfactants produced by previously enriched, mixed microbial
consortia in microbial fuel cells, operating under current-producing conditions. The anolyte consisted of min-
eral salt medium with waste vegetable oil as a carbon source. The production of biosurfactants was assessed
by measuring surface tension over time, evaluating foaming ability and emulsification index. Biosurfactants
were extracted from the medium using Solid Phase Extraction (SPE) approach. Then, obtained extracts were
analyzed using LC-MS/MS technique. As a result, ten different chemical compounds were identified. They
represent a mixture of mono — and dirhamnolipids, which belong to the glycolipid group of biosurfactants.
Therefore, the SPE approach coupled with LC-MS/MS analysis provided a satisfactory results for characterize
biosurfactants produced in microbial fuel cells. The results of the analysis provided the confirmation the pres-
ence of biosurfactants in the anode chamber and their chemical composition. It is therefore possible to produce
rhamnolipids under current-generating conditions by using waste vegetable oil as a fuel in microbial fuel cells.

This work was supported by the National Science Center (Poland) OPUS grant (2019/33/B/NZ9/02774), as well as by the Faculty
of Chemistry of Wroctaw University of Science and Technology.
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Acinetobacter baumannii is a saprophytic bacterium, widely distributed in the natural environment (water,
soil, sewage and skin of humans and animals). Today this coccobacillus is one of the major pathogens respon-
sible for causing nosocomial infections, especially in intensive care units (ICUs) worldwide. Infections with
these bacteria in hospital settings result in a mortality of 26%, which increases to as much as 43% in intensive
care units5. It has been confirmed that 4. baumannii is resistant to many classes of antibiotics and disinfectants
due to chromosome-mediated genetic elements and may persist for a long time under harsh conditions.

One of the methods of effective pathogen inactivation that has gained great interest in many medical commu-
nities is antimicrobial photodynamic therapy (aPDT). This treatment has a significant advantage over existing
antimicrobial therapies as it is faster compared to other antimicrobials, equally effective in killing both multi-
drug resistant and non-resistant pathogens, and eliminates the secreted virulence factors. One of the important
advantages of this antimicrobial technique is that it can be applied topically to avoid systemic side effects.

'"H NMR analysis allowed the identification of metabolites that are affected by oxidative stress induced by
antimicrobial photodynamic therapy. All assignments were verified using the following databases (KEGG
Pathways, PubChem). For 35 identified metabolites, statistical and multivariate data analyses were performed.
VIP scores were calculated for each compound based on NMR signal relative intensities to assess whether the
compound was more/less present in the samples after aPDI. VIP scores indicate the relative influence of the
corresponding metabolites on the discrimination between the two conditions: (1) before and after sub-lethal
phototherapies, (2) after ten and fifteen sub-lethal aPDTs; (3) before and after lethal phototherapies, (4) after
ten and fifteen lethal aPDTs.

Most of the identified VIP metabolites were amino acids, their derivatives or precursors. The multivariate data
analysis clearly showed the natural grouping of samples.

Understanding the metabolic changes induced by multiple photosensitization of A. baumannii and the cell
defense systems remains an open question, requiring further analysis of complex metabolic pathways, also at
the level of gene expression.
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Imatinib is a well-established first-line drug for treating most gastrointestinal stromal tumours (GIST). How-
ever, GISTs acquire secondary resistance during therapy. Multi-omics approaches provide an integrated per-
spective to empower the development of personalised treatments through a better understanding of functional
biology underlying the disease and molecular-driven selection of the best-targeted individualised therapy. In
this study, we applied integrative metabolomic and transcriptomic analyses to elucidate tumour biochemical
processes affected by imatinib treatment.

A GIST xenograft mouse model was used in the study, including ten mice treated with imatinib and ten
non-treated controls. Metabolites in tumour extracts were analysed using gas chromatography coupled with
mass spectrometry (GC-MS). RNA sequencing was also performed on the sample subset

Metabolomic analysis revealed 21 differentiating metabolites, whereas next-generation RNA sequencing data
analysis resulted in 531 differentially expressed genes. Imatinib significantly changed the profile of metab-
olites associated mainly with purine and pyrimidine metabolism, butanoate metabolism, alanine, aspartate,
and glutamate metabolism. The related changes in transcriptomic profiles included genes involved in kinase
activity and immune responses and supported its impact on the purine biosynthesis pathway.

Our multi-omics study confirmed previously known pathways involved in imatinib anticancer activity and
correlated imatinib-relevant downregulation of expression of purine biosynthesis pathway genes with the
reduction of respectful metabolites. Furthermore, considering the importance of the purine biosynthesis path-
way for cancer proliferation, we identified a potentially novel mechanism for the anti-tumour activity of ima-
tinib. Based on the results, we hypothesise metabolic modulations aiming at reducing purine and pyrimidine
pool may ensure higher imatinib efficacy or re-sensitise imatinib-resistant tumours.
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Here we were looking for molecular components related to the progression of cancer and the response to treat-
ment, with particular emphasis on the participation of exosomes modulating these processes. We applied an
MS-based metabolomic approach to reveal exosome components in serum samples from patients diagnosed
with head and neck cancer and locally advanced rectal cancer treated with ionizing radiation. We have shown
that the metabolomic profile of exosomes isolated from serum in relation to whole serum is different in head
and neck cancer after radiotherapy. Moreover, we revealed that the molecular composition of exosomes iso-
lated from serum can be used to predict the response to neoadjuvant radiotherapy in rectal cancer.

This study was supported by the National Science Centre, Poland, Grant 2017/26/D/NZ2/00964.
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Rationale: Endometrial cancer (EC) is one of the most common cancers in the female reproductive system
with 400 000 cases diagnosed world-wide in 2020 (Global Cancer Observatory). Available EC diagnostic
procedures include intrauterine ultrasound, endometrial biopsy, and hysteroscopy. However, no available EC
screening tests are based on measurement of non-invasive diagnostic markers (e.g., found in blood or urine
samples).

Aim: Our study aimed to quantify 17 urinary eicosanoid metabolites from arachidonic acid by LC-MS/MS in
healthy and EC women to find discriminatory metabolites which potentially may serve as new non-invasive
biomarkers of EC.

From the chosen panel of quantified lipid mediators some are well characterized as potent inflammatory medi-
ators and others have demonstrated bioactivity in various cancers, such as prostaglandins, thromboxanes and
leukotrienes, but also from the less known isoprostanes. To the best of our knowledge, this is the first study
reporting the levels of a broad panel of urinary metabolites in EC patients.

Methods: The study was performed on urine samples collected from 55 EC patients and 52 healthy volunteers
(HV), age range 2989 years. Lipid mediators were extracted by solid phase extraction (ABN Evolute, 30 mg,
Biotage, Uppsala) in 96-well positive pressure format. Redissolved extracts were filtered and injected onto
a Xevo TQ-XS triple quadrupole mass spectrometer (Waters, Milford, MA) operated in negative electrospray
ionization mode (ESI). Lipid concentrations were normalized against specific gravity (UG-a; Atago Co., Ltd.).
Non-parametric Mann—Whitney U-test was applied, and p-values were FDR-corrected.

Results: We found statistically significant differences in concentrations of 11 urinary metabolites comparing
HV vs EC. The majority of lipids were increased in EC, with the greatest elevation observed for 13,14-di-
hydro-15-ketoPGF, metabolite from the PGF, pathway (311% change, p-value = 2.94E-10) and for 8-iso-
PGF, from isoprostanes pathway (149% change, p-value = 3.60E-7). Two out of three metabolites from the
PGD, pathway were not different between the groups. Interestingly, LTE, was increased by 62% (p-value =
2.14E-03) in EC group compared to HV group.

Conclusion: The observed increase in several lipid mediator concentrations in EC patients highlight the im-
portance of arachidonic acid metabolism in cancer and suggest prostaglandins and leukotrienes as new poten-
tial non-invasive diagnostic markers of endometrial cancer. These results encourage further research to better
understand association between their excretion levels and disease state and/or disease progression.

34



4D-MULTIOMICS — NEXT DIMENSION BRINGS
RESEARCH TO ANEW LEVEL

Mohamed Elsadig

Bruker Daltonics GmbH & Co. KG Bremen, Germany, Mohamed.Elsadig@bruker.com

Over the last years, metabolomics has continued to grow rapidly and is considered a vital approach in envis-
aging and elucidating complex phenotypes in systems biology area. The advantage of metabolomics compared
to other omics applications such as proteomics and transcriptomics is that these later omics only consider the
intermediate steps in the central dogma pathway.

Small molecule analyses in metabolomics, applied research and pharma often face similar challenges. Analy-
sis of complex samples for detection, identification, and semi-quantification of known and unknown analytes
across a wide mass and dynamic range. Recent advances in high resolution LC-MS in combination with
trapped ion mobility separation (LC-TIMS-MS) address the needs for rapid and confident identifications.
TIMS capabilities to separate coeluting isobaric and isomeric analytes and collisional cross sections (CCS)
can increase confidence in compound identification. The TIMS enabled PASEF provides extensive MS/MS
precursor coverage in single injections.

Here I present the principle of timsTOF, PASEF technology multiomics workflow for data acquisition and
processing, CCS values reproducibility, high dynamic range due to the clean MS/MS data, CCS-Predict Pro
as a powerful tool for identification of unknown metabolites among other.
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Without a doubt, cancer is one of the greatest health problems and challenges facing medicine today, with lung
cancer being one of the most frequently diagnosed. The high number of new cases, lack of effective diagnosis,
and difficult treatment underscore the need for investigating metabolic changes in the development and pro-
gression of lung cancer.

Previous studies, including our own, have indicated profound changes in the lipid profile of non-small cell
lung cancer (NSCLC) patients. Given that oxidative stress plays a critical role in the development of lung
cancer, we chose to investigate changes in oxidized phosphocholines (0xPCs). Although historically, oxPCs
were believed to be toxic by-products of oxidation, recent research has revealed them to be essential signalling
molecules with multiple, often pleiotropic functions.

We conducted an extensive, multi-level metabolomics analysis of plasma and lung tissue samples, including
250 NSCLC patients and 50 controls with chronic obstructive pulmonary disease (COPD). Four types of
LC-MS analyses were performed. Additionally, NSCLC patients were grouped into subtypes of adenocarci-
noma (ADC) and squamous cell carcinoma (SCC).

Our analysis found that the predominant forms of oxPCs present in plasma samples were long-chain oxPCs
(LCh-0xPCs), while short-chain oxPCs (SCh-oxPCs) were primarily found in lung tissue samples. There was
an overall increase in the level of 0xPCs in both plasma and tissue samples, but the differences were more
pronounced in plasma samples. Exploration of the level of 0xPCs in various parts of the tumour revealed their
accumulation in the central part, probably caused by non-enzymatic ROS-induced oxidation as a result of poor
blood vessel formation within the tumour. Additionally, the observed increase was higher in ADC patients
than in SCC patients. Further exploration of 0xPC levels in ADC and SCC patients revealed an intriguing link
between the subtypes of NSCLC and inflammation and oxidation, which appeared to differ between the sub-
types. Our findings provide new insights and underscore the need for further research in this area.

Funding: National Science Centre in Poland (2014/13/B/NZ5/01256), National Centre for Research and Development in Poland
(STRATEGMED?2/266484/2/NCBR/2015), and Medical University of Bialystok (SUB/1/DN/21/005/4406).
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Papillary thyroid cancer (PTC) is the most common pathological type of thyroid cancer worldwide, account-
ing for 80—85% of all cases. PTC is diagnosed based on histological examination; however, in some cases, this
tool is insufficient. Thus, additional predictors/methods are needed for a more accurate diagnosis. Numerous
studies have shown that metabolomics approach may be helpful in understanding pathogenesis of cancer. To
gain knowledge about the metabolic changes leading to the development of PTC, we conducted a study us-
ing gas chromatography coupled with mass spectrometry (GC-MS) to identify altered metabolites in plasma
samples from patients with PTC.

Plasma profiles of 78 patients with PTC and 43 healthy individuals were compared. A total of 78 annotated
metabolites were subjected to statistical analysis. Univariate statistic (Mann—Whitney U test) and receiver op-
erating characteristic (ROC) analysis were applied, using MetaboAnalyst 5.0. In total, 16 metabolites involved
in various biochemical pathways, etc. amino acid metabolisms, glyoxylate and dicarboxylate metabolism and
metabolites related to the tricarboxylic acid cycle were found statistically significant. Interestingly, obtained
results showed an increase in the intensity of palmitic, glyceric and glutamic acid (fold change (FC) in the
range of 1.25-3.57) and decreased intensity of pyruvic, threonic and hippuric acid (FC range 0.02-0.58) in
patients with PTC. Finally, to evaluate the potential of significant metabolites to serve as biomarkers indicat-
ing PTC development, ROC curves were obtained. Seven metabolites showed the best discriminatory power
to distinguish PTC patients from healthy controls (AUC = 0.995; Cl = 0.985-1).

This preliminary work contributes to existing knowledge of PTC metabolism by providing evidence on a dis-
tinctive metabolic profile of plasma of PTC patients. To confirm a diagnostic value of obtained results future
targeted metabolomics studies are needed. The proposed panel of metabolites could be helpful in the diagnosis
of PTC.

Funding information: This research was supported by the funds of the Ministry of Education and Science within the project
“Excellence Initiative — Research University”.
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The aim of the study was to evaluate the effect of selected polyphenolic compounds: epicatechin, apigenin and
naringenin, administered separately or in combination with zinc (Zn), on the growth and development of the
neoplastic process induced by 7,12-dimethylbenz[a]anthracene (DMBA) in rats. The impact of supplemen-
tation with the above-mentioned compounds on urinary lipid profile in rats with mammary cancer was also
assessed.

Female Spraque-Dawley rats divided into 7 groups were used in the study: animals without supplementation
and supplemented with apigenin, epicatechin and naringenin separately or in combination with zinc. To in-
duce the mammary cancer, rats were treated with DMBA. Lipidome was analyzed using ESI-FT-ICR-MS (ul-
tra-high resolution Fourier-Transform Ion Cyclotron Resonance Mass Spectrometry with an electrospray ion
source, SolariX 2xR 7T, Bruker). The collected mass spectra were analyzed in the MetaboScape 5.0 software
(Bruker) using the T-Rex 2D algorithm (MRMS single spectra) and the identified compounds were assigned
to specific signaling pathways using LipidMaps and the KEGG database.

Based on the obtained results it can be said that supplementation of the animals with naringenin inhibits the
development and progression of neoplastic process in rats treated with 7,12-dimethylbenzanthracene. Neo-
plastic tumors were found in only 2 of 8 rats (incidence: 25%) and were considered by at most grade 1 ma-
lignancy. The first palpable tumors in the group of animals receiving naringenin appeared at week two-three
weeks later when comparing to other groups. The combination of zinc with flavonoids (apigenin, epicatechin
and naringenin) seems to stimulate the process of carcinogenesis. Coming to urinary lipid profile, in untarget-
ed lipidomic analysis in group supplemented with apigenin we observed only 1 up-regulated lipid compound,
and 53 down-regulated in comparison to control group. While for group supplemented with apigenin and zinc
— 15 up-regulated and 10 down-regulated lipid compounds comparing to standard. In group supplemented
with epicatechin we observed 26 up-regulated lipid compound, and 23 down-regulated in comparison to con-
trol group. While for group supplemented with epicatechin and zinc — 22 up-regulated and 56 down-regulated
lipid compounds comparing to standard. In case of naringenin we identified 15 up-regulated and 45 down-reg-
ulated lipid compounds comparing to standard. Whereas in group supplemented with naringenin and zinc:
10 up-regulated and 45 down-regulated lipids in comparison to control group.

In conclusion, supplementation of rats with selected flavonoids administered separately or in combination
with Zn has impact on the development of neoplasms and altered the urinary lipid profile of rats with breast
cancer. For sure further studies are more than welcome in this field.
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Recent years in the biological sciences are not characterized by a lack of ready-made applications served by
equipment vendors. It’s the opposite situation. Scientists are literally flooded with too many application notes.
However, there is a lack of reliable and complete packages of ready-made methods and workflows in the field
of metabolomics, which are offered by Shimadzu, e.g. method package for reactive sulfur profiling, for lipid
mediators, phospholipids, bile acids, primary metabolites etc.

With high speed data acquisition capability we can do more with our data analysis, acquiring high mass accu-
racy MS and MS/MS with fast cycle times. By bringing together a high sensitivity QTOF capable of acquiring
up to 200 spectra per second without a marked loss of ion transmission we can acquire DIA mass scans at high
scan speeds (typically 20 msecs. for a DIA-MS/MS mass scan) for a MS/MS mass range of m/z 50-1000.

Modern HRAM spectrometers equipped with an optical microscope and MALDI source with the possibility
of tissue imaging (IMS) allow to go to the unknown level of metabolomics research. Using IMScope QT from
Shimadzu it is possible, e.g., to find molecules unique to NASH (Non-Alcoholic Steatohepatitis) tissue. Using
statistical methods (IMAGEREVEAL MS) and comparing the average spectra of the ROIs, it is possible to
find molecules that are causing the differences between the ROIs. In the next step finding molecules with sim-
ilar distributions to the stained image and finally creating an MS image showing the concentration distribution
of the target molecule.
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Over the coming decades, water shortages and osmotic stress will likely have growing adverse effects on plant
cell functioning. Surprisingly, despite the response of plant cells to abiotic stress conditions being well stud-
ied, we know little about the molecular rearrangements that allow cells to adapt to chronic adverse conditions.

Here we present data on tobacco BY?2 suspension cells adapted to osmotic stress in 2006: a perfect and unique
model for investigating the molecular background of adaptation processes. The adapted BY2 cells are smaller
than those living under normal conditions, similar to many plants living under chronic stress. It has been pos-
tulated that this decrease in mass and size is a “cost” of the stress response; plant cells that cannot overcome
this cost, die, whereas those that can, develop a state of “new molecular homeostasis”. Despite this assump-
tion being widely accepted, the molecular basis for the smaller size of plant cells adapted to long-term stress
remains unclear.

We utilized an untargeted GC/MS analysis to study four BY2 lines adapted to various stress conditions
(450 mM mannitol/sorbitol and 190 mM NaCl/KCl) and controls. The high-throughput metabolome study
was supplemented with mitochondria structure analysis and NGS mRNA study focused on mitEC changes as
well as with biochemical examination of MDA, radical levels, etc.

The abundance of numerous core metabolites was unchanged in adapted cells compared to controls suggesting
the “stable state” of essential cellular molecular pathways. Nevertheless, the clear signals in cells’ adaptation
to osmotic stress were visible with significantly up-regulated proline or sorbitol. Moreover, some signs of the
different molecular states of years-adapted cells compared to known data on shorter stress exposition were
found. For example, the increased level of MDA was not correlated with radical up-regulation, which suggests
the existence of some unknown defense mechanisms of cells exposed to years-long stress. The number of dif-
ferently abundant metabolites was higher in BY?2 lines adapted to salt (osmotic) stress compared to Mannitol/
sorbitol exposed BY?2.

The source of energy for the biosynthesis of stress-related compounds remained not fully recognized in adapt-
ed cell lines, as the energy-related genes/metabolites levels were generally unchanged in adapted all BY2
lines. However, signals of increased networking of mitochondria were found.

As a conclusion it is stated that increased levels of compounds enabled cells to function in higher osmoticum
found in adapted cells coexisting with symptoms of new molecular homeostasis, in the form of a relatively
unchanged core metabolic pathway, together with signals of unknown protective mechanisms of plant cells.

This work was funded by the National Science Centre, Poland (DEC-2020/39/B/NZ9/03336).
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Endothelial cells (ECs) play a significant role in a healthy and dysfunctional state, the latter is correlated with
a range of lifestyle diseases, such as cardiovascular disorders or some cancers. Therefore, knowledge of the
dysfunctional state, cellular metabolism, and especially glucose metabolism, is important from the point of
view of studying disease mechanisms. The metabolism and glucose uptake may reflect the physiopathological
conditions and cell activity correlated with energy metabolism. Our method of choice for studying changes at
the subcellular level is Raman microscopy to investigate the metabolism and tracking of glucose uptake. The
study was focused on a modified glucose analogue, 3-O-propargyl-D-glucose (3-OPG), which gives a char-
acteristic and intense Raman band at 2124 cm™ in both normal and inflamed ECs. So, the alkyne-labeled
glucose, 3-OPG, was used as a sensor to track its accumulation and then metabolism in live and fixed ECs
by employing two spectroscopic techniques, i.e., spontaneous Raman and stimulated Raman scattering mi-
croscopies. The results indicate that 3-OPG is suitable as a sensor for fixed and live cells in normal as well
as in inflammatory conditions to follow the glucose metabolism, by analyzing the Raman band of 1602 cm™
attributed to the glucose metabolites, and the 2124 cm™ Raman band of glucose accumulation. Additionally,
we have shown that glucose metabolism and its uptake are slowed down in inflammation. Gaining further
knowledge about metabolic patterns in the endothelium, and especially in the various pathologies affecting
ECs, should open up valuable opportunities for entirely new medical treatments.

This work was supported by a grant from the National Science Center Poland (NCN) (OPUS15 no. UMO-2018/29/B/ST4/00335

to Malgorzata Baranska) and by the Visibility&Mobility module under the program “Excellence Initiative — Research University”
at the Jagiellonian University in Krakow.
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Synapses are the regions of the neuron that enable the transmission and propagation of action potentials at the
cost of high energy consumption and elevated demand for mitochondrial ATP production. The rapid changes
in local energetic requirements at dendritic spines imply mitochondria’s role in maintaining their homeostasis.
Using isobaric (TMT, iTRAQ) and label-free (LFQ) quantification approach proteomic analysis supported
with complementary experimental approaches, we show that an essential pool of mitochondrial proteins is lo-
cally produced at the synapse, indicating that mitochondrial protein biogenesis takes place locally to maintain
functional mitochondria in axons and dendrites. Furthermore, we show that stimulation of synaptoneurosomes
induces the local synthesis of mitochondrial proteins that are transported to the mitochondria and incorpo-
rated into the protein supercomplexes of the respiratory chain. Importantly, in a mouse model of fragile X
syndrome, Fmrl KO mice, a common disease associated with dysregulation of synaptic protein synthesis, we
observed altered morphology and respiration rates of synaptic mitochondria. That indicates that the local pro-
duction of mitochondrial proteins plays an essential role in synaptic functions. We also used surface labeling
of synaptoneurosomes to confirm it receptors are recruited to the synaptic membrane.

42



METABOLOMICS ANALYSIS
OF THE MITOCHONDRIAL METABOLISM
AFTER HYPOXIA AND HIF KNOCKDOWN

Margot Biesemans', Maciej Jaskiewicz?, Renata Wawrzyniak', Rafat Bartoszewski’,
Michat J. Markuszewski'

! Department of Biopharmaceutics and Pharmacodynamics, Medical University of Gdansk, Al. Gen. J. Hallera 107,
80-416 Gdansk, Poland, margot.biesemans@gumed.edu.pl

2 International Research Agenda 3P — Medicine Laboratory, Medical University of Gdansk, Debinki 7, building no. 5,
80-211 Gdansk, Poland

3 Department of Biophysics, University of Wroctaw, Fryderyka Joliot-Curie 14a, 50-383 Wroctaw, Poland

Aerobic eukaryotes require a steady oxygen (O,) supply to sustain the production of adenosine triphosphate
(ATP) in the mitochondrial respiration chain. Consecutively, ATP plays an important role as a carrier of energy
for the numerous biochemical reactions of the cell metabolism. Evolutionarily, however, aerobic eukaryotes
have adapted their cell metabolism to overcome periods of hypoxia. An example of such an adaptive mecha-
nism in human cells would be the hypoxia-inducible factors (HIFs) [1].

This experiment aimed to examine how the mitochondrial metabolomic fingerprint changes after exposure of
human umbilical vein endothelial cells (HUVEC) to hypoxic conditions. In addition to that, small interfering
RNAs (siRNAs) were used to knock down the hypoxia-inducible factor 1 (HIF1) and the endothelial PAS
domain protein 1 (EPAS1) genes to see how the mitochondrial metabolic fingerprint is affected.

HUVEC cells were transfected using Lipofectamine for both the single and double knockdowns. After
24 hours, the cells were put into a CO,/O, incubator and cultured for another 24 hours at 0.9% O,. The study
involved the use of two control samples which were incubated under either hypoxic or normoxic conditions.
A commercial isolation kit was used to isolate the mitochondria from the cell pellet. The mitochondrial pellet
was dissolved in methanol for analysis.

The mitochondrial samples were analyzed via HPLC-ESI-TOF-MS. First, the molecular feature extraction
was performed in Agilent MassHunter Profinder 10.0, followed by filtration in RStudio and multivariate anal-
ysis in SIMCA 16. Next, the putative annotation of the features was performed in CEU mass mediator 3.0, and
lastly, the metabolomic differences between the conditions are discussed.

References

[1] P. Lee, N.S. Chandel, and M.C. Simon, Cellular adaptation to hypoxia through hypoxia inducible factors and beyond, Nature
Reviews Molecular Cell Biology, 2020, 21:5, Vol. 21, No. 5, pp. 268-283, Mar. 2020, doi: 10.1038/s41580-020-0227-y.

43



ANALYSIS OF CHANGES
IN THE CELLULAR METABOLOME
DURING OXIDATIVE STRESS AND THE STUDY
OF THE ANTI-INFLAMMATORY PROPERTIES
OF CURCUMIN AND METFORMIN

Monika Sapeta', Katarzyna Sottys', Katarzyna Ge¢bczak?, Ewa Barg? and Piotr Mtynarz!

! Department of Biochemistry, Molekular Biology and Biotechnology, Faculity Chemistry, Wroctaw University of Science
and Technology, 50-735 Wroctaw, Poland, monika.sapeta@pwr.edu.pl
2 Department of Chemistry of Drugs, Faculty of Pharmacy, Wroclaw Medical University, Borowska 211, 50-556 Wroclaw, Poland

Chronic inflammation is a consequence of long-term acute inflammation in the body and may lead to the
induction of chronic diseases, i.e., obesity, diabetes, neurodegenerative diseases. One of the reasons for this
condition may be the accumulation of excessive amounts of free radicals. Under physiological conditions, this
state is favorable because it accelerates many positive for human body processes, eg., wound healing and bone
fusion. Unfortunately, free radicals also have a negative role in the body that can be generated in situ and/or
come from the environment external. cell cultures are particularly useful for studying the effects of oxidative
stress on cells. Cells incubated with pro-oxidant compounds constitute great models of inflammation that are
triggered by persistent oxidative stress in the cell. Such models help explain the role and pathogenesis of oxi-
dative stress in many diseases, e.g., in neurodegenerative disorders of the brain, rheumatoid arthritis.

Thanks to metabolomic studies, it is possible to monitor changes in metabolism, for example after adminis-
tration of therapeutics or induction of oxidative stress. Using the appropriate metabolic tools such as nuclear
magnetic resonance (NMR) and mass spectrometry (MS), it is possible to observe the concentrations of indi-
vidual metabolites, which allows us to assess the condition of the cell and detection of pathologies in the cells.
The purpose of the research is to register change occurring in cells both during ongoing oxidative stress and
at the moment effects on the cell with potential antioxidant therapeutics.

The purpose of this study was to explore the antioxidative role of curcumin and metformin with a descrip-
tion of their antioxidative potential. The obtained results confirmed the main hypothesis for both substances.
Metformin and curcumin decreased the number of free radicals generated in cells under oxidative stress and
contributed to an increase in cell viability. For this purpose, MTT and DCF-DA assays were performed. Me-
tabolomic studies investigated the effect of different concentrations of hydrogen peroxide on HEK-293 cells.
The research was based on the analysis of the medium during cell culture without and with the addition of
hydrogen peroxide. Changes in the metabolome were observed in the NMR spectra during oxidative stress in
cells. There is a noticeable increase in the relative concentration of metabolites such as isobutyrate, acetate,
lactate, hydroxyvalerate. The greatest changes are observed at the highest concentrations of hydrogen perox-
ide, such as 3.19 mM and 37.8 mM.
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Background: Missing data is a significant issue in mass-spectrometry-based untargeted metabolomics. Prop-
er handling of this type of data is essential, as they have profound implications for downstream statistical
analyses and lead to misleading or uninterpretable inferences.

In metabolomics data we can highlight three types of missing values, missing not at random (MNAR), missing
at random (MAR), and missing completely at random (MCAR).

There are various methods to deal with this problem including, zero, half minimum, mean, median, random
forest, singular value decomposition, k-nearest neighbors, multiple imputation by chained equations, and
quantile regression imputation of left-censored data. However, these algorithms vary in time of calculation
and accuracy of the imputation of missing values, depending on the type of data we provided.

Methods: We have collected, re-implemented and provided with a standardized API 36 imputation methods
that are used in metabolomics studies. We benchmarked these methods considering the accuracy of the impu-
tation and the time needed to perform the computations.

Results: Our results showed that the fastest and most accurate method is softimpute. Moreover, we have
found out that the imbalance between the number of samples and metabolites negatively affects the speed of
PCA-based methods.

We plan to share our tool as the Imputomics R package and a Shiny web server.
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Metabolomics combined with machine learning methods (MLMs), is a powerful tool for searching novel diag-
nostic panels. This study was intended to use targeted plasma metabolomics and advanced MLMs to develop
strategies for diagnosing brain tumors. Measurement of 188 metabolites was performed on plasma samples
collected from 95 patients with gliomas (grade I-1V), 70 with meningioma, and 71 healthy individuals as
a control group. Four predictive models to diagnose glioma were prepared using 10 MLMs and a convention-
al approach. Based on the cross-validation results of the created models, the F1-scores were calculated, then
obtained values were compared. Subsequently, the best algorithm was applied to perform five comparisons in-
volving gliomas, meningiomas, and controls. The best results were obtained using the newly developed hybrid
evolutionary heterogeneous decision tree (EvoHDTree) algorithm, which was validated using Leave-One-Out
Cross-Validation, resulting in an F1-score for all comparisons in the range of 0.476—0.948. Brain tumor di-
agnostic panels were constructed with unique metabolites, which reduces the likelihood of misdiagnosis.
This study proposes a novel interdisciplinary method for brain tumor diagnosis based on metabolomics and
EvoHDTree, exhibiting significant predictive coefficients.

Acknowledgements: Ministry of Education and Science — “Excellence Initiative — Research University”, subsidy of the Medical
University of Bialystok (SUB/1/DN/22/007/4406), Polish National Science Centre (2019/33/B/ST6/02386), National Centre for
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