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Dive into Lipidomics with

Now Available!
SPLASH® LIPIDOMIX® Quantitative Mass Spec Internal Standard
SPLASH® II LIPIDOMIX® Quantitative Mass Spec Internal Standard
Mouse SPLASH® LIPIDOMIX® Quantitative Mass Spec Internal Standard
Ceramide LIPIDOMIX® Primary Calibration Standard
Deuterated Ceramide LIPIDOMIX® Quantitative Mass Spec Internal Standard
Odd-Chained LIPIDOMIX® Quantitative Mass Spec Internal Standard

Coming Soon!
SPLASH® II Light LIPIDOMIX® Primary Calibration Standard
SphingoSPLASHTM LIPIDOMIX® Quantitative Mass Spec Internal Standard
And Many More!

Coming Soon!

After years of analyzing our own lipid compounds using the latest analytical techniques and instrumentation, 
Avanti is launching the Analytical Center of Excellence to share our expertise with the research, nutraceutical, 
food and pharmaceutical communities. In addition to being able to analyze lipids in a research capacity, 
we are able to perform analyses under GMP regulatory guidance to support your project from concept to 
the marketplace. Our experienced team of analysts continually incorporates advances in lipid analysis and 
reporting to make your project a success. We are available for consultation and look forward to discussing 

Email us at analytical@avantilipids.com
How can we help?

Dive into Lipidomics with

Now Available!
SPLASH® LIPIDOMIX® Quantitative Mass Spec Internal Standard
SPLASH® II LIPIDOMIX® Quantitative Mass Spec Internal Standard
Mouse SPLASH® LIPIDOMIX® Quantitative Mass Spec Internal Standard
Ceramide LIPIDOMIX® Primary Calibration Standard
Deuterated Ceramide LIPIDOMIX® Quantitative Mass Spec Internal Standard
Odd-Chained LIPIDOMIX® Quantitative Mass Spec Internal Standard

Coming Soon!
SPLASH® II Light LIPIDOMIX® Primary Calibration Standard
SphingoSPLASHTM LIPIDOMIX® Quantitative Mass Spec Internal Standard
And Many More!

Coming Soon!

After years of analyzing our own lipid compounds using the latest analytical techniques and instrumentation, 
Avanti is launching the Analytical Center of Excellence to share our expertise with the research, nutraceutical, 
food and pharmaceutical communities. In addition to being able to analyze lipids in a research capacity, 
we are able to perform analyses under GMP regulatory guidance to support your project from concept to 
the marketplace. Our experienced team of analysts continually incorporates advances in lipid analysis and 
reporting to make your project a success. We are available for consultation and look forward to discussing 

Email us at analytical@avantilipids.com
How can we help?



6    

  

  L ip idomics Forum 

	

sunday | november �0 

�0:00 – �6:�0  LIFS Workshop nils hoffmann, Fadi al machot, Jacobo miranda ackermann
   

�0:00 – �0:�5 introduction
   
 
�0:�5 – ��:�0 pARALLEL SESSIon Workshop 1 and 2
   

��:�0 – ��:�0 Lunch
   

��:�0 – �6:�0 pARALLEL SESSIon Workshop 1 and 2
   

�6:00  registration
   

�8:00  WeLcome dominik schwudke, stefan ehlers
   

�8:�0  Introduction to the International Lipidomics Society (ILS) Kim ekroos, robert ahrends
   

�8:�0  opEnInG KEynotE
   satyajit mayor, national centre for Biological sciences - tiFr (Bangalore, india)
   the skin of a living cell: an active actin-membrane composite. 
   

�9:�0  dinner
   

�0:00  come together salon music and tango duo Juhl / reiling
    



Lip idomics Forum  

  

     7   

opEnInG KEynotE
the skin of a living cell: an active actin-membrane composite.

Satyajit mayor

national centre for Biological sciences, tata institute for Fundamental research, Bellary road, Bangalore

the plasma membrane of a living animal cell is a lipid bilayer, composed of a remarkably complex mixture of lipid 

species and proteins, draped over a dynamic cortical actin mesh. the composition of the lipid layer of a given cell type 

is reproducibly maintained, influencing the functioning of the plasma membrane. the way the cell maintains such a 

precise lipid composition is not fully understood; a variety of extrinsic and intrinsic factors including dietary inputs and 

synthetic capacities, respectively, could contribute. the cell also regulates the local composition of its membrane at the 

meso scale by actively controlling the formation of lipidic nano-domains. these nano domains consist of clustered lipid 

anchored proteins at the outer leaflet and phosphatidylserine at the inner leaflet, engaged in trans-bilayer interactions 

via their lipid tails. these nanodomains are templated at the cytoplasmic leaflet by juxta membrane acto-myosin ma-

chinery. in my talk, i will describe how a specific membrane receptor, the fibronectin-binding integrin receptor activates 

a signaling cascade which triggers actin polymerization and myosin activation. in parallel, integrin-driven mechano-

sensitive activation of the talin-vinculin axis couples the dynamic acto-myosin machinery to the construction of these 

nano-domains. this provides a cell the capacity to integrate both chemical and physical cues via the construction of 

mechanoresponsive membrane domains, which participate in fine tuning receptor output.

p R I C E
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Explorative Lipidomics by Ion mobility mass Spectrometry

thomas o. Eichmann1,2

1 center for explorative Lipidomics, Biotechmed-graz, graz, austria
2 institute of molecular Biosciences, university of graz, graz, austria

Lipids represent a biologically essential family of hydrophobic and amphipathic biomolecules that are vital compo-

nents of living species. in higher organisms, lipids function as energy reservoir, structural components of membranes, 

signaling molecules, and bioactive metabolites of the immune system. moreover, lipids may be the cause or the result 

of aberrant metabolism and represent possible early markers for disease states and indicators for pathologies such as 

obesity and the metabolic syndrome, neurodegenerative diseases, severe skin disorders, or cancer. today, mass spec-

trometry-based lipidomic techniques can be used to decipher the extremely high structural diversity of lipids that is 

based on their various backbones and headgroups, and due to high variations in chain length, degree of unsaturation 

and positional isomerism of constituent acyl- and alkyl-chains. to date, untargeted lipid analysis of complex, biological 

samples relies on automated and robust lipid feature identification and annotation. due to great efforts over the past 

decades, several lipid databases, build on accurate mass and ms/ms fragment information, are accessible for the re-

search community and support fast lipid identification and data processing.

to continue these endeavors, the center of explorative Lipidomics (ceL) in graz focuses on comprehensive lipidomic 

characterization and annotation of diverse biological sources. most recently, ion mobility coupled mass spectrometry 

(im-ms) is applied, allowing additional lipid separation in the gas phase. im-ms enables identification of low abundant, 

rare lipid clusters, and facilitates simultaneous acquisition of orthogonal lipid information (collisional cross section, 

ccs). Besides accurate mass, ccs constitutes an additional, intrinsic parameter that improves the precision and selec-

tivity of lipid identification.

examples will be given of how (i) im-ms can support characterization of lipids, especially of rare classes such as ether 

lipids or estolides, (ii) ccs supplementation of databases can increase selectivity of automated lipid feature identifica-

tion, and (iii) new software tools can be integrated for rapid data processing. 

the addition of orthogonal parameters, together with biological-probability clustering of lipid entries (organism spe-

cific subsets) depicts one possible approach to decrease false-positive discovery rates of database applications in un-

targeted lipidomic studies. at ceL, ccs-containing databases for diverse model organisms used in lipid research, are 

currently under construction and evaluation and will be soon available for inter-laboratory cross validation.

p R I C EK 0�
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Investigating increased lifespan in C. elegans DAF-2 
mutants by �d Lipidomics

Aiko Barsch1, 
sven W. meyer1, ulrike schweiger-hufnagel1, philipp schmitt-Kopplin2, michael Witting2
 

1  Bruker daltonics, Bremen, germany
2  helmholtz center munich, munich, germany

the small nematode Caenorhabdtis elegans is one of the premier biomedical model organisms and employed in diffe-

rent aspects of basic and applied science such as ageing and longevity research. the C. elegans daf-2 mutant investi-

gated in this study encodes for the insulin-like growth factor 1 (igF-1) receptor. daF-2 is part of the first metabolic 

pathway discovered to regulate the rate of aging. the mutant worms show extreme changes in animal phenotype, 

including increased adult size and an increased lifespan. Furthermore, changes in the lipid content were reported in 

daf-2 mutants.

recently, lipidomics, the systematic analysis of all lipids in a given system, joined the C. elegans toolbox. due to several 

possible headgroups and fatty acids that can be synthesized by C. elegans the lipidome is highly complex. high coverage 

of detected lipids with a corresponding ms/ms spectrum is required for lipid identification. applying the timstoF pro 

system this is realized by the unique paseF (parallel accumulation serial Fragmentation) acquisition mode. this paseF 

scan mode offers the possibility to generate ms/ms spectra with uncompromised high data quality at high acquisition 

speeds for lipid profiling. paseF can generated clean ms/ms spectra by separation of isobaric lipid species co-eluting 

in the Lc domain. additionally, trapped ion mobility separation (tims) provides reproducible ccs values for increased 

confidence in lipid identification. here we present a fully integrated workflow for evaluating 4d-lipidomcis data in 

one software solution: metaboscape. comparing lipid extracts from C. elegans wild type and daf-2 mutants enabled 

pinpointing of characteristic lipids and their confident identification. merging information from paseF ms/ms spectra 

acquired in positive and negative mode provided complementary information on lipid headgroups and fatty acid side 

chains. By matching measured ccs values to predicted values generated by the machine learning based ccspredict 

routine in metaboscape increased confidence in lipid assignment even further.

t 0� p R I C E
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A Lipid-Atlas of the model organism Caenorhabditis elegans

michael Witting1,2, 
Victoria hänel1, christian pendleton1,2, Bastian Blume1

 

1 research unit analytical Biogeochemistry, helmholtz zentrum münchen, ingolstädter Landstraße 1, 85764 neuherberg
2 chair of analytical Food chemistry, tum school of Life sciences, technische universität münchen, 
  maximus-von-imhof-Forum 2, 85354 Freising

Lipids play important roles in many different aspects of biology. a major model organism to study lipid metabolism is 

the small nematode Caenorhabditis elegans. many insights have been generated by the use of gc-ms based analysis 

of lipid derived fatty acids, but analysis of intact lipid only recently joined the C. elegans toolbox. the worm harbors 

several peculiarities in its lipid metabolomics, e. g. it uses branched chain fatty acids which are produced almost exclu-

sively (99,9 %) by the worm itself. Furthermore, C. elegans uses c15:0iso instead of palmitic acid to produce a c17iso 

sphingoid base. 

these and other features make the C. elegans lipidome distinct from other species (e.g. human, mice) and lipids that 

occur in C. elegans are only partially covered in lipid databases. Based on a consensus metabolic reconstruction and 

known lipid biochemistry we have started to generate a stoichiometry model of the worms lipid metabolism and pre-

dicting potentially present lipids. Known biochemical reactions were used as templates to produce in silico all possible 

lipids together with their biosynthesis and degradation pathways. the generated database of lipids will serve as future 

reference for investigations into the lipidome of the worm. We have started to compare predicted lipids with several 

different lipid extracts from C. elegans measured with upLcuhr-toF-ms.

 

t 0�
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Lipocalin-� and perilipin-5 have a significant impact 
on the hepatic lipid composition

Kathrin m. Engel1,   
anastasia asimakopoulou2, Jürgen schiller1, ralf Weiskirchen2

1 Leipzig university, medical department, institute for medical physics and Biophysics
2 rWth university hospital aachen, institute for molecular pathobiochemistry, experimental gene therapy and clinical chemistry

Lipocalin-2 (Lcn2) is a proinflammatory adipokine that is up-regulated in different pathologies, such as obesity, inflam-

mation and different types of cancer. it acts as a secreted protein and plays an important role in the transport of small 

lipophilic ligands, among them steroids, retinoids, hormones and fatty acids. recently it has been shown that Lcn2 is a 

key regulator of the hepatic lipid homeostasis which downstream regulates the expression of the lipid droplet-associa-

ted protein perilipin-5 (pLin5). pLin5 regulates the storage and release of triglycerides from intracellular lipid droplets 

and was shown to be up-regulated in liver steatosis. a lack in either Lcn2 or pLin5 impedes the formation of lipid 

droplets in hepatocytes and leads to fatty liver. 

in the present study we investigated the hepatic lipid profiles of wildtype, Lcn2 and pLin5 knockout mice that have 

been fed either a normal chow or a high fat diet. analyses were performed by means of combined thin-layer chromato-

graphy and electrospray ionization mass spectrometry. We found significant differences in the fatty acyl compositions 

of lipids between the study groups. Lcn2 and pLin5 seem to influence particularly the levels of linoleic acid and ara-

chidonic acid in the liver. these differences are gender independent. due to this gender non-specificity the phenotypes 

of Lcn2 and pLin5 knockout animals can be interpreted robust. 

the detailed reasons for the hepato-protective properties of Lcn2 and pLin5 are unknown so far. our investigations 

of the Lcn2/pLin5 network could provide deeper insights into liver steatosis, especially in the context of non-alcoholic 

fatty liver, the dominating liver disease in the Western civilization, for which the available therapeutic approaches are 

still insufficient.

t 0� p R I C E



Lip idomics Forum  

  

     ��   

mutation-specific changes in fatty liver lipidome profile: 
An analysis of human non-alcoholic fatty liver by shotgun lipidomics

olga Vvedenskaya1,  
oskar Knittelfelder1, alessandra palladini5, Judith Wodke3, Jacobo miranda ackerman1, Veera raghavan thangapandi2,
edda Klipp3, Josch pauling4, Jochen hampe2, andrej shevchenko1

1 max planck institute of molecular cell Biology and genetics, dresden
2 university hospital carl gustav carus, dresden
3 humboldt university, Berlin
4 technical university, munich
5 paul Langerhans institute, dresden

nonalcoholic fatty liver disease (naFLd) affects up to 35 % of the world population and, without the proper treatment, 

naFLd may lead to the development of cirrhosis or liver cancer. histological analysis shows that naFLd manifests as 

the accumulation of neutral lipid in hepatocytes, however the underlying molecular mechanisms remain unknown. this 

work reports on the full lipidome quantitative profiling of naFLd biopsies, as well as the lipidome composition corre-

lated with the mutation risk factors in patients.

shotgun lipidomics was applied to human liver biopsies; samples were histologically characterized, including the eva-

luation of naFLd development stage, and screened for known and suspected naFLd mutation risk markers, pnpLa3 

and mBoat7 respectively. meta-data collected from the same patients included Bmi, age, disease stage, and hepatitis 

status, comorbidities and medication.

the ms analysis of the full cohort, comprising 367 liver biopsies, has been recently completed. Variation of the mea-

surements across all the batches is considered acceptable (e. g. Qc standard deviation was 15 % for neutral lipids and 

24 % for phospholipids). the obtained lipidome underwent post-acquisition filtering, resulting in the dataset of 316 

lipids from 19 lipid classes measured in 367 independent liver samples.

the pnpLa3 mutation-based analysis of naFLd and nash groups reveals the distinct changes nearly exclusively in tg 

species in the samples where the homogeneous mutation was present compared to the samples with no mutation in 

pnpLa3. interestingly enough, 72 % significantly changed tg species overlap in naFLd and nash. the mBoat7 mu-

tation-based analysis of naFLd and nash groups on its turn shows the changes nearly exclusively in pi species in the 

samples where the homogeneous mutation was present compared to the samples with no mutation in mBoat7. in the 

case of this mutation 71 % significantly changed pi species overlap in naFLd and nash.

this analysis allows suggesting the presence of different development and manifestation mechanisms of naFLd and 

nash depending on various mutations.

t 0� p R I C E
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Quantifying the lipidome for respiratory disease: 
A rapid and comprehensive HILIC-based targeted approach

Lee Gethings2, 
nyasha munjoma2, giorgis isaac1, robert s. plumb1

1 Waters corporation, milford, ma
2 Waters corporation, Wilmslow, uK

respiratory linked conditions associated with chronic obstructive pulmonary disease (copd), asthma, and infection are 

increasing with significant associated socio-economic costs. recent reports have shown those costs to exceed 11 billion 

per year for cases recorded in the uK. copd, in particular, is a heterogeneous disease that is a major cause of illness 

and death worldwide. the combination of genetic and lifestyle factors are known to contribute towards increasing the 

probability of developing the condition. here, we describe a lipidomics approach to reveal biomolecular factors that may 

be involved in these pathological processes.

the analyses of plasma samples from three biological states of varying phenotype (control, copd and asthma patients) 

were conducted. sample extraction was performed using a simple protein precipitation with a precooled isopropanol 

at 4 °c at a ratio of 1:5 (plasma: isopropanol). Lipid analysis was performed using LipidQuan, a hydrophilic interaction 

chromatography (hiLic) based Lc-ms/ms streamlined and integrated lipidomics workflow. the platform consists of 

highly specific mrm transitions based on the fatty acyl chain fragments that are used for identification and quantifi-

cation of multiple lipid species. chromatographic conditions allowed for the separation of individual lipid classes 

in 8 minutes. data were processed using targetLynx and skyline. statistical analysis was conducted using simca and 

additional data visualisation provided by metaboanalyst.

targeted Lc-ms data were acquired in positive and negative ion electrospray modes. samples were randomized and 

two technical replicates per sample were acquired. data were acquired using a triple quadrupole ms in mrm mode of 

acquisition. hiLic chromatography was employed resulting in the separation of lipids by class. separations were per-

formed in a rapid manner with a turnaround time of 8 minutes, injection to injection. deuterated standards were used 

to assess linear response and calibration curves were constructed for each standard. these standards included pc, Lpc, 

Lpe and sms for positive ion mode. corresponding pc, pg, pe and pis were used for negative ion mode. For example, 

sm 18:1 (d9) exhibited a linearity with an r2=0.9969. equally, chromatographically reproducibility is showed to ≤ 2 % 

rsd for over 1500 injections.

t 05 p R I C E
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Biological significance of the results was established by merging the data from all experiments and performing path-

way analysis. statistical analysis of the data revealed clear separation between the various cohorts. unsupervised pca 

resulted in the separation of healthy controls, copd and asthma patients. application of the metadata also revealed 

significant differences between smoking status, with subsets readily observed within the copd population. Loadings 

plot analysis revealed that FFa, Lpc, pc and sm classes to be the main contributors to sample type clustering. addi-

tional anoVa/t-test and hierarchical clustering showed all the lipid classes referenced to be up-regulated with the ex-

ception of pcs. a decrease in the level of pcs was observed as significant for subjects associated with smoking. overall, 

pcs are a potential marker for oxidative stress (immune activation). pathway analysis revealed a number of components 

related to inflammation, oxidative and immunity processes were identified as significant and associated with signalling, 

metabolic and regulatory pathways.
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Adipose tissue-derived lipids promote a mechanistically distinct 
pro-inflammatory macrophage phenotype in obese patients and mice.

Lev Becker 

Ben may department for cancer research, the university of chicago

adipose tissue macrophage (atm)-driven inflammation plays a key role in obesity and insulin resistance; however, fac-

tors activating atms are poorly understood. using a proteomics approach, we show that markers of classical activation 

are absent on atms from obese humans, but readily detectable on airway macrophages of patients with cystic fibro-

sis, a disease of chronic bacterial infection. moreover, treating macrophages with lipids derived from obese human or 

mouse adipose tissue produces a ‘metabolically-activated’ (mme) phenotype distinct from classical activation. markers 

of metabolic activation are expressed by pro-inflammatory atms in obese humans/mice and are positively correlated 

with adiposity and insulin resistance. here, we will discuss i) the mechanisms by which mme macrophages regulate ob-

esity and its associated diseases, ii) the unique mechanism by which lipids promote inflammatory cytokine expression 

in mme macrophages, and iii) opportunities to leverage metabolomics to identify adipose tissue-derived lipids that 

support the mme phenotype. 

K 0� p R I C E
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A deeper view of localized lipid biochemistry using 
advanced mass spectrometry imaging approaches

Shane R. Ellis   
 

m4i, the maastricht multimodal molecular imaging institute, maastricht university

Lipids are an underappreciated and extremely complex family of molecules playing important roles in many cellular 

functions. mass spectrometry imaging (msi) is a powerful approach enabling localized changes in lipid metabolism to 

be visualized on the micrometer level throughout tissues. however, significant limitations with respect to sensitivity 

and lipid identification capabilities means msi has largely failed to translate the distributions of ions having distinct 

m/z values to those of defined molecular species, meaning insight into the biochemical origins and implications of msi 

data have been lacking. in this talk i will present recent development made in msi to bridge this gap between images 

and molecules. in particular new ionization methods to improve the range of lipids that can be detected in msi expe-

riments, parallelized ms/ms to automatically identify lipids observed in an msi experiment and the use of gas-phase 

chemistry to resolve and unambiguously identify lipid isomers will be presented. combined, these methods open the 

door for detailed studies of lipid biochemistry within tissues and provide an avenue to associate lipid distributions with 

localized enzymatic activities.

p R I C EK 0�
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Quality Assurance and Quality Control in the Lipidomic Quantitation 
using Lipid Class Separation – mass Spectrometry

michal Holcapek,
denise Wolrab, michaela chocholoušková, robert Jirásko, ondrej peterka

university of pardubice, department of analytical chemistry, pardubice, czech republicn.pl

many lipidomic studies report potential disease biomarkers, but there are often difficulties to reproduce these fin-

ding in other laboratories or even to translate into the routine clinical use. reasons behind these problems are rather 

complex, and it is important to identify key aspects involved in the reproducibility issues of the lipidomic quantitation 

among different laboratories, different analytical approaches, and during longer period of time. Various factors may 

play a role, such as the lack of full method validation in line with recommendations of authoritative organizations, such 

as Fda and ema, the missing use of quality control samples, problems during pre-analytical phase, etc.

We will present examples with the recommended way of analytical validation and the use of quality control samples 

for high-throughput and large-scale lipidomic quantitation using 2 approaches: hydrophilic interaction liquid chromato-

graphy mass spectrometry (hiLic/ms) and ultrahigh-performance supercritical fluid chromatography – mass spectro-

metry (uhpsFc/ms). the first step is careful optimization of the whole methodology including preanalytical phase, 

sample extraction, ms analysis, data processing, and statistical evaluation. the typical steps included in the analytical 

method validation will be presented and illustrated on examples of hiLic/ms and uhpsFc/ms.

the optimized and validated methods are then applied for the reference material srm 1950 human plasma from nist, 

and concentrations are compared with published data in the literature1, 2. the final step is the application to real clinical 

cohorts.

this work was supported by project no. 18-12204s (czech science Foundation).

1 o. Quehenberger et al. Lipidomics reveals a remarkable diversity of lipids in human plasma. J. Lipid res., 51:3299–3305, 2010.
2 J. a. Bowden et al. harmonizing Lipidomics: nist interlaboratory comparison exercise for Lipidomics using standard reference material 1950 
 metabolites in Frozen human plasma. J. Lipid res., 58(12):2275– 2288, 2017.
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Lipid data Analyzer: A novel LC-mS based lipidomics software tool

Harald C. Köfeler1, 
Jürgen hartler2, martin hardt4, dominik schwudke3, Benjamin W. neuman2, stephan pleschka1, John ziebuhr1

1 medizinische universität graz, austria
2 technische universität graz, austria

Lipid data analyzer (Lda) is a decision rule set based software, which enables automated and reliable annotation of 

lipid species and their molecular structures in high-throughput fashion from chromatography coupled tandem mass 

spectrometry data. the key strengths of this software compared to conventional spectral library approaches are: i) 

reliability; ii) ability of identifying novel lipid molecular species; iii) easy extendibility; iv) capability of unambiguously 

detecting coeluting species. the instrument independence of Lda was proven in many mass spectrometric experiments, 

running at various collision energies on various orbitraps, Q-exactive, Q-toF and Qtrap instruments. in a benchmark to 

other software, Lda proved to be superior in terms of positive predictive value and sensitivity.
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trapped Ion mobility Spectrometry (tImS) and pASEF acquisition 
method enable in-depth �d lipidomics

Catherine G. Vasilopoulou1, 
Karolina sulek2, andreas-david Brunner1, aiko Barsch1, sven meyer3, ulrike schweiger-hufnagel3, 
ningombam sanjib meitei4, matthias mann1,2, Florian meier1

1 max-planck institute of Biochemistry, martinsried, germany; 
2 nnF center for protein research, copenhagen, denmark; 
3 Bruker daltonik gmbh, Bremen, germany; 
4 premier Biosoft, indore, india

Lipids form a highly diverse group of biomolecules fulfilling central biological functions, ranging from structural com-

ponents to intercellular signaling. Yet, a comprehensive characterization of the lipidome from limited starting material, 

for example in tissue biopsies, remains very challenging. here, we develop a high-sensitivity lipidomics workflow based 

on nanoflow liquid chromatography and trapped ion mobility spectrometry (tims). taking advantage of the paseF 

principle1, that synchronizes precursor selection with tims we fragmented on average nine precursors in each 100 ms 

tims scans, while maintaining the full mobility resolution of co-eluting isomers. the very high acquisition speed of 

about 100 hz allowed us to obtain ms/ms spectra of the vast majority of detected isotope patterns for automated lipid 

identification. We analyzed lipid extracts from human plasma (srm 1950), mouse liver and heLa cells via nanoflow Lc 

coupled to a high resolution tims-QtoF mass spectrometer (Bruker timstoF pro). raw data were processed with meta-

boscape (Bruker) and ms/ms spectra were annotated with simLipid (premier Biosoft). as compared with conventional 

tims-ms/ms, we acquired ten times more ms/ms scans with paseF, which translated into about four times more lipid 

identifications. the paseF speed allowed us to reduce the nanoLc analysis time from 90 to 30 min, while still covering 

over 90 % of the lipids identified with the longer gradient. our single-extraction workflow surpasses the plasma lipid 

coverage of extensive multi-step protocols in common lipid classes and achieves attomole sensitivity. the ion mobility 

dimension further allows separation of isomeric species and provides a high-precision measure of lipid collisional cross 

sections (ccs) with median cV<0.2 %. in a single experiment, we compiled a ccs library of over 2000 lipids and show 

high correlation with literature as well as predictions based on machine learning (r2>0.98). our study establishes 

paseF in lipid analysis and paves the way for sensitive, ion mobility-enhanced lipidomics in four dimensions.

1 meier et al., J proteome res. 2015 dec 4;14(12):5378-87.
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Analysis of oxidized cardiolipins by heart-cutting HpLC 
coupled to ESI-HRmS

patrick o. Helmer,
carina m. Wienken, ansgar Korf, heiko hayen 

university of münster, institute of inorganic and analytical chemistry, corrensstraße 30, 48149 münster, germany

cardiolipins (cL) are a special class of phospholipids (pL). exclusively located in bacteria or in mitochondria of eukaryo-

tic cells, this lipid class is essential for energy metabolism and cell respiration. due to their four fatty acid residues, cL 

have a special structure compared to other pL classes. cL contribute significantly to the structure of mitochondria and 

are essential for the stability of the protein complexes of the respiratory chain. oxidative stress, for example by reactive 

oxygen species in mitochondria, can result in various oxidation products and leads to dysfunction of the respiratory 

chain. among other effects, this may result in apoptosis and is considered as one cause of cardiovascular and neurolo-

gical diseases such as alzheimer’s and parkinson’s disease.

due to their complex structure consisting of four partially different fatty acid residues with variations in chain length 

and degree of saturation, cL are very diverse. this diversity is increased by different oxidation products. since cL are 

only present in mitochondria, the concentration in lipid extracts is low compared to other membrane pL such as phos-

phatidylcholine or non-polar lipids such as triacylglycerides. these pL classes can affect the chromatography as well as 

the electrospray ionization by ion suppression. For this reason, the investigation of cL and their oxidation products is 

challenging and requires sensitive and selective methods.

the hyphenation of two chromatographic techniques offers the possibility to separate interfering matrix components 

such as pL or triacylglycerides. First, the individual pL classes have been separated by their head group using hydrophi-

lic interaction liquid chromatography (hiLic) in the first dimension. non-polar lipid classes such as triacylglycerides or 

cholesterol and esters thereof experience insufficient retention on the hiLic column and were removed. By means of 

a heart-cut setup, the cL fraction was transferred to a reversed phase column in second dimension. there, cL species 

were separated according to their chain length and degree of unsaturation. For this purpose, a fast hiLic method was 

developed, a transfer window for cL and their oxidation products was determined, and the heart-cut setup optimized.

in order to demonstrate the efficiency of this method, a lipid extract artificially oxidized by means of Fenton reaction 

was characterized. the identification of different cL species was carried out by means of accurate mass and ms/ms 

fragmentation.
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oxidative lipidomics of blood

Johanna Striesow1, 
Jan-Wilm Lackmann1, zahra nasri1, Klaus-dieter Weltmann2, thomas von Woedtke2,3, 
sander Bekeschus1, Kristian Wende1

1 center for innovation competence plasmatis, Leibniz institute for plasma science and technology (inp), 
   17489 greifswald, germany
2 Leibniz institute for plasma science and technology (inp), 17489 greifswald, germany
3 greifswald university medicine, Fleischmannstraße 8, 17475 greifswald, germany

since discovery of the promising and powerful effects of cold atmospheric plasma (cap) in wound closure, antimicro-

bial activity and the control of inflammatory diseases, research in the field of plasma medicine has focused on identi-

fication of reactive oxygen and nitrogen species (rons) released by cap and its possible targets in biological systems, 

to reveal possible redox signalling pathways1.

recent studies focusing on cap-assisted blood coagulation could show that plasma triggers the natural haemostasis 

mechanisms by an activation of platelets. Furthermore, it was shown in a murine incision model that a cap treatment 

is comparable to cauterization techniques used in the clinics to seal blood vessels with the benefit of not damaging 

the tissue, opening the door for another medical application of cap2, 3. however, the possible biological targets and 

biochemical mechanisms involved have yet to be fully understood. since blood coagulation can be linked to an oxidation 

of phospholipid-esterified eicosanoids either through enzymatic or non-enzymatic oxidation reactions, these biomole-

cules could play an important role in a capmediated haemostasis4.

in this study, whole blood from healthy donors was treated with cap. immediately after treatment, lipids where ex-

tracted using the acidified Bligh and dyer technique. according to this protocol, polar and neutral lipids should be 

extracted. the lipid extract was spiked with an internal standard, separated on a reversedphase liquid chromatography 

column and analysed on a high-resolution mass spectrometer equipped with an orbitrap mass analyzer. Lipid species as 

well as lipid oxidation products were identified using Lipidsearch software. results show, that lipid oxidation is highest 

after 5 min of treatment by using argon/oxygenas feed gas. oxidative modifications occurred mostly on triacylglyce-

rols and phosphatidylcholines by an addition of oxygen or by truncations in the fatty acid chains and an addition of an 

aldehyde or carboxy-group with arachidonic, linoleic and eicosapentaenoic acid as targets.

1 K. Wende, t. von Woedtke, K.-d. Weltmann, and s. Bekeschus. chemistry and biochemistry of cold physical plasma derived reactive species in liquids. 
Biological chemistry, 2018.

2 s.u. Kalghatgi, g. Fridman, m. cooper, g. nagaraj, m. peddinghaus, m. Balasubramanian, V.n. Vasilets, a.F. gutsol, a. Fridman, and g. Friedman. mechanism 
of blood coagulation by nonthermal atmospheric pressure dielectric barrier discharge plasma. ieee t plasma sci, 2007.

3 s. Bekeschus, J. Brüggemeier, c. hackbarth, t. von Woedtke, L.-i. partecke, and J. van der Linde. platelets are key in cold physical plasma-facilitated blood 
coagulation in mice. clinical plasma medicine, 2017.

4 d.a. slatter, m. aldrovandi, a. o’connor, s.m. allen, c.J. Brasher, r.c. murphy, s. mecklemann, s. ravi, V. darley-usmar, and V.B. o’donnell. mapping the 
human platelet Lipidome reveals cytosolic phospholipase a2 as a regulator of mitochondrial Bioenergetics during activation. cell metab, 2016.
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Redox Lipidomics: Clinical applications for mechanistic understanding 
of disease pathogenesis, biomarker discovery and treatment

Hülya Bayir   
 

upmc endowed chair in critical care pediatric research, university of pittsburgh

Lipids are central to cellular structure and function especially in the central nervous system. among different lipid 

classes, phospholipids play essential structural roles and act as important signaling molecules in health and disease. Li-

pid peroxidation has long been established as a key player in the pathophysiology of a number of diseases such as trau-

matic or ischemic brain injury and neurodegenerative disorders. most studies in this regard focused on end products of 

lipid oxidation limiting mechanistic understanding and discovery and development of targeted therapies. With recent 

developments in liquid chromatography mass spectrometry based redox lipidomics, identification of a wide variety of 

enzymatically generated lipid oxidation products both in clinical as well as animal injury models have become possible. 

such lipid mediators have been found to play important roles in injury, inflammation, and recovery in disease states 

such as sepsis or head trauma. this lecture will focus on application of redox lipidomics approaches in identification 

and quantification of phospholipid oxidation products in complex biological samples such as brain tissue and plasma; 

their mechanisms of production and signaling roles in programmed cell death and inflammatory response; their roles 

as markers of injury and predictors of outcome; and therapeutic approaches targeting their production. We will also 

discuss possible methodologic improvements that can offer a deeper insight into the region-specific distribution and 

subcellular localization of phospholipid oxidation.
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Shotgun Lipidomics Combined with Laser Capture microdissection: 
A tool to Analyze Histological zones in Cryosections of tissues

oskar Knittelfelder, 
sofia traikov, olga Vvedenskaya, andrea schuhmann, sandra segletz, anna shevchenko, andrej shevchenko
 

max planck institute of molecular cell Biology and genetics, pfotenhauerstrasse 108, 01307 dresden, germany

 

shotgun lipidomics provides a quantitative snapshot of the lipidome composition of cells, tissues, or model organisms; 

however, it does not elucidate the spatial distribution of lipids. here we demonstrate that shotgun lipidomics could 

quantify low-picomole amounts of lipids isolated by laser capture microdissection (Lcm) of liver cryosections. We identi-

fied metabolically distinct periportal (pp) and pericentral (pc) zones by immunostaining of 20 µm thick cryosections of 

a healthy mouse liver. Lcm was used to ablate, catapult, and collect the tissue material from 10 to 20 individual zones 

covering a total area of 0.3 to 0.5 mm2 containing ca. 500 cells. top-down shotgun profiling quantified more than 200 

lipid species from 17 lipid classes including glycero- and glycerophospholipids, sphingolipids, cholesterol esters, and 

cholesterol. shotgun Lcm revealed the overall commonality of the full lipidome composition of pp and pc zones along 

with significant (p ≤ 0.001) difference in the relative abundance of 13 lipid species. Follow-up proteomics analyses of 

pellets recovered from an aqueous phase saved after the lipid extraction identified 13 known and 7 new protein mar-

kers exclusively present in pp or in pc zones and independently validated the specificity of their visualization, isolation, 

and histological assignment.
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mass spectrometric analysis of cell metabolism following 
parasitic infection

nils Anschütz,
stefanie gerbig, Bernhard spengler
 

institute of inorganic and analytical chemistry, Justus Liebig university giessen, giessen, germany

parasites and resulting diseases pose health and economical threats to humans and livestock. some parasites of the 

Apicomplexa phylum (such as Neospora caninum, Eimeria bovis or Cryptosporidium parvum) have not been studied ex-

tensively in a biochemical context. For this purpose, mass spectrometry (ms) and ms imaging (msi) were used, coupled 

to high performance liquid chromatography (hpLc) or matrix-assisted laser desorption/ionisation (maLdi), respective-

ly. the aim of the study is to identify molecular biomarkers for parasitic infection of host cells and, if possible, to clarify 

their function. With maLdi ms(i), infected and non-infected cell pellet samples were investigatedin order to detect 

possible markers. a Q exactivetm hF orbital trapping mass spectrometer (thermo Fisher scientific, Bremen, germany) 

in combination with an ap-smaLdi10® imaging ion source (transmit gmbh, gießen, germany) was used for this pur-

pose (mass resolution r = 240,000 @ m/z 200; pixel size: 5 µm). cell pellets consisted of bovine umbilical vein endo-

thelial cells (BuVec) that are often used as a highly immunoreactive model system for cattle infection. in comparison, 

immortal cell lines were used as an additional, simplified infection model system. monolayers of both cell types were 

available for msi analysis. this allowed for depicting marker compounds in parasite-infected single cells in comparison 

to control cells. to find potential biomarkers, the software mirion (transmit gmbh, gießen, germany) in combination 

with the perseus software platform (mpi of Biochemistry, martinsried, germany) was used.1 hpLc-ms/ms (dionex 

ultimate 3000 rsLc-system, thermo Fisher scientific, dreieich, germany) experiments were employed for structural 

identification of the detected molecular markers. ions in purified and chromatographically pre-separated fractions of 

cell pellet extracts were fragmented. For the preliminary identification of the detected molecular markers the software 

Lipidmatch (secim, gainesville, usa) was used.2 it was found that the lipid class of phosphatidylcholines in particular 

was strongly represented. to date, Neospora caninum samples were investigated with maLdi-ms and hpLc-ms. the ms 

imaging experiments of cell monolayers are still ongoing, but preliminary markers were already detected and assigned. 

Furthermore, investigations of Cryptosporidium parvum just started.

1 tyanova s, temu t, sinitcyn p, and et al. the perseus computational platform for comprehensive analysis of (prote)omics data. nature methods, 2016.
2 Koelmel Jp, Kroeger nm, ulmer cz, and et al. Lipidmatch: an automated workflow for rule-based lipid identification using untargeted high-resolution 

tandem mass spectrometry data. Bmc Bioinformatics, 2017. 
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Analysis of Mycobacterium tuberculosis – induced alterations 
in the lipid metabolism of primary human macrophages

S. C. tazoll1,
J. Brandenburg1, e. herker2, n. reiling1

1 rg microbial interface Biology, research center Borstel, Borstel, germany
2 institute of Virology, philipps university marburg, marburg, germany

cellular metabolism is critical for normal cell function. alterations and disruptions in e.g. lipid homeostasis are found 

in several chronic inflammatory pathologies including tuberculosis (tB). during Mycobacterium tuberculosis (mtb) in-

fection, the formation of lipid laden, “foamy“ macrophages is linked to disease progression and granuloma necrosis. 

alongside with that, host-derived fatty acids, which are stored in intracellular storage organelles called lipid droplets 

(Lds), were described as mtbs primary carbon source for intracellular growth and survival. however, the metabolic me-

chanisms causing macrophages to adopt a foamy phenotype and promote mtb growth are not well understood. in the 

present study we used several approaches to shed light on the lipid metabolic network in primary human macrophages 

during mtb infection. utilization of fluorescently labeled fatty acids indicated that the degradation of fatty acids is 

significantly reduced during mtb infection, while the uptake and overall amount of neutral lipids remains unchanged. 

Furthermore, mtb infection causes alterations in mitochondrial metabolism as indicated by a reduction in mitochondrial 

mass and a concomitant increase in mitochondrial activity. in agreement with that, extracellular flux analyses of prima-

ry human macrophages revealed a dose-dependent increase in the basal oxygen consumption rate (ocr) at late time 

points, in contrast to a decreased basal ocr at early time points of infection. in parallel, several other parameters such 

as proton leak, atp production and non-mitochondrial respiration are time- and dose-dependently altered indicating a 

shift in oxidative metabolism in the course of tB infection. targeted inhibition of critical lipid metabolic enzymes such 

as the acetyl-coa-carboxylase (acc) 2 and the diacylglycerol o-acyltransferase (dgat) 1 and 2 led to a rewiring of 

macrophage metabolism and affected mtb growth in human macrophages. additionally, as Lds are considered as key 

players in macrophage lipid metabolism, we isolated Lds from primary human macrophages to characterize Ld size, 

composition and heterogeneity among human donors. collectively, our data indicate that modulation of macrophage 

lipid metabolism might be an approach for future therapeutic intervention, but further studies are required to better 

understand the complexity of the macrophage metabolic network.
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Structural elucidation of lipid A in Gram-negative bacteria using 
LC-mS/mS

matti Froning,  
heiko hayen

institute of inorganic and analytical chemistry, university of münster

the lipopolysaccharide layer is a main component of the outer membrane from gram-negative bacteria. it consists of 

three regions: an o-polysaccharide, which extends outwards from the cell surface, an oligosaccharide core, and the 

membrane-anchored lipid a moiety. Lipid a is the part that can be sensed by humans and animals to detect the pre-

sence of gram-negative bacteria in their tissues and plays a key role in thepathogenesis of bacterial infections.

Lipid a features a ß(1,6)-linked glucosamine backbone, having fatty acids substituted at the 2, 3, 2, and 3 positions and 

zero, one or two polar groups like phosphate groups linked to the 1 and 4 positions. the toxicity of lipid a is heavily 

influenced by its primary structure, speaking of the number and length of the linked fatty acids, as well as the level of 

phosphorylation. a great degree of structural diversity is not only observed between distinct bacteria but also within 

individual species. these dynamic modifications help the bacteria to survive under various conditions, such as different 

temperatures or growing media compositions. therefore several lipid a structures can be observed in a single organism. 

the environmental factors can be manipulated to engineer specific lipid a molecules and use these for the development 

of therapeutics such as vaccine adjuvants.

in this work we present a new method to distinguish and characterize various lipid a species originating from different 

gram-negative bacteria. cells of Escherichia coli (E. coli), Pseudomonas putida (P. putida) and Pseudomonas taiwanensis 

(P. taiwanensis) have been extracted and analysed by Lc-ms/ms. the lipid a species were identified using high-resolu-

tion mass spectrometry and tandem-ms experiments. eight lipid a species could be identified in the E. coli extract. they 

vary in their bound fatty acids and their degree of phosphorylation. Four of these structures were confirmed via ms/ms 

fragmentation. in P. taiwanensis 17 different lipid a molecules have been detected, with ten of these also occurring in 

P. putida. 13 and six, respectively, of these structures were observed for the first time. detailed structural elucidation 

will be carried out in future research amongst others by tandem-ms. 
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In-depth characterization of phosphatidylethanolamines 
from Pseudomonas bacteria

Carina m. Wienken,
nils Kuhlbusch, heiko hayen 

institute of inorganic and analytical chemistry, university of münster

rhamnolipids are biosurfactants consisting of rhamnose molecules linked to fatty acyls, which can be produced by 

Pseudomonas aeruginosa and Burkholderia glumae bacteria. however, these bacteria have pathogen properties, which 

hinders their application. it was shown that rhamnolipids can also be synthesized by Pseudomonas putida (P. putida), 

which are non-pathogen bacteria. 

studies show that the fluidity of cell membranes can be influenced by the presence of rhamnolipids. membranes com-

prise a lipid bilayer mainly consisting of phospholipids, such as phosphatidylglycerol or phosphatidylethanolamines. 

their fluidity is influenced by the lipids structure, i.e., double bonds result in a more fluid membrane. this work aims to 

analyze lipid changes induced in P. putida during rhamnolipid production.

P. putida lipid extracts were analyzed by a two-dimensional heart-cut liquid chromatography method. hydrophilic in-

teraction liquid chromatography (hiLic) is used in the first dimension to separate lipid classes according to their head 

groups. the heart-cut setup transfers specific lipid classes to a second dimension via sample loop. By reversed-phase 

liquid chromatography (rpLc) in the second dimension, the lipid class is further separated into individual lipid species, 

reducing ion suppression and giving the possibility to differentiate lipid isomers, i.e., cis and trans isomers. Lipids are 

identified using high-resolution mass spectrometry and ms/ms experiments. a special focus was set on phosphatidy-

lethanolamine (pe) species.

differences can be detected in pe lipid levels in the bacteria lipid extracts harvested after 3 h. tendencies are observed 

towards less unsaturated fatty acids during rhamnolipid production. Lipid extract of rhamnolipid producing P. putida 

obtained after 3 h growth time shows elevated levels of pe species, suggesting adjustment to the fluidizing effect of 

rhamnolipids on lipid membranes. separation of different lipid isomers is observed, some consisting of different pe 

species with varying fatty acyls bound to the lipids, others indicating cis and trans-isomers or methyl-branched lipid 

species. results show equalization of pe lipid changes after 24 h growth time.
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LipidCreator: A workbench to probe the lipidomic landscape

Bing peng1, dominik Kopczynski1, 
Brian s pratt2, christer s ejsing3, cristina coman1, oliver J. schmitz4, Brendan macLean2, oliver Borst5, 
markus Wenk6, nils hoffmann1, robert ahrends1

1 Leibniz-institut fur analytische Wissenschaften – isas – e. V., dortmund, germany
2 university of Washington, department of genome sciences, seattle, usa
3 department of Biochemistry and molecular Biology, university of southern denmark, odense, denmark
4 institute of applied analytical chemistry, university of duisburg-essen, essen, germany
5 department of cardiology and cardiovascular medicine, university of tübingen, tübingen, germany
6 singapore Lipidomics incubator (sLing), Life science institute, national university of singapore, singapore

Lipids are imbedded in biology; they form cells and organelles, mediate information flow, protect cells and tissues from 

a hostile environment and serve as energy building blocks. targeted lipidomics focuses on a reproducible, quantitative 

analysis of a subset of lipids of interest. unfortunately, software development to screen lipids lacks behind, especially 

for targeted lipidomics. 

here we introduce Lipidcreator, a lipid building block-based workbench and knowledge base for the automated genera-

tion of targeted lipidomics ms assays and in-silico spectral libraries. assay generation can be conducted with a generic 

user interface (gui) or at the command line, covering lipids of the following categories: sphingolipids (sL), glycerolipids 

(gL), glycerophospholipids (pL), cholesterol and its derivates (ch, che), as well as fatty acids, including mediators (Lm). 

Lipidcreator can calculate masses for lipid species and their derived fragment ions, covering over 60 lipid classes and 

a lipid array of 1012 lipid molecules with the consensus nomenclature recommended by the lipidomics standards ini-

tiative. using the batch-processing mode, Lipidcreator computes precursor-product ion pairs at a rate of 60,000 pairs 

per second on a standard notebook (i5-4310m cpu @ 2.70ghz with 8gB main memory). Besides the computation of 

fragment ions, another critical feature to generate an in-silico spectral library is the ability to determine the relative 

intensities of fragment ions at different defined collision energies (ce). We therefore trained non-linear regression mo-

dels on empirical data from standard measurements of lipid mediators on two different ms instrument types.

Lipidcreator further contains a visual inspection level for fragments and a lipid nomenclature translator supporting 

Lipid maps formulations. it can be integrated into Knime and galaxy workflows as a native node via its command line 

interface on Linux and Windows. Lipidcreator can work standalone but it is also fully integrable into skyline and its 

small molecule support, allowing vendor-independent assay usage, data visualization and quality control of ms and 

ms/ms data.
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How Cold Atmospheric plasma Affects Red Blood Cell Lipid Bilayer

zahra nasri1,
mohsen ahmadi1, mehdi ravandeh1,2, Johanna striesow1, Jan-Wilm Lackmann1, thomas von Woedtke3, 
Klaus-dieter Weltmann3, Kristian Wende1 

1 center for innovation competence plasmatis, Leibniz institute for plasma science and technology, greifswald, germany
2 university of greifswald, institute of Biochemistry, greifswald, germany
3 Leibniz institute for plasma science and technology, greifswald, germany

cold atmospheric plasma (cap) is a promising tool for several biomedical applications including blood coagulation, 

wound healing and cancer treatment due to its potential to create a broad diversity of reactive oxygen and nitrogen 

(rons) species1. however, the related mechanisms are not entirely known. so studying the interaction of cap with 

biological membranes as one of the most vital and functional components of the cell representing a dynamic barrier 

and providing transport and regulatory tasks is of great importance2. When in contact with cap, oxidation of the lipid 

constituents can be assumed3. it is therefore essential to study the behavior of the oxidized cell membrane and its sub-

sequent impact on rons penetration rates. due to the rather complicated structure, anisotropy and inhomogeneity, the 

study of the physical and electrochemical properties of biomembranes are difficult. therefore, a model lipid bilayer has 

been transferred onto a gold electrode surface using the combined LangmuirBlodgett/Langmuirschaefer deposition 

to mimic the structure and properties of the red blood cell (rBc) membrane. the distribution of the lipids in the rBc 

membrane is highly asymmetric. the majority of sphingomyelin (sm) and phosphatidylcholine (pc) are localized in the 

outer layer, while phosphatidylethanolamine (pe) and phosphatidylserine (ps) are predominantly in the cytoplasmic 

half of the bilayer4. the model lipid bilayer was prepared in a way to have similar lipid composition with the rBc mem-

brane. then, the lipid bilayer supported gold electrode was treated with the kinpen ind (kinpen, neoplas tools) with 

argon as feed gas at a flux of 3.0 slm. the changes in the lipid bilayer functionality due to the cap generated rons was 

investigated using electrochemical techniques. the obtained results show that in the presence of cap, the performance 

of the extracellular and the cytoplasmic sides of the lipid bilayer are entirely different so that the cytoplasmic side is 

more stable against rons. to have a better understanding of the chemical modifications of the cap treated lipids, they 

were analyzed by direct-infusion high-resolution tandem mass spectrometry (di-ms) and liquid chromatography-tan-

dem ms (rp-Lc/ms).

1 K-d. Weltmann and th. von Woedtke. plasma medicine-current state of research and medical application. plasma phys contr F, 59(1):014031, 2017.
2 a. giwaa, s.W. hasana, a. Yousufa, s. chakrabortya, d.J. Johnsonb, and n. hilalb. Biomimetic membranes: a critical review of recent progress. 

desalination, 420:403, 2017.
3 a. Bogaerts, m. Yusupov, J. razzokov, and J. Van der paal. plasma for cancer treatment: how can rons penetrate through the cell membrane? 

answers from computer modeling. Frontiers of chemical science and engineering, 13(2):253, 2019.
4 J.e. rothman and J. Lenard. membrane asymmetry. science, 195(4280):11, 1997.
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Embedding Lipidomics into the “omics” Landscape

tim d. Rose, 
Josch K. pauling

zd.B Junior research group Lipitum, chair of experimental Bioinformatics, tum school of Life sciences Weihenstephan, 
technical university of munich, germany

metabolic diseases are common in modern industrialized societies. they are often associated with unhealthy lifestyles 

and are a huge burden for the health care system. especially chronic diseases cause great suffering for the affected 

patients. many of the defects can be related to lipid metabolism. Well-known representatives are crohns disease or the 

non-alcoholic liver disease (naFLd). globally, 55 % of type 2 diabetes mellitus patients are affected by naFLd and a 

total prevalence estimated at 24 % (Younossi et al. 2018). since a variety of diseases exists, an easy classification is not 

possible and a reliable diagnosis of e.g. naFLd still requires an invasive liver biopsy.

the goal of precision medicine is to provide optimal personalized treatments for patients. to achieve this, detailed 

knowledge about the phenotype of a disease for every patient is necessary. not only in a qualitative, but also in a 

quantitative fashion. a basis for this are automated quantitative analysis tools of patient data, which classify patients 

diseases into subtypes and therefore allow predictions for appropriate treatment strategies.

analysis of lipid data is a crucial step for improving diagnoses for patients. current challenges for the analysis

of such data in the bioinformatics pipeline are standardized statistical routines for quality control and a functional 

analysis combined with integration into omics fields (pauling and Klipp, 2016). the goal of this project is to develop 

automated solutions and standards for subtyping of patients based on lipidomic data from mass spectrometry mea-

surements. this includes analysis tools to integrate lipidomic with proteomic data to extract important features and get 

a mechanistic understanding of the diseases and make prognosis predictions for patients. subtyping of patients and ex-

traction of parts of the cellular metabolic/signaling machinery that play an important role for the disease will be based 

on machine learning approaches in combination with network enrichment tools like the Keypathwayminer (albcaraz et 

al. 2014). adaptations and development of new tools will be necessary to make the lipidomic data accessible. Various 

online lipid databases will be utilized to profit from their knowledge for analysis and predictions.

as a first step, patient lipidomic data will be analyzed to extract similarities between patients and detect potential 

subtypes of diseases, which can potentially later be predicted from specific biomarkers. this will be followed by the 

development and implementation of data mining tools to establish a link between lipidomics and other omics data and 

connect them to patient-specific clinical anamneses.
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Improved lipid annotation depth using automatically generated 
inclusion and exclusion lists on an orbitrap-based mass spectrometer.

Sven Hackbusch, Susanne Szotec,
david peake, reiko Kiyonami

thermo Fisher scientific

Lipid profiling provides valuable information to identify disease states and other physiological changes. a common 

approach for lipidomics profiling is to identify lipid species by their ms/ms spectra prior to extraction of precursor 

information for relative quantitation. With this approach, collecting ms/ms data on every sample relevant compound is 

crucial for confident lipid species annotation. the novel intelligent data acquisition software (acquireX) on the tribrid 

orbitrap mass spectrometer excludes background ions from the ms/ms acquisition and prioritizes ms/ms acquisition 

on sample relevant compounds automatically, resulting in deeper lipidome coverage. here we present the lipid identifi-

cation coverage for lipid extract samples were being improved by using acquireX on a thermo scientific orbitrap id-X 

tribrid mass spectrometer.

Bovine liver and heart total lipid extracts (avanti polar Lipids) were used as model and separated on a thermo scienti-

fictm accucoretm c30 column (2.1x150mm, 2.7µm). Lc-ms analyses were performed on a thermo scientific Vanquish 

uhpLc systemcoupled with an orbitrap id-X mass spectrometer. mass spectral data were acquired in positive and nega-

tive ion modes at 120K resolution (FWhm @ m/z 200) and data dependent hcd ms2 and product ion- or neutral loss-

triggered cid ms2 and ms3 experiments were performed to characterize the eluting lipids. acquireX deepscan mode 

was used to automatically generate background exclusion and compound inclusion lists that were updated iteratively 

for replicate injections. the raw data was analyzed using Lipidsearch 4.2 software to identify lipid molecular species.

Bovine liver and heart total lipid extracts were chosen to demonstrate the utility of the workflow. sample Lcms data 

was acquired in triplicate for each type of extract with data-dependent acquisition, where acquireX was used to update 

the inclusion and exclusion lists between injections, in order to reduce redundant data collection and trigger more 

lipids for fragmentation. data was analyzed with Lipidsearch by first identifying lipid annotations on the basis of msn 

fragmentation data compared to the subset of relevant lipid sub-classes in the Lipidsearch database. data were then 

aligned across the different samples and both polarities. preliminary results indicate that using the acquireX deepscan 

feature on the orbitrap id-X, a significantly larger number of lipids (≥ 40 %) are initially detected based on the ac-
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quired fragmentation data and the overall confidence of the annotations was improved relative to ‘traditional‘ dda 

approaches.

in addition, the use of neutral loss-triggered cid-ms3 and product ion-triggered cid-ms2 improved the confidence in 

the lipid annotations. For example, the use of fatty acid neutral loss-triggered ms3 fragmentation with triglycerides 

allowed to distinguish multiple co-eluting isomers with different fatty acid chain lengths based on their respective ms3 

data. this study demonstrates the application of an automated background-exclusion and compound -inclusion genera-

tion workflow for global lipidome profiling, leading to a greater number and greater confidence of lipid annotations.
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discovering potential diabetic lipid biomarkers using HRAm 
LC-mS/mS approach on a high field Hybrid Quadrupole-orbitrap 
mass Spectrometer

Reiko Kiyonami, Kristina Hempel,
david peake

thermo Fisher scientific

Lipids are known to play a key role in cell, tissue and organ physiology and have been implicated in many diseases such 

as cancer and diabetes. Lipids may also play a role as potential markers for the presence or absence of certain disease 

states. the identification of such unique biomarkers may aid in detecting potential risk of disease in certain individuals. 

although recent advances in hpLc-ms platforms have allowed the rapid and sensitive detection of a variety of lipid 

species with minimal sample preparation, many challenges remain. the diversity in the structural and physical/chemical 

properties of the lipidome requires the combination of hpLc separation technique with a high resolution, accurate 

mass spectrometer for accurate lipid molecular ion determination. moreover, the molecular weight information only 

may not be sufficient for identifying each isomer of individual lipid species. ms/ms information is further required for 

unambiguous identification of each individual lipid species in biological samples.

the new released thermo scientific Q exactive hF hybrid quadrupole-orbitrap mass spectrometer features an ultra-

high-field orbitrap analyzer which doubles its speed and resolution compared to first generation of orbitrap analyzer. 

the ultra-high resolution (up to 240,000) of the Q exactive hF ms allows accurate mass measurement with less than 

3 ppm accuracy and the faster scan speed (up to 18 hz) of the Q exactive hF ms results in higher number of precursor 

ions triggered for ms/ms, allowing more lipid identification in a single hpLc/ms/ms run with improved productivity. 

the Q exactive hF ms also offers several high resolution accurate mass approaches (Full ms; sim: selected ion moni-

toring; prm: parallel reaction monitoring) for highly sensitive and highly selective quantification of individual lipid 

species of interest.

in this study, a Q exactive hF ms was used to carry out a large scale lipid profile analysis of two phenotypes of the rat 

(zdF vs. lean wild type). per each type of the rat model, three different lots of rat plasmas were used. the lipids were 

extracted from the plasmas using solvents of chloroform, methanol and water. a thermo scientific dionex ultimate 

3000 rapid separation Lc (rsLc) system was used for lipid separation. mobile phase a was 60:40 acetonitrile / Water 

and mobile phase B was 90:10 ipa / acetonitrile; both a and B contained 10mm ammonium formate and 0.1 % formic 
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acid. the column was an accucore c18 (thermo scientific, 2.1 x 150mm, 2.6µm) column operated at 55°c with flow 

rate of 260 µL/min.

the Q exactive hF mass spectrometer was operated using data dependent Lc ms/ms method in both positive mode 

and negative mode, respectively. each full ms scan (120,000 r at 200m/z) was followed by 15 ms/ms (30,000 r at 

200 m/z) scans. the cycle time was 2.4 seconds providing sufficient scans across the chromatographic peak profile for 

accurate relative quantification using the hr/am precursor ion while simultaneously acquiring dd-ms/ms spectra for 

lipid identification. Lipid search software was used for lipid identification and quantification. the Q exactive hF ms sys-

tem delivers high mass accuracy and resolution combined with faster scan speed, enabling faster and deeper lipidome 

coverage. approximately more than 1000 lipid species were simultaneously identified and quantified with high confi-

dence and great analytical precision from the two types of rat plasma. moreover, significant concentration increases of 

triglycerides and phospholipids were observed from the zdF rat plasmas.
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A multi-omics approach to screen for modified hippocampal lipid 
signaling pathways triggered by lifestyle conditions

Cristina Coman1,
maximilian Borgmeyer3, tingting Li1, hans-Frieder schött1, philipp Westhoff1, corinna Borutzki2, 
alessandro-dario confettura2, guilherme monteiro gomes2, niklas danne-rasche1, canan has1, 
michael Kreutz2,3, robert ahrends1 

1 Leibniz-institut für analytische Wissenschaften – isas – e. V., otto-hahn-str.6b, 44227 dortmund, germany
2 rg neuroplasticity, Leibniz institute for neurobiology magdeburg, germany
3 Leibniz group ’dendritic organelles and synaptic Function’, center for molecular neurobiology (zmnh), 
  university medical center hamburg-eppendorf hamburg, germany

in mammalian brain, information retrieval, storage and processing take place in synapses. the synaptic cleft, as central 

part of the pre- and post-synaptic junction, is the subcellular location where cell-to-cell communication and signal 

transduction is mediated. Lipid metabolism and signaling are essential components for this neuronal synaptic plasticity. 

simultaneous multiomics extraction and analysis are highly informative technics to probe the interplay of proteins and 

lipids in neuronal signal transduction. in this study on hand, the molecular inventory of the cleft is accessed and a novel 

mechanism of reduced endocannabinoid signalingelicited by environmental stimuli was identified. endocannabinoid 

signaling was linked to increased surface expression of ampar, which likely regulates alterations in synaptic plasticity 

of mice exposed to an enriched environment.
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A multi-molecular dissection of diseased hearts from mice links 
dominant caveolinopathy to a metabolic shift associated 
with dilatative cardiomyopathy

Cristina Coman1, 
Yoshihide sunada2, Joachim Weis3, andreas roos1,4, robert ahrends1

1 Leibniz-institut fur analytische Wissenschaften – isas – e. V., dortmund, germany
2 Kawasaki medical school, 577 matsushima, Kurashiki-city, okayama 701-0192, Japan
3 rWth aachen university, institute of neuropatholog, aachen, germany
4 department of pediatric neurology, developmental neurology and social pediatrics, university of duisburg-essen, essen, germany

current evidence from the medical fields such as cancer, cardiovascular research and immunology suggest that meta-

bolic rewiring is orchestrated by the concerted interplay of multiple processes modulated by lipids, metabolites and 

proteins, acting in juxtaposition with central metabolic pathways. despite significant therapeutic advances, various 

cardiovascular diseases (including myocardial ischemia or infarction and inherited or acquired cardiomyopathies) merge 

most often into heart failure leading to premature death. dysregulation of metabolism was seen as a minor secondary 

process within numerous cardiovascular diseases but with the current knowledge, we now have to accept that abnorma-

lities of myocardial metabolism are associated with heart failure and that the metabolism itself is controlling numerous 

disease steps. From a molecular perspective, there is no unified, complete mechanism neither explaining why the car-

diac dysfunction results into failure nor explaining how exactly several cardiac conditions biochemically manifest and 

progress. multiomics analysis has the potential to provide deeper insights into the underlying mechanisms and to offer 

a better understanding of the molecular interplay within different molecular levels leading to heart failure. here the 

previously established simpLeX multiomics strategy was applied to examine the molecular basis of an inherited dilative 

cardiomyopathy utilizing cardiac tissue derived from a well-established transgenic mouse model carrying a dominant 

mutation (p104L) in the caveolin-3 (caV3) protein. employing simpLeX were able to recapitulate several past findings 

in caveolininopathy. however, applying this multiomics approach to the heart of p104L-caV3 transgenic mice allowed 

us for the first time to draw a direct line of evidence from the caV3 deficiency towards the global dysregulation of 

main shunts of the energy metabolism including glycolysis, lipolysis and the citric acid cycle. all in all we not only de-

monstrated that an multiomics strategy can close gaps of single sided strategies but also revealed that caV3-related 

pathophysiology also includes a staged metabolic rewiring classifying the cardiomyopathic phenotype also as a meta-

bolic disease, not only as structural one.
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Comprehensive mathematical modeling of sphingolipid metabolism 
by integration of lipidomics and proteomics data

Canan Has1,
pinar pir2,3, thorsten hornemann5, robert ahrends1,4
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2 gebze technical university, department of Bioengineering, gebze, turkey
3 Babraham institute, cambridge, uK
4 department of analytical chemistry, Faculty of chemistry, university of Vienna, Vienna, austria
5 institute for clinical chemistry, university hospital zurich, center for integrative human physiology, university of zurich, 
  switzerland, competence center for personalized medicine (cc-pm), molecular translation and Biomedicine (mtB) 

sphingolipids play important role in cell membrane composition and lipid raft formation. in addition to that, they exert 

a vital role in regulating multiple cellular functions including signaling, apoptosis, inflammation. sphingolipids show 

antagonistic activities. While ceramide and sphingosine are proapoptotic to benefit growth arrest and apoptosis, cera-

mide-1-phosphate and sphingosine-1-phosphate are known to promote cell proliferation, transformation and inflam-

mation. the metabolism of sphingolipids, including the all enzymes and lipids involved, has been extensively studied. 

this metabolic pathway delineates an integrated system linking multiple synthesis and catabolism pathways by cente-

ring ceramide. three main pathways that compose sphingolipid metabolism are de novo synthesis or the hydrolysis of 

sphingomyelin or recycling of gangliosides, i.e. sphingosine, also called salvage pathway. the alteration in sphingolipid 

metabolism could result in pathogenicity of several diseases including neurodegenerative diseases, metabolic diseases. 

hence, integration of quantitative lipid and protein data along with biochemical reaction kinetics to model sphingolipid 

metabolism would be crucial to shed a light on sphingolipid related disease mechanisms.

here, we propose a comprehensive and extended model of sphingolipid metabolism in mouse macrophage cells. contra-

ry to the previous studies, we incorporated the de novo synthesis of ceramide and the cross talk between de novo syn-

thesis and the salvage pathway. the rate constants were estimated through parameter estimation via copasi and the 

resulting model was fit two independent experimental data for all species. in silico knockouts of cers and sms enzymes 

were introduced and the results were compared with the literature. the model we present here will further be applied 

to unravel behavior of sphingolipid metabolism in disease models such as alzheimer and insulin-resistance.
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Evaluating a quantification approach for the analysis 
of phosphatidylinositol phosphates

yam Fung Hilaire Cheung1, 
robert ahrends1,2

1 Leibniz-institut für analytische Wissenschaften – isas – e. V., otto-hahn-str. 6b, 44227 dortmund
2 department of analytical chemistry, Faculty of chemistry, university of Vienna, Vienna, austria

phosphatidylinositol phosphates (pips) play crucial roles in numerous signal transduction pathways. two classes of 

cell surface receptor-regulated enzymes, phospholipase c gamma (pLcg) and phosphoinositide 3-kinase (pi3K), are 

essential in pips metabolism. pLcg hydrolyses pi(4,5)p2 to yield diacylglycerol, an activator of protein kinase c (pKc), 

and inositol (1,4,5) trisphosphate, which releases calcium ions from the endoplasmic reticulum. pi3K phosphorylates 

pi(4,5)p2 to produce pi(3,4,5)p3, which recruits platelet signaling proteins such as akt and pdK1 via the ph domain 

and activates them. the rapid development of liquid chromatography-mass spectrometry (Lc-ms) methods have popu-

larized its usage in pips analysis, and numerous Lc-ms methods have been developed to separate and quantify pips. 

nevertheless, the separation and analysis of pips positional isomers remains a challenge to the field. in this study, we 

deacylated the pips to increase the pips polarity and facilitates its separation using ion chromatography (ic). We also 

optimized the ic gradient and successfully resolve the pips isomers, and achieved a comprehensive analysis of individual 

pip isomers. the use of ic instead of rpLc for pips separation eliminated the need of adding any ion-pairing reagents to 

the sample, which would contaminate the ms ion source and affects its performance. moreover, the developed method 

successfully identify and absolutely quantify the pips species in platelets, which evidently demonstrated the power of 

our method in pips analysis. We believe that the developed method should greatly facilitate the elucidation of pips-

associated signal transduction pathways.
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How to automate boring lipidomic extraction 

Justine Bertrand-michel,
Julia soullier, aurélie Batut, pauline Le Fouder, anthony tournadre, Jessica dallouxchioccioli

 

metatoul-Lipidomic Facility 

Lipids are ubiquitous biomolecules essential to all life, found in every cellular type, ranging from the human body and 

vegetal organisms, down to bacteria. they have many different functions in cell structuration, energy storage and 

signaling so they are natural biomarkers for different diseases like cancer, cardiovascular disease, neurodegenerative 

disease, lung disease, their study and quantification are then crucial. mass spectrometry (ms) coupled with liquid chro-

matography or gas chromatography is mainly used for global and specific analysis of lipids. But before their analysis, 

there is an important and time consuming step of sample preparation. due to their amphiphilic properties, there are 

usually two types of extractions: liquid-liquid extraction (LLe) and solid phase extraction (spe). LLe and spe are two 

very long protocols which are tedious when there are massive numbers of samples. they can also be the source of many 

errors, considering the experimenter-dependant possible repeated artefacts. to circumvent this point and increase the 

analytical service delivery, a tecan (Fluent 780) robot has been acquired by metatoul-Lipidomic facility to automate 

the sample preparation. due to the specificity of lipid extraction, the robot needs a lot of optimization. this presen-

tation will show part of adaptation we had to perform to validate fatty acid, neutral lipid and phospholipid profiling. 

We compared the use of needles and plastic tips with optimization of solvent sampling: which implies new adjustment 

accuracy and precision for each of them, modification of speed of dispense and stiring. First lipidomic’s results obtained 

with a complete automated sample preparation will be presented for liver and plasma sample.
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mass spectrometry based lipid profiling 
of Mycobacterium tuberculosis

Franziska Waldow1, 
ursula schombel1, norbert reiling2, nicolas gisch1, dominik schwudke1 

1 Bioanalytical chemistry, research center Borstel, parkallee 1-40, 23845 Borstel, germany
2 microbial interface Biology, research center Borstel, parkallee 1-40, 23845 Borstel, germany

mycobacteria are the cause of several human diseases such as tuberculosis (tB) and leprosy. it is estimated that appro-

ximately one-third of the world’s population is infected with Mycobacterium tuberculosis (Mtb). it is assumed that the 

cell envelope of mycobacteria plays a key role in pathogenesis and resistance towards antibiotics. the mycobacterial en-

velope has a complex and unusual structure with a very high lipid and carbohydrate content. Lipids of the cell envelope 

constitute up to 60 % of the cell dry mass of Mtb. Furthermore, mycobacterial lipids play important roles in directing 

host-pathogen interactions, are required for cell growth and are involved in pathogenesis. until now, it remains elusive 

if the lipid composition itself plays a role as virulence factor. due to the structural diversity of mycobacterial lipids 

and the number of complex structures that are unique to Mtb, an overall characterization of the lipid composition is 

a significant technical challenge. different methods for lipid profiling, such as traditional tLc-based methods, direct 

infusion-based as well as chromatography-based mass spectrometry methods are reported in the literature. however, 

these methods require prior sample separation, are time consuming or are not feasible for quantification.

here, we show first results of a nanoesi-ms/ms method, which allows simultaneous detection, identification and quan-

tification of membrane phospholipids and complex glycolipids of the mycobacterial cell envelope within a single analy-

sis. therefore, shotgun lipidomics was performed using a Q excative plus with a triversa nanomate as ion source. Lipid 

identification and quantification was performed using LipidXplorer.
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Comparative study of SmILES Generation Algorithms of LIpId mApS, 
Swiss Lipids and LIFS as Basis of Lipidome Homology determination

Fadi Al machot,
dominik schwudke

 

Bioanalytical chemistry, research center Borstel

cellular lipidomes contain signatures for cell identity, disease status and developmental stage but also represent the 

integral status of genetic and epigenetics of an organism. this results in systematic structural differences in lipidomes 

of which the functional impact is widely unknown. We introduced the LuX score as a metric to determine lipidome 

homologies1 to enable systematic associations between structural deviation and function. 

at the centre of the lipidome homology determination is the generation of template smiLes that are computed accor-

ding to a dedicated database model that contains building blocks for each lipid class, e.g., fatty acids, head groups, and 

sphingosines. For all template smiLes, a structural position that is most conserved and can be considered as a reference 

point for all lipids of a class. as a result, the generated smiLes have a unified and formal chemical space. 

here we present a new approach to generate template smiLes that is implemented in the LuX score browser. as bench-

mark test for evaluating different smiLes generation processes, we used the new smiLes generator, Lipid maps2 and 

swiss Lipids3 databases and applied them on lipidome data sets of yeast4, fruit fly5 and human lung. the LuX score 

results using our smiLes generator showed best consistency compared to Lipid maps and swiss Lipids. We further can 

show that the chemical space for the generator is more compact and structural related lipids are better clustered.

in our future work, we will integrate correlation analyses based on lipid quantities and LuX score metric using non-

 linear optimizatio

1 marella et al. (2015) pLos computational Biology 11 (9), e1004511
2 www.lipidmaps.org
3 www.swisslipids.org
4 ejsing et al. (2009) pnas February 106 (7) 2136-2141
5 carvalho et al. (2012) molecular systems biology 8 (1) 600
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Evaluation of micro pillar Array Columns (µpAC™) 
Combined with High Resolution mass Spectrometry for Lipidomics

Christof mitterer2, 
Koen sandra1, Jonathan Vandenbussche1, ruben ‘t Kind1, Bo claerebout2, Jeff op de Beeck2, Wim de malsche3,
gert desmet2,3, pat sandra1

1 research institute for chromatography (ric) and metablys, Kortrijk, Belgium
2 pharmaFluidics, technologiepark-zwijnaarde 82, 9052 ghent, Belgium
3 Vrije universiteit Brussel, pleinlaan 2, 1050 Brussels, Belgium

as an alternative to conventional packed bed nano Lc columns, pharmaFluidics offers micromachined chip columns 

known as micro pillar array columns (µpac™). the high permeability and low ‘on-column’ dispersion obtained by the 

perfect order of the separation bed makes µpac™ based chromatography unique in its kind. the peak dispersion ori-

ginating from heterogeneous flow paths in the separation bed is eliminated and therefore components remain much 

more concentrated during separation resulting in unprecedented separation performance1. the freestanding nature of 

the pillars also leads to much lower backpressure allowing a high operational flow rate flexibility with exceptional peak 

capacities2.

state-of-the-art µpac™ columns coated with octadecyl are applicable for a challenging application such as lipidomics. 

here, the performance is illustrated with the analysis of human blood plasma lipids.

using a 200 cm long µpac™ column in combination with high resolution mass spectrometry, an enormous complexity 

is revealed and a high lipidome coverage can be obtained. all major lipid classes are detected and their locations are 

shown on the chromatograms. next to the inter-class separation, the methodology provides intra-class separation 

based on the number of carbons and the degree of saturation in the fatty acid side chains. Furthermore, isomeric lipids 

can be resolved3. taken together, this approach holds great potential in lipidomics studies.

1 W. de malsche, h. gardeniers, g. desmet: experimental study of porous silicon shell pillars under retentive conditions. anal. 
     chem. 80 (2008) 5391-5400
2 de malsche, J. op de Beeck, s. de Bruyne, h. gardeniers, g. desmet: realization of 1 × 10e6 theoretical plates in Liquid chromatography 
 using Very Long pillar array columns. anal. chem. 84 (2012) 1214-1219
3 K. sandra, J. Vandenbussche, r. t’Kindt, B. claerebout, J. op de Beeck, W. de malsche, g. desmet, p. sandra: evaluation of micro-pillar array 
 columns (µpac) combined with high resolution mass spectrometry for Lipidomics. Lc gc spec. issues 30.6 (2017) 6-13.
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for Comprehensive targeted profiling
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martin Buratti, rosa argamasilla martinez, cornelia röhring, therese Koal
 

Biocrates Life sciences ag, eduard-Bodem-gasse 8, 6020 innsbruck, austria

mass spectrometry is the key analytical technique for comprehensive lipidomics analysis. reliable analytical results and 

improved inter-laboratory comparability, automation, and standardization of the metabolomics workflow are of utmost 

importance. here, we present the newly developed quantitative mxp® Quant 500 kit-based assay for multiplexed ms/

ms analysis of 630 metabolites/lipids from 26 analyte classes in only 10 µL sample volume. among these, 13 classes 

comprising 535 analytes can be counted as lipids. the assay allows standardized analysis in a variety of biological samp-

le matrices (e.g. blood, feces, tissue) and species, including the microbiome.

the ready-to-use assay combines uhpLc- and Fia-ms/ms into a single workflow. automated data analysis of analytes 

and internal standards analyzed in 96-well format (blanks, Qcs, standards, and samples) was performed with Biocrates’ 

metidQ™ software, which controls the entire workflow from sample registration to data processing and reporting. For 

beta-testing 14 samples (nist srm 1950, 6 human plasma samples, 2 human serum samples, lipemic human plasma, 

mouse plasma, rat plasma, mouse liver, and human feces) were evaluated on scieX 5500 Lc-ms systems.

the assay was successfully validated following ema/Fda guidelines. the analytical accuracy and precision of the assay 

were safeguarded by three levels of Qc samples. We will present the analytical workflow and performance parameters, 

including intra/inter-batch accuracies and precision, and accuracy data of reference materials. metidQ™ software en-

abled data processing including quality assessment and the combination of all results. Beta-test data across 8 indepen-

dent data sets across the 14 samples will be presented showing excellent accuracies and precision results, the basis for 

longitudinal robustness and inter-laboratory comparability. about 400 of the 534 lipids are detected > Lod in normal 

human, rat, or mouse plasma.
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2 department of cellular microbiology, research center Borstel, parkallee 22, Borstel, germany 

tuberculosis (tB), the most prevalent bacterial infection worldwide, is caused by Mycobacterium tuberculosis (Mtb). 

despite successful antibiotic treatment, patients can suffer from severe lung pathology and pulmonary insufficiency. 

We hypothesize, that lipid metabolism

i)  can reflect the inflammatory level of host responses to Mtb. 

ii)  can be utilized for point of care diagnostics, 

iii)  can represent targets for host-directed therapies (hdt), which support antibiotic treatment and limit 

 immunopathology.

We employed two analytical approaches to investigate perturbation of the lipid metabolism in mtb infected neutro-

phils, using a Q exactive plus mass spectrometer (thermo scientifictm, Bremen, germany). 

1)  liquid chromatography (Lc-ms/ms) applying parallel reaction monitoring used for identification 

 and quantification of polyunsaturated fatty acids (puFas) and their derivative lipid mediators (Lm); 

2) shotgun lipidomics focusing on glycerolipids, glycerophospholipids, sphingolipids, cardiolipins 

 and cholesterol derivatives. 

analysis of sputum from four different tB patients before and during therapy allowed quantification of 21 Lms from 

total lipid extracts by Lc-ms/ms. since sputum is a complex matrix with a high variability between in samples of mixed 

qualities, this study lacks the normalization of the Lm concentration to the protein content. therefore, a clear correla-

tion to the status of the therapy was not possible.

subsequently, we will analyze sputum from 10 tB patients before and under treatment and sampled on a weekly 

basis until culture conversion. to keep sample treatment as uniform as possible, all samples will immediately be ho-

mogenized, diluted in methanol containing butyl-hydroxy-toluol and stored at -80 °c to block metabolic activity and 

inactivate Mtb. increasing the number of patients will compensate for the missing normalization. ultimately, we want 

correlate individual Lm concentrations and treatment outcome to develop a personalized hdt to limit long-term se-

quelae and pulmonary insufficiency.
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Lung lipidome analysis: a comparative study in several animal models
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1 division of Bioanalytical chemistry, research center Borstel 
2 Leibniz institute for Farm animal Biology (FBn), institute of muscle Biology and growth 
3 department of pathology, research center Borstel 

animal models are used to investigate complex mechanisms of lung disease progression in a controlled environment. 

the model acts as an abstraction of the human system but does not regard the differences in physiology and anatomy 

of the different organs or lungs in each species. so far, differences between species are not reflected in the lipidome 

studies of organs (muscle, liver, kidney or heart) with the exception of the brain1, proposing a core set of lipids that are 

present even in phylogenetic distant species. until today, no in-depth study on the lung lipidome across species was 

performed and how differences between animal model and human might affect functional interpretations.

in a first proof of concept study we showed that the lipid metabolism of the human lung is influenced by various traits 

like age, sex and Bmi.2 however, animal models like pigs and mice are used to understand fundamental processes in 

disease progression and we determine the overall similarity between lung tissue lipidomes. in this study, we investigate 

differences between the lung lipidomes of mice, pigs, sheep and humans. the project aims to catalogue the lipidomes 

of multiple species and associate them with clinical parameters and histology.

to profile the lung lipidomes, a shotgun approach was applied using a Q-exactive plus (thermo, Bremen, germany) 

coupled with a triversa nanomate (advion, ithaka, usa) as nano-esi source and autosampler. We quantified approxima-

tely 400 lipid species from 16 lipid classes in glycerolipid, glycerophospholipid, sphingolipid and sterol lipid categories. 

From this data set, we compare how aging of the lung is reflected in the lipidome of pigs and humans, look at effects 

of a weight gain mouse model in association to high Bmi in humans and determine overall lipidome homology between 

organisms.

1 Khrameeva, e., Kurochkin, i., Bozek, K., giavalisco, p. & Khaitovich, p. Lipidome evolution in mammalian tissues. mol. Biol. evol. 35, 1947–1957 (2018)
2 eggers, L. F. et al. Lipidomes of lung cancer and tumour-free lung tissues reveal distinct molecular signatures for cancer differentiation, age, 
 inflammation, and pulmonary emphysema. sci. rep. 7, 1–13 (2017)
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Insource fragmentation caused at the S-Lens of Q Exactive type 
of instruments lead to lipid profile artifacts

dominik Schwudke1, 
christina conan2, robert ahrends2

1 department of Bioanalytical chemistry, research center Borstel, Borstel, germany
2 Leibniz-institut für analytische Wissenschaften – isas – e. V., dortmund, germany 

Lipid identification applying shotgun lipidomics is highly dependent on correct assignment of chemical sum compo-

sition to precursor m/z values and its correct assignment of the corresponding ms/ms experiment. correct lipid iden-

tification using the molecular Fragmentation Query Language (mFQL) in LipidXplorer is depending on this uniquely 

associated data structures. in the analysis of complex lipid extracts using spectral stitching, we observed an increased 

number of unusual lipid ids and a systematic shift in the overall lipidome composition. thus we systematically tested 

the conditions for formation of insource fragments using the nano-esi source triversa nanomate (advion, ithaca, us) 

and Q exactive mass spectrometer (thermo scientific, Bremen, germany). Lipid standards and complex extracts were 

dissolved in chcl
3/meoh/isopropanol (1/2/4, v/v/v) containing 3.7 mm ammonium acetate.

in general, insource fragmentation in shotgun experiments is known for lipids comprising low energy leaving groups 

like h2o (-18 da) for sphingolipids and loss of acetate plus methyl-group for phosphatdiylcholines (-74 da). We analy-

sed as model compound pc 14:1 / 17:0 in the negative ion mode. at optimum ionization condition applying a source 

temperature of 100c and a mass range (m/z 300 – 1200) approximately 3 % of the insource fragment was observed. 

only slight intensification of the insource fragmentation was observed in dependence of increased source temperature. 

the largest impact had the choice of the applied mass range, nearly tenfold increase was observed in ms1 when the m/z 

range was changed to 725 – 875. at the same time an even lower degree of insource fragmentation was observed when 

the precursor m/z 776.5 was selected and an collision energy of nce 1 was applied, which indicated that the transfer 

from the quadrupole / c-trap and collision cell does not cause the observe fragmentation. however, precursor selection at 

the neutral loss fragment m/z 702.5 with applying nce 1 resulted in 25 % of the initial precursor intensity at m/z 776.5. 

Further ms/ms analyses at nce 35 proved the same fatty acid composition of the standard with 14:1 / 17:0. additional 

tests changing transfer parameters indicate clearly that the automated adjustment of the s-lens ion transfer led to incre-

ased insource fragmentation. as first result of this finding, we suggest for the community to abandon spectral stitching 

approaches as long as the user has not control about the s-lens transfer. Furthermore, we suggest the application of post 

processing routines that check the ratio of precursor intensities and fragment ions. specifically for assignments of pc 

– pe and ps – pa in complex samples such filter should be applied to reduce number of wrong assignments.
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Identification of endocannabinoid-like lipids by nano-liquid 
chromatography high resolution mass spectrometry in mouse organs
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1 Leibniz-institut für analytische Wissenschaften – isas – e. V., dortmund, germany
2 rg neuroplasticity, Leibniz institute for neurobiology magdeburg, germany
3 Leibniz group ‚dendritic organelles and synaptic Function‘, center for molecular neurobiology (zmnh), 
  university medical center hamburg-eppendorf hamburg, germany.

the endocannabinoid system (ecBs) is a lipid mediated signalling pathway involved in the regulation of different pro-

cesses within the brain, gut and immune system. their endogenic ligands and metabolic enzymes have been implicated 

in a wide variety of diseases states in cognition, pain and heart diseases.1-4 until today the best characterized members 

of the ecBs signalling pathway are n- arachidonoylethanolamine (anandamide, aea) and 2-arachidonoylglycerol (2-ag) 

which are the ligands to the major ecBs g protein-coupled receptors cB1 and cB2 as well as their biosynthetic and 

degradative enzymes.5

generally, endocannabinoids are n-or o-derivatives of polyunsaturated fatty acids acting as cannabinoid receptor ago-

nists. during the last years of research other endogenous endocannabinoid-like (ecB- like) n-acyl ethanolamines and 

monoacyl glycerols as well as n-acyl amino acids (naaa) and n-acyl dopamine’s have been described.6,7

until today no comprehensive evaluation of ecB-like lipids in mice organs is available. We introduce an identification 

strategy of ecB-like lipids consistent of fatty acids with c16, c18, c20, c22 and c24 acyl chains as well as their pro-

longation and desaturation products. By utilization of nano-liquid chromatography high resolution mass spectrometry 

we evaluate the critical analytical parameters for ecB-like identification. We challenge our identification strategy to 

identify ecB-like in mice liver, serum, brain and subcellular brain regions which will give the opportunity for a quanti-

tative approach for the investigation of circulating ecB-like lipids.

1 immunology 144 (2015) 352–364.
2 gastroenterology 151 (2016) 252–266.
3  international journal of molecular sciences 19 (2018)
4 neuropharmacology 124 (2017) 105–120.
5 science 258 (1992) 1946– 1949.
6 Basic clin. physiol. pharmacol. 27 (2016) 209–216.
7 cannabis cannabinoid res. 2 (2017) 183–196.
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Inactivation of bacteria by γ-irradiation to characterize the interaction 
of synthetic anti-lipopolysaccharides peptides with membranes

Wilmar Correa1, 
Julius Brandenburg1, Jochen Behrends1, Lena heinbockel2, norbert reiling1, Laura paulowski1, dominik schwudke1, 
Kerstin stephan1, guillermo martinez-de-tejada3, Klaus Brandenburg1, thomas gutsmann1

1 research center Borstel, Leibniz Lung center, Borstel, 23845, germany.
2 institut für hygiene und umwelt, 20539, hamburg, germany.
3 department of microbiology and parasitology, universidad de navarra, irunlarrea 1, 31008 pamplona, spain

the rise of bacterial resistance against therapeutic drugs is leading to a concomitant reduction of treatment options1. 

therefore, the development of bioactive molecules with a novel mechanism of action has a critical priority. this need is 

particularly urgent in the case of drugs targeting gram-negative bacteria1. in this context, antimicrobial peptides (amp) 

are among the most promising candidates. to evaluate their mechanism of action, there is a growing need for methods 

that allow studying molecular mechanisms in microbial systems, particularly bacterial membrane systems in all their 

complexity. We use ionizing radiation at low doses and sodium azide to generate bacterial ghosts (non-metabolically 

active bacteria), in which the metabolic activity of the bacteria and cell division processes cease. these procedures allow 

the direct analysis of the binding process of amp on the bacterial outer membrane by isothermal titration calorimetry 

(itc) to get valuable thermodynamic information. our approach gives new insights to disclose the role of the bacterial 

membrane potential (ΔΨ) as a possible modulating parameter of the antimicrobial peptide binding and activity.

We applied this method to evaluate the anti-inflammatory activity of anti-lipopolysaccharides peptides (saLp). the 

suppression of inflammation signals in human in vitro systems (isolated human mononuclear cells and whole blood 

assays) is connected to an extremely high covering of the bacterial cell envelope (peptide/bacteria surface area ~ 7). 

this peptide accumulation on the outer membrane causes a strong reorganization of the lipid packing of the inner 

membrane with the loss of the phase transition2. We show a direct proof of the biological relevance of peptide binding 

to Lps not only in free form but as a constituent of the bacterial outer membrane to avoid the hyperproduction of pro-

inflammatory cytokines.

this way, we provide an approach to bridge the gap between molecular and cellular investigations. other studies can benefit 

from this strategy by minimizing biosafety problems while reducing damage and modification to bacterial envelopes.

1 tacconelli, e. et al. the Lancet infectious diseases 18, 318-327(2018).
2 correa, W. et al. the FeBs journal, 286,1576-1593 (2019).

p 06p �� p R I C E



5�    

  

  L ip idomics Forum 

tuesday | november �� 

9:00 – �0:00  KEynotE
   Karsten hiller, technische universität Braunschweig (Braunschweig, germany)
  K 05 metabolic crosstalk between mammalian cells and Clostridium difficile bacteria.
   
 
�0:00 – �0:�5 coFFee BreaK
   

�0:�5 – ��:�5 SESSIon � | chair: nils hoffmann

   Verena ertl
  t 11 development and application of a high resolution mass spectrometry method to identify 
   and quantify faecal lipid species

   harald schoeny
  t 12 How to solve the limits in absolute quantification on reversed phase LC-mS-based lipidomics approaches? 
   A novel flow injection/ reversed phase LC-mS workflow with LILy as IStd

   Yulia popkova
  t 13 differences in the lipid patterns during maturation of �t�-L� adipocytes investigated by thin-layer 
   chromatography, gas chromatography and mass spectrometric approaches 
   

��:�5 – ��:�0 LIpIdomICS FoRum AWARdS for best talk and poster ronny herzog, dominik schwudke

   
 
��:�0 – ��:00 Foundation of the International Lipidomics Society (ILS) Kim ekroos, robert ahrends
   - aims and mission statement 
   - introduction of the society structure
   - overview of the different working groups 
   - presentation of the current board and their responsibilities
   

��:00 – ��:00 Lunch
   

��:00 – ��:�0 pAnEL dISCuSSIon
   What is next? 
   Future steps of the iLs and the involvement of you! 
   



Lip idomics Forum  

  

     5�   

metabolic crosstalk between mammalian cells 
and Clostridium difficile bacteria

Karsten Hiller1,2, 
alexander heinz1, Jasmin hanke1, Kerstin schmidt-hohagen1

1 technische universität Braunschweig
2 helmholtz centre for infection research, Braunschweig, germany

Lipid identification applying shotgun lipidomics is highly dependent on correct assignment of chemical sum composi-

tion to precursor m/z values and its correct assignment of the corresponding ms/ms experiment. correct lipid identi-

fication using the molecular Fragmentation Query Language (mFQL) in LipidXplorer is depending on this uniquely 

associated data structures. in the analysis of complex lipid extracts using spectral stitching, we observed an increased 

number of unusual lipid ids and a systematic shift in the overall lipidome composition. thus we systematically tested 

the conditions for formation of insource fragments using the nano-esi source triversa nanomate (advion, ithaca, us) 

and Q exactive mass spectrometer (thermo scientific, Bremen, germany). Lipid standards and complex extracts were 

dissolved in chcl
3/meoh/isopropanol (1/2/4, v/v/v) containing 3.7 mm ammonium acetate.

C. difficile is an anaerobic pathogen in the human intestine that can cause severe complications in patients under anti-

biotic treatment. more than 20,000 patients die every year as a direct consequence of a C. difficile infection in the unites 

states. current knowledge indicates that these bacteria damage the integrity of the intestinal epithelial barrier mainly by 

the secretion of toxins (tcda and tcdB) as a major virulence factor and subsequent inflammatory processes. 

We were interested to study the metabolic crosstalk during the infection and performed co-culture experiments of the 

pathogen with mammalian host cells. We could reveal that that the presence of the bacteria induced a reprogramming of 

cellular metabolism and that this reprogramming is mediated by bacterial metabolites or small peptides. First results of 

stable-isotope driven metabolic profiling indicate that the secretion of this compound induces changes in mitochondrial 

and cellular metabolism of the host cells to finally secret a metabolite into the growth medium that might serve as a 

carbon source or as an electron sink for the bacteria.
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marcus höring1, hans-Frieder schött2, gerhard Liebisch1

 

1 institute of clinical chemistry and Laboratory medicine, university of regensburg, germany
2 Leibniz-institut für analytische Wissenschaften - isas - e.V., dortmund, germany

it is now generally accepted that gastrointestinal system in particular the intestinal microbiome plays an important 

role in human health and disease. Faecal materials reflect the microbial activity and the analysis of remaining unabsor-

bed metabolites including lipid species and provide an estimate of metabolic interaction between gut microbiota and 

host. to identify subtle metabolic variations induced by diet alterations and to characterize the metabolic impact of 

variations of the gut microbiota, metabolic profiling is becoming increasingly popular. here we applied flow injection 

analysis coupled to high resolution mass spectrometry (Fia-hrms) to identify and quantify lipid species and their ab-

undance in faeces.

Faecal homogenates were subjected to total lipid extraction according to the protocol of Bligh and dyer (B/d). analysis 

of crude lipid extracts was performed by Fia-hrms. a high heterogeneity was observed in faecal sample from different 

subjects. First experiments showed high amounts of triglycerides and diglycerides in the majority of samples. species 

profiles included highly unsaturated species which could be confirmed in ms/ms spectra. therefore, we validated a Fia-

hrms method for quantification of triglyceride and diglyceride species in human faeces. in order to guarantee sample 

stability, we are currently optimizing the preanalytical conditions. however, due to the complexity of these samples, 

additional separation techniques like hydrophilic interaction liquid chromatography will be coupled to ms (hiLic/hrms) 

in a next step to increase the specificity and sensitivity for the identification and quantification of minor lipid species.

in summary, Fia-hrms offers a high throughput method to analyse and quantify lipid species profiles of faecal samples. 

the application of these methods in various samples should provide a comprehensive picture of the faecal lipidome and 

improve the understanding of the role of the microbiome in human health.
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phase LC-mS workflow with LILy as IStd
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1 department of analytical chemistry, Faculty of chemistry, university of Vienna, Waehringer str. 38, 1090 Vienna, austria
2 Vienna metabolomics center (Vime), university of Vienna, althanstr. 14, 1090 Vienna, austria
3 chemistry meets Biology, university of Vienna, althanstr. 14, 1090 Vienna, austria
4 isotopic solutions e.u., Waehringer str. 38, 1090 Vienna, austria

“Lipidomics needs more standardization“ the title of the recently published comment sums up the current situation in 

lipidomics1. Quantification integrating internal standards (istd) has become the method of choice; however the exact 

application remains a topic of discussion. several rules were proposed: first of all the internal standard should show a 

high structural similarity (isotopically labeled analogues in the ideal case) to the target analyte and should not be pre-

sent in the samples; it should be added prior to lipid extraction; at least one internal standard per lipid class (as defined 

by Lipid maps classification) is desirable; and finally, the applied ms method should allow simultaneous ionization 

with the analyte2. this latter requirement can be met by shotgun-lipidomics and hiLic/np separations, but in reversed 

phase (rp) chromatography the lipid species within one lipid class are separated leading to the fact that one istd per 

lipid class is not sufficient. therefore, absolute accurate quantification on reversed phase Lc-ms-based lipidomics ap-

proaches is only enabled by compound-specific or at least retention time matched istds (Level 1 and level 2 quantifica-

tion after the definition of Lsi). to the best of our knowledge, this was not applied to a higher number of analytes.

Lipidome isotope labeling of yeast (LiLY)3 has the potential to fulfill this pre-request as the whole lipidome of a eukary-

otic organism is fully 13c-labeled. 250 lipid species from 19 classes (cer, cL, co, dg, hexcer, ipc, mg, Lpc, Lpe, pa, pc, 

pe, pg, pi, ps, se, sph, st, tg) are available but their concentration is still unknown, as variations during the fermenta-

tion and different storage times change the lipidome. a novel flow injection/ reversed phase Lc-ms workflow will be 

proposed including an intraday- quantification of LiLY by a small number of unlabeled commercially available standards 

via flow injection and, in a second step, the use of the fully quantified 250 LiLY lipids on a sample of interest via rp-

Lc-ms. this method benefit of the lower cost of LiLY compared to other isotopically labeled istd, the higher number of 

available istds, an intraday correction of the LiLY concentration and the simultaneous use of the rpc for identification 

(potential isomer separation) and quantification.

1 Lipidomics standards initiative consortium. Lipidomics needs more standardization. nature metabolism, 1:745–747, 2019
2 Wang m., Wang c., and han X. selection of internal standards for accurate quantification of complex
 lipid species in biological extracts by electrospray ionization mass spectrometry – What, how and why? mass spectrom rev., 36(6):693–714, 2017
3 rampler e. coman c., hermann g., sickmann a., ahrends r., and Koellensperger g. LiLY-Lipidome isotope Labeling of Yeast: 
 in vivo synthesis of 13c labeled reference lipids for quantification by mass spectrometry. analyst, 142:1891–1899, 2017
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1 institute for medical physics and Biophysics, medical Faculty, Leipzig university, härtelstr. 16-18, 04107 Leipzig, germany
2 institute of muscle Biology and growth, Leibniz institute for Farm animal Biology, Wilhelm-stahl-allee 2, 
  18196 dummerstorf, germany

populations of industrialized countries have registered a dramatically increasing prevalence in obesity since many years. 

despite continuous research, mechanisms involved in the storage of chemical energy and utilization in adipocytes are 

still under investigation. adipocytes have the task to store excessive energy in the form of triacylglycerols (tg) and it is 

already well-known that the fatty acyl (Fa) composition of tg is largely determined by the composition of the diet. in 

contrast to tg, the composition of adipocyte phospholipids was less comprehensively investigated1,2.

in this study the compositions of the most abundant phospholipid classes of 3t3-L1 undifferentiated (preadipocytes) 

and differentiated cells (adipocytes) were determined. the lipid fractions were isolated by normal phase high perfor-

mance thin-layer chromatography (hptLc) and subsequently analyzed by electrospray ionization mass spectrometry 

(esi-ms). additionally, the Fa compositions were determined by gas chromatography (gc). the positions of the Fa 

residues were further confirmed by phospholipase a2 digestion of isolated phospholipid classes. it will be shown that 

undifferentiated 3t3-L1 and mature adipocytes differ extremely regarding their compositions3,4. this goes along with 

an increase in odd chain fatty acids. 

in addition to the biological background, we also addressed the question which analytical method (esi, hptLc and gc) 

is most suitable to assess the lipid composition of complex samples.

1 su X, han X, Yang J, mancuso dJ, chen J, Bickel pe, and gross rW. sequential ordered fatty acid a oxidation and d9 desaturation are major 
 determinants of lipid storage and utilization in differentiating adipocytes. Biochemistry, 43(17):5033–44, 2004
2 crown sB, marze n, and antoniewicz mr. catabolism of branched chain amino acids contributes significantly to synthesis of odd-chain 
 and even-chain fatty acids in 3t3-L1 adipocytes. pLos one, 10(12):e0145850, 2015
3 Wang J, Wang c, and han X. tutorial on lipidomics. anal chim acta, 1061:28–41, 2019
4 Jurowski K, Kochan K, Walczak J, Baranska m, piekoszewski W, and Buszewski B. analytical techniques in lipidomics: state of the art. 
 crit rev anal chem, 47(5):418–37, 2017
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