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OPENING KEYNOTE
Tue, Sept 6

18:15-19:00

Ceremonial hall

Connecting the dots: Exploring metabolomics with
metabolic modelling
Presenting Author: Ines Thiele
Affiliation(s): National University of Ireland, Galway
Metabolomics measurements becoming increasingly comprehensive,
yet their interpretation remains challenging and time-consuming.
Here, I will demonstrate how metabolic models and metabolic
modelling can be used to put metabolomic data into context. I will
illustrate how 1. we used metabolic modelling link microbial
metabolic models with blood metabolomic data from Parkinson’s
disease patients to elucidate potential co-metabolism along the transsulphuration pathway; 2. we can use
whole-body metabolic modelling to investigate the role of human and microbial formate metabolism; and
3. we can predict the fecal metabolome using microbial community models and microbiome data. These
examples will demonstrate how metabolic modelling can enrich metabolomic data analysis and vice
versa.
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SESSION 1: CLINICAL METABOLOMICS
Wed, Sept 7

09:00-09:40

Ceremonial hall

From a molecule, to multiomics, tackling disease
complexity with complexity and back again
Presenting Author: Cristina Legido Quigley
Affiliation(s): Steno Diabetes Center, Copenhagen, Denmark
We are in the era of precision medicine and the tuning of treatments
to the benefit of a person. The amount of molecular information one
can gather with all the omics has reached the millions of data points,
this is both overwhelmingly big and expensive, however
metabolomics alone can describe a lot of this important biochemistry
in real time.
In this talk I will show our work using single-omics as a research tool in the diabetes hospital. Then I will
show our work in drug discovery using multiomics in dementia and liver disease with some machine
learning strategies for big data extraction. I will end the talk showing our efforts in simplifying the
biological complexity of the omics into interpretable and explainable results and with some future
perspectives on the steps to implement omics in the clinic.

Wed, Sept 7

09:40-10:00

Ceremonial hall

Metabolomics and lipidomics profiles in gestational diabetes mellitus (GDM)
Presenting Author: Samira Salihovic
Co-author(s): Samira Salihovic (1,2), Tim Sinoja (2), Mikael Knip (3,4,5), Matej Orešič (1,6), Tuulia
Hyötyläinen (2)
Affiliation(s): 1. School of Medical Sciences, Örebro University, Örebro, Sweden, 2. School of Science and
Technology, Örebro University, Sweden, 3. Pediatric Research Center, Children's Hospital, University of
Helsinki and Helsinki University Hospital, Helsinki, Finland, 4. Faculty of Medicine, University of Helsinki,
Helsinki, Finland, 5. Tampere Center for Child Health Research, Tampere University Hospital, Tampere,
Finland, 6. Turku Bioscience Centre, University of Turku, Turku, Finland
Gestational diabetes mellitus (GDM) is a glucose intolerance that is first identified during pregnancy. GDM
occurs in approximately 7-20% of pregnant women depending on the diagnostic criteria. The etiology of
GDM is complex, with genetic and environmental factors implicated in both mechanistic and
observational studies. From this perspective, metabolomics approaches may enhance understanding of
GDM etiology and contribute to the refinement of diagnostic criteria. Thus, the main goal of the present
work is to identify metabolomics and lipidomics profiles predicting GDM. 254 pregnant women from the
Early Dietary Intervention and Later Signs of Beta-Cell Autoimmunity (EDIA) cohort were included and
comprehensive lipidomic and metabolomic profiles were determined using liquid and gas
chromatography combined with quadrupole-time of flight mass spectrometry. 48 (19%) of the 254
women, developed GDM and 206 were used as controls. Logistic regression and least absolute shrinkage
and selection operator (lasso) logistic regression with a split sample approach (split 75/25 with 10-fold
cross‐validation) was used to identify metabolomic and lipidomic predictors of GDM. Several metabolites
(polar metabolites and lipids) were found to be significantly increased among pregnant women with GDM
vs. controls following adjustment for age and pre-pregnancy BMI. Our results encourage additional
studies investigating the underlying mechanisms and the potential clinical utility of our findings.
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Wed, Sept 7

10:00-10:10

Ceremonial hall

Serum metabolome associated with severity of acute traumatic brain injury
Presenting Author: Matej Orešič
Co-author(s): Ilias Thomas (1), Alex M. Dickens (2,3), Jussi P. Posti (4), Endre Czeiter (5,6,7), Daniel
Duberg (8), Tim Sinioja (8), Matilda Kråkström (2), Isabel R. A. Retel Helmrich (9), Kevin K. W. Wang (10),
Andrew I. R. Maas (11), Ewout W. Steyerberg (9,12), David K. Menon (13), Olli Tenovuo (4), Tuulia
Hyötyläinen (8), András Büki (1,5,6), Matej Orešič (1,2)
Affiliation(s): 1. School of Medical Sciences, Örebro University, Örebro, Sweden, 2. Turku Bioscience Centre,
University of Turku and Åbo Akademi University, Turku, Finland, 3. Department of Chemistry, University of
Turku, Turku, Finland, 4. Neurocenter, Department of Neurosurgery and Turku Brain Injury Center, Turku
University Hospital and University of Turku, Finland, 5. Department of Neurosurgery, Medical School,
University of Pécs, Pécs, Hungary, 6. Neurotrauma Research Group, Szentágothai Research Centre, University
of Pécs, Pécs, Hungary , 7. MTA-PTE Clinical Neuroscience MR Research Group, Pécs, Hungary, 8. Department
of Chemistry, Örebro University, Örebro, Sweden, 9. Department of Public Health, Center for Medical Decision
Making, Erasmus MC-University Medical Center, Rotterdam, The Netherlands, 10. Program for Neurotrauma,
Neuroproteomics & Biomarkers Research, Department of Emergency Medicine, McKnight Brin Institute of
the University of Florida, Gainesville, Florida, USA, 11. Department of Neurosurgery, Antwerp University
Hospital and University of Antwerp, Edegem, Belgium, 12. Department of Biomedical Data Sciences, Leiden
University Medical Center, Leiden, The Netherlands, 13. Division of Anaesthesia, University of Cambridge,
Addenbrooke's Hospital, Cambridge, UK
Complex metabolic disruption is a crucial aspect of the pathophysiology of traumatic brain injury (TBI).
Associations between this and systemic metabolism and their potential prognostic value are poorly
understood. Here, we aimed to describe the serum metabolome (including lipidome) associated with
acute TBI within 24h post-injury, and its relationship to severity of injury and patient outcome (1). We
performed a comprehensive metabolomics study in a cohort of 716 patients with TBI and non-TBI
reference patients (orthopedic, internal medicine, and other neurological patients) from the Collaborative
European NeuroTrauma Effectiveness Research in Traumatic Brain Injury (CENTER-TBI) cohort. We
identified panels of metabolites specifically associated with TBI severity and patient outcomes. Choline
phospholipids (lysophosphatidylcholines, ether phosphatidylcholines and sphingomyelins) were
inversely associated with TBI severity and were among the strongest predictors of TBI patient outcomes,
which was further confirmed in a separate validation dataset of 558 patients. The observed metabolic
patterns may reflect different pathophysiological mechanisms, including protective changes of systemic
lipid metabolism aiming to maintain lipid homeostasis in the brain.
Reference: (1) Thomas I et al. Nat Commun. 2022;13(1):2545

Wed, Sept 7

10:10-10:20

Ceremonial hall

Integrating the Metabolome of Capecitabine-treated Breast Cancer Cells
Presenting Author: Layla Alnoumas
Co-author(s): Layla AlNoumas (1), Nicholas JW Rattray (1), and Zahra Rattray (1)
Affiliation(s): 1. Strathclyde Institute of Pharmacy and Biomedical Sciences, University of Strathclyde,
Glasgow, G4 0RE
Background: Breast cancer is the most prevalent and deadliest cancer affecting woman across the globe.
Recent advances in targeted therapies and early utilization of imaging techniques, such as mammography
have improved survival with more than 2 million new breast cancer cases being diagnosed in 2020
worldwide [1]. Through early-stage detection only 15% of all cases diagnosed in the US are predicted to
die due to breast cancer in 2022 [2]. Nonetheless, an estimate of 600,000 women globally die from breast
cancer each year due to chemo-resistance or an absence of tumour-specific therapies [3]. The application
of untargeted metabolomics in breast cancer cell drug-dosing studies is a valuable approach to help
identify novel pathways associated with molecular sub-phenotypes and has the potential to lead to new
2nd Nordic Metabolomics Conference 2022
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drug targets and treatment in future.
Aims: The aim of this study is to employ an untargeted metabolomics approach to investigate the
metabolic response MDA-MB-231 breast cancer cells, an aggressive subtype harbouring p53 gene
mutation upon treatment with capecitabine, an anti-metabolite used for cancer treatment [4].
Methods: We exposed MDA-MB-231 to incremental doses of capecitabine to develop an IC50 value via
MTS staining. Cells were then dosed at this value and analysed by an untargeted metabolomics approach
using a Thermo Exploris 240 coupled to binary Vanquish UHPLC. Data was then processed using
Compound Discoverer 3.3.
Results: MDA-MB-231 cells were sensitive to capecitabine treatment significantly impacting key amino
acid metabolites, including tyrosine and phenylalanine as compared to wild-type breast cancer cells. This
dose-dependent effect was observed in all the identified amino acids and the nucleobase, thymine.
Conclusions: Capecitabine treatment on MDA MB 231 breast cancer cell significantly altered amino acid
and nucleobase metabolism. This metabolic profiling in this study can help identify a set of signature
metabolites that can potentially be promising in aspects of diagnosis or treatment of aggressive subtypes
of breast cancer using targeted analytical approaches for validation.
References
1. Sung, H., et al., Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. A Cancer Journal for Clinicians, 2021. 71(3): p. 209-249.
2. Bhushan, A., A. Gonsalves, and J.U. Menon, Current State of Breast Cancer Diagnosis, Treatment, and
Theranostics. Pharmaceutics, 2021. 13(5): p. 723.
3. Heer, E., et al., Global burden and trends in premenopausal and postmenopausal breast cancer: a
population-based study. The Lancet Global Health, 2020. 8(8): p. e1027-e1037.
4. Loo, W.T.Y., H. Sasano, and L.W.C. Chow, Evaluation of therapeutic efficacy of capecitabine on human
breast carcinoma tissues and cell lines in vitro. Biomed Pharmacother, 2007. 61(9): p. 553-557.

Wed, Sept 7

10:20-10:30

Ceremonial hall

Alcohol withdrawal alters plasma metabolome in patients with alcohol use disorder
Presenting Author: Hany Ahmed
Co-author(s): Hany Ahmed (1), Sophie Leclercq (2), Camille Amadieu (2), Ville Koistinen (1,3), Olli
Kärkkäinen (4), Quentin Leyrolle (5), Audrey Neyrinck (2), Peter Starkel (6), Philippe De Timary (6),
Sophie Layé (5), Nathalie Delzenne (2) and Kati Hanhineva (1,3)
Affiliation(s): 1. Food Sciences Unit, Department of Life Technologies, University of Turku, Turku, Finland, 2.
Metabolism and Nutrition Research Group, Louvain Drug Research Institute, UCLouvain, Brussels, Belgium,
3. School of Medicine, Institute of Public Health and Clinical Nutrition, University of Eastern Finland, Kuopio,
Finland, 4. School of Pharmacy, University of Eastern Finland, Kuopio, Finland, 5. Université de Bordeaux,
INRAE, Bordeaux INP, NutriNeuro, Bordeaux, France, 6. Cliniques Universitaires Saint Luc, Brussels, Belgium
Background: Alcohol use disorder (AUD) is a multifaceted disease with current treatments having limited
efficacy. Persons with AUD display alterations in plasma metabolome that could potentially be used to
stratify patients and recognize individuals at risk. However, less is known about the persistence of the
metabolic changes associated with AUD after starting treatment.
Aim: To study the effects of alcohol use and abstinence on plasma metabolome in AUD patients admitted
to a 3-week alcohol withdrawal program.
Methods: Plasma samples from AUD subjects at the start (n=48) and at the end of the withdrawal (n=64)
as well as healthy controls (n=19) were available for analysis. Metabolomics data were acquired by LCHRMS in four analytical modes. After peak-picking and preprocessing, the remaining 11,000 features
were subjected to groupwise comparisons to shortlist metabolites for annotation.
Results: Over 100 significantly altered metabolites were annotated. AUD subjects displayed marked
changes in lipids and derivatives in relation to healthy state depicting alterations in energy metabolism.
3-weeks of alcohol abstinence reversed the majority of alterations including a number of gut microbiotarelated metabolites like indoles and 5-aminovaleric acid betaine.
Conclusions: The results show that excessive alcohol use has a profound effect on plasma metabolome
while cessation of alcohol intake reverses alterations in the matter of weeks suggesting a rebound from
adverse metabolism.
2nd Nordic Metabolomics Conference 2022
Sept. 6-9, Copenhagen, Denmark

8/66

SESSION 2: MICROBIOTA-HOST INTERACTIONS
Wed, Sept 7

11:00-11:40

Ceremonial hall

Decoding the biochemical cross-talk between the
microbiome and genome using metabolomics
Presenting Author: Jonathan Swann
Affiliation(s): School of Human Development and Health, Faculty of
Medicine, University of Southampton & UK. Department of Metabolism,
Digestion, and Reproduction, Faculty of Medicine, Imperial College
London, UK.
A substantial contributor to an individual’s metabolic phenotype is
the gut microbiome. With a genetic entourage estimated to comprise
over 3 million different genes, the gut microbiome contains
approximately 100-150 times more genetic information than the human genome. Many of these microbial
genes encode enzymes that substantially extend the metabolic repertoire of the collective supraorganism,
increasing the diversity of substrates that can be processed and the compounds to which the host is
exposed. This microbial activity has a major influence on nutrient flow to the host shaping the
bioavailability of nutritional compounds and exposing the individual to a range of bioactive molecules
with potential to impact on health. Conversely, host secretions, such as bile and mucins, can regulate the
composition and function of the microbiome. This illustrates the intimate relationship that has co-evolved
between the microbiome and genome with biochemical exchange representing one facet of trans-genomic
communication. Through the application of metabolomics our understanding of this chemical exchange
has substantially increased over the past two decades. A diverse range of molecules spanning various
biochemical classes have now been implicated, forming communication networks between these
microbial residents and organs throughout the body (e.g. gut-liver, gut-heart, gut-brain axis). Here, the
potential of using metabolomics to study pan-kingdom chemical interactions and their impact on the
biomolecular landscape of the individual will be discussed, as well as how these change across the
lifecourse, and their implications for development, health, and disease.

Wed, Sept 7

11:40-12:00

Ceremonial hall

Microbial-host metabolic crosstalk and its impact on the liver disease development in
acute alcohol consumption
Presenting Author: Karolina Sulek
Co-author(s): Karolina Sulek (1), Alicia Gomez Pascual (2), Mads Israelsen (3,4), Camila Alvarez-Silva (5),
Andressa de Zawadzki (1), Evelina Stankevic (5), Helene Bæk Juel (5), Tommi Suvitaival (1), Ismo Mattila
(1), Nikolaj Torp (3,4), Camilla Dalby Hansen (3,4), Stine Johansen (3,4), Juan A. Botía (2), Maja Thiele
(3,4), Torben Hansen (5), Aleksander Krag (3,4), Mani Arumugam (5), Cristina Legido Quigley (1,6)
Affiliation(s): 1. Steno Diabetes Center Copenhagen, Denmark, 2. University of Murcia, Spain, 3. Odense
University Hospital, Denmark, 4. University of Southern Denmark, 5. University of Copenhagen, Denmark, 6.
King's College London, United Kingdom
Gut microbiota composition and metabolic activity are known to have a large impact on the human
health. Microbiome can produce and transpose various metabolites, which can reach the bloodstream of
the host. Homeostasis is maintained by host genetics and lifestyle. Alcoholic liver disease (ALD) is a result
of excessive and prolonged intake of alcohol that damages the liver, leading eventually to cirrhosis. The
molecular mechanisms underlying the progression of ALD remain not fully understood. Overconsumption
of alcohol is linked to the disruption of the bacterial composition, which also alters microbiome-host
biochemical synergy.
We studied 39 participants with 3 distinct hepatic phenotypes: ALD (n=14), non-alcoholic fatty liver
disease (NAFLD, n=15), and healthy controls (n=10). Alcohol was administrated via nasogastric tube over
2nd Nordic Metabolomics Conference 2022
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30 min. Hepatic venous blood was sampled simultaneously at 3 time points: baseline, 60, and 180 min
after alcohol intervention.
Fecal samples were collected 48h before and 24h after the intervention. We investigated the acute impact
of alcohol consumption on the microbial population and metabolites they produce, both in plasma and
fecal samples, using a multiomics approach. 16S rRNA, metabolomics, lipidomics, proteomics and clinical
variables were used in linear mixed model. We found a distinctive relationship between indoxyl sulfate
and inflammatory response in the liver related to alcohol consumption.

Wed, Sept 7

12.00-12.10

Ceremonial hall

Key bacterial taxa producing aromatic amino acid catabolites during early infancy
Presenting Author: Henrik Roager
Co-author(s): Martin F. Laursen (1), Anurag, K. Sinha (1), Mikael Pedersen (1), Henrik M. Roager (2)
Affiliation(s): 1. National Food Institute, Technical University of Denmark, Kgs. Lyngby, Denmark, 2.
Department of Nutrition, Exercise and Sports, University of Copenhagen, Frederiksberg C, Denmark
There is an urgent need to identify the key bacterial taxa responsible for the production of metabolites
vital for host-microbe interactions in early life. However, few links between bacterial taxa and microbialderived metabolites have been established in early life. Here, we investigated the dynamics in gut
microbiome composition by 16S rRNA gene sequencing and abundance of microbial-derived aromatic
amino acid (AAA) catabolites by LC-MS based metabolomics in 269 faecal samples from 25 healthy
infants during the first 6 months of life. Our data show that the temporal dynamics of AAA catabolites are
linked to discontinuation of breastfeeding and the first introduction of solid foods. We further identified
associations between the microbial metabolites and bacterial species, and validated bacterial production
of the metabolites by in vitro experiments. We found that Bifidobacterium species, due to a previously
unrecognised aromatic lactate dehydrogenase, convert aromatic amino acids (tryptophan, phenylalanine
and tyrosine) into their respective aromatic lactic acids (indolelactate, phenyllactate and 4hydroxyphenyllactate) (Laursen et al. 2021; Nature Microbiology). Furthermore, we found that aromatic
propionic acids are produced by Peptostreptococcus anaerobius, whereas tyramine and tryptamine are
produced by Enterococcus faecalis and Ruminococcus gnavus, respectively, in the infant gut. Collectively,
our data indicate that the temporal dynamics of AAA catabolites are linked diet shifts and appearance of
specific bacterial taxa.

Wed, Sept 7

12.10-12.20

Ceremonial hall

Chemoselective Probes for Advanced Mass-spectrometric Analysis of Metabolites
Presenting Author: Amanpreet Kaur
Co-author(s): Amanpreet Kaur (1), Weifeng Lin (1), Daniel Globisch (1)
Affiliation(s): 1. Department of Chemistry- Biomedical Centre, Uppsala University,752 37 Uppsala, Sweden
The human gut microbiome plays a vital role in regulating health and disease. Gut microbes uptake
nutrients from the host, metabolize them and release the end-products either in the gut to be utilized by
other microbes or in the plasma. Although metagenomics and proteomics analyses have elucidated genes
and proteins involved in the host-microbe and microbe-microbe communication, a vast majority of the
functional small molecules eliciting these interactions still remain to be studied. A technique that has
contributed substantially toward uncovering new metabolites is liquid chromatography-mass
spectrometry (LC-MS). LC-MS offers better metabolite coverage due to high sensitivity and throughput.
However, LC-MS limits metabolite discovery by omitting poorly-ionizable metabolites and ion
suppression of low-abundance metabolites. Metabolite enrichment by derivatization has been established
to enhance the MS signals, thereby allowing superior annotation of captured metabolites. However, the
commonly used reactive sites for derivatization lack stability and tend to react with undesired
metabolites. To overcome these limitations, we have recently developed a new type of immobilized
chemoselective probes for the investigation of amine and carbonyl-containing metabolites. We envision
that our methods will serve as crucial tools for the discovery of unknown bioactive metabolites as well as
biomarkers of disease.
2nd Nordic Metabolomics Conference 2022
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Wed, Sept 7

12.20-12.30

Ceremonial hall

Altered gut microbial vitamin B6 production modifies an inflammatory liver disease
Presenting Author: Peder Braadland
Co-author(s): PR Braadland (1,2), A Bergquist (3), MC. Småstuen (4), T Folseraas (1,2), M Trøseid (5), A
Ulvik (6), Ø Midttun (6), PM Ueland (6), TH Karlsen (1,2), M Vesterhus (1,7), M Kummen (1,2), JR Hov
(1,2)
Affiliation(s): 1. Norwegian PSC Research Center, OUH, Oslo, Norway, 2. Institute of Clinical Medicine, UiO,
Oslo, Norway, 3. Unit of Gastroenterology and Rheumatology, KUH, Stockholm, Sweden, 4. Department of
Public Health, OsloMet, Oslo, Norway, 5. Section of Clinical Immunology and Infectious Diseases, OUH, Oslo,
Norway, 6. BEVITAL AS, Bergen, Norway, 7. Haraldsplass Deaconess Hospital UiB, Bergen, Norway
Metabolites entering the intestine face modification by gut microbes. The liver is exposed to blood from
the gut, and many liver diseases entail gut dysbiosis, suggesting that microbial by-products modify
disease. Primary sclerosing cholangitis (PSC) is a chronic biliary disease well suited to study this
interaction. People with PSC typically have reduced microbial diversity and inflammatory bowel disease,
and will eventually need a liver transplantation (LT). However, liver recipients are at high risk of
recurrent PSC (rPSC). We recently found that people with PSC had reduced gut bacterial capacity to
produce the co-factor form of vitamin B6 (PLP), which corresponded with lowered blood PLP and severe
disease.
Here, we used targeted LC-MS/MS (BEVITAL) on plasma samples from 232 people with PSC and 100
controls to validate and characterize B6 deficiency in PSC. We investigated if the deficiency persisted after
LT, which would support an extra-hepatic, gut bacterial cause.
We found that B6 deficiency is common in PSC and entails functional consequences on critical pathways
that use PLP as a cofactor. LT ameliorated but did not rescue B6 homeostasis. Low PLP predicted an
increased risk for LT or death, which we externally validated (N=141), and low PLP predicted poor
outcomes after LT.
We identify a feasible mechanism where loss of bacterially produced B6 causes a deficiency with
functional consequences before and after LT, and propose that LT may be used to filter gut microbial
metabolites.
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SESSION 3: ENVIRONMENTAL AND PLANT METABOLOMICS
Wed, Sept 7

13:30-14:10

Ceremonial hall

Metabolic Signatures of the Exposome— Approaches to
assess the impact of Exposure to Environmental Chemicals
on Human Health
Presenting Author: Tuulia Hyötyläinen
Affiliation(s): School of Science and Technology, Örebro University,
Sweden
The origins of many non-communicable diseases occur already in the
early childhood, as a result of complex interactions of environmental
and genetic factors. Particularly, growing evidence suggests that
exposure to endocrine disrupting chemicals (EDC) interfere
metabolism, and that the EDC exposure is associated with chronic diseases such as diabetes, cancer and
various autoimmune diseases. Linking exposures to adverse outcomes, via intermediate phenotypes such
as the metabolome, is one of the central themes of exposome research. In particular, exposure during the
vulnerable fetal or early development period can affect structure, physiology and metabolism, causing
potential adverse, often permanent, health effects at any point in life. There is strong evidence that
chemical exposures have a marked impact on the metabolome, associating with specific disease risks. We
have identified association of early-life exposure to environmental chemicals with increased risk of
autoimmune disease in children at genetic risk for the disease. Specifically, early-life exposure was
associated with changes in lipid and bile acid metabolism, suggesting altered interplay between gut
microbiota and metabolism as a result of the exposure. Overall, our results highlight the role of exposure
in developmental programming through complex interaction between exposure, genetic risk factors, gut
microbiota, and host metabolism.

Wed, Sept 7

14:10-14:30

Ceremonial hall

The value of a multi-omics approach in the understanding of Piscine orthoreovirus (PRV)
infection in Atlantic salmon (Salmo salar)
Presenting Author: Oscar Daniel Rangel Huerta
Co-author(s): Rangel Huerta OD (1), Fæste C (1), Uhlig S (1), Anonsen JH (2), Dahle M (1), Ivanova L (1)
Affiliation(s): 1. Veterinærinsttitutet, Oslo, Norway, 2. Institutt for biovitenskap, Oslo, Norway
Piscine orthoreovirus 1 (PRV-1) triggers the development of heart and skeletal muscle inflammation
(HSMI) in farmed Atlantic salmon. Not all PRV-1 infections develop into HSMI, and the mechanisms
controlling disease development are not clear. Here we present the combined use of proteomics and
metabolomics to explore the underlying mechanisms for development of HSMI.
Plasma samples from PRV-1 infected fish were collected post-infection at week 5 (n = 8) and week 8
(n=8). Uninfected control fish were sampled in parallel. Targeted metabolomics was done using the
Biocrates p400HR kit. For untargeted analysis, a HILIC-MS-based approach was used. Proteomics data
were collected using an nHPLC nESI-HRMS method. A multiblock-sPLSDA (using the R-based package
mixOmics (v6.13)) was used to identify a multi-omics signature for the infected group at weeks 5 and 8.
The signature of infected fish from week 5 and 8 differed, indicating different molecular processes at the
two stages of the infection. Data from both weeks were merged and generated a signature, characterised
by several triacylglycerides, lysophosphatidylcholines, and proteins such as galectin-3-binding protein,
ryanodine receptor-3-like and fucolectin-6, among others. The multi-omics approach indicated a
biological link between omics that can bring us closer to understanding HSMI development.

2nd Nordic Metabolomics Conference 2022
Sept. 6-9, Copenhagen, Denmark

12/66

Wed, Sept 7

14:30-14.40

Ceremonial hall

Chemical exposures are associated with altered microbiome and secondary bile acid
pathways in obesity and insulin resistance
Presenting Author: Partho Sen
Co-author(s): Partho Sen (1,2), Yong Fan (3), Tuulia Hyötyläinen (4), Oluf Pedersen (3), Matej Orešič (1,2)
Affiliation(s): 1. Turku Bioscience Centre, University of Turku and Åbo Akademi University, Turku, Finland , 2.
School of Medical Sciences, Örebro University, Örebro, Sweden, 3. Novo Nordisk Foundation Center for Basic
Metabolic Research, Faculty of Health and Medical Sciences, University of Copenhagen, Blegdamsvej 3B,
2200 Copenhagen, Denmark , 4. MTM Research Centre, School of Science and Technology, Örebro University,
Örebro, Sweden
Background and Aims: Human epidemiological and animal toxicology studies suggests that
environmental toxicants (ETs) including perfluorinated alkyl substances (PFAS) are associated with a
variety of adverse health outcomes. Exposure of ETs may impair human metabolic health, however, the
underlying mechanism are poorly understood. Herein, we hypothesized that exposure to ETs may alter
the composition and diversity of gut microbiome and bile acid (BA) metabolism, thus impacting metabolic
health in humans.
Method: We measured ETs (35 chemicals) and BAs in the serum samples obtained from (n=264)
individuals participated in the MetaHIT study. Serum levels of PFAS and BAs were determined by ultraperformance liquid chromatography - quadrupole time-of flight mass spectrometry (UHPLC-QTOFMS).
Stool whole-genome shotgun sequencing data was retrieved for microbial taxonomic profiling and
functional analysis.
Results: Factor analysis showed that the ETs were associated with sex > age > insulin resistance (HOMAIR) > obesity status. An increase in the secondary BAs (ketolithocholic acid and lithocholic acids) was
observed in high (vs. low) exposure groups irrespective of the ET types. Alpha-diversity of the microbes
were found to be decreased in high vs. low exposure groups. These effects were most prominent in the
individuals with high BMI (>27 kg/m2) and HOMA-IR.
Conclusion: Our study suggests that the composition gut microbiome is affected by chemical exposure
which, in turn, may contribute to obesity and IR.

Wed, Sept 7

14:40-14:50

Ceremonial hall

Evolutionary metabolomics of specialized metabolism diversification in the genus
Nicotiana highlights allopolyploidy-mediated innovations in N-acylnornicotine
metabolism
Presenting Author: David Elser
Co-author(s): David Elser (1), David Pflieger (1), Claire Villette (1), Baptiste Moegle (2), Laurence Miesch
(2) and Emmanuel Gaquerel (1)
Affiliation(s): 1. Institut de Biologie Moléculaire des Plantes du CNRS, Université de Strasbourg, France, 2.
Institut de Chimie du CNRS UMR 7177, Université de Strasbourg, France
Specialized metabolite (SM) diversification is a core process of plants’ adaptation to diverse ecological
niches. The underlying dynamics, especially for subtle shifts within SM chemotypes, can nonetheless be
partly transparent at genomics/transcriptomics levels. Here we implemented a state-of-the-art
computational mass spectrometry-based evolutionary metabolomics approach to explore SM
diversification in tissues of 20 species covering all of the major sections of the genus Nicotiana. To
drastically increase metabolite annotation, we created the largest publicly available in silico
fragmentation database, comprising of more than 1 million structures and developed novel
computational scripts for connecting SM class prediction and consensus substructure calculations
summarizing the large number of annotations collected. Altogether, the approach provides an
unprecedented cartography of SM diversity in the Nicotiana genus, thereby pin-pointing on several
section-specific metabolic innovations. As a case-study, we explored the distribution of N-acyl
nornicotines which had previously been only reported for leaf exudates of the Repandae section and
revealed their prevalence in the genus, albeit at orders of magnitude lower than in the Repandae as well
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as their greater structural diversity than previously thought. Altogether, the fully open data and broad
range of data integration approaches and scripts provided should inspire and act as a resource for future
research in plant SM.

Wed, Sept 7

14:50-15:00

Ceremonial hall

Implementation of eco-metabolomic traits in invasion ecology to solve Darwin´s
naturalization conundrum
Presenting Author: Henriette Uthe
Co-author(s): Henriette Uthe (1,2), Yvonne Poeschl (1,2), Andrea Galman (3), Sylvia Haider (3)
Affiliation(s): 1. German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Puschstraße
4, 04103 Leipzig, Germany, 2. Institute of Biodiversity, Friedrich Schiller University, Dornburger Straße 159,
07743 Jena, Germany, 3. Institute of Biology/Geobotany and Botanical Garden, Martin Luther University
Halle-Wittenberg, Große Steinstraße 79/80, 06108 Halle (Saale), Germany
Darwin’s naturalization conundrum (Diez et al., 2008) results from two opposing predictions:
(1) Initially, Darwin posited that non-native introduced species closely related to native species would be
more likely to be successfully established because they might share similar adaptations to the local
environment with their native relatives (preadaptation hypothesis).
(2) However, based on observations made by de Candolle (1855) concluded that the lack of competitive
exclusion would facilitate the establishment of alien invaders phylogenetically distinct from the native
flora, a hypothesis that is more competition-related.
The group of Dr. Sylvia Haider and the team of EcoMetEoR aim to solve the so-called Darwin’s
naturalization conundrum by analyzing the similarity between invading plant species and the recipient
community along elevation gradients in the mountains of Tenerife. Here, elevation represents a gradient
of environmental stress for non-native plants, with few species able to tolerate environmental conditions
at high elevation.
Leaves of over 200 species of different taxes (from weed to tree) were collected along an elevation
gradient (over 2000 m height difference). The MSMS data of this unique and comprehensive data set
enables us to explore the relative role of competition and environmental (preadaptation) filtering in the
relatedness of the metabolome of native and non-native species. With this approach, we can show how
the environment or biotic interactions shape metabolic profiles along steep environmental gradients.
Furthermore, with the annotation of chemical compound classes (Classyfire), we can also draw
conclusions about the mechanisms of native and non-native plants to handle biotic (competition and
herbivory) and abiotic interactions.
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SESSION 4: EMERGING TECHNOLOGIES AND TOOLS IN METABOLOMICS
Wed, Sept 7

15:45-16:25

Ceremonial hall

Spatial single-cell metabolomics reveals metabolic cell
states
Presenting Author: Theodore Alexandrov
Affiliation(s): EMBL, Heidelberg, Germany
Recent discoveries put metabolism into the spotlight. Metabolism not
only fuels cells but also plays key roles in health and disease. In
parallel, emerging single-cell technologies opened a new world of cell
types and states previously hidden beneath population averages. Yet,
methods for discovering links between metabolism, cell states,
metabolic plasticity and reprogramming on the single-cell level and in
situ are crucially lacking. Our research aims to contribute bridging this gap. First, we will present how the
emerging technology of imaging mass spectrometry can be used for the spatial profiling of metabolites,
lipids, and drugs in tissues. These efforts are enabled by our big data community cloud platform
METASPACE which is increasingly used across the world. Next, we will present method SpaceM for spatial
single-cell metabolomics. SpaceM detects 100+ metabolites and/or 500+ lipids from thousands of
individual cells together with a fluorescence-based read-out and morpho-spatial features. We used
SpaceM to characterize how stimulating human hepatocytes with fatty acids led to the emergence of two
co-existing subpopulations outlined by distinct cellular metabolic states. Inducing inflammation with the
cytokine IL-17A perturbs the balance of these states in a process dependent on NF-κB signalling. The
metabolic-state markers were reproduced in a pre-clinical in vivo murine model of non-alcoholic
steatohepatitis. We will show how a high-throughput version of the SpaceM method helps discover and
characterize metabolic states of activated CD4+ T cells from peripheral human blood. Overall, such
methods can open novel avenues for understanding metabolism in tissues and cell cultures on the singlecell level.

Wed, Sept 7

16:25-16:45

Ceremonial hall

MScurate: Semi-automated curation and building of a mass spectral database
Presenting Author: Jan Stanstrup
Co-author(s): Jan Stanstrup, Muyao Xi, Giorgia La Barbera, Lars Ove Dragsted
Affiliation(s): University of Copenhagen, Denmark
Public MS databases have grown impressively in the last decade. The spectra available is, however, still
only a fraction of the unique data that has been generated in labs around the world. One of the obstacles
to data being published is the amount of manual effort that is required to produce high quality spectra
from raw data. While tools exist to extract the relevant spectra they are typically either almost completely
manual or automated to an extend that makes it difficult to assess quality.
MScurate aims to automate most of the data extraction and annotation of pre-defined analytes and leaves
only the final curation to the user. First classical peak picking is performed for all peaks in the sample.
Then coeluting peaks are grouped. Next, peaks groups are filtered to remove peaks that cannot be related
to the analyte considering the mass. Fragments and adducts are also automatically annotated.
The graphical user interface then presents the (one or a few) resulting spectra that the user can approve
or reject, or the processing settings can be modified to fit the given data. With this approach noise peaks
are practically absent but the user must perform a final sanity check of the data quality.
MScurate builds on the RforMassSpectrometry framework and data can thus easily be exported to
different formats and used in data analysis pipelines.
Shiny app available at: https://gitlab.com/R_packages/mscurate
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Wed, Sept 7

16:45-16:55

Ceremonial hall

Exploring Gut Microbiota Metabolism – New Chemical Biology Tools for Metabolomics
Analysis
Presenting Author: Daniel Globisch
Co-author(s): Weifeng Lin (1), Mário S. P. Correia (1), Theodosia Vallianatou (1), Amanpreet Kaur (1),
Ioanna Tsiara (1), Sydney Mwasambu (1), Vladyslav Dovhalyuk (1), and Daniel Globisch (1,2)
Affiliation(s): 1. Department of Chemistry - BMC, Uppsala University, Sweden, 2. Center for Translational
Microbiome Research (CTMR), Karolinska Institute, Sweden
One of the most exciting scientific developments in the past decade has been the understanding that gut
microbiota profoundly impact human physiology. The complex consortium of trillions of microbes
possesses a wide range of metabolic activity. This metabolic interspecies communication represents a
tremendous opportunity for biomarker discovery as only limited information on this co-metabolism has
been elucidated on a molecular level.
We have designed a unique chemoselective probe immobilized to magnetic beads that allows for facile
extraction of metabolites with increased mass spectrometric sensitivity by six orders of magnitude and
led to discovery of unknown microbiome metabolites. An incorporated bioorthogonal cleavage site, which
we have adapted from a protecting group, is labile under mild, palladium-catalyzed conditions facilitates
efficient release of captured metabolite without altering their chemical structure. We also developed an
enzyme-based metabolite analysis method for simplified identification of converted sulfated metabolites
as this compound class represents a signature for microbiome-host co-metabolism.[5,6] This analysis led
to identification of 206 sulfated metabolites, exceeding the number of this metabolite class in common
metabolomics databases by a factor of three. We have applied it for a dietary intervention study. Many
previously unknown and undetected metabolites detected are specifically derived from microbiota
metabolism.

Wed, Sept 7

16:55-17:05

Ceremonial hall

An untargeted method and a comprehensive database for DNA adductomics investigation
in cancer
Presenting Author: Giorgia La Barbera
Co-author(s): Giorgia La Barbera, Katrine Dalmo Nommesen, Catalina Cuparencu, Jan Stanstrup and Lars
Ove Dragsted.
Affiliation(s): Department of Nutrition Exercise and Sports, University of Copenhagen, Frederiksberg,
Denmark
Cancer may develop after covalent modification of DNA by toxicants coming from exogenous or
endogenous processes. The identification of these modifications (DNA adducts) may allow getting new
insight into cancer causes and mechanisms. DNA adductomics is a new promising research field, with
several analytical challenges. In this work, ultra-high performance liquid chromatography coupled to high
resolution mass spectrometry was used for developing a sensitive method for untargeted DNA
adductomics, which was applied for the analysis of DNA from real samples. DNA adducts were screened
by monitoring the loss of deoxyribose in MSE and then matched with an in-house database built after an
extensive literature search. This is the first DNA adduct database with comprehensive information on
both DNA adduct source and structure, and it includes 582 adducts.1 The method and database allowed
the identification of 13 DNA adducts 4 of which have never been identified before, showing promise for
identification of unknown DNA adducts in future human studies.2
Acknowledgements: H2020 Marie Curie Slodowska Individual Fellowships. Semper Ardens grant from
the Carlsberg Foundation.
References:
1. La Barbera G. et al. A Comprehensive Database for DNA Adductomics, Frontiers in Chemistry,
2022,10,908572
2. La Barbera G. et al. Development of an untargeted DNA adductomics method by ultra-high performance
liquid chromatography coupled to high-resolution mass spectrometry. ChemXriv archive 2022
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Wed, Sept 7

17:05-17:15

Ceremonial hall

MALDI-mass spectrometry imaging enables rapid metabolic profiling of cerebrospinal
fluid in Parkinson's disease
Presenting Author: Patrik Bjärterot
Co-author(s): Patrik Bjärterot (1), Theodosia Vallianatou (1), Reza Shariatgorji (1), Anna Nilsson (1), Per
Svenningsson (2), Per E. Andrén (1)
Affiliation(s): 1. Dep of Pharmaceutical Biosciences, Spatial Mass Spectrometry, Science for Life Laboratory,
Uppsala University, Uppsala, Sweden, 2. Dep of Clinical Neuroscience, Karolinska Institutet, Solna, Sweden
Parkinson's disease (PD) is a highly prevalent neurodegenerative disorder affecting the motor system,
caused by the progressive loss of dopaminergic neurons in the substantia nigra. PD is diagnosed solely
based on the presence of clinical symptoms and signs but here is an urgent need to identify reliable
biomarkers for the disease. We propose a matrix-assisted laser desorption/ionization mass spectrometry
imaging (MALDI-MSI) method that requires minimal sample preparation and only microliters of a biofluid
sample. We analyzed cerebrospinal fluid (CSF) samples of 12 PD and 12 age-matched healthy controls at a
volume of 1 microliter per sample. We detected and identified numerous metabolites, including
neurotransmitters, such as GABA, dopamine, norepinephrine, serotonin and their downstream metabolic
products. The limit of detection was estimated using spiked deuterated standards for multiple
neurotransmitters with high linearity and sensitivity. Application of multivariate classification led to a
highly significant (P <0.001) model of PD prediction with 98% classification rate, which was further
thoroughly validated. Our method showed high potential in the rapid detection of PD-related biomarkers
at low sample volumes and may serve as a valuable tool in the development of robust PD diagnostics.
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SESSION 5: GOLD SPONSORS
Thu, Sept 8

09:00-09:20

Ceremonial hall

NMR based Metabolomics Solutions for Clinical
Research and Translational
Presenting Author: Eduardo Nascimento
Co-author(s): Claire Cannet, Manfred Spraul, Hartmut Schäfer,
Birk Schutz, Eduardo Nascimento
Affiliation(s): Bruker BioSpin GmbH, Applied Industrial and
Clinical division, Germany
NMR is one of the 2 analytical technologies used in Metabolomics. NMR-Metabolomics based on its
reproducibility and transferability can reliable show even smallest multiple changes in mixture
composition to recognize e.g. disease at very early stages of development in spectral data produced by
different research groups. This is possible through strict standardization from sample collection to NMR
measurement using a platform approach. Based on such SOPs, tools can be applied to quantify a large
number of small molecules in body fluids and to offer lipoprotein subclass analysis in plasma/serum
under full automation. Analysis tools developed can be applied to different questions emerging in clinical
and translational research, nutritional health and wellbeing as well as in biobanking. An overview of
those NMR-based clinical metabolomics applications will be given with highlighting the newly launched
NMR PhenoRisk PACS™ multi-organ risk screen solution enabling in-depth monitoring of Long
COVID/PACS to detect secondary disease as early as possible. Indeed, PACS involves damage to a variety
of organ systems (e.g. lungs, heart, kidneys, pancreas), along with mental health impairment and there is
an emerging consensus in recent publications that an individual's NMR metabolomic signature delivers
reliable insight into PACS. NMR enables the study of SARS-CoV-2 triggered metabolic phenoconversion,
defined as transient or persistent systemic change of the molecular signature in human blood after acute
infection and the subsequent phenoreversion which may mark PACS recovery.

Thu, Sept 8

09:20-09:40

Ceremonial hall

Meeting the data quality demand of modern
metabolomics
Presenting Author: Matthew R. Lewis
Affiliation(s): Bruker Life Sciences Mass Spectrometry Division &
Department of Metabolism, Digestion and Reproduction,
Imperial College London
Metabolomics applications are expanding rapidly beyond small
case-control studies, pushing into clinical monitoring, personalized health/medicine/nutrition (i.e.
repeated sampling), and population-scale analysis spaces as an integral part of multi-disciplinary
research. More than ever, the field's attention is on the quality (accuracy, precision, and reproducibility)
of data produced. With single metabolomics experiments pushing into the thousands and tens-ofthousands of samples, instrument robustness has become a heavily weighted factor for many labs when
establishing their bioanalytical platform(s). At the same time, expectations of the scale and confidence of
automated metabolite annotation have also increased, with the reporting of 100's of named metabolites
now being routine for untargeted (and some targeted) analyses. In this presentation, key considerations
of data quality in modern metabolomics research are discussed, and insight to how a leading provider of
bioanalytical solutions for metabolomics considers and meets this challenge is provided.
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Thu, Sept 8

09:40-10:00

Ceremonial hall
Comprehensive data-driven
metabolomics workflows with Real
Time Library Search
Presenting Author: Marynka
Ulaszewska

Affiliation(s): Thermo Fisher Scientific, Milano, Rodano, Italy
Metabolomics requires a comprehensive suite of capabilities from sample preparation and separation to
data acquisition and interpretation. Go beyond the challenges of today with the ultimate metabolomics
toolbox to cover every workflow from high throughput targeted analysis to unknown discovery and
annotation.
Here we will show novel data acquisition strategies on the Orbitrap™ IQ-X™ Tribrid™ Mass Spectrometer
to help push the boundaries of metabolite identification through a semi-targeted annotation workflow
that will on the fly help identify structurally related compounds present in your library. The workflow
utilizes Real Time Library Search (RTLS) to match at the MS2 level based on a user defined library and
subsequently triggers MS3 to further characterize species of interest. The example here focuses on
flavonoid detection in tea samples that can show differentiation between tea samples based on flavonoid
content as well as deep annotation capabilities of each sample in a single injection.
Your spectrum search and annotation will be as good as your spectral library is. Constructing high quality
and curated spectral libraries is vital for the bottleneck step in biomarker discovery - the structure
elucidation. The on-line mzCloud spectral library offers ca. 20 thousand compounds belonging to different
chemical classes and arranged in several millions' spectral trees. Today you can create your own on-line
spectral library with myLibrary Enterprise, cloud-based infrastructure for collaborative creation and
sharing of high-quality spectral trees, in a secure fashion

Thu, Sept 8

10:00-10:20

Ceremonial hall
Ensuring robust transfer from targeted
discovery metabolomics to a reliable
untargeted HILIC LCMS workflow
Presenting Author: Hannah Florance
Co-author(s): Hannah Florance, Karen E. Yannell,
Cate Simmermaker, Genevieve Van de Bittner and
Daniel Cuthbertson
Affiliation(s): Agilent Technologies

HILIC LCMS is seen as the gold standard for metabolomics studies. It has superseded the use of traditional
reverse phase using ion-pairing reagents. Both come with challenges such as chromatographic
repeatability between sample cohorts, column batches and personnel, all particular to HILIC.
We have developed a comprehensive workflow for profiling polar metabolites covering all stages from
sample preparation using the Bravo Sample Prep Platform, a robust HILIC chromatographic method and a
highly analytically sensitive targeted analysis using our 6495C LC/TQ. We demonstrate how using the
1290 Infinity II Bio LC System gives great benefits for metal sensitive analytes. An effective workflow
that's simple to implement, reliable and reproducible for over 500 commonly measured polar
metabolites. This validated method allowed the direct transfer and development to our 6546 LC/QTOF
for an equally robust workflow for untargeted approaches. With feature finding and alignment using
MassHunter Profinder, statistical analysis using Mass Profiler Professional (MPP) and the integrated use
of a Personal Compound Database Library of the 500 aforementioned metabolites annotated with
retention times for increased confidence compound identification, we complete the cycle of targeteduntargeted-targeted analysis for understanding complex biological systems.
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SESSION 6: NUTRITIONAL METABOLOMICS
Thu, Sept 8

13:30-14:10

Ceremonial hall

How Metabolomics May Improve Precision- and Public
Health Nutrition
Presenting Author: Rikard Landberg
Affiliation(s): 1. Division of Food and Nutrition Science, Department of
Biology and Biological Engineering, Chalmers University of Technology,
Gothenburg, Sweden
Diet is a main modifiable risk factor of non-communicable diseases
such as cardiovascular disease, type 2 diabetes, obesity, and some
cancers. Large prospective cohort studies, and in some cases,
randomized controlled trials, have shown that higher diet quality is
associated with lower risk of developing or dying from these diseases. However, nutrition studies suffer
from difficulties in accurately measuring the diet inherent to large errors associated with self-reported
methods often used and there is a large variation in response to the same diet between individuals.
To improve the understanding of underlying mechanisms linking diet and health and efficacy of dietary
interventions, new approaches are needed to more objectively measuring diet and to better guide the
right diet to the right individual/group of individuals at the right time. Metabolomics i.e., the study of
small molecule metabolites within an organism or biofluids thereof, represents a key technique to
objectively reflect specific dietary exposures, activities of gut microbiota, signatures of disease conditions
and their alterations by diet, and to guide tailored dietary interventions based on differential
metabotypes.
In this presentation, I will provide an overview of recent developments and challenges in applications of
metabolomics to a) measure dietary exposures; b) understand gut microbiota activities linking diet with
health c) tailor diet in precision nutrition.

Thu, Sept 8

14:10-14:30

Ceremonial hall

Accelerated Lysine Metabolism Conveys Kidney Protection in Hypertension
Presenting Author: Markus Rinschen
Co-author(s): Markus Rinschen (1,2,3), Oleg Palygin (4), Gary Siuzdak (3), Alexander Starschenko (5)
Affiliation(s): 1. Aarhus University, Aarhus, Denmark, 2. University Hospital Hamburg Eppendorf, Hamburg,
Germany, 3. Scripps Research, La Jolla, USA, 4. Medical University South Carolina, Charleston, USA, 5.
University of South Florida, Tampa, USA
Hypertension and kidney disease have been repeatedly associated with genomic variants and alterations
of lysine metabolism. Here, we coupled dietary stable isotope labeling with untargeted metabolomics to
investigate lysine's metabolic fate in vivo. Metabolic trajectories of 13C6 labeled lysine were tracked to
lysine metabolites across various organs in hypertension. Globally, lysine reacts rapidly with molecules of
the central carbon metabolism, but incorporates slowly into proteins and acylcarnitines. Lysine
metabolism is accelerated in a rat model of hypertension and kidney damage, chiefly through N-alphamediated degradation.
Lysine administration diminished development of hypertension and kidney injury. Protective
mechanisms include diuresis, further acceleration of lysine conjugate formation, and inhibition of tubular
albumin uptake. Lysine also conjugates with malonyl-CoA to form a novel metabolite Ne-malonyl-lysine.
Through conjugate formation and excretion as fructoselysine, saccharopine, and Ne-acetyllysine, lysine
depletes central carbon metabolites from the organism and kidney. Consistently, lysine administration to
patients at risk for hypertension and kidney disease inhibited tubular albumin uptake, increased lysine
conjugate formation, and reduced tricarboxylic acid (TCA) cycle metabolites, compared to kidney-healthy
volunteers. Conclusion: Lysine isotope tracing mapped an accelerated kidney metabolism in
hypertension, and lysine's bioactivity could protect kidneys in hypertensive kidney disease.
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Thu, Sept 8

14:30-14:40

Ceremonial hall

Metabolite pattern derived from Lactiplantibacillus plantarum–fermented rye foods and
in vitro gut fermentation modulates bacterial growth
Presenting Author: Ville Koistinen
Co-author(s): Ville M Koistinen (1,2,3), Maria Hedberg (4), Lin Shi (5,6), Anders Johansson (4), Otto
Savolainen (2,5), Marko Lehtonen (7), Anna-Marja Aura (8), Rikard Landberg (5), Kati Hanhineva (1,2,5)
Affiliation(s): 1. Food Chemistry and Food Development Unit, Department of Biochemistry, University of
Turku, Finland, 2. Institute of Public Health and Clinical Nutrition, University of Eastern Finland, Finland, 3.
Afekta Technologies Ltd, Kuopio, Finland, 4. Department of Odontology/Oral Microbiology, Umeå University,
Sweden, 5. Division of Food and Nutrition Science, Department of Biology and Biological Engineering,
Chalmers University of Technology, Gothenburg, Sweden, 6. College of Food Engineering and Nutritional
Science, Shaanxi Normal University, Xi’an, China, 7. School of Pharmacy, University of Eastern Finland,
Kuopio, Finland, 8. VTT Technical Research Centre of Finland Ltd, Espoo, Finland
Fermentation with microbes, such as lactic acid bacteria (LAB), improves many food characteristics
including taste, structure and shelf life. Recent studies suggest fermentation may also enhance the health
properties, but mechanistic evidence is lacking. In this study, we aimed to identify a metabolite pattern
reproducibly produced during sourdough and in vitro colonic fermentation of various whole-grain rye
products and how it affects the growth of bacterial species of potential importance to health and disease.
We used Lactiplantibacillus plantarum DSMZ 13890 strain, previously shown to favour rye as its
substrate. Using nontargeted LC-MS metabolomics, we analysed samples from various sourdoughfermented whole-grain rye products and from an in vitro gut model incubated with whole-grain rye
bread. We identified seven microbial metabolites including dihydroferulic acid, dihydrocaffeic acid, and
five microbial metabolites of aromatic and branched-chain amino acids, all of which were commonly
produced during the fermentations. A stronger inhibition was achieved when exposing the bacteria to a
mixture of the metabolites in an in vitro agar dilution test compared to individual compound exposures.
Our study suggests that metabolites produced by LAB may synergistically modulate the local microbial
ecology, such as in the gut. This could provide new hypotheses on how fermented foods influence human
health via diet–microbiota interactions.

Thu, Sept 8

14:40-14:50

Ceremonial hall

Predicting weight loss success on a New Nordic Diet: an untargeted multi-platform
metabolomics approach
Presenting Author: Kristina Pigsborg
Co-author(s): Kristina Pigsborg (1), Bekzod Khakimov (2), Søren Balling Engelsen (2), Mads Fiil Hjorth
(3), Faidon Magkos (1), Lars Ove Dragsted (1)
Affiliation(s): 1. Department of Nutrition, Exercise and Sports, Faculty of Science, University of Copenhagen,
Frederiksberg, Denmark., 2. Department of Food Science, Faculty of Science, University of Copenhagen,
Frederiksberg, Denmark., 3. Obesity and Nutrition Science, the Novo Nordisk Foundation, Hellerup, Denmark.
Background and aim: Results from several RCTs indicate that no single diet plan is better than the rest for
the treatment of obesity. However, there is a large interindividual variability in weight loss success on any
diet, with some individuals losing weight and some not. The current study utilized machine learning to
build a predictive model for successful weight loss on a New Nordic Diet (NND).
Methods: Ninety-one subjects consumed an NND ad libitum for 26 weeks. Based on their weight loss, we
classified individuals as responders (lost ≥5% of their initial body weight, n=46) or non-responders (lost
<2% of their initial body weight, n=21). We used clinical baseline data combined with baseline LC-MS and
NMR urine and plasma untargeted metabolomics data, resulting in a data set including 2766 features, and
employed QLattice® to develop a predictive model.
Results: There were no significant differences in any classical clinical parameters at baseline between
responders and non-responders, except age (47±13 vs. 39±11 years, respectively, P=0.009). The final
weight loss predictive model contained two features from baseline urine and performed robustly from
the training (AUC 0.88) to the test set (AUC 0.81).
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Conclusion: We identified a two-feature model predicting the likelihood of achieving a clinically
significant weight loss on an ad libitum NND, by using an untargeted multi-platform metabolomics
approach. Such models can be used to optimize the dietary treatment for obesity.

Thu, Sept 8

14:50-15:00

Ceremonial hall

Postprandial histidine levels and responses of IDL and SHDL to a liquid meal are
associated with incidence of type 2 diabetes
Presenting Author: Ruifang Li
Co-author(s): Ruifang Li-Gao (1), Chengyuan Lu (2), David A. Hughes (3), Jan B. van Klinken (4), Renée de
Mutsert (1), Frits R. Rosendaal (1), Nicholas J Timpson (3), Dennis O. Mook-Kanamori (1), Jelle J. Goeman
(2), Hein Putter (2), Ko. Willems van Dijk (4)
Affiliation(s): 1. Department of Clinical Epidemiology, Leiden University Medical Center, Leiden, the
Netherlands. , 2. Department of Medical Statistics and Bioinformatics, Leiden University Medical Center,
Leiden, Netherlands. , 3. MRC Integrative Epidemiology Unit, School of Social and Community Medicine,
University of Bristol, Bristol, UK. , 4. Department of Human Genetics, Leiden University Medical Center,
Leiden, the Netherlands.
Disturbed postprandial plasma metabolite levels and responses have been suggested as a risk factor for
type 2 diabetes (T2D). However, this remains to be fully investigated.
We leveraged the Netherlands Epidemiology of Obesity (NEO) study to assess the associations between
postprandial metabolite levels and responses, and incidence of T2D. We analyzed 5876 participants with
a mean (SD) age of 56 (6), BMI of 29.8 (4.7), 53% women, without T2D at baseline. In fasting and
postprandial (t=150 min after a liquid mixed meal; 400 ml with 2.5MJ) plasma samples, 148 metabolites
were measured using the Nightingale 1H NMR platform. A Cox proportional-hazard model was used to
assess the risk of incident T2D, with hazard ratios (HR) estimated. False discovery rate was applied in
each meal state respectively.
Over a median follow-up of 6.7 years, 302 new cases of T2D were detected. After adjusting for
postprandial glucose levels, higher postprandial histidine levels were associated with a lower risk of T2D
incidence (HR [95% CI]: 0.71 [0.63-0.81]), which was not found in fasting state. Similarly, IDL particle
responses (HR: 0.78-0.80) and SHDL particle responses (HR: 0.71-0.83) were associated with a lower risk
of T2D incidence.
We found that some postprandial metabolite levels and responses were associated with incidence of T2D,
independent of glucose levels.
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SESSION 7: COMPUTATIONAL METABOLOMICS
Thu, Sept 8

15:45-16:25

Ceremonial hall

SIRIUS and beyond: Turning tandem mass spectra into
metabolite structure information
Presenting Author: Sebastian Böcker
Affiliation(s): Friedrich Schiller University Jena, Germany
Liquid Chromatography Mass Spectrometry is a highly sensitive
experimental platform for the analysis of metabolites and other small
molecules. Unfortunately, structural elucidation of metabolites from
tandem MS data remains highly challenging; in untargeted
metabolomics experiments, only a small percentage of spectra can be
annotated via spectral libraries. For more than a decade, my group
has been developing computational solutions for this task. In my talk, I will focus on three aspects of our
work: Firstly, how to annotate metabolite MS/MS spectra using fragmentation trees via SIRIUS; second,
how to search a MS/MS spectrum in a molecular structure database via CSI:FingerID; and third, how to
assign thousands of compound classes to each spectrum even when the compound is missing from all
structural and spectral databases (CANOPUS). I will also quickly touch upon assigning confidence search
results in a molecular structure database via COSMIC, lipid analysis with El Gordo, and combinatorial
fragmentation with Epimetheus.

Thu, Sept 8

16:25-16:45

Ceremonial hall

Metabolomic Profiles Associated with In Utero Exposure to Per- and Polyfluoroalkyl
Substances
Presenting Author: Aidan McGlinchey
Co-author(s): Aidan McGlinchey, Paul Fowler, Tuulia Hyötyläinen, Matej Orešič
Affiliation(s): Institute for Medical Research, Örebro University, Sweden, Institute of Medical Sciences,
Aberdeen, UK, School of Science and Technology, Örebro University, Sweden, Institute for Medical Research,
Örebro University, Sweden
The ubiquitous synthetic chemicals known as per- and polyfluoroalkyl substances (PFAS) are used for
waterproofing, firefighting foams and presently in food packaging, and drinking water.
PFAS exposure has been shown to modulate lipids, metabolites and bile acids (BAs) in detrimental ways,
particularly as regarding susceptibility to, onset and severity of metabolic diseases such as diabetes and
non-alcoholic fatty liver disease (NAFLD). However, studies to-date have focused on the effects of such
exposures in adults, or, at best, made indirect inferences regarding any effects in utero.
Here, we present analysis and subsequent robust associative network projection of associative
interaction between PFAS exposure, metabolomics, lipidomics and BA data gathered directly from human
fetal liver, following elective termination of pregnancy after 11-19 weeks of gestation (n=80). We go on to
identify sets of (1) gestational age- and (2) exposure-associated lipids and polar metabolites. Particular
clusters of metabolites associate strongly negatively with quantified concentration levels of certain PFASs
(PFHxA, PFOA, PFUnDA, PFHxS) but not others (PFOS, PFNA), while the BA GLCA strikingly associates
positively with all quantified PFASs except for PFNA.
Metabolic pathway analysis of those polar metabolites associated with age, fetal total PFAS or individual
PFAS revealed strongly-significant signatures indicating altered amino acid metabolism.
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Thu, Sept 8

16:45-16:55

Ceremonial hall

Unraveling the metabolomic architecture of autism in a large Danish population-based
cohort
Presenting Author: Filip Ottosson
Co-author(s): Filip Ottosson* (1, 2), Francesco Russo* (1, 2), Anna Abrahamsson (1), Nadia Sara Jensen
MacSween (1), Julie Courraud (1, 2, 6), Arieh S. Cohen (1, 2, 3), Preben Bo Mortensen (2, 4, 5), David M.
Hougaard (1, 2), Madeleine Ernst (1, 2)
Affiliation(s): 1. Section for Clinical Mass Spectrometry, Danish Center for Neonatal Screening, Department
of Congenital Disorders, Statens Serum Institut, Copenhagen, Denmark, 2. iPSYCH, The Lundbeck Foundation
Initiative for Integrative Psychiatric Research, Copenhagen, Denmark, 3. Testcenter Denmark, Statens Serum
Institut, Copenhagen, Denmark, 4. NCRR - National Centre for Register-based Research, Aarhus University,
Aarhus, Denmark, 5. CIRRAU - Centre for Integrated Registerbased Research at Aarhus University, Aarhus,
Denmark, 6. Laboratory of Analytical Chemistry, Department of Chemistry, National and Kapodistrian
University of Athens, Panepistimiopolis Zografou, 15771, Athens, Greece
Autism spectrum disorder (ASD) refers to a range of neurodevelopmental disorders characterized by
impaired social ability, impaired communication and repetitive behavior. The prevalence of ASD in
Denmark has been increasing, reaching 1.65% among 10-year-old children in 2017. Similar trends are
seen elsewhere. However, little is understood about underlying reasons for increased prevalence and
disease etiology, and patients may be diagnosed late into child- or adulthood. To unravel underlying
disease mechanisms and find tools for early diagnosis of ASD, we analyzed the metabolomic profiles of a
subset of a large Danish population-based case-cohort sample (iPSYCH2021) consisting of two cohorts
including over 1400 newborns, who were later diagnosed with ASD, and matching controls. Using a
weighted correlation network analysis to cluster features of interest as well as regression models, we
identified metabolic features associated with ASD and risk factors. Furthermore, using mass spectral
molecular networking and diverse in silico annotation tools, we unraveled the metabolomic architecture
of ASD and identified neonatal chemical fingerprints with increased risk for the later development of ASD.
Our results revealed previously reported microbial metabolites to be associated with ASD, thereby
pathing a potential avenue for early diagnosis and treatment.

Thu, Sept 8

16:55-17:05

Ceremonial hall

Analyzing postprandial metabolomics data using multiway models: A simulation study
Presenting Author: Lu Li
Co-author(s): Lu Li1, Shi Yan (1), Barbara M. Bakker (2), Huub Hoefsloot (3), Bo Chawes (4), Morten A.
Rasmussen (4,5), Age K. Smilde (1,3), Evrim Acar (1)
Affiliation(s): 1. Department of Data Science and Knowledge Discovery, Simula Metropolitan Center for
Digital Engineering, Norway, 2. Laboratory of Pediatrics, Section Systems Medicine of Metabolism and
Signalling, University of Groningen, University Medical Center Groningen, The Netherlands, 3. Swammerdam
Institute for Life Sciences, University of Amsterdam, The Netherlands, 4. COPSAC, Copenhagen Prospective
Studies on Asthma in Childhood, Herlev and Gentofte Hospital, University of Copenhagen, Denmark, 5.
Department of Food Science, University of Copenhagen, Denmark
Analyzing postprandial metabolomics data can improve our understanding of metabolic processes and
detect grouping among subjects related to differences in metabolism. Traditional analysis methods have
difficulties revealing subject groups, related metabolites, and temporal patterns simultaneously.
Considering that we can arrange such data as a three-way array, i.e., subjects by metabolites by time
points, we aim to use multiway data analysis methods, particularly the CANDECOMP/PARAFAC (CP)
model.
While CP models can reveal patterns, interpretation in terms of the underlying metabolic processes is not
straightforward due to the lack of ground-truth in real data. Therefore, we generate simulated
postprandial metabolomics data with known within-group and between-group variation using a
comprehensive human whole-body model. We demonstrate how realistic the simulations are by
comparing the simulated data and its analysis with a real dataset collected during a meal challenge test.
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Moreover, to understand the metabolic differences in the pure-dynamic and fasting state, we compare the
analysis of the full- postprandial data and the data corrected by subtracting the fasting state values.
Our results show that CP models capture patterns corresponding to subject groups, related metabolites,
and temporal profiles. In particular, we demonstrate that the performance of the subtracted data analysis
vs. full-postprandial data analysis depends on the nature of the between-group variation.

Thu, Sept 8

17:05-17:15

Ceremonial hall

Pathway-resolved investigation of metabolomics data in a clinical cohort
Presenting Author: Kirstine Rasmussen
Co-author(s): Kirstine K. Rasmussen (1), Quenia dos Santos (1), Lars Klingen Gjærde (2), Adrian G. Zucco
(1), Emma E. Ilett (1), Isabelle Lodding (1), Jens D. Lundgren (1), Marie Helleberg (1,3), Susanne D.
Nielsen (3), Susanne Brix (4), Henrik Sengeløv (2), Daniel D. Murray (1)
Affiliation(s): 1. Centre of Excellence for Health, Immunity and Infections (CHIP), Rigshospitalet,
Copenhagen, Denmark , 2. Department of Hematology, Rigshospitalet, Copenhagen, Denmark, 3. Department
of Infectious Diseases, Rigshospitalet, Copenhagen, Denmark, 4. DTU Bioengineering, Technical University of
Denmark, Kgs. Lyngby, Denmark
Exploring metabolites in the context of biological function may provide a better understanding of the
metabolic mechanisms related to disease in clinical cohorts. Here, we aimed to develop a reproducible
bioinformatics framework to explore clinical phenotypes using pathway-resolved methods. The cohort
consisted of 68 hematopoietic stem cell transplant recipients. Plasma samples taken early posttransplantation were analysed using untargeted metabolomics and lipidomics. Weighted Gene Coexpression Network Analysis (WGCNA) adapted for metabolomics data was used to cluster the analytes,
and biological pathways present in the clusters were visualised. Potential correlations of clusters with
selected clinical traits (age, sex, cytomegalovirus (CMV) infection, conditioning regimen, and graft-versushost disease (GvHD)) were then tested. The correlation network analysis resulted in 16 metabolite and 9
lipid clusters. One metabolite cluster was correlated (false discovery rate adjusted p<0.05) with CMV
infection, eight with conditioning regimen, nine with age at transplantation, and two with GvHD. One lipid
module was associated with sex. Our data suggest that the conditioning regimen and age, which are
correlated in this cohort, influence the metabolic profile post-transplantation. This is likely due to toxicity
and supportive care associated with the conditioning regimen. Overall, this study provides a welldocumented bioinformatic framework to interrogate associations between clinical traits and untargeted
metabolomics data.
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SESSION 8: CLINICAL METABOLOMICS 2
Fri, Sept 9

09:00-09:40

Ceremonial hall

Implementation of targeted metabolomic assay for clinical
diagnosis and therapeutic drug monitoring in patients with
a rare kidney stone disease
Presenting Author: Margrét Þorsteinsdóttir
Affiliation(s): University of Iceland, Faculty of Pharmaceutical Sciences,
Reykjavik, Iceland
Ultra-performance liquid chromatography with electrospray
ionization tandem mass spectrometry (UPLC-ESI-MS/MS) is an
excellent technique for absolute quantification of known metabolites
in biological matrices. The aim of this presentation is to give a general
overview of the benefits and the challenges of implementing a targeted metabolomic UPLC-ESI-MS/MS
assay in the clinical laboratory with focus on improved patient care. A case study will be presented for
optimization of a UPLC-ESI-MS/MS assay for quantification of purine biomarkers in human urine for
support of clinical diagnosis and therapeutic drug monitoring (TDM) in patients with adenine
phosphoribosyltransferase (APRT) deficiency. APRT deficiency is an inborn error of adenine metabolism
characterized by excessive urinary excretion of poorly soluble 2,8-dihydroxyadenine (DHA), causing
kidney stone formation and chronic kidney disease. Treatment with allopurinol or febuxostat effectively
reduces DHA excretion and prevents urinary stone formation. However, some patients continue to form
stones and progress to end-stages kidney disease despite treatment. Currently, diagnosis and
pharmacotherapy monitoring are performed by urine microscopy, which lacks specificity and is operator
dependent. Therefore, a more sensitive and reliable method for both TDM and clinical diagnosis in
patients with APRT deficiency was needed. I will discuss different analytical challenges which we faced
during the implementation of the assay, starting from experimental design to finish with bioanalytical
validation.

Fri, Sept 9

09:40-10:00

Ceremonial hall

The evolution of SPC (Supramolecular Phospholipid Composite) as a biomarker of
inflammation and it’s clinical application
Presenting Author: Samantha Lodge
Co-author(s): Samantha Lodge (1), Philipp Nitschke (1), Reika Masuda (1), Julien Wist (1,2), Elaine
Holmes (1,3), Jeremy Nicholson (1,4,5)
Affiliation(s): 1. Australian National Phenome Center, and Center for Computational and Systems Medicine,
Health Futures Institute, Murdoch University, Perth 6150 Western Australia, Australia, 2. Chemistry
Department, Universidad del Valle, 76001 Cali, Colombia, 3. Department of Metabolism, Digestion and
Reproduction, Faculty of Medicine, Imperial College London, London SW7 2AZ, U.K, 4. Department of
Cardiology, Fiona Stanley Hospital, Medical School, University of Western Australia, Perth 6150 Western
Australia, Australia, 5. Institute of Global Health Innovation, Faculty of Medicine, Imperial College London,
London SW7 2NA, U.K
In 2020, the COVID-19 pandemic began, the worst medical and economical emergency the world has
experienced in the modern era. We developed an NMR experiment DIRE (DIffusional and Relaxation
Editing) that could differentiate covid positive patients from controls with 100% accuracy. The spectral
signature unveiled the role of glycoproteins and resulted in the identification of a new High-Fidelity
Supramolecular Phospholipid Composite Signature, SPC, which decreased as severity increased (1).
Continuing experiment optimisation allowed for direct quantification of glycoproteins (JEDI) (2).
At the start of 2022 characterisation of the composition of SPC was completed (3). This resulted in
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identification of three distinct regions, SPC1, SPC2 and SPC3. The same year, JEDI has been implemented
on a benchtop (80 MHz) device, with comparable results (r2=0.97) and an experiment time of 1 min
(paper submitted). This indicates that newly discovered inflammatory biomarkers (SPC1-3) can be
effectively translated.
We show here the application of JEDI to characterise both acute and chronic inflammation in large
cohorts and demonstrate specificity of this biomarker for defining different states of inflammation.
Although the different regions of SPC are influenced by age, sex, and BMI, the composite SPC signal
appears to be more robust than the standard C-Reactive Protein (CRP).

Fri, Sept 9

10:00-10:10

Ceremonial hall

UDP-glucose dehydrogenase affects glycerophosphocholine and acetylaspartate
following epithelial to mesenchymal transition in breast epithelial cells
Presenting Author: Óttar Rolfsson
Co-author(s): Óttar Rolfsson
Affiliation(s): Faculty of Medicine, School of Health Sciences, University of Iceland, Reykjavik, Iceland
Metabolic rewiring is one indispensable driver of epithelial-mesenchymal transition (EMT) involved in
breast cancer metastasis. Three breast EMT cell models, composed of six cell lines, were used to
investigate common proteomic changes of the spontaneous EMT program and their effects on cellular
metabolism by LFQ proteomics and metabolomics approaches. Consistently altered metabolic enzymes
included: FDFT1, SORD, TSTA3 and UDP-glucose dehydrogenase (UGDH). Of these, UGDH was most
prominently altered and has previously been associated with breast cancer patient survival. siRNAmediated knockdown of UGDH resulted in delayed cell proliferation and dampened invasive potential of
mesenchymal cells, and suppressed expression of the EMT transcription factor SNAI1.
Metabolomic analysis revealed that siRNA-mediated knockdown of UGDH in mesenchymal cells
decreased intracellular glycerophosphocholine (GPC), whereas levels of acetylaspartate (NAA) increased.
The influence of UGDH on these two metabolites were confirmed in another more aggressive
mesenchymal breast cancer cell line MDA-MB-231. The results support a relationship between UGDH and
GPC, both of which have previously been independently associated with breast cancer progression.

Fri, Sept 9

10:10-10:20

Ceremonial hall

Tissue metabolites in diffuse glioma and their modulations by IDH1 mutation, histology,
and treatment
Presenting Author: Christoph Trautwein
Co-author(s): Christoph Trautwein (1), Laimdota Zizmare (1), Irina Mäurer (2,3), Benjamin Bender (3,4),
Björn Bayer (2), Ulrike Ernemann (3,4), Marcos Tatagiba (3,5), Stefan J. Grau (6), Bernd J. Pichler (1,7,8),
Marco Skardelly (2,3,5), Ghazaleh Tabatabai (2,3,7,8)
Affiliation(s): 1. Department of Preclinical Imaging and Radiopharmacy, Werner Siemens Imaging Center, 2.
Department of Neurology & Interdisciplinary Neuro-Oncology, 3. Center for Neuro-Oncology, Comprehensive
Cancer Center Tübingen, 4. Department of Neuroradiology, 5. Department of Neurosurgery, University
Hospital Tübingen, Eberhard Karls University Tübingen, Tübingen, Germany, 6. Center for Neurosurgery,
Department of Neurosurgery, University Hospital Cologne, Cologne, Germany, 7. Cluster of Excellence, EXC
2180, Image Guided and Functionally Instructed Tumor Therapies, University Hospital Tübingen, Eberhard
Karls University of Tübingen, Tübingen, Germany, 8. German Cancer Consortium (DKTK), Deutsches Krebs
Forschungszentrum partner site Tübingen, Tübingen, Germany
The discovery of the oncometabolite 2-hydroxyglutarate in isocitrate dehydrogenase 1–mutated (IDH1mutated) tumor entities affirmed the role of metabolism in cancer. However, large databases with tissue
metabolites that are modulated by IDH1 mutation remain an area of development.
Here, we present an unprecedented and valuable resource for tissue metabolites in diffuse glioma and
their modulations by IDH1 mutation, histology, and tumor treatments in 101 tissue samples from 73
diffuse glioma patients (24 astrocytoma, 17 oligodendroglioma, 32 glioblastoma), investigated by NMR2nd Nordic Metabolomics Conference 2022
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based metabolomics and supported by RNA-Seq. We discovered comparison-specific metabolites and
pathways modulated by IDH1 (IDH1 mutation status cohort) and tumor entity. The Longitudinal
investigation cohort provides metabolic profiles of untreated and corresponding treated glioma samples
at first progression. Most interestingly, univariate and multivariate cox regressions and Kaplan-Meier
analyses revealed that tissue metabolites correlate with progression-free and overall survival.
Thus, this study introduces potentially novel candidate prognostic and surrogate metabolite biomarkers
for future prospective clinical studies, aiming at further refining patient stratification in diffuse glioma.
Furthermore, our data will facilitate the generation of so-far–unanticipated hypotheses for experimental
studies to advance our molecular understanding of glioma biology.
https://doi.org/10.1172/jci.insight.153526

Fri, Sept 9

10:20-10:30

Ceremonial hall

Effect of delayed centrifugation on the levels of NMR-measured lipoproteins and
metabolites in plasma and serum samples
Presenting Author: Julia Debik
Co-author(s): Julia Debik (1,2), Sylvia Hetlelid Isaksen (3), Magnus Strømmen (4,5,6), Manfred Spraul (7),
Hartmut Schäfer (7), Tone F. Bathen (1,8), Guro F. Giskeødegård (2,9)
Affiliation(s): 1. Department of Circulation and Medical Imaging, Norwegian University of Science and
Technology (NTNU), Trondheim, Norway., 2. K.G. Jebsen Center for Genetic Epidemiology, NTNU, Norway., 3.
Faculty of Medicine and Health Sciences, NTNU, Norway. , 4. Centre for Obesity Research, Clinic of Surgery,
St. Olavs Hospital,Trondheim, Norway., 5. The Clinical Research Ward, Department for Research and
Development, St. Olavs Hospital, Trondheim University Hospital, Trondheim, Norway., 6. Department of
Clinical and Molecular Medicine, NTNU, Norway., 7. Bruker BioSpin AIC Division, Ettlingen, Germany., 8.
Department of Radiology and Nuclear Medicine, St. Olavs Hospital, Trondheim, Norway. , 9. Clinic of Surgery,
St. Olavs Hospital, Trondheim, Norway.
Metabolic profiling is widely used for large-scale association studies, based on biobank material. A main
obstacle for translation of metabolomic findings into clinical application is the lack of standardization,
making validation in independent cohorts challenging. One reason for this is the sensitivity of metabolites
to pre-analytical conditions.
We here present a systematic investigation of the effect of delayed centrifugation on the levels of NMRmeasured lipoproteins and metabolites in serum and plasma samples. Blood was collected from 20
anonymous donors, of which 10 were recruited from an obesity clinic. The samples were stored at room
temperature until centrifugation after 30 minutes, 1h, 2h, 4h, or 8h, which is within a realistic time
scenario in clinical practice. The effect of the centrifugation delay on the plasma and serum metabolic
concentrations, and on the concentrations of lipoprotein subfractions, was investigated.
Our results show that lipoproteins are only minimally affected by a delay in centrifugation while
metabolite levels are more sensitive to centrifugation delay. Metabolites are significantly increased or
decreased in concentration, dependent on the duration of the delay.
Further we describe differences in stability between serum and plasma, showing that plasma is more
stable for metabolites, while lipoprotein subfractions are equally stable for both types of matrices.
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SESSION 9: CANCER METABOLOMICS
Fri, Sept 9

11:00-11:40

Ceremonial hall

The full picture tells the full story: Spatial multi-omics of
cancer
Presenting Author: May-Britt Tessem
Affiliation(s): Norwegian University of Science and Technology
“Single” omics data have been studied for decades but has proven
insufficient to reveal the causal relationship between molecular
signatures and the manifestation of cancer. The investigation of
multiple dimensions by multi-omics (metabolomics, transcriptomic,
genomics, epigenomics and proteomics) has the potential to uncover
intricate tissue molecular mechanisms underlying different
phenotypes of cancer. Metabolites, genes and proteins play key roles within cells and organs, but lack of
technology has restricted the spatial analysis within tissues and research has mainly used bulk
measurements to assess the pathophysiological state of a tissue. However, those bulk techniques lack
information on the phenotype of given cell types, and biomarkers may therefore be masked by the
average data output. Novel imaging-based techniques, such as matrix-assisted laser desorption ionization
(MALDI) mass spectrometry imaging (MSI), spatial transcriptomics, and laser micro-dissected (LMD)
proteomics are emerging, and they allow the spatial analysis of metabolites, gene expression and proteins
within a single tissue sample. Spatial omics are mentioned in Nature January 2022 as one of the seven
technologies which might “shake up” science in 2022. This is particularly important for the discovery of
the critical tumor microenvironment (TME)-dependent biomarker signatures and targetable cancer
hallmarks.

Fri, Sept 9

11:40-12:00

Ceremonial hall

Machine learning in metabolomics: A real casework for the development of an effective
test for breast cancer screening
Presenting Author: Eugenio Alladio
Co-author(s): Eugenio Alladio (1,2), Fulvia Trapani (1), Lorenzo Castellino (1), Marta Massano (1),
Edoardo Vallariello (1), Marco Vincenti (1,2)
Affiliation(s): 1. Dipartimento di Chimica, Università degli Studi di Torino, Via P. Giuria 7 - 10125 Torino,
Italy, 2. Centro Regionale Antidoping e di Tossicologia “A. Bertinaria”, Regione Gonzole 10/1 - 10043
Orbassano, Torino, Italy
Early diagnosis of breast cancer plays a fundamental role in the treatment and life prospects of patients.
Therefore, research is now turning to identify increasingly specific markers that can be used for oncology
screening in general clinical practice. A UHPLC-QTOF-MS /MS method was first developed to detect a
selected list of estrogens, androgens and some of their metabolites to effectively assess the steroid profile
in the urine of postmenopausal women. Urine samples were collected from patients with suspected
breast cancer symptoms. Subsequently, targeted and untargeted analyzes were performed to determine
the correlation between steroid profile and the presence of breast cancer in postmenopausal women. The
ultimate goal of this project is to develop robust screening approaches to detect the presence of
pathological tumour status in the breast. To achieve this goal, supervised classification models (such as
Partial Least Squares Discriminant Analysis (PLS-DA) and Random Forest (RF)) were used to
discriminate individuals positive for tumour pathology from healthy individuals. The classification
models obtained characterized the two categories of patients with excellent sensitivity and specificity
values close to 95%. The future goals of this project include applying these models to the non-targeted
clinical, diagnostic, or follow-up data, with the possibility of developing stratification models using only
the data from the cohort with positive cancer pathology.
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Fri, Sept 9

12:00-12:10

Ceremonial hall

Cardiotoxicity as a side-effect of chemotherapy in pediatric patients: metabolomics gives
evidence of biochemical fingerprints of predisposition
Presenting Author: Ioanna Barla
Co-author(s): I. Barla (1), E. Papagiannopoulou (1), K. Antoniadi (2), S. Polychronopoulou (2), N.
Thomaidis (1), E. Gikas (1)
Affiliation(s): 1. National and Kapodistrian University of Athens, Department of Chemistry, Athens, Greece, 2.
«AGHIA SOPHIA» Children's Hospital, Athens, Greece
Cardiotoxicity is a side effect of chemotherapy in pediatric cancer patients, expressed as acute, early, or
late. Alongside mortality, it affects the growth and quality of life of cancer survivors. Furthermore, acute
events may lead to alterations of the therapeutic scheme (dose reduction, avoidance of radiotherapy) and
consequently to incomplete treatment. The underlying causes of cardiotoxicity are not yet clearly
understood, and the existing diagnostic tools (imaging/blood markers) detect only cases with already
advanced heart damage. Thus, we investigated the biochemical mechanisms of cardiotoxicity in the
plasma metabolome to point out biomarkers for its early prevention and to facilitate the treatment
design. We conducted a retrospective study of 89 pediatric cancer patients (aged 0-17). Plasma samples
were collected before the chemotherapy and frozen until the analysis of their metabolomic profile using a
full scan UPLC(RP)-QTOFMS. Based on clinical evidence, samples were divided into 63 controls (no event)
& 26 cases (acute/early event). This ratio reflects the natural proportion of children who eventually show
toxicity. The untargeted study achieved groups' separation and led to efficient multi-ROC-prediction
models with AUC> 0.75 while several metabolites of interest were annotated. In this study, we provided,
for the first time, evidence of metabolic fingerprints associated with a predisposition to cardiotoxicity.

Fri, Sept 9

12:10-12:20

Ceremonial hall

Loss of KDM8/JMJD5 alters metabolic pathways in hepatocellular carcinoma identified
by its proteome, metabolome and lipidome profiling
Presenting Author: Jair Gonzalez Marques Junior
Co-author(s): Jair Gonzalez Marques Junior, Roopesh Krishnakutty, and Alex von Kriegsheim
Affiliation(s): Cancer Research UK Edinburgh Centre, Institute of Genetics and Cancer, University of
Edinburgh, Edinburgh, UK
Lysine Demethylase 8 (KDM8), a 2-oxoglutarate-dependent oxygenase, functions as an endopeptidase.
KDM8 is downregulated in the liver and pancreatic cancers during tumour progression and its expression
is positively correlated with patient survival. Despite the near-exclusive expression in the liver and ample
data suggesting a tumour suppressor role in liver cancer, KDM8’s role in the liver is still not elucidated. To
bridge this gap, we chose the hepatocellular carcinoma HepG2 cells as the cell line model and knocked out
KDM8. To determine molecular and phenotypic changes in these cells, we used high-resolution mass
spectrometry to access changes in the metabolome, lipidome and proteome. In addition, we used [U13C]glucose for metabolic flux analysis. In contrast to observation obtained in other cellular models, loss of
KDM8 in HepG2 cells had a significant effect on the cellular metabolism with remarkable impact in the
Glycolysis/Gluconeogenesis pathway, Glycerolipid metabolism, Nucleotide metabolism and TCA cycle.
Metabolic flux analysis indicated higher carbon flux from glucose towards fatty acid biosynthesis,
nucleotide biosynthesis via pentose phosphate pathway and high flux in the TCA cycle. In conclusion,
KDM8 loss is sufficient to drive the metabolic switch that is observed in liver cancer initiation and
progression. Our data suggest that the loss of KDM8 is a crucial event in the malignant transformation of
liver cells.
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Fri, Sept 9

12:20-12:30

Ceremonial hall

Diet and BMI Correlate with Metabolite Patterns Associated with Aggressive Prostate
Cancer
Presenting Author: Zoe Grenville
Co-author(s): Zoe S Grenville (1), Urwah Noor (1), Mathilde His (2), Vivian Viallon (2), Sabina Rinaldi (2),
Timothy J Key (1), Karl Smith-Byrne (1)*, Ruth C Travis (1)* and Julie A Schmidt (1,3)* on behalf of EPIC.
*These authors contributed equally
Affiliation(s): 1. Cancer Epidemiology Unit, Nuffield Department of Population Health, University of Oxford,
Oxford, UK, 2. Nutrition and Metabolism Branch, International Agency for Research on Cancer, World Health
Organization, Lyon, France , 3. Department of Clinical Epidemiology, Department of Clinical Medicine,
Aarhus University and Aarhus University Hospital, Aarhus N, Denmark
Three metabolite patterns have previously shown prospective inverse associations with risk of aggressive
prostate cancer within the European Prospective Investigation into Cancer and Nutrition (EPIC). Here, we
investigated dietary and lifestyle correlates of these three prostate cancer-related metabolite patterns,
which included: 64 phosphatidylcholines and three hydroxysphingomyelins (Pattern 1), acylcarnitines
C18:1 and C18:2, glutamate, ornithine, and taurine (Pattern 2), and 8 lysophosphatidylcholines (Pattern
3). In a two-stage cross-sectional discovery (n=2,524) and validation (n=518) design containing 3,042
men free of cancer in EPIC, we estimated the associations of 24 dietary and lifestyle variables with each
pattern and the contributing individual metabolites. Associations significant after both correction for
multiple testing (FDR=0.05) in the discovery set and at p<0.05 in the validation set were considered
robust. Intakes of total fish, total fish products, lean fish, and alcohol were positively associated with
Pattern 1. Body mass index (BMI) was positively associated with Pattern 2, which appeared to be driven
by a strong positive BMI-glutamate association. Finally, both BMI and fatty fish were inversely associated
with Pattern 3. In conclusion, these results indicate associations of fish and its subtypes, alcohol, and BMI
with metabolite patterns that are inversely associated with risk of aggressive prostate cancer.
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POSTER SESSION: CLINICAL METABOLOMICS P1
Wed, Sept 7

12:40-12:46

Udvalgsværelse 1

P01

Analysis of lipid emulsion components for parenteral nutrition using complementary
UPLC-HRMS methods
Presenting Author: Mark Dennis Retrato
Co-author(s): Mark Dennis Chico Retrato (1,2), Anna Lundquist (2), Aida Zuberovic Muratovic (1,3),
Kumari Ubhayasekera (1), Jonas Berqguist (1)
Affiliation(s): 1. Department of Analytical Chemistry, Biomedical Center, Uppsala University, Uppsala,
Sweden, 2. Innovation and Development Department, Fresenius-Kabi, Uppsala, Sweden, 3. Swedish Food
Agency (Livsmedelsverket), Uppsala, Sweden
Monitoring phospholipid (PL) contents in pharmaceutical lipid emulsions (LEs) used for parenteral
nutrition (PN) is essential for industrial quality control, leading toward optimum patient care. This study
involves complementary method development using two different types of columns (CSH-C18 and HILIC)
for ultra-performance liquid chromatography-high-resolution mass spectrometry (UPLC-HRMS).
Individual PLs are identified by direct infusion-mass spectrometry (DI-MS) in both positive and negative
modes, followed by UPLC analysis in targeted-single ion monitoring (t-SIM) mode. Most PL groups show
when the CSH-C18 column is used in positive mode MS, while more PL groups emerge when the HILIC
column is used in negative mode. Method validation is performed according to European Medicines
Agency (EMA) and Food and Drug Agency (FDA) guidelines in bioanalytical methods. Contents of
unknown PL mixtures are quantified using the internal standard method. Around thirty (30) analytes can
be evaluated simultaneously, ranging from different PL classes to fatty acids (FAs), diglycerides (DGs),
and triglycerides (TGs). In conclusion, the UPLC-HRMS methods generated are applicable for routine
analyses in pharmaceutical PL industries.
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The investigation of tryptophan metabolites and vitamin B in human and murine tissue
via high-resolution mass spectrometry
Presenting Author: Sandy Abujrais
Co-author(s): Sandy Abujrais (1,2), Kumari Ubhayasekera (1,2), Jonas Bergquist (1,2)
Affiliation(s): 1. Analytical Chemistry and Neurochemistry, Department of Chemistry - BMC, Uppsala
University, Uppsala, Sweden, 2. The ME/CFS Collaborative Research Centre at Uppsala University, Sweden
Tryptophan (Trp) is an essential amino acid, which is involved in many physiologically important
metabolic pathways. The majority of Trp is catabolized into kynurenine pathway (KP), while minor part
of Trp is hydroxylated into serotonin. B vitamins, are essential for maintaining KP metabolites since
pyridoxal 5′-phosphate and riboflavin are cofactors for the enzymes that convert kynurenine to
anthranilic acid and 3-hydroxykynurenine. KP plays a role in neurotransmission and immune function so
fluctuation in this pathway is connected to several neurological and autoimmune diseases. The isotope
dilution method was used to quantify 12 analytes of tryptophan metabolites (tryptophan, 5hydroxytryptophan, serotonin, melatonin, kynurenine, kynurenic acid, anthranilic acid, 3hydroxykynurenine, 3-hydroxyanthranilic acid, xanthurenic acid, quinolinic acid, and nicotinamide) and
five metabolites of B vitamins (riboflavin, pantothenic acid, pyridoxine, biotin and pyridoxal 5′phosphate). The analyses were performed using UPLC_Q Exactive. The method was validated for
precision, accuracy, freeze-thaw stability, recovery and matrix effect. There was a wide dynamic range for
the analytes investigated ranging from 0.02 ng/ml for melatonin and 60000 ng/ml for tryptophan. This
rapid and sensitive method allows for the absolute quantification of 17 analytes related to tryptophan
metabolism and B vitamins in human and murine plasma, murine visceral and subcutaneous white
adipose tissue.
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Increase in specific ceramides associate to heart and kidney outcomes in type 1 diabetes
Presenting Author: Asger Wretlind
Co-author(s): Asger Wretlind (1), Viktor Rotbain Curovic (1), Tommi Suvitaival (1), Simone Theilade
(1,2,3), Nete Tofte (4), Signe A. Winther (4), Tina Vilsbøll (1), Henrik Vestergaard (3,5), Peter Rossing
(1,3), Cristina Legido-Quigley (1,6)
Affiliation(s): 1. Steno Diabetes Center Copenhagen, Denmark, 2. Department of Medicine, Herlev-Gentofte
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Hospital, Denmark, 6. King's College London, UK
Background and aims: Recent studies have shown that changes in specific circulating ceramides:
Cer(16:0), Cer(18:0) and Cer(24:1) and their ratio to Cer(24:0) are associated with the development of
cardiovascular disease (CVD) up to 5 years before the event. We investigated these ceramides in a wellcharacterized cohort of persons with type 1 diabetes in relation to CVD, end-stage kidney disease (ESKD)
and all-cause mortality.
Materials and methods: In this study 662 participants with type 1 diabetes were recruited between 2009
and 2011 for a prospective cohort study. Plasma samples were collected at baseline and mass
spectrometry was performed, measuring four ceramides. Cox regression was carried out investigating
ceramides, and their ratio to Cer(24:0), against composite cardiovascular events (CVE), ESKD, as well as
all-cause mortality. Hazard ratios (HR) are reported per doubling in concentration.
Results: The median follow-up time was 6.3 (IQR 0.8) years, during which 94 participants experienced
CVEs, 23 progressed to ESKD and 58 deceased. The investigated ceramides were significantly to several of
the outcomes most prominently were Cer(16:0) and Cer(18:0) associate to CVE with HRs of 2.6 (CI = 1.35.4, p = 0.007) and 2.0(1.2-3.4, p = 0.005). Cer(24:0) and the ratios Cer(16:0)/Cer(24:0),
Cer(18:0)/Cer(24:0) and Cer(24:1/Cer24:0) were all associated with all-cause mortality with HRs 1.4 (CI
= 0.6-3.23), 3.3 (2.0-5.5), 3.3 (1.9-5.7) and 5.3 (2.3-12.1) (all p-values < 0.0).
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Exposure to environmental contaminants associated with alteration of metabolite
profiles in immune-mediated diseases
Presenting Author: Karthikeyan Bagavathy Shanmugam
Co-author(s): Bagavathy Shanmugam Karthikeyan (1), Tuulia Hyötyläinen (1), Tannaz Ghaffarzadegan
(1), Eric Triplett (3), Matej Orešič (2,4), Johnny Ludvigsson (5)
Affiliation(s): 1. School of Science and Technology, Örebro University, Sweden, 2. School of Medical Sciences,
Örebro University, Sweden, 3. Department of Microbiology and Cell Science, Institute of Food and
Agricultural Sciences University of Florida, USA, 4. Turku Bioscience Centre, University of Turku and Åbo
Akademi University, Turku, Finland, 5. Crown Princess Victoria's Children's Hospital, Region Östergötland,
Division of Pediatrics, Linköping University, Sweden
Increasing evidence suggests that prenatal exposures to environmental contaminants interfere with
metabolism, leading to several adverse health effects in children`s early life and later. Recent studies
show genetic predisposition, environmental factors and their interactions play a significant role in the
etiology of autoimmune diseases such as Type 1 diabetes, Celiac disease, etc. Herein, we hypothesized
that exposure to environmental contaminants might interfere with cord serum metabolomes of a general
population cohort (All Babies In Southeast Sweden, ABIS), thus may contribute to the development of
autoimmune diseases. ABIS cohort comprises children who later progressed to one or more autoimmune
diseases (cases, N = 62) along with matched controls (N = 268). Cord serum levels of metabolites and
contaminants were determined by ultra-high-performance liquid chromatography–quadrupole time-offlight mass spectrometry (UHPLC-QTOFMS). Statistical analysis showed significant differences in the
concentration levels of contaminants between control and cases. Subsequent analysis showed alteration
of cord serum metabolomic signatures associated with levels of contaminants exposure. Further
development of penalized (ridge) regression models and pathway analysis could help identify top linear
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predictors and common perturbed metabolic pathways, respectively. Our study suggests that cord serum
metabolome is altered by exposure to environmental contaminants in the ABIS cohort.
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Uncovering a metabolic profile associated with treatment response in patients with
rheumatoid arthritis
Presenting Author: Cameron Best
Co-author(s): Cameron Best, Mike Barret, Iain McInnes, Carl Goodyear, James Dale, Simon Rogers, Mick
Watson
Affiliation(s): School of Infection and Immunity, University of Glasgow, UK, Department of Computing
Science, University of Glasgow, UK, Department of Rheumatology, Wishaw General Hospital, UK, Division of
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Rheumatoid arthritis (RA) is a degenerative disease involving an inappropriate immune response
targeting tissue within the synovial joint. If left untreated, RA can lead to disability and even early death
in severe disease. The first-line treatment for patients is methotrexate, but up to 40% of patients do not
respond to it, leading to a worse outcome due to the delay in patients receiving effective treatment. An
early and aggressive treatment strategy is important to prevent long-term damage to the joints. The
disease activity score across 28 joints (DAS28) is an important measure to track changes in disease
progression/resolution of treatment. Predicting who will respond to methotrexate is of great value, and
so there is a need to identify novel biomarkers to predict patient responses. The metabolome of patients
with early RA was generated from the Targeting Synovitis in Early Rheumatoid Arthritis (TaSER) trial
involving plasma samples analysed using an LC-MS platform. This provided the opportunity to develop a
baseline metabolomic profile associated with patients’ responses to treatment after 3 months that may be
used to guide the treatment strategy for future patients. A supervised machine learning method was
developed and used to generate the metabolomic model associated with the 3-month DAS28-based
response, involving feature selection to include only the metabolites most associated with the
improvement in disease activity in patients.
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Metabolomics of young and old muscle: Impacts of aging and exercise on muscle
metabolism
Presenting Author: Carolin Moeller
Co-author(s): Carolin Möller (1), Birte Niemann (1), Martin Feickert (1), Thorsten Gnad (1), Jörn
Rittweger (2), Alexander Pfeifer (1)
Affiliation(s): 1. University Hospital Bonn, Institute for Pharmacology and Toxicology, Bonn, Germany, 2.
Deutsches Institut für Luft- und Raumfahrt, Cologne, Germany
Introduction: Skeletal muscle (SKM) plays important roles in exercise and energy homeostasis, partly
because SKM secrets factors which influence whole- body metabolism. Aging is associated with declining
muscle mass and quality to which diet and exercise are known countermeasures. In our study we
analyzed the secretome of human soleus muscle biopsies and influences of age and physical fitness.
Moreover, we investigated the effects of additive cAMP-stimulation.
Methods: We took soleus muscle biopsies from young and aged male participants who were either
sportively active or unactive. Samples were stimulated with or without forskolin (FSK) to induce
intracellular cAMP signaling. Subsequently, untargeted metabolomics of the secreted factors was
performed.
Results: Overall, we detected 394 different metabolites; most abundant metabolite classes were lipids,
metabolites linked to amino acid metabolism, and nucleotides. PCA of the age groups showed an overlap
under basal conditions but significant differences after cAMP stimulation (p ≤0.05): 25 metabolites were
up-, whereas 11 metabolites were downregulated in all groups. Especially in the young active subgroup
FSK significantly changed the levels of 12 metabolites.
Conclusions: Under basal conditions young and old muscle show a similar secretome independent of
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activity. Especially stimulation of biopsies from young active participants lead to a distinct secretome,
indicating the highest impact of cAMP signaling in this sub-population.
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Metabolomics for biomaterials research: irrelevant or new opportunities?
Presenting Author: Kristaps Kļaviņš
Co-author(s): Jingzhi Fann (1,2), Theresa Schiemer (3), Vahid Jahed (1,2), Annija Vaska (1,2), Liva Vita
Kaufmane (1), Antons Sizovs (2,4), Liga Zvejniece (2,4), Janis Locs (1,2), Kristaps Klavins (1,2)
Affiliation(s): 1. Rudolfs Cimdins Riga Biomaterials Innovations and Development Centre, Riga Technical
University, Riga, Latvia, 2. Baltic Biomaterials Centre of Excellence, Headquarters at Riga Technical
University, Latvia, 3. Medical University of Innsbruck, Innsbruck, Austria, 4. Latvian Institute of Organic
Synthesis, Riga, Latvia
Tissue engineering has become a promising approach for the clinical treatment of musculoskeletal defects
caused by trauma or diseases. Consequently, substantial efforts are dedicated to developing and
validating novel biomaterials. However, the underlying molecular mechanism governing biomaterials-cell
interactions remains poorly understood. Especially, the biomaterials' influence on cell metabolism and
the surrounding metabolic microenvironment has mainly been neglected. We believe that metabolomics
provides several unique opportunities for biomaterials research. First, detailed knowledge of the
biomaterial-induced changes in cell metabolism is crucial for developing novel biomaterials-based
therapeutic strategies. Second, metabolomics could bridge the current gap between in vitro and in vivo
observations by better predicting in vivo risks and outcomes. We have applied two orthogonal
approaches to facilitate biomaterials development by metablomics: (1) understanding the metabolism of
healing and recovery and (2) characterizing biomaterials influence on cell metabolism. The obtained
results highlighted the importance of metabolomics for studying cell-material interactions to improve the
current understanding of the molecular mechanism governing cell behaviors. Furthermore, the obtained
results can be used to guide material development by adapting material properties to evoke a desired
cellular response.
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Development of analytical techniques for single plant cell metabolomics
Presenting Author: Anh Hai Vu
Co-author(s): Anh Hai Vu, Lorenzo Caputi, Sarah E. O'Connor
Affiliation(s): Department of Natural Product Biosynthesis, Max Planck Institute for Chemical Ecology, HansKnöll-Straße 8 07745 Jena, Germany
Plant alkaloids are specialized metabolites, which are diverse in structure and bioactivities. Besides
performing many ecological roles, alkaloids have also been widely used for medicinal purposes. The
biosynthesis of plant-derived alkaloids involves complex chemistry and complicated metabolic pathways.
Since metabolic intermediates and final products could become “hijacked” by other enzymes, they must
be synthesized, translocated between different cellular regions and stored in a highly organized manner
in different cell types of plant tissues. Here, I would like to introduce a simple and medium-high
throughput method for profiling metabolites in a single plant cell. Plant protoplasts were first isolated,
sorted and picked automatically, followed by the LC-MS analysis. Some important alkaloids were
successfully detected in specific cell types and especially, different cell types were successfully
distinguished based on their metabolic profile. In the next step, by combining single-cell mass
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spectrometry and single-cell RNA sequencing, we aim to track and correlate metabolites and transcripts
in biosynthetically relevant tissues. This could enable us to identify in which cell types specific
biosynthetic reactions take place and then to map the transport of the biosynthetic intermediates and
final products. Ultimately, this study will allow us to develop models for the role of localization in
monitoring the metabolism of plant alkaloids.
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Evaluation of the methane mitigating potential of Hemp using Solid Phase Extraction,
Untargeted metabolomics and in vitro rumen fermentation.
Presenting Author: Marie Rønn
Co-author(s): Rikke Hald Jensen, Marie Rønn, Mirka Thorsteinsson, Dana W. Olijhoek, Mette Olaf Nielsen
and Natalja P. Nørskov
Affiliation(s): Department of Animal Science, Aarhus University, Blichers Allé 20, DK-8830 Tjele, Denmark
Methane is highly potent greenhouse gas, which contribute to climate change. There is an increasing need
to develop additives to cow diets with methane mitigating potential. Hemp contains many bioactive
compounds, which could potentially have anti-methanogenic effects. Two hemp (Cannabis sativa L.)
varieties, Futura 75 and Finola were evaluated for their methane mitigating potential by extracting
bioactive compounds with methanol and fractionation using Solid Phase Extraction (SPE) to screen for
methane mitigating potential in an in vitro rumen fermentation system. Fractionation was performed on
C18 SPE columns with solvent of different polarities. The metabolic profiling of extracts and fractions and
identification of bioactive metabolites were performed with Liquid Chromatography-Mass Spectrometry
(LC-MS). The extract of Futura 75 reduced methane without negative effects on degradability or the
content of volatile fatty acids. However, the same mitigating effect was not possible to obtain from
fractions of Futura 75 or the pulp, though an increase in butyrate during fermentation could explain the
lack of effect. Finola only showed numerical tendencies towards reduced methane production. The
metabolomic profiles between the varieties differed in the content of flavonoid glycosides, whereby the
difference in mitigating potential between Finola and Futura 75 could be related to differences in the
content of these bioactive flavonoids.
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Primary metabolite profiling of wild rocket Diplotaxis tenuifolia accessions with
differential responses to downy mildew disease
Presenting Author: Carla Antonio
Co-author(s): Ana M. Rodrigues (1*), Ana L. Pereira (2), Paula S. Coelho (2), Carla António (1*)
Affiliation(s): 1. Plant Metabolomics Laboratory, Instituto de Tecnologia Química e Biológica António Xavier,
Universidade Nova de Lisboa (ITQB NOVA), Av. República, 2780-157 Oeiras, Portugal, 2. Instituto Nacional
de Investigação Agrária e Veterinária, I. P. (INIAV), Av. República, 2780-159 Oeiras, Portugal, * Current
address: Plant Metabolomics Lab Portugal, Centro de Estudos Florestais (CEF), Instituto Superior Agronomia
(ISA),Universidade de Lisboa (ULisboa), Tapada da Ajuda, 1349-017 Lisboa, Portugal
Wild rocket is a popular baby leaf-type crop in the Brassicaceae family, associated with an healthy
Mediterranean diet style, grown in Southern Europe, the Middle East and in South-East Asia. However,
the high susceptibility of wild rocket to the severe foliar downy mildew (DM) disease caused by the
oomycete from the genus Hyaloperonospora spp. represents an increasing threat in rocket crop quality.
To better understand how central metabolism is affected by this pathogen, six accessions of wild rocket
Diplotaxis tenuifolia from different origins and resistance responses to DM infection were selected for GCTOF-MS primary metabolite profiling.
Principal Component Analysis score plots showed a separation between resistant, intermediate resistant,
and susceptible accessions, with some overlap between susceptible and intermediate resistant
accessions. Overall, within each accession, control and inoculated plants showed similar primary
metabolite profiles, with resistant varieties showing lower levels of amino acids and derivatives while
susceptible varieties showed lower levels of sugars.
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These primary metabolite profiling results allowed to better understand the interaction D. tenuifoliaHyaloperonospora spp., and are a valuable resource for identification and delivery of new wild rocket
varieties partial/resistant to DM in future breeding programs.
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ImprUVing plant nutritional quality: UV light influences the metabolism of Brassica
plants and their effects on gut microbiota functioning and human health
Presenting Author: Victor Castro-Alves
Co-author(s): Pauline Seeburger (1), Hanna Forsman (1), Giulia Bevilacqua (2), Tatiana M Marques (2),
Luis O Morales (3), Samira BR Prado (2), Åke Strid (3), Tuulia Hyötyläinen (1), Victor Castro-Alves (1)
Affiliation(s): 1. School of Science and Technology, Man-Technology-Environment Research Centre (MTM),
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Research Centre (NGBI), Örebro University, SE-70182 Örebro, Sweden, 3. School of Science and Technology,
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The From Farm to Fork (FFF) strategy was designed to build a fair and sustainable food system. While
FFF ticks many boxes in the sustainability agenda, it does not address how to improve crop nutritional
quality. Here, we applied a pipeline that goes beyond the FFF concept to explore whether ultraviolet light
(UV) during plant growth improves the nutritional quality of Brassica plants. Firstly, an UHPLC-qTOF-MSbased non-targeted approach was used to explore UV effects on plant metabolism but since plant health
benefits are also dependent on gut microbiota fermentation, we further employed the non-targeted
approach to explore the human in vitro colonic fermentation extracts of control and UV-exposed plants.
Finally, a reporter cell assay was used to validate if the fermentation products of control and UV-exposed
plants differentially activate human intestinal receptors. We showed UV-induced changes in plant
glucosinolate and polyphenol profile as well as an increased level of tryptophan (TRP) in UV-exposed
plants. The changes in plant TRP levels were followed by increased production of TRP-derived
metabolites during fermentation, which in turn impacts the activation of aryl hydrocarbon receptors in
colon cells. Obtained data will deepen our knowledge about plant responses to UV while bringing a simple
and energy-efficient strategy to improve crop nutritional quality and providing insights into potential
benefits to human health.
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Glutathione transferases as potential regulators of volatile signals in plants
Presenting Author: Nikola Micic
Co-author(s): Nikola Micic, Mette Sørensen, Nanna Bjarnholt
Affiliation(s): Department of Plant and Environmental Chemistry, University of Copenhagen, Thorvaldsensvej
40, Frederiksberg C 1871, Denmark
An essential part of plant communication network is a group of compounds known as green leaf volatiles
(GLVs). Being released during mechanical damage, herbivore or microbial attack, GLVs can upregulate
multiple defensive genes in the neighbouring plants, increasing the plant's ability to cope with upcoming
stress. Among these, genes encoding glutathione-transferases (GSTs) are often found. Traditionally
related to xenobiotic detoxification and antioxidant response, GST's role in biosynthesis of specialize
metabolites in plants is often overlooked. In order to investigate potential involvement of GSTs in plant
communication, fumigation of barley (Hordeum vulgare) with GLVs and other volatile organic
compounds was conducted. Results of the GC-MS analysis showed presence of all volatiles upon
fumigation, confirming plant's ability to absorb used volatiles. LC-MS analysis revealed presence of
corresponding glutathione conjugates in fumigated plants. Comparison of LC-MS and GC-MS results
revealed structure-related affinity toward glutathione conjugation for used volatiles. Increased activity of
GSTs upon fumigation has been seen in the case of fumigation with trans-2-hexenol, member of GLV
group, indicating the potential involvement of GSTs in plant communication. The main challenge when
studying this system is the high chemical reactivity of fumigants toward glutathione, rendering
differentiation of enzymatic from chemical reaction and further optimisation of the system difficult.
2nd Nordic Metabolomics Conference 2022
38/66
Sept. 6-9, Copenhagen, Denmark

Wed, Sept 7

13:10-13:16

Udvalgsværelse 3

P12

Mass spectrometry-based metabolomics reveals the transfer of metabolites between
neighboring plants
Presenting Author: Hossein Hazrati
Co-author(s): Hossein Hazrati (1,2,3), Inge S. Fomsgaard (1), Ling Ding (4), Per Kudsk (1)
Affiliation(s): 1. Department of Agroecology, Aarhus University, Forsøgsvej 1, 4200 Slagelse, Denmark, 2.
Department of Biomedicine, Aarhus University, 8200 Aarhus, Denmark, 3. Department of Forensic medicine,
Aarhus University, 8200 Aarhus, Denmark, 4. Department of Biotechnology and Biomedicine, Technical
University of Denmark, Kongens Lyngby, Denmark
The translocation of metabolites between plant species provides essential hints for understanding the
role of bioactive root exudates in plant-plant interactions. Targeted and untargeted mass spectrometrybased metabolomics was applied to elucidate the transfer of bioactive compounds between plant species.
Rye (Secale cereale L.) plants were cultivated with several plant species as neighboring in semihydroponic and natural conditions. A rapid method that allows nondestructive and reproducible
metabolic profiling of the root exudates was developed. Targeted and untargeted metabolic profiling of
plant species and root exudates was performed using LC-QqQ-MS and LC-QTOF-MS, respectively. Mass
spectrometry data were processed, and statistical analysis was performed. Our results demonstrated that
rye plants actively exude benzoxazinoids (BXs), as main secondary metabolites into the rhizosphere. Root
exuded BXs were taken up by roots of neighbouring plant species and translocated into their shoots.
Furthermore, we showed that the roots of rye plants took up compounds originating from neighbouring
plants. Elucidating the transfer of bioactive compounds between plants is essential for understanding
plant-plant interactions, developing natural pesticides, and understanding their modes of action.
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Seaweed metabolomic profiling discriminates between brown, red, and green species by
nontargeted liquid chromatography-mass spectrometry
Presenting Author: Mihai-Victor Curtasu
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Seaweeds can be divided into three major groups based on phylogenetic origins: brown (Phaeophyceae),
red (Rhodophyta), and green algae (Chlorophyta) and differ in, among other things, their morphology and
adaptation to the environment which contributes significantly to their metabolic diversity. In this study,
we explored the metabolic profiles of brown (n=11), red (n=7), and green (n=2) seaweeds collected from
either wild harvest or cultivation in the Nordic waters using non-targeted quadrupole-time-of-flight
mass-spectrometry. Asparagopsis taxiformis was sampled from Australia. Two brown species, i.e.
Sargassum muticum and Dictyota dichotoma, and the red species Asparagopsis taxiformis separated
along the first two PC indicating a distinct profile shown in the PCA analysis. Compound annotation
revealed several sulfonated fatty acids from S. muticum. Characteristic for D. dichotoma were putatively
annotated glycosylglycerols or saccharolipids. A. taxiformis discriminated through the presence of
numerous haloforms. The Hierarchal clustering algorithm dendrogram showed a specific grouping of the
seaweeds reflecting the similarity between phylogenetic origins. E.g., four species of Fucus were clustered
within one node of the dendrogram. Description of the metabolome profiles and identification of specific
metabolites can provide extensive information for selecting macroalgae species in different industries
and production systems.
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Disruption of gut microbiota metabolism and bile acid equilibrium in response to
alcohol-related liver disease
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Co-author(s): Andressa de Zawadzki (1), Marisa Isabell Metzger (2), Maja Thiele (3,4), Michael Kuhn (2),
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Department of Clinical Medicine, University of Southern Denmark, Odense, Denmark, 5. Novo Nordisk
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Alcohol-related liver disease (ALD) is linked to the disruption of bacterial gut communities, affecting the
metabolism of molecules produced or utilized by the gut microbiota. We investigated associations
between ALD, the disruption of gut microbiota and of gut metabolism in a cross-sectional cohort (n= 475)
of persons with ALD and matched healthy controls. The concentration of 28 metabolites was obtained by
UHPLC-MS in feces and plasma. Correlations between liver fibrosis stage (represented by Kleiner score),
metabolites and the functional profiles of the microbiome derived from metagenomics and
metatranscriptomics sequences were calculated. Advanced liver fibrosis (Kleiner score > 4) was
correlated with a decreased production of lithocholic acid (LCA) by gut microbiota as demonstrated by a
lower abundance of BaiN genes (3-dehydro-bile acid delta 4, 6-reductase) and lower concentrations of
LCA in stool, indicating changes in the diversity of gut bacterial populations. The progression of liver
fibrosis was found to correlate with decreasing concentrations of anti-inflammatory metabolites in feces
(azelaic acid and LCA) and to increasing concentrations of cholic acid and its conjugated forms in plasma.
In ALD, changes in gut bacterial communities and hepatic extraction lead to drastic changes in the
concentrations of excreted and circulating bile acids and other metabolites in the gut-liver axis,
potentially contributing to disease progression.

Wed, Sept 7

15:16-15:22

Udvalgsværelse 1

P15

Multi-omics personalized network analyses highlight progressive immune disruption of
central metabolism associated with COVID-19 severity
Presenting Author: Anoop Ambikan
Co-author(s): Anoop T. Ambikan (1), Hong Yang (2), Shuba Krishnan (1), Sara Svensson Akusjärvi (1),
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The disease severity in coronavirus disease-2019 (COVID-19) is heterogeneous and the fatality of the
disease cannot be explained by a single factor like age, ethnicity, or co-morbidities. In this study we aimed
to understand the role of key metabolic pathways that can regulate SARS-CoV-2 reproduction. Further we
intended to stratify patient groups solely based on multi-omics data and to identify the metabotranscriptomics mechanisms associated with COVID-19 severity at personalized and group level.
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Total 72 individuals were recruited and grouped into COVID-19 -ve, COVID-19 -ve but antibody positive,
hospitalized COVID-19 +ve mild, COVID-19 +ve severe. Transcriptomics, proteomics and metabolomics
data were generated from patient samples and analysed using system-wide network based system
biological methodologies.
We found that, COVID-19 severity was characterized by increased plasma glucose and mannose levels.
Multi-omics analysis identified four patient clusters. Further, metabolic dysregulations were identified in
monocytes and DCs. Alterations in central carbon and energy metabolism were found to be associated
with disease severity. Metabolic modelling indicated that monocarboxylate transporter family genes and
nucleoside transporter genes and metabolites such as α-ketoglutarate, succinate, malate, and butyrate,
could play a crucial role in COVID-19 severity can be the potential targetable elements for COVID-19
treatment depending on disease severity.
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Development and application of LC-MS/MS method for quantification of Tryptophan –
and related metabolites in several biosamples of IBD patients
Presenting Author: Mhmd Oumari
Co-author(s): Mhmd Oumari (1), Na-mi Kim (1), Danielle Harris (1), Julia Kugler (1), Hang Xiang (1),
Stefan Schreiber (1,2), Philip Rosenstiel (1), and Konrad Aden (1,2)
Affiliation(s): 1. Institute of Clinical Molecular Biology, Christian-Albrechts-University and University
Hospital Schleswig-Holstein, Kiel, Germany, 2. Department of Internal Medicine I, Christian-AlbrechtsUniversity and University Hospital Schleswig-Holstein, Kiel, Germany
Tryptophan metabolism is severely disrupted in IBD patients, resulting in the breakdown of tryptophan
through activation of the kynurenine pathway. However, it is still not clearly explained how tryptophan
degradation directly affects the pathophysiology of IBD. We aimed to i) establish a quantitative LC-MS/MS
method to trace the metabolic breakdown of tryptophan in several biosamples of IBD patients and ii)
identify molecular pathways that causally impact tryptophan metabolism.
We have developed a Multiple Reaction Monitoring (MRM) method for the detection and quantification of
TRP and almost all TRP-metabolites in several biosamples of IBD patients in a single LC-MS/MS run. To
directly trace the metabolic conversion of tryptophan into its downstream metabolites and study the
ecaxt amount of TRP degradation avoiding the interference of regular TRP in our study, we have further
established a method to trac 13C-labled TRP and its 13C-metabolites.
By using our established LC-MS/MS method we could show that selective inhibition of JAK-STAT
signalling directly mediates restoration of tryptophan metabolism and thereby provides a novel
immunometabolic mechanism of action in the therapy of IBD.
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Quantitation of 13 short-chain fatty acids in meconium from term-born infants by
UHPLC-MS/MS
Presenting Author: Gaute Hovde Bø
Co-author(s): Gaute H. Bø (1), Sietske S. Grijseels (1), and Veronika K. Pettersen (1)
Affiliation(s): 1. Department of Medical Biology, UiT The Arctic University of Norway, Tromsø, Norway
The gut microbiome modulates human physiology by its metabolites. Among these, short-chain fatty acids
(SCFA) have unique functions in the maturation of the immune system (1). However, standardized
methods are lacking for SCFA detection in the stool. Here, we have used LC-MS/MS for absolute
quantification of 13 SCFA and two organic acids using 3-nitrophenylhydrazine derivatization (2) and
determined their profiles in meconium from 40 vaginally and term-born infants. Of the 15 metabolites
targeted, the concentration of three most abundant SCFA (acetate, propionate, butyrate), lactate, and
succinate, showed an increasing trend from 12 to 45 hours after birth. This method is a step toward more
standard metabolomics protocols in microbiome research. Besides elucidating the concentration ranges
of SCFA, we will also profile metabolites by untargeted metabolomics. Establishing a reference meconium
metabolome is necessary to translate faecal metabolites as clinical biomarkers.
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Towards elucidation of metabolome modulation by co-cultivation of probiotic
Saccharomyces cerevisiae var. boulardii at physiologically relevant conditions – 2.0
Presenting Author: Cynthia Segura Vesterager
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Affiliation(s): International Max Planck Research School for Living Matter and Ruhr University Bochum,
Germany
The saccharomyces variant, Saccharomyces cerevisiae var. boulardii, has exhibited efficacy in
ameliorating symptoms of gastrointestinal disorders, including inflammatory bowel disease. It has been
proposed that a small (< 1 kDa), heat stable compound (or compounds) is responsible for mediating an
anti-inflammatory response. However, the structure of this compound has not yet been elucidated, and as
it is a small metabolite, it might be identified by metabolomics. We have developed an untargeted, ESIHPLC-MSMS based, comparative metabolomics platform, including all steps from experimental design,
sample preparation, data acquisition, data processing, statistical analysis, and putative compound
identification. We have applied the metabolomics platform to the comparative investigation of
Saccharomyces cerevisiae and Saccharomyces cerevisiae var. boulardii. Statistical analysis revealed
compounds that differ between the two yeast strains, when cultured under standard conditions. The
compound with the highest fold-change was identified as inosine by a spectral library search and by
comparison to an authentic standard. Literature shows that inosine indeed exhibits anti-inflammatory
properties. We cautiously proposed that inosine, together with a cocktail of other, identified and to-beidentified compounds might play a key role in the anti-inflammatory effects exhibited by Saccharomyces
cerevisiae var. boulardii. Next, the yeast variants were cultured in gut-mimicking conditions and analysed
using the same platform. The significant features found in the new analysis were compared with the
statistically significant features found under standard conditions. Among all the compounds suggested
earlier, inosine was again found, at highest intensities in both S. cerevisiae var. boulardii and C.
butyricum. Inosine were also found in the complex media and other samples, but at lower intensities. The
identification of compounds is still ongoing.
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A seven-day dietary intervention alters the dietary metabolome
Presenting Author: Einar Smith
Co-author(s): Einar Smith (1), Ulrika Ericson (1), Sophie Hellstrand (1), Marju Orho-Melander (1), Peter
M Nilsson (1,2), Céline Fernandez (1), Filip Ottosson (1,3), Paolo Antonini (4), Salvatore Di Somma (4,5),
Olle Melander (1,2)
Affiliation(s): 1. Department of Clinical Sciences, Lund University, Malmö, Sweden, 2. Department of
Emergency and Internal Medicine, Skåne University Hospital, Malmö, Sweden, 3. Section for Clinical Mass
Spectrometry, Danish Center for Neonatal Screening, Department of Congenital Disorders, Statens Serum
Institut, Copenhagen, Denmark, 4. GREAT Health Sciences, Rome, Italy, 5. Department of Medical-Surgery
Sciences and Translational Medicine, University of Rome, Italy
Introduction and aim: We recently discovered a metabolic signature for a healthy dietary pattern that was
inversely associated with future type 2 diabetes and coronary artery disease (1). We aimed to test if the
healthy dietary metabolic signature could be altered by a dietary intervention.
Methods: 59 Swedish individuals with a mean age of 69 years were included a seven-day dietary
intervention study in the Cilento region in Italy. All meals in the intervention were prepared with local
ingredients and recipes. Plasma sampling was done before and after the intervention and profiling of
plasma metabolites was performed using an UHPLC-QTOF. Changes in metabolome were investigated
with paired T-test.
Results: Out of 183 measured metabolites, 108 (59%) changed significantly (fdr adjusted p < 0.05). The
most significant alterations were in metabolites previously shown to associate with dietary factors:
pipecolate, piperine, hippuric acid, caffeine, homostachydrine and 3-methylhistidine. The healthy dietary
metabolic signature was improved greatly after the intervention (p = 6E-25).
Conclusion: The dietary metabolome was drastically altered after a short dietary intervention. The
methodology might be used to provide feedback on adherence to prescribed dietary intake.
Reference: 1. Smith E et al. A healthy dietary metabolic signature is associated with a lower risk for type 2
diabetes and coronary artery disease. BMC Med. 2022;20:122.
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Metabolomics and microbiota composition of colonic in vitro faecal fermentation of
wheat bran fractions
Presenting Author: Samira Prado
Co-author(s): Samira Prado (1), Victor Castro-Alves (2), Amparo Jiménez-Quero (3), Tuulia Hyötyläinen
(2), Francisco Vilaplana (3), Rebecca Wall (1), Tatiana Marques (1)
Affiliation(s): 1. Nutrition-Gut-Brain Interactions Research Centre (NGBI), Örebro University, Sweden, 2.
Man-Technology-Environment Research Centre (MTM), Örebro University, Sweden, 3. Division of
Glycoscience, KTH Royal Institute of Technology, Sweden
Although wheat bran (WB) is the largest by-product of wheat flour production (300,000 tonnes/ySweden) it contains important healthy compounds such as arabinoxylans and ferulic acid. These
compounds are not degraded by the human digestive tract but are fermented by the gut microbiota,
which can produce diverse metabolites.
We aimed to evaluate how different WB fractions modulate the production of metabolites and the
microbiota composition using an in vitro human colonic fermentation model. WB fibre and its isolated
fractions, high molecular weight arabinoxylans and oligosaccharides with (FAX, FAXO) or without linked
ferulic acid (AX, AXO), were digested and used as substrates for the fermentation (n=12). Metabolomics
(targeted and untargeted) and microbiota analyses (16S rDNA) were done in samples obtained at
different time points. Samples were analyzed in an UHPLC-qToF-MS. Targeted analysis mainly focused on
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short- and branched-chain fatty acids.
Enterococcus, Lysinbacillus and Parassuterella were significantly different. WB faecal fermentation
resulted in higher production of phosphatidylglycerols and taurine‐conjugated bile acids (BA). FAXO,
similarly to WB, showed higher production of some BA metabolites, but also taurine, coumaric acid,
ferulic acid, salicylic acid, isovalerate. The other WB fractions showed lower production of BA compounds
and phosphatidylglycerols.
These data will deepen our knowledge of how WB could be used for high nutritional quality food
production.
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Selection of appropriate biomarkers of food intake for a multi-marker method
Presenting Author: Tugce Bulmus Tüccar
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Background: Nutrition research is limited by the insufficient and subjective methods available for dietary
assessment. The use of biomarkers of food intake (BFIs) may resolve this issue.
Method: We reviewed and included all published systematic reviews on biomarkers of food intake
(BFIrev) and also updated these reviews. We defined appropriate biomarkers measured in urine, selected
by the following criteria; robustness, dose-response, high peak intensity, low inter-individual coefficient
of variation, and good analytical performance.
Results: We identified appropriate BFIs for the following food groups: meats, whole grain cereals,
legumes, crucifers, allium vegetables, pomes, citrus, alcoholic- and non-alcoholic beverages, and for
several food subgroups. Combined biomarkers have been published for beer, wine, meats, apple, banana
and coffee.
Discussion: For many foods and even some food groups such as dairy there is still a need for appropriate
candidate biomarkers and some of the currently selected candidate biomarkers still need further
validation. It has been shown for several foods that biomarker combinations are highly effective for
qualitative assessment of recent intake of specific foods.
Conclusion: Based on currently known food intake biomarkers it should be possible to make a multimarker method covering most food groups as well as important foods within the food groups.
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A computational workflow for exploring nutrimetabolomics data in human frailty
Presenting Author: Aurelia Morabito
Co-author(s): Aurelia Morabito (1,2), Giulia De Simone (2), Manuela Ferrario (1), Antonio Guaita (3),
Roberta Pastorelli (2), Laura Brunelli (2)
Affiliation(s): 1. Department of Electronics, Information and Bioengineering, Politecnico di Milano, Milan,
Italy , 2. Laboratory of Mass Spectrometry, Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Milan,
Italy , 3. Golgi Cenci Foundation, Abbiategrasso (Milan), Italy
The crucial role of diet in disease development is well recognized, including frailty in elders. Identification
of food intake biomarkers (FIBs) as compounds associated to specific food groups intake, could provide
objective information on nutritional individual metabolism for tailoring appropriate dietary intervention.
The purpose of this study was to verify the association among dietary habits, FIBs and frailty condition.
We built a framework to quickly assess plasma FIBs occurrence from metabolomics data. We exploited
mass spectrometry (MS)-based metabolomic profiles of 130 elderly subjects (aged 76-78 years),
classified as frail or fit according to the Frailty Index. Food-derived metabolites were identified by means
of an in-house food database generated from freely available FooDB and Phenol-Explorer DB and further
implemented into our MS data preprocessing application. Different machine learning models like logistic
regression, SVM, RF were adopted to disclose the key metabolites that guide the discrimination between
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classes. Preliminary results with 492 putative dietary-metabolites show an accuracy in classification of
the test set up to 84.61%. The measured FIBs were used to calculate a FIBs-Mediterranean Diet Score
through an 18-point linear scale that incorporates dietary markers of nine key food categories. The
proposed score was significantly correlated with the Food Frequency-Consumption Questionnaire
fulfilled by all the enrolled subjects.
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An investigation into the associations of physical activity with the plasma and urine
metabolome in young adults
Presenting Author: Samuel Muli
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Schmid (2), Ute Nöthlings (1)
Affiliation(s): 1. Nutritional Epidemiology, Department of Nutrition and Food Sciences, University of Bonn,
Germany, 2. Institute for Medical Biometry, Informatics and Epidemiology (IMBIE), University Hospital Bonn,
Germany
Background: Health benefits of regular physical activity and exercise are widely reported in
epidemiological studies. However, biological mechanisms through which physical activity influences
health are elusive. Non-targeted metabolomics enables system-wide mapping of molecular perturbations
due to a physiologic state or exogenous factors, including physical activity. Identifying the metabolites
associated with physical activity could improve understanding of underlying pathways that mediate the
health effects of physical activity.
Objectives: To assess the association of habitual physical activity with plasma and urine metabolome in
young adults.
Methods: The cross-sectional analysis included participants from the DONALD (DOrtmund Nutritional
and Anthropometric Longitudinally Designed) study with plasma samples n = 365 (median age: 18.4
(18.1, 25.0), 58% females) and 24h urine samples n = 215 (median age: 18.1 (17.1, 18.2), 51% females).
Habitual physical activity was assessed using a validated questionnaire. Plasma and urine metabolite
concentrations were determined using ultra-high-performance liquid chromatography-tandem mass
spectroscopy (UPLC-MS/MS) methods. In a sex-stratified analysis, we used the principal component
analysis (PCA) to reduce the high-dimensionality of metabolite data into fewer metabolite patterns.
Multivariable linear regression models were then applied to assess the associations between selfreported physical activity estimated as metabolic equivalent of task (MET)-hours per week, with single
metabolites and metabolite patterns.
Results: Overall, physical activity was positively associated with the “lipid, amino acids and
xenometabolite” pattern in the plasma samples of male participants only.
Conclusions: Our findings suggest that physical activity influences the plasma metabolome through
multiple biochemical pathways as reflected in the metabolite pattern. The pathways provide insights into
the underlying mechanisms that mediate the health effects of physical activity.
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Effect of longitudinal sampling in gut microbiome
Presenting Author: Matteo Sangermani
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Affiliation(s): 1. Department of Circulation and Medical Imaging, NTNU, Trondheim, Norway, 2. Department
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The gut microbiome has a fundamental role in human health. In our group we investigate how the gut
microbiome changes and influences recovery of breast cancer patients. We employed 16S rRNA amplicon
sequencing, the de facto method to study the gut microbiota. However, 16S cannot elucidate questions
regarding functions and metabolism of the microbiota. In fact, given functional redundancy of some
microbes inhabiting our guts, compositional changes do not always translate in functional changes. This
leaves a knowledge gap linking composition with actual microbial activity. However, NMR metabolomics
and metatranscriptomics can complement and elucidate these aspects.
In this project we are conducting in parallel to 16S amplicon sequencing, metatranscriptome and
metabolome analysis of stool samples for a cohort of healthy individuals. These provide a unique multiomic dataset that explore the microbiome at 3 levels. We can use these to explore how changes at
compositional level correlates with changes at the level of microbiome activity (i.e. gene expression and
metabolism). Although these methods cover different aspects of the microbiome, it is costly and
unnecessary to conduct all three in most studies. These results will provide a rationale for the technique,
or a combination of them, that are more appropriate to apply to address future intervention studies,
particularly interesting in studies that combine other metabolomic data (i.e. from blood) with the gut
microbiome.
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Gut transit time and pH in the light of faecal and urine metabolomes
Presenting Author: Nicola Procházková
Co-author(s): Nicola Procházková (1), Eirini Tsekitsidi (2), Malte S. Jørgensen (1), Lars O. Dragsted (1),
Henrik M. Roager (1)
Affiliation(s): 1. Department of Nutrition, Exercise and Sports, University of Copenhagen, Denmark , 2.
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An emerging body of scientific evidence suggests that gut transit time and pH shape the gut microbial
composition and metabolism. To investigate how these two gut environment-related factors relate to
host-microbiota co-metabolism, we conducted a 9-day study (PRIMA) including sixty-one healthy
participants residing in Denmark (age 20-66; BMI 17.6-29.5). The PRIMA study included daily
registration of diet and bowel habits, a daily collection of stool and urine samples, and two study visits.
The transit time and pH throughout the gastrointestinal tract were assessed by SmartPill© capsule in a
subset of participants (n = 50). In addition, urinary and faecal metabolomes were obtained via untargeted
liquid chromatography-mass spectrometry (LC-MS)-based metabolomics. We found several microbiotaderived metabolites to be associated with colonic transit time and faecal pH. While urinary p-cresol
sulphate and indoxyl sulphate as well as faecal branched-chain fatty acids significantly positively
correlated with CTT and faecal pH, we observed the opposite for faecal short-chain fatty acids and
pantothenic acid. These preliminary results confirm the importance of colonic transit time and pH for the
microbial fermentation in the gut and ultimately for the host metabolism. Ongoing work will investigate
intra-subject variation in microbial-derived metabolites and potential links to the gut environmentrelated factors.
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Identification of potential carbon and nitrogen sources for Salmonella Typhimurium
growth in the mouse intestine
Presenting Author: Lea Fuchs
Co-author(s): Lea Fuchs (1), Evangelia Vayena (2), Bidong Nguyen (1), Vassily Hatzimanikatis (2), Wolf D.
Hardt (1)
Affiliation(s): 1. Institute of Microbiology, D-BIOL, ETH Zurich, 8093 Zurich, Switzerland, 2. Laboratory of
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Nontyphoidal Salmonellae (NTS) are important foodborne pathogens that cause millions of cases of
gastroenteric and focal infection yearly and impose a large burden on the health care system. Although
Salmonellae are well characterized bacteria, their metabolism during host infection remains poorly
understood. Besides the experimental analysis of their metabolism, computational methods can be used
to predict growth under specific circumstances.
In this study, we aim to curate a genome scale metabolic model (GEM) with in vitro and in vivo growth
experiments and the analysis of metabolites present in the host to create the most accurate model of
Salmonella metabolism. Growth data of Salmonella Typhimurium SL1344 (S. Tm) on 190 single carbon
and 95 single nitrogen sources under aerobic and anaerobic conditions were used to curate the draft
metabolic network while metabolite measurements from the murine gut were used to adapt the model to
the host environment. Based on GEM, we designed different minimal media mimicking different growth
conditions in the gut to analyze S. Tm growth in vivo.
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Targeted Metabolomics reveals crucial Bottlenecks in Engineered Polyketide
Biosynthesis
Presenting Author: Frank Schulz
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Biochemistry of Natural Products, NC3/171
The concept of combinatorial biosynthesis promises access to compound libraries based on privileged
natural scaffolds. Its intention is nothing less than a revolution of medicinal chemistry. Ever since the
elucidation of the biosynthetic pathway towards the antibiotic erythromycin A in 1990, the predictable
manipulation of type I polyketide synthase megaenzymes was investigated. However, this goal was rarely
reached beyond simplified model systems. In this study, we identify the intermediates in the biosynthesis
of the polyether monensin and numerous mutated variants using a targeted metabolomics approach. We
investigate the biosynthetic flow of intermediates and use the experimental setup to reveal the presence
of selectivity filters in polyketide synthases. These obstruct the processing of non-native intermediates in
the enzymatic assembly line. Thereby we question the concept of a truly modular organization of
polyketide synthases and highlight obstacles in substrate channeling along the cascade. In the search for
the molecular origin of a selectivity filter, we investigate the role of different thioesterases in the
monensin gene cluster and the connection between ketosynthase sequence motifs and incoming
substrate structures. Furthermore, we demonstrate that the selectivity filters do not apply to new-tonature side-chains in nascent polyketides, showing that the acceptance of these is not generally limited by
downstream modules.
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Unraveling the chemical ecology of termite-farmed fungi using LC-MS metabolomics
Presenting Author: Nanna Hjort Vidkjær
Co-author(s): Nanna Hjort Vidkjær (1), Suzanne Schmidt (1), Erin Cole (1), Christine Beemelmanns (2)
and Michael Poulsen (1)
Affiliation(s): 1. Section for Ecology and Evolution, Department of Biology, University of Copenhagen,
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Fungus-farming termites live in obligate symbiosis with a basidiomycete fungus, Termitomyces, which
provides nutritious food for the termites. Despite monoculture farming by termites foraging in pathogenrich environments, the symbiosis appears to lack specialized diseases. Only when the termites are
removed, or the colony is dying, does the stowaway ascomycete fungus Pseudoxylaria emerge in the
fungus gardens.
Termitomyces role in keeping pathogens at bay remains to be elucidated. Termitomyces inhibit the
growth of Pseudoxylaria in lab cultures and produces chemical compounds with antimicrobial properties.
We therefore hypothesized that natural products produced by the fungal symbiont could play a role in
defense against Pseudoxylaria or termite pathogens and that compound production would be
upregulated when Termitomyces is challenged by other fungi in co-culture.
We grew Termitomyces and Pseudoxylaria in mono- and co-cultures for untargeted UHPLC-QTOF-MS/MS
profiling. Co-cultivation significantly changed the metabolite profiles and several new features emerged.
Metabolite distributions in co-cultures were mapped by mass spectrometry imaging. Uncovering the
chemical ecology that governs interactions between Termitomyces and Pseudoxylaria will be important
to assess the role that the crop fungus plays in its own defence.
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Metabolomics investigation of plasma and fecal samples from a cohort of extremely
premature infants
Presenting Author: Manuel Pristner
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The incidence of premature birth is one of the leading causes of perinatal mortality and a high number of
surviving premature infants are afflicted by lifelong neurodevelopmental impairment. Compared to an
unborn fetus, extremely premature infants and their development are exposed to different environmental
influences, in particular metabolites derived from the newly established gut microbiome. The aim of this
work was to investigate potential correlations between endogenous/exogenous metabolites, the
formation of the gut microbiome, and neurophysiological development impairments. Mass spectrometry
based untargeted metabolomics was used to measure over 200 fecal and plasma samples obtained at
different development stages from extremely premature infants exhibiting different degrees of
neurodevelopmental impairment. An onset of changes in key microbial metabolites was already observed
early on between groups of different impairments. Beforehand, a sample preparation procedure with a
focus on usability with extremely small sample amounts and delivering reliable LC-MS measurements in
long sequences was developed. Bile acids and respective conjugates, of which some were discovered just
recently, were furthermore investigated in a targeted manner using LC-MS methods. This contribution
will present the steps above in detail and highlight the insights obtained so far.
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A comparison of lipid extraction solvent systems for lipidomic and metabolomics studies
of human cerebrospinal fluid
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Cerebrospinal fluid (CSF) is the standard biofluid for studying biochemical changes in neurological
disorders because CSF is directly associated with the brain's extracellular space. CSF from people with
neurodegeneration can contain considerably lower lipid concentrations as the brain neurodegeneration
progresses. A broad and reproducible extraction is critical for lipids metabolism discovery using CSF.
Three common lipid liquid-liquid extraction methods (Folch, Bligh & Dyer, and Matyash) were compared,
using 150 μl of a human CSF sample (n=6). The lipid composition of non-polar and polar fractions was
determined by employing untargeted and targeted mass spectrometry (MS)-based approaches. Initial
identification resulted in a total of 214 lipids in CSF including 67 triacylglycerols (TG), 49
phosphatidylcholines (PC), 22 sphingomyelins (SM), 22 phosphatidylethanolamines (PE), 11
phosphatidylinositols (PI), 10 monohexosylceramide (MHC), 8 lysophosphatidylcholines (LPC), 7
ceramides (Cer), 7 cholesteryl ester (CE), 7 lysophosphatatidylethanolamines (LPE), 3 diacylglycerols
(DG), and 1 Monoacylglycerol (MG). Analysis of lipids in CSF, based on extraction efficiency,
reproducibility, and comprehensive coverage of different lipid classes, demonstrated the strengths of the
modified Bligh & Dyer method. This method will be put forward for lipid analysis in our future work using
human CSF.
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Library-Scale Automated Prediction of CCS Values for Enhanced Metabolite Annotation
Presenting Author: Cristian De Gobba
Co-author(s): Sofie Weinkouff (1), Nikolas Kessler (1), Aiko Barsch (1), Lucy Woods (1), Matthew Lewis
(1), Heiko Neuweger (1), Cristian De Gobba (2)
Affiliation(s): 1. Bruker Daltonics GmbH & Co. KG, Germany, 2. Bruker Nordics, Denmark
The determination of the Collision Cross Section (CCS) has shown to increase the confidence in
annotation and identification of small molecules in various ways.
In Trapped Ion Mobility Mass Spectrometry (TIMS) CCS values can be used as an additional, orthogonal
qualifier for confident compound annotation in addition to mass accuracy, retention time fit, isotopic
pattern fit and MS/MS spectra matching.
Still, publicly available CCS libraries are far away from covering the entire space of small molecule
compounds.
The new workflow for automatic CCS prediction for any user-created or publicly available MS/MS
libraries with structure information allows for CCS-enabled annotation even in the absence of reference
CCS values.
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A Real-Time Approach to Study Cellular Metabolism in Liver Cells
Presenting Author: Simone Fjordside
Co-author(s): Simone Fjordside, Enrico Luchinat, Letizia Barbieri, Lucia Banci, Andrew James Benie, Frans
A. A. Mulder
Affiliation(s): Novo Nordisk A/S, Denmark, Aarhus University, Denmark, University of Florence, Italy
Metabolomic studies deal with the entire set of metabolites within a biological system. This is a power full
tool, which can be used for phenotypic fingerprinting and quantitative analysis. However, metabolomic in
vitro studies are performed at static conditions and at exact time points following cell lysis. In-Cell NMR
makes it possible to do metabolomic studies directly on living cells in an untargeted and label-free
environment.
Currently, the purpose is to establish a stable mammalian cellular setup in which liver cells are
encapsulated in a hydrogel inside the In-Cell NMR tube and are continuously supplied with fresh medium.
The In-Cell NMR bioreactor can be placed inside the NMR spectrometer and NMR spectra are monitored
continuously for the entire experimental time. Cell viability is determined in order to compare viability at
the beginning and end of the experimental setup. By establishing an In-Cell NMR Bioreactor it will be
possible to do real-time metabolomic studies in vitro.
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NMR Metabolomic Fingerprint of Triple Negative Breast Cancer on Mitochondria and
Nuclei
Presenting Author: Inés Domingo Ortí
Co-author(s): Inés Domingo Ortí (1,2), Ana Armiñán (1), María J. Vicent (1), Martina Palomino-Schätzlein
(3), Antonio Pineda-Lucena (4)
Affiliation(s): 1. Polymer Therapeutics Laboratory, Centro de Investigación Príncipe Felipe, Valencia, Spain,
2. Drug Discovery Unit, Instituto de Investigación Sanitaria La Fe, Valencia, Spain, 3. ProtoQSAR, CEEI,
Parque Tecnológico Valencia, Paterna, Spain, 4. Medicinal Chemistry Laboratory, Centro de Investigación
Médica Aplicada, Pamplona, Spain
Breast cancer (BC) is the most common cancer in women worldwide [1], and while diagnostic and
treatment have improved in recent years, a deeper understanding of the molecular mechanisms
underpinnings this disease could help to develop better therapies for aggressive, metastatic BC types. In
this context, the metabolic alterations caused by BC have a special interest, not only at cellular level, but
also in the different cell organelles.
Metabolomics has been successfully applied in studying different types of diseases, including BC [2] and
the impact of various therapeutic agents [4]; however, studies have yet to focus on the analysis of specific
organelles in diseases or in response to targeted therapeutics. The subcellular compartmentalization
allows the presence of different reactions in each part of the cell, evidencing the presence of particular
metabolite pools in each compartment.
Our work is focused on the metabolomic signature obtained by NMR spectroscopy of mitochondria
isolated from murine triple negative BC tissues. The comparison between the metabolomic profile of
mitochondria isolated from healthy and aggressive BC tissues will give further information about the
metabolomic pathways involved in this disease and the specific impact on this organelle.
References:
1. R.L Siegel. et al. (2019). CA Cancer J Clin, 69:7
2. U.L Günther (2015). Pathobiology, 82:153
3. Gómez-Cebrián N. et al. (2021). Pharmaceuticals, 14:1015

2nd Nordic Metabolomics Conference 2022
Sept. 6-9, Copenhagen, Denmark

50/66

POSTER SESSION: CLINICAL METABOLOMICS P2
Thu, Sept 8

12:20-12:26

Udvalgsværelse 1

P34

Investigating potential metabolite diagnostic markers of psoriatic arthritis disease
Presenting Author: Nikita Looby
Co-author(s): Nikita Looby (1), Max Kotlyar (2,3), Vathany Kulasingam (4,5), Igor Jurisica (2,3,6,7) and
Vinod Chandran (1,4,8,9)
Affiliation(s): 1. Schroeder Arthritis Institute, Krembil Research Institute, University Health Network,
Toronto, Canada, 2. Osteoarthritis Research Program, Division of Orthopedic Surgery, Schroeder Arthritis
Institute, University Health Network, Toronto, Canada , 3. Data Science Discovery Centre for Chronic
Diseases, Krembil Research Institute, University Health Network, Toronto, Canada , 4. Department of
Laboratory Medicine and Pathobiology, University of Toronto, Toronto, Canada, 5. Division of Clinical
Biochemistry, Laboratory Medicine Program, University Health Network, Toronto, Canada, 6. Department of
Computer Science, University of Toronto, Toronto, Canada, 7. Department of Medical Biophysics, University
of Toronto, Toronto, Canada, 8. Division of Rheumatology, Department of Medicine, University of Toronto,
Toronto, Canada , 9. Institute of Medical Science, University of Toronto, Toronto, Canada
Introduction: Psoriatic arthritis (PsA) is an inflammatory immune-mediated musculoskeletal skin disease
that affects approximately 25% of psoriasis (Ps) patients causing progressive disability. As a
heterogeneous disease, with sometimes subtle manifestation, accurate assessment of PsA is difficult. As
such, there is a need for early detection diagnostic tests for PsA. Methods: A liquid chromatography – high
resolution mass spectrometry (LC-HRMS) general untargeted metabolomics method following solid
phase microextraction (SPME) was applied to perform discovery analysis to investigate potential
diagnostic markers of PsA. Serum samples were obtained from the University of Toronto Psoriatic
Disease Research Program Biobank from healthy volunteers (n = 50) and Ps (n=100) and PsA (n = 101)
patients who had no history of cancer, had no active infection nor received previous treatment with
biologics. Area under the receiver operating curve (AUROC) with six models was used for predictive
feature analysis. Only features in models with an area under the curve of 0.85 or greater were considered
as candidate biomarkers. Results: A minimum of ten features and a maximum of eighty features from the
adaptive boost models produced an AUROC of 0.896 and 0.921 respectively. All other models with feature
numbers ranging between twenty to eighty produced AUROC between 0.891 and 0.915. Identification of
these features is currently underway with MS/MS database match used as confirmation.
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Αssociation of lipidomic data functional groups and individual lipids to MRI findings
following traumatic brain injury
Presenting Author: Ilias Thomas
Co-author(s): Ilias Thomas (1), Virginia Newcombe (2), Alex M Dickens (3,4), Sophie Richter (2), Jussi
Posti (5), Olli Tenovuo (5), Andras Büki (1), Tuulia Hyötyläinen (6), Matej Orešič (1,3), David Menon (2)
Affiliation(s): 1. School of Medical Sciences, Örebro University, Örebro, Sweden, 2. Division of Anaesthesia,
University of Cambridge, Addenbrooke's Hospital, Cambridge, UK, 3. Turku Bioscience Centre, University of
Turku and Åbo Akademi University, Turku, Finland, 4. Department of Chemistry, University of Turku, Turku,
Finland , 5. Neurocenter, Department of Neurosurgery and Turku Brain Injury Center, Turku University
Hospital and University of Turku, Finland, 6. Department of Chemistry, Örebro University, Örebro, Sweden
Background: Following acute traumatic brain injury (TBI) there remains considerable uncertainty
regarding the metabolomic response of the patients and the connection between the structural changes to
the brain and the circulating lipidome. Since these changes could point to neuroprotective mechanisms
following the injury, understanding them is imperative.
Objectives: The main goal of this study was to explore the relation of the circulating lipidome to medical
imaging findings for TBI patients.
Materials & methods: For this study TBI patients recruited under the framework of the CENTER-TBI
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study were examined. In total there were 103 patients that had both a magnetic resonance imaging (MRI)
scan and blood samples available for analysis. From the blood serum 201 known lipids were quantified
that belong to major lipidomic functional groups: Ceramides (Cer), Sphingomyelins (SM),
Phosphatidylcholines (PC), Lysophosphatidylcholines (LPC), and triglycerides (TG). Diffusion tensor
fitting generated fractional anisotropy (FA) and mean diffusivity (MD) maps for the MRI scans.
Association matrices and partial correlation networks were built to elucidate the connections between
the lipid groups and the FA and MD maps.
Results: PC and LPC were the top lipid classes for the FA set, while SM and PC are the top lipid classes for
the MD set. The partial correlation networks showed that the Cer group was strongly connected to the MD
set, when for the FA set PC and LPC were once again the most prominent groups.
Conclusion: Different lipid classes seem to have connections to the two imaging sets. Further
investigation is required to understand the how these findings relate to specific types of injuries and the
structural changes in the brain.
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Identification of potential predictors of MCI and AD states combining machine learning
techniques and integrated plasma multi-omics data from the EMIF-AD study
Presenting Author: Alicia Gómez
Co-author(s): Alicia Gómez-Pascual (1,2), Jin Xu (3), Liu Shi (4), Rebecca Green (5), Jan Homann (6), Betty
Tijms (7), Sebastiaan Engelborghs (8,9), Kristel Sleegers (10,11), Giovanni B. Frisoni (12), Anders Wallin
(13), Alberto Lleó (14), Julius Pop (15,16), Frederik Barkhof (17,18), Henrik Zetterberg (13,19,20,21),
Pieter Jelle Visser (7), Lars Bertram (6,22), Simon Lovestone (4,23), Petroula Proitsi (5), Alejo J. NevadoHolgado (4), Cristina Legido-Quigley (2,3), Juan A. Botía (1)
Affiliation(s): 1. Department of Information and Communications Engineering, University of Murcia, Murcia,
Spain, 2. The Systems Medicine Group, Steno Diabetes Center, Gentofte, Denmark, 3. Institute of
Pharmaceutical Science, Kings College London, London, UK, 4. Department of Psychiatry, University of
Oxford, UK , 5. Institute of Psychology, Psychiatry & Neuroscience, King's College London, London, UK, 6.
Lübeck Interdisciplinary Platform for Genome Analytics (LIGA), University of Lübeck, Lübeck, Germany, 7.
Alzheimer Center Amsterdam, Department of Neurology, Amsterdam Neuroscience, Vrije Universiteit
Amsterdam, Amsterdam UMC, Amsterdam, Netherlands, 8. Reference Center for Biological Markers of
Dementia (BIODEM), Institute Born-Bunge, Department of Biomedical Sciences, University of Antwerp,
Antwerp, Belgium, 9. Department of Neurology, Universitair Ziekenhuis Brussel and Center for Neurociences
(C4N), Vrije Universiteit Brussel, Brussels, Belgium, 10. Complex Genetics Group, VIB Center for Molecular
Neurology, VIB, Antwerp, Belgium, 11. Institute Born-Bunge, Department of Biomedical Sciences, University
of Antwerp, Antwerp, Belgium, 12. University of Geneva, Geneva, Switzerland, 13. Institute of Neuroscience
and Physiology, Department of Psychiatry and Neurochemistry, the Sahlgrenska Academy at the University
of Gothenburg, Mölndal, Sweden, 14. Hospital de la Santa Creu i Sant Pau, Barcelona, Spain, 15. Old Age
Psychiatry, University Hospital of Lausanne, Lausanne, Switzerland, 16. Department of Geriatric Psychiatry,
University Hospital of Psychiatry Zürich, Zürich, Switzerland, 17. Department of Radiology and Nuclear
Medicine, VU University Medical Center, Amsterdam, The Netherland, 18. UCL Institutes of Neurology and
Healthcare Engineering, London, UK, 19. Clinical Neurochemistry Laboratory, Sahlgrenska University
Hospital, Mölndal, Sweden, 20. UK Dementia Research Institute at UCL, London, UK, 21. Department of
Neurodegenerative Disease, UCL Institute of Neurology, London, UK, 22. Department of Psychology,
University of Oslo, Oslo, Norway, 23. Janssen R&D, UK
There is an urgent need for novel, non-invasive biomarkers to diagnose Alzheimer's disease (AD) in the
predementia stages. However, pre-dementia subjects are difficult to identify and limited information is
available on their outcome. To detect the potential biomarkers for the diagnosis of MCI and AD patients,
we created multi-class predictive models using different machine learning algorithms with integrated
proteomics and metabolomics data from EMIF-AD MBD study. First of all, plasma proteomics, plasma
metabolomics and clinical data from EMIF-AD MBD study were integrated, leading a matrix with 512
donors (153 HC, 232 MCI and 127 AD), 26 clinical features, 3635 proteins and 540 metabolites. Classes
imbalanced was addressed using SMOTE sampling. Four different machine learning algorithms were
applied with a 10-fold cross-validation repeated 10 times: logistic regression, random forest, support
vector machines and neural networks. Support Vector Machines model reports the best accuracy
compared with the rest of algorithms (accuracy= 0.931). In the top 20 of most relevant features of this
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model, we find MMSE, P10253 and aspartate as the most relevant clinical feature, protein and metabolite,
respectively. We identified relevant plasma proteins and metabolites implicated in MCI/AD diagnosis that
could shed light into the most interesting molecular pathways implicated in the pathophysiology of AD,
which is required for the development of novel therapeutic interventions.
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Challenges and pitfalls of untargeted metabolomics in clinical and toxicological
applications
Presenting Author: Edoardo Vallariello
Co-author(s): Edoardo Vallariello (1,2), Eugenio Alladio (1,2), Marta Massano (1), Lorenzo Castellino (1),
Michela Guglielmotto (3), Alberto Salomone (1,2), Marco Vincenti (1,2)
Affiliation(s): 1. Dipartimento di Chimica, Università degli Studi di Torino, Via P. Giuria 7 - 10125 Torino,
Italy, 2. Centro Regionale Antidoping e di Tossicologia “A. Bertinaria”, Regione Gonzole 10/1. - 10043
Orbassano (Torino), Italy, 3. Dipartimento di Neuroscienze, Università degli Studi di Torino, Via Cherasco 15
- 10126 Torino, Italy
Metabolomics is an emerging research field that involves the characterization of metabolic perturbations
in biological systems. Although the untargeted approach is the method of choice for the identification of
new potential biomarkers, the intrinsic complexity of biological matrices may lead to misinterpretation
and low reproducibility. Due to the broad spectrum of highly noisy background signals, the identification
of biologically significant features still remains challenging.
It follows that proper design of the experimental setup, data acquisition, and data processing parameters
may have a major impact on the success of the models produced. Therefore, the aim of this study is to
provide an update on the current state of knowledge, limitations, and issues that may influence an
untargeted analysis, with a particular focus in forensics and toxicology. Here we report two case studies,
both involving in vitro HepG2 cell models: in the first model, untargeted analysis was performed to
investigate phosphatidylethanol (PEth) metabolism, while in the second model, HepG2 cells were used to
find novel biomarkers for long-term detection of fentanyl assumption. Metabolomics profiling was
performed via HPLC-HRMS in SWATH acquisition mode. Different strategies and open-source analysis
software were compared to evaluate the significance and reproducibility of the identified features.
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Isotope-guided metabolomics for the analysis of kidney arginine metabolism
Presenting Author: Maria Chrysopoulou
Co-author(s): Maria Chrysopoulou (1), Johannes Jägers (1), Markus Bleich (2), Nina Himmerkus (2),
Markus Rinschen (1,3)
Affiliation(s): 1. Department of Biomedicine, Aarhus University, Aarhus, Denmark, 2. Department of
Physiology, Christian-Albrechts-University Kiel, Kiel, Germany, 3. Department of Medicine, University Medical
Center Hamburg Eppendorf, Germany
Background-Aim: Arginine metabolism contributes to the organism detoxification via ammonia turnover
to urea and could participate in kidney disease development. This study aims to detect the arginine
uptake and metabolic fate in kidney ex-vivo models by metabolic flux analysis. Method: Isolated
glomeruli, cortical tubules and micro-dissected nephron segments from healthy mice were incubated
with 13C6-arginine. Generated metabolites were extracted and analyzed with UHPLC/QQQ-based mass
spectrometry targeting metabolites of the urea cycle (arginine, citrulline, ornithine, urea), the polyamines
pathway (agmatine), and the nitric oxide (NO) synthesis (13C6-citrulline). Results: In the cortex, arginine
was ubiquitously taken up except for the proximal straight tubule. It was mainly consumed in the urea
cycle for ornithine accumulation, excluding the thin ascending limb of Henle's loop. Urea was only
detected in the distal convoluted tubule. It also contributed to the polyamines' synthesis and NO pathway
in the proximal convoluted tubule and the collecting duct. In the glomeruli, the polyamines synthesis was
primarily observed. Conclusion: This proof-of-concept study allowed for detection of basic arginine
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metabolites in renal compartments and offers the potential to explore a detailed isotope-based arginine
metabolic flux. The role and in vivo fate of arginine in kidney disease models will follow.
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Plasma metabolic signatures staging rapid vs slow progression to type 1 diabetes in islet
autoantibody-positive children
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Affiliation(s): 1. Turku Bioscience, University of Turku and Åbo Akademi University, FI-20520 Turku, Finland,
2. Immunogenetics Laboratory, Institute of Biomedicine, University of Turku, Turku, Finland, 3. Clinical
Microbiology, Turku University Hospital, Turku, Finland, 4. Department of Pediatrics and Adolescent
Medicine, Turku University Hospital, Turku, Finland, 5. Institute of Biomedicine, Centre for Integrative
Physiology and Pharmacology, University of Turku, Turku, Finland, 6. Department of Pediatrics, PEDEGO
Research Unit, Medical Research Centre, University of Oulu, Oulu, Finland, 7. Department of Children and
Adolescents, Oulu University Hospital, Oulu, Finland, 8. Department of Women’s and Children’s Health,
Karolinska Institute, Stockholm, Sweden, 9. Faculty of Medicine and Life Sciences, University of Tampere,
Tampere, Finland, 10. Fimlab Laboratories, Pirkanmaa Hospital District, Tampere, Finland, 11. Department
of Chemistry, Örebro University, 702 81. Örebro, Sweden, 12. Children's Hospital, University of Helsinki and
Helsinki University Hospital, 00290 Helsinki, Finland; Research Program for Clinical and Molecular
Metabolism, Faculty of Medicine, University of Helsinki, 00290 Helsinki, Finland, 13. Tampere Centre for
Child Health Research, Tampere University Hospital, Tampere, Finland, 14. School of Medical Sciences,
Örebro University, 702 81. Örebro, Sweden
Appearance of multiple islet cell autoantibodies during early life is indicative of the eventual onset of type
1 diabetes (T1D), however, at varying rates. Here, we aimed to study, if distinct metabolic patterns could
be defined for phenotypes showing slow vs. rapid progression to diabetes onset.
We performed comprehensive longitudinal metabolomics/lipidomics study in children at-risk of T1D. We
stratified the children into two groups, rapid and slow progressors to T1D. We found that the major
differences between rapid and slow progressors were in metabolites mediated by gut microbiome,
including those involved in tryptophan metabolism. Also, here we found that lipidome is not a major
discriminator between slow and rapid progressors, after seroconversion to islet autoantibody positivity.
Taken together, we identified specific circulating molecules and related pathways that may define the
rapid vs. slow progression to T1D.
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Metabolic response in endothelial cells upon sustained high levels of catecholamine
stimulation
Presenting Author: Arnar Ingi Vilhjálmsson
Co-author(s): Arnar Ingi Vilhjálmsson (1), Adrián López García De Lomana (1), Sarah Mcgarrity (1), Pär
Ingemar Johansson (2), Óttar Rolfsson (1)
Affiliation(s): 1. University of Iceland, Reykjavik, Iceland, 2. Rigshospitalet, Copenhagen, Denmark
Endothelial dysfunction (ED) is a systemic pathological condition in the endothelium of blood vessels,
characterized by increased permeability and oxidative stress causing vascular tone loss. ED is especially
relevant in patients suffering from acute critical illness (ACI). Treatment outcome of patients suffering
from ACI is associated with both ED and high circulating levels of catecholamines. The metabolic
phenotypes associated with catecholamine-induced ED are however not well characterized. The main
goal of this study was to identify the metabolic alterations of ECs using an in vitro model for ACI. Here we
uncover metabolic alterations in endothelial cells upon temporal catecholamine stimulation. We observed
an increase in permeability of the endothelial monolayer upon catecholamine treatment, which reflects
the conditions of ED in patients with ACI and supports the usefulness of our model. We also observed an
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increase in oxidative stress and nitric oxide metabolism along with an increase in cellular respiration and
glycolysis which reflects higher cellular energy demand. Using isotopic tracers, we saw no apparent flux
rerouting in glycolysis and the TCA cycle. Our study represents a reference map for the metabolic
remodeling in ECs upon sustained high levels of catecholamine stimulation, providing new insights to
better understand the mechanism of endothelial dysfunction.
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Tryptophan catabolism associates with severity and long-term disease control in chronic
inflammatory diseases
Presenting Author: Danielle Harris
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Sven Schuchardt 4, Bimba Hoyer (2), Philip Rosenstiel (1,2), Stefan Schreiber (1,2), Silke Szymczak 5,
Silvio Waschina (1), Konrad Aden (1,2)
Affiliation(s): 1. Kiel University, Kiel, Germany, 2. University Medical Center Schleswig-Holstein, Campus Kiel,
Kiel, Germany, 3. Helmholtz Zentrum München, Neuherberg, Germany, 4. Fraunhofer Institute for Toxicology
and Experimental Medicine, Hannover, Germany, 5. Lübeck University, University Hospital SchleswigHolstein, Campus Lübeck, Lübeck, Germany
Serum tryptophan (Trp) negatively correlates with disease activity in inﬂammatory bowel disease (IBD),
suggesting altered Trp metabolism signals the degree of chronic inﬂammation. We aimed to identify if
altered Trp metabolism is a general phenomenon occurring across chronic inﬂammatory diseases (CIDs).
Across 28,849 observations (1410 CID, 291 controls), we found decreased serum Trp levels in IBD and
RDs relative to controls, with a correlation between Trp levels and disease activity. In a second crosssectional cohort, we employ targeted metabolomics to examine the levels of aromatic amino acids and
Trp derivatives in the serum of 267 CID patients and 200 controls. We found a signiﬁcant reduction in the
ratio of Trp/aromatic amino acids across all CIDs tested. Finally, we use the same targeted approach in a
longitudinal cohort where 133 CID patients were exposed to 15 diﬀerent biological therapies, tracking
them over the course of 12 months. Most strikingly, while we observed no changes to the Trp/aromatic
amino acid ratio in non-therapy adherers, the ratio increased towards control levels in therapy adherers
(those remaining on their selected biologic therapy for 12 months). Our data suggest that aberrant Trp
metabolism may be a universal feature underlying chronic inﬂammation. Further, early restoration of Trp
metabolism only occurs in therapy adherers, indicating a unique pattern of metabolic healing that that
signals thorough disease control in CID patients.
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Calcium phosphates based biomaterial influence on cell metabolism
Presenting Author: Jingzhi Fan
Co-author(s): Jingzhi Fan (1,2), Theresa Schiemer3, Antons Sizovs2,4, Janis Locs (1,2), Kristaps Klavins
(1,2)
Affiliation(s): 1. Rudolfs Cimdins Riga Biomaterials Innovations and Development Centre, Riga Technical
University, Riga, Latvia, 2. Baltic Biomaterials Centre of Excellence, Headquarters at Riga Technical
University, Latvia, 3. Medical University of Innsbruck, Innsbruck, Austria, 4. Latvian Institute of Organic
Synthesis, Riga, Latvia
The interaction between cells and materials is fundamental in biomaterial development. Metabolite
measurement can provide clues to cellular metabolism changes and explain and predict cell phenotype
changes. The gained information can be used to develop new biomaterials-based treatment strategies. In
this work, calcium phosphate (CaP) with different compositions influence cell metabolism was
investigated. Specifically, hydroxyapatite (HAP), β-tricalcium phosphate (β-TCP), and their composites
with different ratios (HAP/β-TCP at 95/5 and 58/42) were prepared. The calcium phosphate materials
were characterized by XRD, and in vitro experiments with NIH/3T3 cells were carried out. Cells were
harvested at different time points, and targeted quantitative metabolite analysis was performed. Distinct
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metabolite profiles for cells seeded on different biomaterials compared to controls were observed. PCA
between CaPs shows biphasic calcium phosphates perform differently than pure HAP or TCP. One-way
ANOVA indicates that 4 metabolites were significantly changed. Pathway analysis allowed us to identify
aromatic amino acid metabolisms significantly perturbed by CaPs. The obtained results demonstrated
that metabolite differences were changing dynamically through time. This study showed the ability of
metabolomics to identify the biomaterial chemical composition influence on cellular metabolism.
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Untargeted Metabolomics Reveals the Potential Antidepressant Activity of a Novel
Adenosine Receptor Antagonist
Presenting Author: Arnold Smith
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Depression is recognized as a contributor to the global burden of disease. Despite various available
antidepressants, treatment efficacies vary greatly among individuals creating a need to research
alternative therapies. Adenosine receptor (AR) antagonists are a potential new class of antidepressants
worth investigating. A recently synthesized novel AR antagonist, 2-(3,4-dihydroxybenzylidene)-4methoxy-2,3-dihydro-1H-inden-1-one (1), displays AR affinity in the low micromolar range. Compound
1's antidepressant capabilities were evaluated by comparing its downstream effect on the metabolome to
that of two reference drugs (imipramine and KW-6002). Whole-brain samples were collected from male
Sprague-Dawley rats subjected to a Forced Swim Test after being treated with compound 1 and reference
drugs. Metabolites were extracted and analyzed through untargeted metabolomics using 1H-NMR and
GC-TOFMS. Interestingly, all treatments induced similar metabolic changes. The concentration of several
cerebral fatty acids was significantly higher in the treated rats compared to the vehicle control, with
abnormalities in fatty acid metabolism having been previously documented in depressed patients. In
addition, various altered metabolites indicating possible neuroprotective activities were identified. Based
on the above, compound 1 may possess antidepressant capabilities, though the exact mechanisms have
yet to be confirmed.
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NMR metabolomics decodes the genome
Presenting Author: Anders Malmendal
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Understanding the genotype–phenotype map and how variation at different levels of biological
organization is associated are central topics in modern biology. Fast developments in sequencing
technologies and other molecular omic tools enable researchers to obtain detailed information on the
variation from genomic to metabolite levels.
Here, we performed NMR metabolomics on male flies from 170 different isogenic lines from the
Drosophila melanogaster Genetic Reference Panel to investigate the ability of the metabolome to provide
a link between genotypes and molecular and functional organismal phenotypes.
Our results show that the metabolite profile is highly heritable and we can identify genes associated with
metabolome variation.
Interestingly, the metabolome gave better prediction accuracies than genomic information for four out of
five quantitative traits analysed, even if the phenotypes and metabolites were measured on different flies
in different labs and the only link between metabolome and phenotype is the genome.
This illustrates that NMR metabolomics has a large potential as predictor of organismal phenotypes and
may be thought of as a decoder of the genome, a finding of great importance, e.g., in human medicine,
evolutionary biology and animal and plant breeding.
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Reactivity Based Metabolomics Reveals N,D-Lactoylated Amino acids as a New Class of
Metabolites Maintaining Lactoylglutathione Homeostasis
Presenting Author: Maria Søndergård
Co-author(s): Marc Daniel Opfermann (1), Maria Bøgelund Søndergård (1), Louise Vase Bech (1), Camilla
B. Nielsen (1), Alejandro José Mahía Moros (2), Tingting Wang (1), Sarah Bisgaard Olesen (1), Kim Frisch
(1), Kirstine Lykke Nielsen (1), Thomas B. Poulsen (2), James Galligan (3), Jakob Hansen (1), Mogens
Johannsen (1)
Affiliation(s): 1. Department of Forensic Medicine, Aarhus University, 8200 Aarhus N, Denmark, 2.
Department of Chemistry, Aarhus University, 8000 Aarhus C, Denmark, 3. Department of Pharmacology and
Toxicology, University of Arizona, Tucson, AZ, USA
Methylglyoxal is a highly reactive glycating metabolite derived from glycolysis, responsible for the
modification of proteins and DNA and thus perturbing cellular homeostasis. Little is known regarding
reactions between methylglyoxal and cellular metabolites. To accommodate this, we here devise a new
method termed reactivity based metabolomics and profile the cellular methylglyoxal-derived
metabolome. We identify N,D-lactoyl-amino acids as a novel class of metabolites with N,D-Lac-Cys as the
most abundant. N,D-Lac-Cys is formed non-enzymatically by lactoylglutathione, an intermediate of
methylglyoxal-detoxification. Levels of intracellular N,D-Lac-Cys are directly controlled by cysteine and
lactoylglutathione and regulate methylglyoxal-derived protein labelling. We find that N,D-lactoyl-amino
acids are substrates of cytosolic non-specific dipeptidase which hydrolyses the metabolites and thus
generates D-lactate and liberates the amino acids - in essense functioning as a back-up system for the
endogenous glyoxalase 2 enzyme. Finally, we find that N,D-Lac-Cys is upregulated in diabetic mice, a
condition that also is characterized by elevated levels of lactoylglutathione.
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DASH-IN: Facilitating cross-study research with truly FAIR and open data
Presenting Author: Lars Ove Dragsted
Co-author(s): Lars Ove Dragsted (1*), Finn Sandø-Pedersen (1), Susanne Riber (1), Jan Stanstrup (1)
Affiliation(s): 1. Department of Nutrition, Exercise and Sports, Section for Preventive and Clinical Nutrition,
University of Copenhagen, Denmark. *Ldra@nexs.ku.dk
Background: While research policy continues to promote FAIR and open science, there is still a need for
structured, yet flexible databases, able to connect research data of many types, including metabolomics
while keeping the data both interoperable and reusable.
Method: We have designed and programmed DASH-IN in the php language, built with the Phalcon
framework using PostgreSQL as database backend.
Results: DASH-IN can store and structure all study designs and data present in a tabular form (csv-files),
including `omics data, using common ontologies and associated units. Access control has been
implemented. Study designs and datasets can be shared while holding back unpublished datasets for later
addition. The DASH-IN system code is available at https://gitlab.com/nexs-metabolomics/dash-in-core//tree/master. We have added three human studies with open metabolomics data. Features are annotated
by their mass and retention time in the system used for profiling. It is possible to search across studies
and find features and their RT in a different study. This is used to map and annotate several unknown
biomarker candidate features from one system into another to facilitate detailed mass spectrometry.
Conclusion: DASH-IN is a highly versatile, FAIR and open database for open or limited sharing. This ability
to connect data of different types across studies should pave the way for important advances in
metabolomics by combining processed data from different studies and laboratories.
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Quantitation of steroids in biological matrices applying an HPLC-MS/MS method
Presenting Author: Ilia Evstafev
Co-author(s): Ilia Evstafev (1), Matilda Kråkström (1), Matej Orešič (1,2), Alex M. Dickens (1,3)
Affiliation(s): 1. Turku Bioscience Centre, University of Turku and Åbo Akademi University, Turku, Finland, 2.
School of Medical Sciences, Örebro University, Örebro, Sweden, 3. Department of Chemistry, University of
Turku, Turku, Finland
Steroids play a key role in health and disease. They have a diverse range of functions in the body:
reproductive physiology, regulation of the endocrine system and species sex dependent. Due to their
diverse structures the quantification of a broad range of steroids remains difficult. Quantitation of
steroids in animal tissue and blood is more difficult due to the average levels of steroids are
approximately 10 times lower than in human.In order to lower the detection limits the published HPLCMS/MS method for the steroid panel (PMID: 29414008) has been transferred onto Sciex 7500 Qtrap. The
LLOQ of 12 of 14 were lowered: 11-Deoxycortisol (from 13 to 3.33 pM), 17a-Hydroxyprogesterone (from
33 to 3.33 pM), 21-Hydroxyprogesterone (from 13 to 1.33 pM), Aldosterone (from 32 to 6.67 pM),
Androstendione (from 13 to 3.33 pM), Corticosterone (from 33 to 6.67 pM), Cortisol (from 33 to 1.33 pM),
Cortisone (from 13 to 1.33 pM), DHEA (from 333 to 66.7 pM), Estradiol (from 6.7 to 3.33 pM),
Progesterone (from 13 to 3.33 pM), Testosterone (from 3.3 to 1.33 pM). The steroid panel has been
broadened with: Androsterone, Dihydrotestosterone, Pregnenolone, 11-ketotestosterone, 4-androsten11β-ol-3,17-dione, 5α-dihydro-11-ketotestosterone, Adrenosterone. The assay is to be applied and
validated for different tissues. Different extraction techniques were tested for adipose tissue analysis.This
new method will be critical in better understating the role of steroids in a wide range of biological
questions as we can now detect the lower steroid levels in animals.
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Comparison of different untargeted GC-TOF data pre-processing software
Presenting Author: Matilda Kråkström
Co-author(s): Matilda Kråkström (1), Andreas Bergmann (1), Tim Sinioja (2), Tuulia Hyötyläinen (2), Alex
Dickens (1,3), Matej Oresic (1,4)
Affiliation(s): 1. Turku Bioscience Centre, University of Turku and Åbo Akademi University, Turku, Finland, 2.
Department of Chemistry, Örebro University, Örebro, Sweden, 3. Department of Chemistry, University of
Turku, Turku, Finland, 4. School of Medical Sciences, Örebro University, Örebro, Sweden
GC-TOF instruments are able to detect hundreds of polar compounds in different biological matrices. A
GC-TOF acquires the mass spectras of all compounds in full scan mode. This results in the productions of
a large amount of data which can be more difficult to handle than data obtained with LC-MS methods,
however the mass spectras are obtained in a standardized manner, meaning that they are easier to
annotate. The spectras first have to be deconvoluted and aligned using either commercial or open source
software. Currently the limiting step is the alignment of the features in different samples across long
studies, especially when hundreds of samples are analyzed over several different batches. Shifting
retention time and slight variations in deconvoluted spectras can make alignment demanding.
This study compared the ability of three different software (MSDIAL, mzmine and Chromatof sync) to
align samples in several biological matrices, focusing especially on large datasets with several hundred
samples. Deconvolution and alignment parameters were optimized and the quality and quantity of the
resulting features were compared. Mzmine produced high-quality spectras, while the chromatographic
peak shapes sometimes had bad quality. MSDIAL produced high-quality chromatographic peaks, while
the spectras sometimes consisted mostly of noise. Chromatof sync produced mostly high-quality spectras
and chromatographic peaks. In a large study of blood samples, mzmine produced 36 features that passed
the quality control checks, MSDIAL produced 159 and chromatof sync produced 233.
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Differentiating Isomers using High Resolution Mass Spectrometry Coupled with MSn,
Collision Induced Dissociation, and Ultraviolet Photodissociation
Presenting Author: Brandon Bills
Co-author(s): Brandon Bills, Sunandini Yedla, Rahul Deshpande, Bashar Amer, Susan Bird, Vlad
Zabrouskov
Affiliation(s): Thermo Fisher Scientific, San Jose, California, United States
With high resolution mass spectrometry, isobars can be characterized. However, isomers that coelute still
pose an analytical challenge. Tandem mass spectrometry offers a means to differentiate isomers based on
their fragmentation spectra, but not all isomers can be differentiated using high energy collisional
dissociation (HCD). In this work we use additional fragmentation options available on the Thermo
Scientific™ Orbitrap™ IQ-X™ Tribrid™ mass spectrometer (MS), including MSn, collision induced
dissociation (CID) and ultraviolet photodissociation (UVPD), to differentiate sugar phosphates. An
Orbitrap IQ-X Tribrid MS was run using direct infusion of standards of isomers. Data was collected up to
MS4 in positive and negative mode using HCD, CID, and UVPD. Spectra were evaluated for unique
fragments using Thermo Scientific™ FreeStyle™ 1.8 software and further annotated using Thermo
Scientific™ Mass Frontier™ 8.0 software. A feature was considered unique if it was found solely in the
spectra for that sugar phosphate. It was found that by using MSn fragmentation in conjunction with CID
and UVPD data that there were unique fragments for each of the isomers. Further work is planned to
differentiate these compounds in more complex biological matrices. The collection of fragmentation
options available on the Orbitrap IQ-X Tribrid mass spectrometer makes the instrument a powerful tool
in differentiating isomeric structures.

2nd Nordic Metabolomics Conference 2022
Sept. 6-9, Copenhagen, Denmark

59/66

Thu, Sept 8

12:56-13:02

Udvalgsværelse 3

P50

Intelligent data acquisition for untargeted metabolomics followed by high-throughput
quantitative metabolomics utilizing high-resolution accurate mass measurements
Presenting Author: Marynka Ulaszewska
Co-author(s): Bashar Amer (1), Rahul Ravi Deshpande (1), Daniel Hermanson (1), Andreas Hühmer (1),
Marynka Ulaszewska (2) and Susan Bird (1)
Affiliation(s): 1. Thermo Fisher Scientific, 355 River Oaks Parkway, San Jose, California, United States, 2.
Thermo Fisher Scientific, Milan, Rodano, Italy
Purpose: Development of an intelligent data acquisition workflow for untargeted LC-MS metabolomics
with deep metabolome coverage and confident compound annotation to identify components for a highthroughput and robust quality screening study in milk.
Methods: Reversed-phase LC-MS methods using Hypersil GOLD™ separation were developed utilizing a
Thermo Scientific™ Vanquish™ Horizon UHPLC system coupled to a Thermo Scientific™ Orbitrap
Exploris™ 240 mass spectrometer to assess and quantitate metabolic variation among different milk
samples; bovine milk with various fat content, almond, oat, coconut, and soy milk.
Results: Higher levels of amino acids were shown to classify plant-based milk from bovine milk. Hippuric
acid and orotic acid were verified as markers for bovine milk compared to plant-based milk. Gluconic
acid, however, was verified as a marker for soy milk.
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New peak detection (Pyco) and isotope grouping (Prism) algorithms for an improved
compound detection workflow
Presenting Author: Marynka Ulaszewska
Co-author(s): Yovany Cordero Hernandez (1), Pedro Navarro (1), Konstantin Ayzikov (1), Martin
Strohalm (1), James Dillon (2), Alexander Tiegel (1), Ute Comberg (1), Marynka Ulaszewska (3), Ralf
Tautenhahn (2), Alexander A. Makarov (1), Christoph Henrich(1)
Affiliation(s): 1. Thermo Fisher Scientific (Bremen) GmbH, Bremen, Germany, 2. Thermo Fisher Scientific, San
Jose, California, United States, 3. Thermo Fisher Scientific, Milano, Rodano, Italy
A reliable peak detection algorithm is key for any compound detection workflow. Here we introduce the
new detection workflow in Compound Discoverer 3.3 software, based on a novel parameter-free peak
detection algorithm, Pyco, and a redesigned isotope grouping algorithm, Prism. We show that this new
approach works more consistently on various chromatography methods, as peak integration does not
rely on restrictive peak model assumptions, such as Gaussian shape or symmetry. Using peak quality
metrics, we corroborate that both identification and quantification results have been significantly
improved. We were able to reduce false positive compounds by avoiding over-splitting of peaks. The new
detection workflow is not only more precise, but also more efficient, reducing the overall computational
time for processing.
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An untargeted LC-MS/MS metabolomics workflow using low adsorption surface columns
for improved method performance
Presenting Author: Bernhard Drotleff
Co-author(s): Bernhard Drotleff, Svitlana Dekina, Theodore Alexandrov
Affiliation(s): Metabolomics Core Facility, European Molecular Biology Laboratory, Heidelberg, Germany
Capturing a broad spectrum of the metabolome with a single analytical assay faces many challenges due
to the large diversity of analytes. The presence of various functional groups and the differing physicochemical properties pose enhanced requirements for chromatographic techniques. In particular,
carboxylated and phosphorylated compounds interfere with the stainless-steel surfaces, which are
commonly used in most LC platforms. This non-specific adsorption leads to peak broadening/tailing and
ultimately reduces sensitivity and peak capacity.
In this work we present the utilization of a metal-free low adsorption surface column in combination with
a biocompatible UHPLC system. It was demonstrated that a high coverage of metabolites with improved
peak shapes and excellent intra-batch precision was achieved with this setup.
Moreover, we present a novel open LC-MS/MS spectral library from >400 authentic standards acquired
using such column and on an Exploris 240 Orbitrap mass spectrometer. In addition, the library covers
retention times for elevated identification levels, reduction of false positives and increased data
processing efficiency.
Overall, using low-adsorption materials provides a promising avenue to improve performance of LCMS/MS untargeted metabolomics, especially when complemented with spectral libraries and exploitation
of retention time information.
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Identification of new amino acids conjugated bile acids by LC-MS/MS
Presenting Author: Lucas Pinto
Co-author(s): Lucas Pinto (1), Alex Dickens (1), Matei Oresic (2)
Affiliation(s): 1. Turku Bioscience Centre, University of Turku and Åbo Akademi University, Turku 20520,
Finland, 2. School of Medical Sciences, Örebro University, 702 81. Örebro, Sweden
Bile acids (BA) are compounds primary produced in the liver and excreted in the intestinal lumen with a
well-established influence in the maintenance of health, mainly due to their role as promoters of
adsorption of fats in the small intestine. However, recent advances in the study of these compounds have
brought evidence of their influence on different systems, acting as signaling molecules and metabolism
modulators, regulating the levels of triglycerides and glucose, energy homeostasis and immunity. Primary
BA are synthesized in the liver from cholesterol, and after secretion undergoing several modifications by
action of microbes in the intestinal flora and reabsorption by the liver. Recent methods are capable to
analyze several BA, including the glycine- and taurine- conjugated compounds was developed, but to go
further we developed an analytical method based on tandem mass spectrometry and liquid
chromatography (LC-MS/MS) capable to analyze 110 amino acid conjugated BA (cholic acid, deoxycholic
acid, chenodeoxycholic acid, hyodeoxycholic acid, and ursodeoxycholic acid), applied initially in stool. The
ability to analyze new bile acid conjugations will support the investigation of the action of these
compounds over metabolism.
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Metabolomic profiling via quantitative NMR spectroscopy of serum and cerebrospinal
fluid identified 2-aminobutyrate reduced in Parkinson's disease patients
Presenting Author: Georgy Berezhnoy
Co-author(s): Georgy Berezhnoy (1), Leonie Wüst (1), Dr. Kathrin Brockmann (2,3), Dr. Christoph
Trautwein (1)
Affiliation(s): 1. Laboratory for Metabolomics and Systems Medicine, Werner Siemens Imaging Center,
Department of Preclinical Imaging and Radiopharmacy, University Hospital Tübingen, Tübingen, Germany,
2. Center of Neurology, Hertie Institute for Clinical Brain Research and Department of Psychiatry and
Psychotherapy, University Hospital Tübingen, Tübingen, Germany, 3. German Center for Neurodegenerative
Diseases (DZNE), Tübingen, Germany
Background: Parkinson's disease (PD) is a complicated neurological condition that affects the elderly. The
emerging discipline of biofluid metabolomics brings unique insights into Parkinson's disease
pathophysiological alterations and be utilized to identify biomarkers.
Methods and study design: Quantitative nuclear magnetic resonance spectroscopy (NMR) was performed
on cerebrospinal fluid (CSF) and serum samples from 80 PD patients in this experiment. Each of the 20
samples was tested for early, late, glucocerebrosidase (GBA) positive, and recessive PD patients and
compared to 21 non-symptomatic controls. A commercial in vitro diagnostics research (IVDr) toolset was
used for sample preparation and analysis. Univariate and multivariate statistical analysis were used.
Independently of genotype and onset, an additional unsupervised technique based on k-means clustering
was applied.
Results: Several alterations in CSF and serum were discovered, most notably lower 2-Aminobutyrate (2AB) in CSF and serum from all PD groups. Changes in 2-AB might be associated with oxidative stress and
glutathione metabolism. The k-means clustering method found other broad changes in energy and polyol
metabolism. These changes could be useful in the context further of the prodromal PD phase in further
investigations.
Conclusions: Lower 2-AB in PD is the most promising metabolite from this investigation for
differentiating controls from PD and might have a potential as a PD biomarker.
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SARS-CoV-2/DENV co-infection: metabolomic profile of patients in Federal District,
Midwestern Brazil
Presenting Author: Heidi Schulte
Co-author(s): Heidi L. Schulte (1), Patrícia C. Cortelo (1), Alan C. Pilon (2), Norberto P. Lopes (2), Laila S.
Espindola (1)
Affiliation(s): 1. Programa de Pós-Graduação em Ciências Médicas, Faculdade de Medicina, Universidade de
Brasília - UnB, Brasília, Brazil, 2. Núcleo de Pesquisa em Produtos Naturais e Sintéticos (NPPNS),
Departamento de Ciências Biomoleculares, Faculdade de Ciências Farmacêuticas de Ribeirão Preto,
Universidade de São Paulo - USP, Ribeirão Preto, Brazil
According to the World Health Organization, over 542 million COVID-19 cases have been confirmed
worldwide, affecting several dengue-endemic regions, which has raised concern about the impact of coinfections with dengue viruses (DENV) and SARS-CoV-2. Since the COVID-19 outbreak, Brazil has
registered more than 32 million people infected by SARS-CoV-2 and over 2.3 million dengue cases, with
co-infection cases already reported in the literature. To evaluate how a co-infection might affect the
patients' metabolic profile when compared to isolated infections by SARS-CoV-2 and DENV, a total of 176
samples, including COVID-19, dengue and co-infection cases plus healthy controls, were collected from
three public hospitals in Federal District, Brazil, and submitted to UHPLC-MS/MS analysis. The raw data
obtained is currently undergoing data processing and annotation will be performed using databases such
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as GNPS - Global Natural Products Molecular Networking and HMDB Human Metabolome Database,
among others. This work's final goal is to apply mass spectrometry-based metabolomics to find a
molecular signature that can distinguish between the above-mentioned groups and hopefully contribute
to treatment, patient care and especially to differential diagnosis, since the clinical presentation of COVID19 and dengue can be very similar and standardized antibody-based diagnosis tests can be misleading
due to cross-reactivity.
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Interlaboratory comparison of metabolomics analyses of human and rodent blood using
Biocrates MxP® Quant 500 kit
Presenting Author: Carmen Ludwig-Papst
Co-author(s): Jerzy Adamski, Gözde Ertürk Zararsiz, Gabi Kastenmüller, Jiamin Zheng, Rupasri Mandal,
Lisa St. John-Williams, Kendra Adams, J. Will Thompson, Michael P. Synder, Kevin Conterpois, Songije
Chen, adia Ashrafi, Sumeyya Akyol, Alexander Cecil, Ali Yilmaz, Stewart Graham, Thomas M. O`Connell,
Teodoro Bottiglieri, Karel Kalecky, Tuan Hai Pham, Jerzy Adamski, Therese Koal, Jutta Lintelmann, Dernot
Poschet, Jennifer Kirwan, Sven Schuchardt, Xue Li Guan, Daisuke Saigusa, David Wishart
Affiliation(s): Helmholtz Zentrum München, Germany
Metabolomics provides valuable insights into the molecular underpinnings of phenotypes. To identify
reliable metabolomic biomarkers of phenotype and possible companion diagnostics for human diseases,
validation of studies is required. Moreover, the size of cohort studies is increasing and poses a challenge
to sustainability, quality management and quality control for metabolite profiling. Kit-based
metabolomics assays with standardized workflows have the potential to meet these requirements.
We investigated the analytical performance of the MxP® Quant 500 kit (biocrates life sicence ag.) across
14 labs worldwide, performed on various models and manufacture type of LC-MS/MS instruments. The
kit allows the determination of up to 634 metabolites. Each participating laboratory was provided with a
set of 12 identical samples including human and rodent serum and plasma. Preprocessed data (μmol/L)
were collected and submitted to joint statistical analyses. Out of 561 normalized metabolites with values
above LOD in more than three laboratories we observed good reproducibility of measurements across
laboratories with CV less than 25% for 400 (rat plasma) to 494 (NIST 1950) metabolites.
The results of this project will facilitate study design and multicenter studies by provision of quality data
and metabolite coverage in different matrices.
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Development and validation of an LC-HRMS analytical platform for a long-term, clinical
metabolome profiling study
Presenting Author: Sietske Grijseels
Co-author(s): Sietske Grijseels (1), Torbjørn Myhre (2), Terje Vasskog (2), Terkel Hansen (2,3), Marie
Mardal (2,4)
Affiliation(s): 1. Proteomics and Metabolomics Core Facility (PRiME), the Arctic University of Norway (UiT),
Tromsø, Norway, 2. Department of Pharmacy, the Arctic University of Norway (UiT), Tromsø, Norway, 3.
Biotechnology and Nanomedicine, SINTEF Industry, Trondheim, Norway, 4. Department of Forensic
Medicine, University of Copenhagen, Copenhagen, Denmark
Clinical untargeted metabolomics is a powerful tool to uncover disease and risk biomarkers. Validation
must first be conducted to ascertain that a method is fit-for-purpose to produce reliable results that can
be compared across batches. In this study, a method for untargeted metabolite profiling based on LCHRMS was validated for analytes in serum.
Human serum samples were obtained from 53 donors and sample preparation consisted of protein
precipitation performed with an automated liquid handler. Standard reference material, quality control,
and blank samples were furthermore used. The validation was performed with two HILIC and two RPLC
separation methods. Analytes were detected in full MS and identified by comparing iterative MS/MS
spectra with spectral libraries. Each identified analyte in each method were validated using a targeted
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compound library of around 400 metabolites. A total of three batches were analyzed across twelve
analytical runs. Detected analytes were validated for stability during 10 freeze-thaw cycles, repeatability,
reproducibility, selectivity, accuracy, and D-value, based on pre-determined acceptance criteria.
Validation passed for around 50 analytes per method, making these methods suitable for a long-term,
untargeted, clinical metabolome profiling study.
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Effects of PFAS exposure on metabolomic profiles in HepG2
Presenting Author: Lisanna Sinisalu
Co-author(s): Lisanna Sinisalu, Andi Alijagic, Magnus Engwall, Maria Larsson, Tuulia Hyötyläinen
Affiliation(s): School of Science and Technology, Örebro University, Sweden , School of Medical Sciences,
Örebro University, Sweden
Environmental pollutants, such as perflourinated alkyl substances (PFAS) have been identified in
previous studies to be linked with a variety of health effects. For instance, PFAS exposure can alter lipid
profiles in cord-blood and the lipid composition of breast milk and shows to be associated with the
alterations of key hepatic metabolic pathways, which are related to nonalcoholic fatty liver disease
(NAFLD). The aim of this study was to perform an exposure experiment with PFAS on HepG2 cell lines to
investigate the alterations in the metabolic profiles caused by PFAS exposure. A combination of five PFAS
compounds were chosen for this experiment (PFOS, PFOA, PFHxS, PFDA and PFNA) as of these have been
found to be some of the most commonly found PFAS in humans. The mixture exposure to the cell lines
was diluted into eight different concentrations and the pollutants were in different ratios. In addition, we
performed a cell-painting assay to investigate biological changes in the cells. We extracted an abundance
of morphological features that showed clear and significant changes happening in the HepG2 cell lines
that were caused by the PFAS exposure. For example, in the nuclei and in mitochondria. The results from
the lipidomics instrumental analysis showed changes in membrane lipids that were associated with the
morphological changes. In conclusion we identified associations between PFAS exposure and disruption
of the key hepatic metabolic pathways and notable changes in the cell morphology were identified with
the cell-painting assay.
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Unravelling the metabolome fueling cancer cell migration and metastasis
Presenting Author: Laura Hetzel
Co-author(s): Laura Hetzel (1), Ahmed Ali (1), Christian Pilarsky (2), Thomas Hankemeier (3)
Affiliation(s): 1. Metabolomics and Analytics Center, Univeriteit Leiden, Netherlands, 2. Translational
Research Center, Universitatsklinikum, Germany, 3. Metabolomics and Analytics Center, Univeriteit Leiden,
Netherlands
Cancer metastasis is the leading cause of death in cancer patients which is often mediated by aggressive,
migratory cells. While several pathways are thought to contribute to cancer cell migration, the metabolic
pathways governing this process have not been explored yet. In this study, we aim to identify the
metabolic pathways of cell migration and determine potential causes for the heterogeneity of migration
behavior using mass spectrometry-based untargeted metabolomics. To achieve this, a chemoattractantinduced migration transwell assay was used to sort migratory and non-migratory cells. Both cell
populations were sampled and measured using mass spectrometry after undergoing liquid-liquid
extraction and enrichment. The data generated were analyzed using an in-house untargeted
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metabolomics pipeline in R where distinct metabolic phenotypes were revealed between migrated, and
non-migrated cells. Several potential metabolic biomarkers were isolated which are thought to play an
important role in cell migration. A follow up experiment is planned where the identified metabolic
biomarkers' correlation with individual cell migration behavior will be investigated to discover novel
potential biomarkers for drugs targeting migration and metastasis.
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Molecular elucidation of PDAC mesenchymal and epithelial phenotypes by SpaceM singlecell lipidomics
Presenting Author: Jeany Delafiori
Co-author(s): Jeany Delafiori (1,2*), Mohammed Shahraz (1*), Marija Trajkovic-Arsic (3,4*), Jens T. Siveke
(3,4), Theodore Alexandrov (1,5,6,7) * These authors contributed equally
Affiliation(s): 1. Structural and Computational Biology Unit, European Molecular Biology Laboratory
(EMBL), Heidelberg, Germany, 2. Innovare Biomarkers Laboratory, Faculty of Pharmaceutical Sciences,
University of Campinas (UNICAMP), Campinas, Brazil, 3. Bridge Institute of Experimental Tumor Therapy,
West German Cancer Center, University Hospital Essen, Essen, Germany, 4. Division of Solid Tumor
Translational Oncology, German Cancer Consortium (DKTK, partner site Essen) and German Cancer
Research Center, DKFZ, Heidelberg, Germany, 5. Metabolomics Core Facility, EMBL, Heidelberg, Germany, 6.
Molecular Medicine Partnership Unit, EMBL and Heidelberg University, Heidelberg, Germany, 7.
BioInnovation Institute, Copenhagen, Denmark
Epithelial-to-mesenchymal (EMT) transition is associated with the aggressive quasi-mesenchymal/basallike subtype of pancreatic ductal adenocarcinoma (PDAC). During EMT, lipid composition and dynamic
changes influence the rigidity of the cell membrane. In this study, we applied the SpaceM method for
single-cell lipidomics to differentiate PDAC epithelial (HPAC, HPAFII) to mesenchymal-like cells
(MiaPaca2, PSN1). Cells were grown for 48 hours on glass slides, fixed, and sprayed with the DHB matrix.
For the SpaceM analysis, brightfield microscopy images were acquired before matrix spraying as well as
after MALDI-MSI. Mass spectra in the m/z 600 -1000 and the positive ion mode were collected at a 25µm
step size. Lipids were annotated using the METASPACE software, with single-cell data analysis assisted by
the SpaceM software and Scanpy. Single-cell profiles with over 600 lipid annotations from around 15000
cells show the enrichment of diacylglycerophosphates and dihexosylceramides associated with the
mesenchymal phenotype, in contrast to decreased abundance of alkyl-acyl-phosphatidylcholines.
Moreover, we identified altered sphingolipids composition with lower intensities of C16:0 and higher
levels of C16:1 in mesenchymal cells, potentially contributing to changes in cell membrane fluidity.
Overall, this study demonstrates the potential of single-cell lipidomics and the SpaceM method to find
molecular patterns associated with functional and heterogeneous cellular phenotypes.
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Deciphering the metabolic states associated to macrophages morphology in colorectal
liver metastasis: implication for patient prognosis
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Recent evidence indicates that tumor-associated macrophages (TAMs) morphology correlates with
prognosis in colorectal liver metastasis (CLM) patients. Specifically, small (S) and large (L) TAMs are
associated with 5-yr disease-free survival rates of 27.8% and 0.2%, respectively.
This study aimed to characterize TAMs metabolic landscape to explore its correlation with morphology to
identify better prognostic markers. Mass spectrometry (MS)-based metabolomic approaches were used
on S-L TAMs pairs from 14 CLM patients. FIA-HRMS was used for the untargeted profiling, allowing the
identification of more than 100'000 m/z without chromatographic separation. LC-MS/MS in multiple
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reaction monitoring was performed for the targeted quantification of 80 metabolites mapping into central
metabolic networks to search in detail TAMs' central metabolism. No specific metabolic differences
between L and S-TAMs linked to glycolysis/OXPHOS imbalance were found. However, we identified a
statistically significant decrement of Ornithine, Guanosine, Adenosine, and Riboflavin in S relative to LTAM. Correlation analysis highlighted the negative correlation between Riboflavin and TAMs morphology
(r=-0.77; p<0.005). Since Riboflavin is involved in the synthesis of nucleotides, replication of DNA and
immune system, it will be of relevance to deepen its role as immunometabolic marker in CLM.
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Breast cancer (BC) is the most common cancer among women in Western societies and the second
leading cause of cancer deaths. Up to date the most common screening method for early BC detection is
the x-ray mammography. In the early stages of breast cancer development, the tumor is often not visible
on these mammographs and therefore the screening method is insufficient for early BC detection.
Therefore, a novel and more sensitive diagnostic tool is needed for early detection of BC which is more
reliable than the X-ray mammography. The aim of this study is to improve early diagnostic tools for BC by
identifying novel lipid biomarkers in BC formalin-fixed paraffin-embedded (FFEP) tissue and plasma
samples from the same patient cohort. For this identification, a comprehensive lipidomic analysis was
performed on around 250 biobank-based BC patient FFPE tissue microarrays (TMAs) and 30 normal
tissue samples using DESI-MSI analysis. The results indicate that DESI-MSI could distinguish between BC
FFPE TMA and normal FFPE TMA based on their metabolic profile. Additionally, the results show that
despite of formalin-fixation and paraffin embedding of the tissue, enough information could be obtained
to characterize the tissue. To elaborate these findings, the next step is to conduct LC-MS and NMR
lipidomic analysis of plasma samples from the same patient cohort for deeper insight to the metabolic
phenotype of the patient's samples and for identification of novel BC diagnostic biomarkers.
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