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sunday | november 15 
18:00  oPEning KEYnotE
   Kai simons
                T 01 from lipid rafts to clinical lipidomics
   max planck institute for molecular cell Biology and Genetics and Lipotype GmbH, dresden, Germany;  
   E-mail: simons@mpi-cbg.de
   

19:00  concErt 
   come together with Jazz
   Juhn Hughes (b) Björn Lücker (dr) matthäus Winnitzki (p)
   

    dinnEr
   

monday | november 16
9:00 - 9:45  tutorial 
   robert Ahrends
                T 02 lc-mS in lipid research
   Leibniz-institut für Analytische Wissenschaften - isAs - e. V., otto-Hahn-straße 6b, 44227 dortmund, Germany;
     E-mail: robert.ahrends@isas.de
   

9:45 - 10:00  coffEE brEaK
   

10:00 - 10:45  KEYnotE
   martin Giera
                T 03 a role for adrenic acid in the resolution Phase of inflammation
   center for proteomics and metabolomics, Leiden university medical center, Albinusdreef 2, 2300rc Leiden, 
     The Netherlands; m.a.giera@lumc.nl
  

10:45 - 1�:15 SESSion 1 | chair: chakravarthy marella

10:45  Annika ostermann
                T 04 targeted metabolomics of Eicosanoids and other oxylipins formed in the arachidonic acid cascade
   institut für Lebensmitteltoxikologie und chemische Analytik, Tierärztliche Hochschule Hannover, Germany; 
     E-mail: annika.ostermann@tiho-hannover.de

11:05  mesut Bilgin
                T 05 High resolution lc-mS/mS Screening for Endocannabinoids discovery
   max planck institute of molecular cell Biology and Genetics, dresden, Germany;
   department of cell death and metabolism, danish cancer society research center (dcrc), dK-2100 copenhagen, 
   denmark; E-mail: mesutb@cancer.dk

11:�5  Alaa othman
                T 06 1-deoxysphingolipids:  novel biomarkers and therapeutic targets in type � diabetes mellitus
   core Facility ”Bio-analysis and mass spectrometry”, center of Brain Behavior and metabolism (cBBm), 
   university of Lübeck, Germany; E-mail: alaa.othman@pharma.uni-luebeck.de

11:45  Katharina Wozny
                T 07 approach for untargeted analyses of lipidomes by using lc-ESi-orbitrap-mS
   Heidelberg university Biochemistry center, 69120, Heidelberg, Germany; 
   E-mail: katharina.wozny@bzh.uni-heidelberg.de
   

1�:15 - 13:30 luncH brEaK
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13:30 - 15:15   SESSion � | chair: matthias Krajewski 
 
13:30  Klaus dreisewerd
                 T 08 maldi-�: Sensitive mS imaging through laser-induced generation 
   of Secondary maldi-like ionization Processes
   institute for Hygiene, university of münster, Germany; E-mail: dreisew@uni-muenster.de

14:00  Johanna von Gerichten
                 T 09 targeted and untargeted mass Spectrometry imaging of lipids in the brain
   instrumental Analytics and Bioanalytics, mannheim university of Applied sciences, mannheim, Germany; 
     E-mail: j.vongerichten@hs-mannheim.de,

14:�0  Fabian Eiersbrock
  T 10 viscous ionic liquid matrices for maldi-mS imaging of brain lipids with High lateral resolution
   institute for Hygiene, university of münster, Germany; E-mail: f_eier01@wwu.de

14:40  Yulia popkova
                 T 11 analysis of the lipid composition of (adipose) tissues by Spectroscopic methods
   university of Leipzig, medical Faculty, institute of medical physics and Biophysics, Germany; 
     E-mail: yulia.popkova@medizin.uni-leipzig.de
   

15:15 - 16:00 coffEE brEaK
   

16:00 - 16:45 KEYnotE 
   matej oreši
                 T 12 metabolic disease Signatures translated to underlying mechanisms – a lipidomics approach
   steno diabetes center, Gentofte, dK-2820, denmark; E-mail: mtjo@steno.dk
   

16:45 - 17:30 tutorial
   dominik schwudke
                 T 13 Shotgun lipidomics – opportunities and limits 
   division of Bioanalytical chemistry - research center Borstel, parkallee 1-40, 23845 Borstel, Germany; 
   E-mail: dschwudke@fz-borstel.de 
   

17:30 - 19:30 PoStEr SESSion

   Julius Brandenburg
                 p 01 Wnt6 affects macrophage lipid Homeostasis and Susceptibility to mycobacterium tuberculosis infection
   division of microbial interface Biology - research center Borstel, parkallee 1-40, 23845 Borstel, Germany; 
   E-mail: jbrandenburg@fz-borstel.de

   cristina coman
                 p 02 SimPlEX: a combinatorial multimolecular omics approach for Systems biology
   Leibniz-institut für Analytische Wissenschaften - isAs - e. V., otto-Hahn-straße 6b, 44227 dortmund, Germany; 
     E-mail: cristina.coman@isas.de

   Niklas danne-rasche
                 p 03 development of a nanolc-mS method for lipidomics
   Leibniz-institut für Analytische Wissenschaften - isAs - e. V., otto-Hahn-straße 6b, 44227 dortmund, Germany;
     E-mail: Niklas.dannerasche@isas.de

   Lars F. Eggers
                 p 04 the Human lung lipidome: a Potential connection of Histopathological Phenotypes and development 
   of cancer or Emphysema
   division of Bioanalytical chemistry - research center Borstel, parkallee 1-40, 23845 Borstel, Germany; 
     E-mail: leggers@fz-borstel.de

   Annabelle Fülöp
                 p 05 mass Spectrometry imaging of PEgylated liposomes in mice
   center for Applied research in Applied Biomedical mass spectrometry (ABimAs) mannheim university of Applied 
   sciences, paul-Wittsack-straße 10, 68163 mannheim, Germany; E-mail: a.fueloep@hs.mannheim.de 
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   martin Giera
                  p 06 differential mobility Separation of leukotrienes and Protectins
   center for proteomics and metabolomics, Leiden university medical center, Albinusdreef 2, 2300rc Leiden, 
   The Netherlands; E-mail: m.a.giera@lumc.nl

   Nicolas Gisch
                  p 07 lipid Profiling of Mycobacterium tuberculosis East african indian Strains by 1H,13c -Heteronuclear 
   Single Quantum coherence-nmr
   division of Bioanalytical chemistry - research center Borstel, parkallee 1-40, 23845 Borstel, Germany; 
   E-mail: ngisch@fz-borstel.de

   matthias Krajewski
                  p 08 Mycobacterium tuberculosis induced changes of oxidized Polyunsaturated fatty acid metabolism
   analyzed by liquid chromatography-tandem mass Spectrometry
   division of Bioanalytical chemistry - research center Borstel, parkallee 1-40, 23845 Borstel, Germany;
      E-mail: mkrajewski@fz-borstel.de

   chakravarthy marella
                  p 09 luX Score: Homology metric for global comparison of lipidomes
   division of Bioanalytical chemistry - research center Borstel, parkallee 1-40, 23845 Borstel, Germany; 
   E-mail: cmarella@fz-borstel.de 

   christian marsching
                  p 10 imaging mass Spectrometry: Quantitative aspects in lipid analysis
   center for Applied research „Applied Biomedical mass spectrometry“ (ABimAs), mannheim, Germany; 
      E-mail: c.marsching@hs-mannheim.de

   dinh Lien chi Nguyen
                  p 11 Systems biology of the unfolded Protein response in glioma
   Leibniz-institut für Analytische Wissenschaften - isAs - e. V., otto-Hahn-straße 6b, 44227 dortmund, Germany;
   Germany; E-mail: chi.nguyen@isas.de

   Bing peng
                  p 12 adaptation of Skyline for targeted lipidomics
   Leibniz-institut für Analytische Wissenschaften - isAs - e. V., otto-Hahn-straße 6b, 44227 dortmund, Germany; 
   E-mail: bing.peng@isas.de

   Victoria sohst
                  p 13 fetal calf Serum (fcS) compensates the lipid Profile of acid Sphingomyelinase (aSmase)
   deficient bone marrow derived macrophages (bmdm )
   division of microbial interface Biology - research center Borstel, parkallee 1-40, 23845 Borstel, Germany;
   E-mail: vsohst@fz-borstel.de

   Franziska Waldow
                  p 14 in-depth analysis of the membrane Phospholipid composition of E. coli Strains with genetically Engineered 
   lipopolysaccharide Structure
   division of Bioanalytical chemistry - research center Borstel, parkallee 1-40, 23845 Borstel, Germany; 
   E-mail: fwaldow@fz-borstel.de

   Karina Lindner  
                  p 15 Simultaneous analysis of lipids, mrna and Protein in murine tracheal airway Epithelial cells
   institute for Anatomy, university Lübeck, Germany; E-mail: lindner@anat.uni-luebeck.de

   sarah Hofmann
                  p 16 Hcv replication alters the cellular lipid Profile and is itself influenced by fatty acids
   Heinrich pette institute, Leibniz institute for Experimental Virology, Hamburg, Germany;
     E-mail: sarah.hofmann@hpi.uni-hamburg.de

   chris Bielow 

                  p 17 an automated Software Pipeline for Shotgun lipidomics using direct-infusion, High-resolution 
   mass Spectrometry
   integrative proteomics and metabolomics platform, Berlin institute of Health (BiH), robert-rössle-straße 10, 
     13125 Berlin, Germany; E-mail: chris.bielow@mdc-berlin.de
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   Laura Kutzner
  p 18 differentiated analysis of the fatty acid Pattern in food Supplements
   institut für Lebensmitteltoxikologie und chemische Analytik, Tierärztliche Hochschule Hannover, Germany;
     E-mail: annika.ostermann@tiho-hannover.de

   Andrej meusel
  p 19 analysis of lipid mixtures by continuous Wavelet transformed 1H nmr
   institute of medical physics and Biophysics, Haertelstrasse 16-18, university of Leipzig, Germany;
     E-mail: Andrej.meusel@medizin.uni-leipzig.de

   Katharina rund
  p 20 oxylipin and fatty acid Pattern following feeding of mice with n3-Polyunsaturated fatty acids
   institut für Lebensmitteltoxikologie und chemische Analytik, Tierärztliche Hochschule Hannover, Germany;
     E-mail: katharina.rund@tiho-hannover.de

   Jenny schröter
  p 21 unexpected Products of the Hocl-induced oxidation of oleic acid: a Study using tlc-ESi mS, 
   maldi mS and nmr Spectroscopy
   university of Leipzig, medical Faculty, institute of medical physics and Biophysics, Germany;
     E-mail: Jenny.schroeter@medizin.uni-leipzig.de

   Katja steckhan
  p 22 matching thin-layer chromatography, overlay immunodetection, 
   and desorption Electrospray ionisation (dESi) – mass Spectrometry for glycosphingolipid analysis
   institute for Hygiene, university of münster, 48149 münster, Germany; E-mail: k_stec01@wwu.de

   christian Vosse
  p 23 lipid-Profiling by lc-ESi-mS/mS
   institute of inorganic and Analytical chemistry, Westfälische Wilhelms-universität münster, Germany; 
     E-mail: christianvosse@uni-muenster.de

   Nico Heise
  p 24 Probing the Effect of roS on Properties of mitochondria and liposomes made of Synthetic 
   and natural cardiolipins
   university of Greifswald, institute of Biochemistry, Felix Hausdorff-straße 4, d-17489, Greifswald, Germany; 
     E-mail: nico.heise@uni-greifswald.de

   Tuula penate medina
  p 25 Site Specific release of liposomal nanotheranostic agents through Enzymatic Sensitizing of liposomes 
   by Phopholipases in combination by remote activation by alternating magnetic field
   section Biomedical imaging, department of diagnostic radiology and Neuroradiology, 
     university Hospital schleswig-Holstein, campus Kiel, Germany; E-mail: oula.penate@rad.uni-kiel.de

   steven H. L. Verhelst
  p 26 chemically cleavable linkers for target identification
   Leibniz-institut für Analytische Wissenschaften - isAs - e. V., otto-Hahn-straße 6b, 44227 dortmund, Germany; 
   E-mail: steven.verhelst@isas.de

   Elena sokol
  p 27 rapid Phospholipid characterization using a novel intelligent 
   Workflow on a tribrid orbitrap mass Spectrometer
   Thermo Fisher scientific, 355 river oaks parkway, san Jose, cA 95134, usA; E-mail: elena.sokol@thermofisher.com
   

19:30 - �1:30 dinnEr and gEt togEtHEr
   musical guest: Harkov
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 Tuesday | november 17
1
9:00 - 9:45  tutorial 
   ronny Herzog
                  T 14 lipid identification with lipidXplorer – a tutorial
   Lipotype GmbH, Tatzberg 47, 01307 dresden, Germany; E-mail: herzog@lipotype.com
   

9:45 - 10:00  coffEE brEaK
   

10:00 - 10:45 KEYnotE 
   Gerhard Liebisch
                  T 15 Quantitative and metabolic Profiling of lipid Species
   institute of clinical chemistry and Laboratory medicine, university of regensburg, Germany; 
     E-mail: gerhard.liebisch@ukr.de
  

10:45 - 1�:15 SESSion 3 | chair: Lars Florian Eggers
 
10:45  david A. peake
                  T 16 acquisition and Processing of a High resolution lc-mS-mS dataset for the niSt inter-laboratory comparison 
   Exercise for lipidomics measurements in Human Serum/Plasma
   Thermo Fisher scientific, 355 river oaks parkway, san Jose, cA 95134, usA; E-mail: david.peake@thermofisher.com

11:15  rita derua
                  T 17 analysis and Quantification of cardiolipins on a Hybrid triple 
   Quadrupole/ion trap (4000 QtraP) mass Spectrometer
   Laboratory of protein phosphorylation and proteomics, Ku Leuven, Belgium; E-mail: rita.derua@med.kuleuven.be
 
11:35  Ariane Nimptsch, Kathrin m. Engel
                  T 18 the maturation of Sperm is accompanied by changes of the (Phospho-) lipid composition –
   a maldi -tof mS investigation of murine Epididymal Spermatozoa
   universität Leipzig, medical department – institute of medical physics and Biophysics, Germany; 
     E-mail: ariane.nimptsch@medizin.uni-leipzig.de & kathrin.engel@medizin.uni-leipzig.de
   
11:55  sarita Hebbar
                  T 19 linking Drosophila crumbs and lipids in Photoreceptor cell morphology
   max-planck institute of molecular cell Biology and Genetics, 01307 dresden, Germany; E-mail: hebbar@mpi-cbg.de
   

1�:15 - 13:00 KEYnotE 
   Andrej shevchenko
  T 20 lipid diet rules the life of flies
   mpi of molecular cell Biology and Genetics, 01307 dresden, Germany; E-mail: shevchenko@mpi-cbg.de
   

13:00 - 13:30 cloSing SESSion / PricES for bESt PoStErS and talK
   

13:30   luncH and farEWEll
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Answers for Science. Knowledge for Life.™

Thousands of lipids.

One name to 

remember: Lipidyzer™

LIPIDYZER™ PLATFORM FOR LIPID ANALYSIS

Finally all-in-one lipid analysis is within your reach

The new Lipidyzer™ Platform enables you to rapidly and accurately differentiate 

and quantitate over a thousand lipid species, and translates your data into knowledge 

with ease and efficiency.

The Lipidyzer Platform is the only all-in-one, comprehensive solution that empowers you to 

perform next generation lipid analysis—without any specialized mass spec experience.

Unlike current methodologies with cumbersome sample preparation and fragmented procedures, 

the Lipidyzer Platform streamlines and simplifies the workflow. Developed by SCIEX and powered 

by Metabolon®, the Lipidyzer Platform provides comprehensive data analysis and expert scientific 

interpretation so you can derive biological significance and research disease relevance with confidence. 

Next generation lipidomics at your fingertips. Learn more at sciex.com/lipidyzer

AB Sciex is operating as SCIEX. ©2015 AB Sciex. For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein are the property of 
AB Sciex Pte. Ltd. or the respective owners. Metabolon is a registered trademark of Metabolon, Inc. AB SCIEX™ is being used under license. RUO-MKT-13-2191-A.



Lip idomics Forum  

  

     9   

Lipidomics for a better life

For customers and applications:

Lipid analysis services for clinical and biological samples
> broad coverage of lipids

> absolute quantitation

> high sample throughput

A spin-off company of the Max Planck Institute 
of Molecular Cell Biology and Genetics in 
Dresden, Germany (labs of Prof. Dr. Kai Simons 
and Dr. Andrej Shevchenko)

Biotech and pharma industry, clinical research
clinical screening and diagnostics, biomarkers

Academic research
lipid analysis of various model organisms

Food industry
development of healthy and functional food/nutraceuticals

Please contact us:
Phone: +49 (0) 351 79653-45 or Email: sales@lipotype.com www.lipotype.com
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from lipid rafts to clinical lipidomics

Kai Simons1

 

1 max planck institute for molecular cell Biology and Genetics and Lipotype GmbH, dresden, Germany;
  E-mail: simons@mpi-cbg.de

Lipids are important building blocks of life. They have many different biological functions. Their main function is to 

form the matrix of our cell membranes where they support a variety of functions essential for life. This 2-dimensional 

fluid matrix has evolved incredible material properties. one is the capability to sub-compartmentalize the fluid into 

dynamic cholesterol-stabilized sphingolipid-protein assemblies that function in membrane trafficking, signalling and 

other membrane functions. This capability is a property of cell membranes that are poised close to a phase transition, 

enabling coalescence into subdomains. For this to occur, the lipid and the protein composition has to be tightly regula-

ted. We have developed a shotgun mass spectrometry platform that now can analyse hundreds of lipids in only a few 

minutes with absolute quantification. This effective routine of shotgun lipidomics became possible by introducing a 

unique workflow that combined improved extraction protocols with cutting edge mass spectrometry and novel soft-

ware. The technology is highly reproducible, achieving an average coefficient of variations of < 10 % (intra-day), approx. 

10 % (inter-day) and approx. 15 % (inter-site) for most lipid species. The platform is easily transferable allowing the 

direct comparison of data acquired in different acquisition sites.  We have used this technology to analyze blood cells 

and plasma with the aim to establish multi-parametric lipid signatures that are of diagnostic value.

t 01
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lc-mS in lipid research

robert ahrends1  

1 Leibniz-institut für Analytische Wissenschaften - isAs - e. V., otto-Hahn-straße 6b, 44227 dortmund, Germany;
  E-mail: robert.ahrends@isas.de

Liquid chromatography-mass spectrometry (Lc-ms)-based lipidomics has been a subject of vivid developments over 

the last decade. This tutorial will give a brief introduction into Lc/ms based lipidomics. Thereby, different chromatogra-

phic techniques will be evaluated regarding their selectivity and performance. We will discuss the advantages and the 

drawbacks of each technique for the Lc dependent lipid separation. Furthermore, an overview of currently applied ms 

methods for Lc based lipid analysis will be given and different techniques will be compared to each other. Additionally, 

various software solutions for targeted and non-targeted Lc/ms data analysis will be presented. We hope that the 

workshop will lead to a fruitful discussion and help to overcome current bottlenecks in Lc/ms based lipidomics.

t 0�
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a role for adrenic acid in the resolution Phase of inflammation

martin giera1

Hulda s Jónasdóttir1, Hilde Brouwers2, dick-paul Kloos1, marije Kuipers1, André m deelder1, Tom WJ Huizinga2, 
Jona Freysdottir3, ingibjörg Hardardottir3, Joan claria4, cristina López-Vicario4, rené Toes2, Andreea ioan-Facsinay2 

1 center for proteomics and metabolomics, Leiden university medical center, Albinusdreef 2, 2300rc Leiden, 
  The Netherlands; E-mail: m.a.giera@lumc.nl
2 departement of rheumatology, Leiden university medical center, Albinusdreef 2, 2300rc Leiden, The Netherlands
3 Faculty of medicine, school of Health sciences, university of iceland, Vatnsmýrarvegi 16, 101 reykjavik, iceland
4 department of Biochemistry and molecular Genetics and department of physiological sciences i, university of Barcelona, Barcelona, spain

The resolution phase of inflammation is crucial to prevent acute inflammation from becoming chronic. it has become 

evident during recent years that resolution is an active process that involves several cells and molecules. Especially a 

novel class of specialized lipids recently emerged as potent pro-resolving mediators (spm). Nonetheless, the molecular 

identity and interplay of these lipid spm are not fully understood and novel molecules continue to be defined as impor-

tant in this process. Therefore, we extensively characterized the inflammatory response in the murine zymosan induced 

peritonitis model using several mass spectrometry based platforms. interestingly, we found that the n-6 polyunsatura-

ted fatty acid adrenic acid (AdA) as well as its cyclooxygenase and lipoxygenase metabolites accumulated in the perito-

neal exudate cells during the resolution phase of inflammation, suggesting a pro-resolving function of AdA. To address 

this possibility, we investigated the effect of AdA on immune cells. By using an Lc-ms/ms based screening platform, 

we show that low micromolar concentrations of AdA block the formation of the potent neutrophil chemo attractant 

leukotriene B4 (LTB4) and its pathway marker 5-HETE, without affecting cell viability. Further investigation revealed 

that AdA does not block calcium influx upon ionophore stimulation, but rather blocks the release of arachidonic acid 

(AA) from phospholipids, suggesting an inhibitory effect on cytosolic phospholipase A2, which catalyzes this process. 

These findings are specific for neutrophils, as no inhibition of LTB4 production was observed in m1 macrophages. in 

conclusion, our data indicate that AdA selectively blocks the release of AA in neutrophils, influencing the AA cascade 

and thereby unveiling a novel pathway that could promote the resolution of inflammation.

t 03
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targeted metabolomics of Eicosanoids 
and other oxylipins formed in the arachidonic acid cascade

annika ostermann 1  
ina Willenberg1, Nils Helge schebb1, 2 

1 institut für Lebensmitteltoxikologie und chemische Analytik, Tierärztliche Hochschule Hannover, Germany;
  E-mail: annika.ostermann@tiho-hannover.de
2 institut für Lebensmittelchemie, universität Wuppertal, Germany

Lipid mediators play an important role in biology. particularly eicosanoids (c20) and oxidative products of other long 

chain polyunsaturated fatty acids (puFA) regulate a large variety of cellular and physiological functions. 

in mammals, these oxylipins are formed enzymatically via three pathways: i) constitutively expressed cyclooxygenase 1 

(coX-1) and inducible coX-2, ii) 5-, 12- and 15-lipoxygenases (LoX) as well as iii) cytochrome p450 monooxygenases 

(cYp) and non-enzymatically by (aut)oxidation. The initially formed products can be further converted by several other 

enzymes, for example by microsomal prostaglandin E synthase (mpGEs) or by soluble epoxide hydrolase (sEH) leading 

to a pleiotrop of oxylipins formed in the arachidonic acid (AA) cascade.

Quantification of eicosanoids and other oxylipins in biological samples is crucial for a better understanding of the bio-

logy of these lipid mediators. moreover, a robust and reliable quantification is necessary to monitor the effects of phar-

maceutical intervention and diet on the arachidonic acid (AA) cascade, one of today’s most relevant drug targets. Low 

(sub-nanomolar) concentrations and a large number of structurally similar analytes, including regioisomers, require 

high chromatographic resolution and selective as well as sensitive ms analysis. currently, reversed phase Lc in combina-

tion with detection on sensitive triple quadrupole instruments, operating in selected reaction monitoring (srm) mode, 

is dominantly used for quantitative oxylipin analysis.

in the talk the challenges for quantitative analysis are summarized and the application of Lc-qqq-ms methods for the 

investigation of the effects of n3-puFA and inhibitors of enzymes of the AA cascade are presented.

ostermann, A. i.; Willenberg, i.; schebb, N. H., comparison of sample preparation methods for the quantitative analysis of eicosanoids and other oxylipins 
in plasma by means of Lc-ms/ms. Anal Bioanal chem 2015, 407, (5), 1403-14.

Willenberg, i.; ostermann, A. i.; schebb, N. H., Targeted metabolomics of the arachidonic acid cascade: current state and challenges of Lc-ms analysis 
of oxylipins. Anal Bioanal chem 2015, 407, (10), 2675-83.

t 04 P r i c E



Lip idomics Forum  

  

     15   

High resolution lc-mS/mS Screening for Endocannabinoids discovery

mesut bilgin1, 2

Juergen Grassler3, petra Born1, suzanne Eaton1, Andrej shevchenko1 

1 max planck institute of molecular cell Biology and Genetics, dresden, Germany
2 department of cell death and metabolism, danish cancer society research center (dcrc), dK-2100 copenhagen, denmark; 
  E-mail: mesutb@cancer.dk
3 department and outpatient department of medicine iii, medical Faculty carl Gustav carus, Technische universitaet dresden, 
  dresden, Germany

Endocannabinoids (Ec) are physiological ligands of cB1 and cB2 cannabinoid receptors and important signalling mo-

lecules in the central and peripheral nervous system. Five structurally distinct molecular classes of Ec are recognized: 

they comprise fatty acid or fatty alcohol moieties conjugated to ethanolamine, glycerol or dopamine via amide, ester or 

ether bonds. While a large pool of structurally related molecules is produced in vivo, their molecular composition and 

biological function is poorly characterized. particularly, it remains unknown if other polar moieties could be conjugated 

with fatty acids / alcohols in vivo giving rise to novel Ec classes.

Here we report on a currently most comprehensive screen covering >2000 known and putative structures of Ec-related 

compounds. compounds identification relied upon structural similarity between different Ec classes that translated 

into commonality of their fragmentation pathways. To detect specific fragments and match them to plausible precursor 

we applied high-resolution Lc-ms survey scan followed by Lc-ms/ms all-ions fragmentation scan on a Q Exactive mass 

spectrometer. The method does not rely on an inclusion list of masses of plausible precursors and the sensitivity is at 

the level of a few picograms per injection into a Lc-ms/ms system. in a rat kidney extract three species of N-acylaspar-

tates (NAAsp) – a novel class of endogenous Ec-related compounds, along with other 66 known and 63 new species of 

17 known classes of Ec-related compounds, including bona fide Ec such as anandamide and 2-arachidonoyl glycerol. 

Newly discovered NAAsp’s are not ligands of cB1 and cB2 cannabinoid receptors, but in vitro assays showed that they 

inhibited Hedgehog signalling pathway with the same efficiency as anandamide. Altogether, the screen provided a va-

luable resource for discovery novel Ec-related compounds.

t 05
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1-deoxysphingolipids:  
novel biomarkers and therapeutic targets in type � diabetes mellitus

alaa othman1, 2, 3  
Arnold von Eckardstein2, 3, Thorsten Hornemann2, 3

1 core Facility ”Bio-analysis and mass spectrometry”, center of Brain Behavior and metabolism (cBBm), university of Lübeck, 
  Germany; E-mail: alaa.othman@pharma.uni-luebeck.de
2 institute of Experimental and clinical pharmacology and Toxicology, university of Lübeck, Germany
3 institute for clinical chemistry, university Hospital Zurich, rämistrasse 100, 8091 Zurich, switzerland

sphingolipid synthesis is typically initiated by the conjugation of L-serine and palmitoyl-coA – a reaction catalyzed by 

the serine-palmitoyltransferase (spT). spT can metabolize other acyl-coAs, and other amino acids such as L-alanine or 

glycine. of special interest are the sphingolipids resulting from the conjugation of alanine with palmitoyl-coA leading 

to a novel class of sphingolipids called 1-deoxysphingolipids (1-deoxysLs) which were initially discovered in hereditary 

sensory neuropathy type i (HsNi). in HsN1, several missense mutations in spT increase dsLs generation and eventually 

lead to the neuropathy. 

using Lc/ms after chemical hydrolysis and derivatization, we compared the plasma sphingolipids profile in healthy 

humans and patients with type ii diabetes mellitus (T2dm) and the metabolic syndrome (mets) in several case-control, 

interventional and prospective clinical studies (n = 2000). We also measured the sphingolipid content in plasma and tis-

sues of several animal models of metabolic diseases and deciphered several pathomechanisms of 1-deoxysLs in several 

in vitro models. 1-deoxysLs were significantly elevated in patients with mets or T2dm. multivariate analysis (opLs-sA) 

showed that 1-deoxysLs are important contributors to the mets state model, just next to triglycerides and above many 

of the conventional indicators of mets. partial correlation analysis revealed that 1-deoxysLs independently correlated 

to glucose and triglycerides. in a prospective study, 1-deoxysLs were independent predictors for the development of 

T2dm. interestingly, fenofibrate (a ppAra agonist and a lipid lowering drug) lowered significantly the plasma 1-deoxysLs 

while extended-release niacin and statins did not. This suggests a potential mechanistic link between ppAra and 

1-deoxysLs. moreover, after screening several animal models for sphingolipids backbone profiles, streptozotocin (sTZ) 

rat model showed elevated 1-deoxysLs in plasma and liver and not in other tissues suggesting a specific role of the liver 

in 1-deoxysLs metabolism. interestingly, serine-enriched diet significantly decreased the plasma 1-deoxysLs in sTZ rats 

and improved the neuropathy phenotype.

Taken together, our findings strongly argue for the potential use of 1-deoxysLs as a new class of biomarkers in the 

metabolic syndrome and type 2 diabetes mellitus and offer a potential therapeutic strategy to decrease their plasma 

levels which could help prevent diabetic neuropathy.
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approach for untargeted analyses of lipidomes 
by using lc-ESi-orbitrap-mS

Katharina Wozny1

Britta Brügger1 

1 Heidelberg university Biochemistry center, 69120 Heidelberg, Germany; E-mail: katharina.wozny@bzh.uni-heidelberg.de

in the present talk an automated untargeted approach based on full ms data is described. due to the highly complex 

lipid patterns analyzed, a chromatographic separation prior to ms analysis turned out to be indispensable even in the 

case of the very high resolution instrument employed. Thus, mass spectrometric overlaps and ion suppression could be 

almost completely avoided. due to the use of full ms data, the analysis is not impaired by the intensity cut-off needed 

for precursor ion selection. Hence, it is possible to reliably detect and identify lipid species of very low abundance lipid 

classes. 

The approach was used for the comparison of the lipidomes of alkaloid-treated and non-treated E.coli cells and allo-

wed for fast identification of as many as 500 different lipid signals. The lipids identified were glycerolipid species and 

species of different glycerophospholipid classes. in addition, about the same number of non-lipid signals was found for 

both the treated and the untreated sample. 

The quantitative comparison of the alkaloid-treated and the non-treated sample revealed 11 signals with significantly 

increased relative abundance in the alkaloid-treated sample. of these, four signals are due to lipid molecules.    
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maldi-�: Sensitive mS imaging through laser-induced generation
of Secondary maldi-like ionization Processes

Klaus dreisewerd1, 2  
Jens soltwisch1, Hans Kettling1, 2, simeon Vens-cappel1, 2

1 institute for Hygiene, university of münster, Germany; E-mail: dreisew@uni-muenster.de
2 interdisciplinary center for clinical research (iZKF), university of münster, Germany

in mALdi, only a fraction of the desorbed molecules is also ionized. This problem is aggravated in highly-resolved mALdi 

imaging (mALdi-msi) where only small amounts of material are available and because of ion suppression effects. Here 

we used a postionization laser to initiate secondary mALdi-like ionization processes in the gas phase. A mALdi synapt 

G2-s (Waters) was used as mass spectrometer. The ion source was modified for (i) operation at elevated N2 buffer gas 

pressure (up to 4 mbar) [2], (ii) for achieving an effective focal laser spot size of 5 μm diameter, and (iii) for adopting 

the beam of an optical parametric oscillator laser (opo, versascan, GWu Lasertechnik, λ=213–2550 nm, τ~6 ns). 

positive and negative ion mode mass spectra were recorded with 2,5-dihydroxybenzoic acid (dHB) and norharmane 

matrices, respectively. in the positive ion mode, in particular lipid species that form [m+H]+ ions benefitted strongly 

from the postionization step [e.g., cholesterol, phosphatidylethanolamines (pE), -serines (ps) and galactosylceramides 

(Galcer)]. Numerous species were detected from mouse brain with up to 2 orders of magnitude higher signal intensities 

tissue than with conventional mALdi-msi; about 2-3 more lipid species could tentatively be assigned. ion suppression 

by abundant phosphatidylcholines (pc) is strongly reduced. in addition, liposoluble vitamins A, d3 and E, and K2 could 

be imaged using mALdi-2. in the negative ion mode, strongly elevated [m-H]- ion signals of numerous membrane li-

pids (including pE and ps) were generated. Key parameters for a high mALdi-2 ion yield are (i) a sufficient buffer gas 

pressure in the ion source (2-3 mbar), which differentiates the method from conventional single and multi-photon 

ionization performed under high vacuum, (ii) a photon energy exceeding the two-photon ionization threshold of the 

matrix (~310 nm for dHB), and (iii) a suitable pulse delay and laser pulse energy range. our findings suggest that the 

mALdi-2 ionization process is driven by photoionization of matrix molecules and subsequent gas phase proton transfer 

reactions similar to those discussed for conventional mALdi-ms. Given the high signal intensities which we obtained by 

mALdi-2- msi from only 5 μm-wide pixels we hypothesize that the technology could in the future enable sensitive ms 

imaging of lipids with even higher lateral resolution in the 1-2 μm range.

1 soltwisch J, Kettling H, Vens-cappell s, Wiegelmann m, müthing J, dreisewerd K (2015) science 348:211-215

2 Kettling H, Vens-cappel s, soltwisch J, pirkl A, Haier J, müthing J, dreisewerd K (2014) Anal chem 86:7798-7805
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targeted and untargeted mass Spectrometry imaging 
of lipids in the brain
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1 instrumental Analytics and Bioanalytics, mannheim university of Applied sciences, mannheim, Germany; 
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2 Lipid pathobiochemistry Group, German cancer research center, Heidelberg, Germany
3 center for Applied research in Biomedical mass spectrometry (ABimAs), 68163 mannheim, Germany
4 department of molecular Biology and Genetics, Faculty of science, izmir institute of Technology, Turkey

mass spectrometry imaging (msi) recently became a common tool to show the spatial distribution of distinct lipids 

in biological tissues [1]. With the potential to identify most disturbed cell populations of a tissue it can substantially 

contribute in understanding the biology of diseases [2].

mALdi-ToF (matrix assisted laser desorption/ionization-time of flight) is so far the most commonly used msi technique 

due to its wide mass range and relatively high spatial resolution. Generating simple ms1 data it may be considered un-

targeted msi. With the purpose to generate targeted, specific, and fast msi from tissue sections, we set up dEsi ms2i 

using a triple quadrupole instrument. in dEsi (desorption electrospray ionization) molecules are ionized under ambient 

conditions via a charged spray solution and desorbed ion droplets are transferred from the tissue into the ms [3]. cou-

pling to a triple quadrupole facilitates the use of tandem ms scan modes such as precursor ion scanning, neutral loss 

scanning and multiple reaction monitoring (mrm). These modes generate additional signal specificity and may enhance 

sensitivity significantly. Here we compare the two different msi techniques, dEsi ms/ms and mALdi ToF and provide 

sample preparation tools for dEsi ms2i, which help to reduce matrix effects [4]. 

1 spengler, B., Mass spectrometry imaging of biomolecular information. Anal Chem, 2015. 87(1): p. 64-82.

2 Aichler, m. and A. Walch, MALDI Imaging mass spectrometry: current frontiers and perspectives in pathology research and practice. Lab invest, 2015.  
 95(4): p. 422-31.

3 Takats, Z., J. m. Wiseman, and r. G. cooks, Ambient mass spectrometry using desorption electrospray ionization (DESI): instrumentation, mechanisms 
 and applications in forensics, chemistry, and biology. J mass spectrom, 2005. 40(10): p. 1261-75.

4 Wang, H. Y., c. B. Liu, and H. W. Wu, A simple desalting method for direct MALDI mass spectrometry profiling of tissue lipids. 
 J Lipid res, 2011. 52(4): p. 840-9.
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of brain lipids with High lateral resolution
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3 interdisciplinary center for clinical research (iZKF), university of münster, Germany

Analytical sensitivity and lateral resolution are key factors in mALdi-ms imaging and are critically determined by the 

physico-chemical properties of the matrix-solvent system and the morphology of the coating. A few studies have 

previously reported the use of viscous room temperature ionic liquid (rTiL) matrices for mALdi-msi of phospho- and 

glycolipids [1, 2]. step sizes of 50 and 75 μm, respectively, were used in those works, which limited predictions about 

the possible occurrence of analyte diffusion below these values. Here we synthesized a total of 180 rTiLs and identified 

7 as particularly suited for mALdi-msi of lipids. using these 7 compounds we analyzed mouse brain lipids at a step 

size of 15 μm. rTiLs were synthesized using a proton exchange reaction and (typically) using a classical uV-absorbing 

mALdi matrix as the acidic component. To screen the principle suitability of the generated rTiLs, a modified Qstar-type 

mass spectrometer (AB sciex) was used with lipid standards. A modified mALdi synapt G2-s mass spectrometer (Wa-

ters) served for high-resolving msi experiments of the 7 selected rTiLs. An effective focal spot size (area of material 

ablation) of about 12 μm in diameter was achieved with the employed N2 laser. Exact values depended somewhat on 

laser fluence and matrix. matrix coatings were produced with an airbrush sprayer. All mass spectra were recorded in 

the positive ion mode. All selected rTiLs provided a high analytical sensitivity. However, the obtained signal intensi-

ties for individual phospho- or glycolipids were found to be matrix-dependent to some extent. presumably, the rTiLs 

contribute to the analyte extraction from the tissue. importantly, none of the tested rTiLs showed analyte diffusion 

beyond the applied 15 μm-step size of the msi analysis. comparison with H&E stained tissue slices showed that mouse 

cerebellum structures were precisely imaged by the ms data. A very uniform lipid signal response was obtained across 

the coated tissue as was determined with liver homogenate. The described rTiLs compromise a powerful alternative to 

conventional crystalline mALdi-msi matrix preparations. in particular, they offer an easy sample preparation protocol 

and particularly uniform sample coatings.

1  K. shrivas et al., Anal. Chem. 82 (2010) 8800-8806 

2 K. chan et al., Anal. Chim. Acta 639 (2009) 57-61 

3 J. soltwisch. et al., Science 348 (2015) 211-214
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by Spectroscopic methods
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5 Leibniz institute for Farm Animal Biology, institute of muscle Biology and Growth, dummerstorf, Germany

during the last decades many studies focused on the investigation of obesity-related (bio)markers such as adipocyte-

derived peptides, but minor interest has been paid to the investigation of the lipid (especially triacylglycerols (TAGs)) 

and fatty acyl compositions of adipose tissues. 

in this study we combined the strengths of Nmr and ms to investigate the diet impact on the lipid compositions of 

different mice adipose fat depots. Beside the localization of the adipose tissue (brown, visceral and subcutaneous) com-

positional differences in dependence of the diets (high fat (HF) vs. standard (sd)) were of particular interest. Extracts 

of supplied diets and of different adipose tissues were first analyzed by mALdi ms. Qualitative compositions were 

additionally approved by HpTLc analysis. Quantitative fatty acyl compositional analysis was performed by means of Gc 

and Nmr spectroscopy.

Both diets consist almost exclusively of triacylglycerols (TAG), beside minor amounts of phosphatidylcholines (in parti-

cular pc 16:0/18:2 (m/z 758.6 and 780.6) and pc 16:0/20:4 (m/z 782.6 and 804.6)) in the „standard“ food. However, 

the overall fatty acyl compositions of the TAGs in both diets differ significantly: the sd is characterized by the presence 

of TAGs with longer (particularly c18), unsaturated fatty acyl residues (e.g. m/z 901.7 - TAG 54:6), whereas the high fat 

diet contains nearly exclusively shorter, saturated fatty acyl residues (e.g. m/z 661.5 - TAG 36:0).

The lipid composition of the supplied diet has an extreme impact on the lipid composition of the adipose tissues. There 

are considerable differences in dependence on the diet and only moderate differences in dependence on the adipose 

tissue type. All spectra are dominated by the presence of TAGs while there are also, particularly in the brown fat, some 

pc species. The observed TAG fatty acyl patterns resemble closely the composition of the „standard“ diet. in contrast, 

the adipose tissue extracts at conditions of the HF diet, are dominated by shorter, saturated fatty acyl residues which 

are also predominately present in the HF diet.
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metabolic disease Signatures translated to underlying mechanisms –
a lipidomics approach
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There is a need for early markers to track progression from a state of normal glucose tolerance through pre-diabetes 

(impaired fasting glucose and/or impaired glucose tolerance) to type 2 diabetes (T2d). several diabetes risk models and 

scores have been developed as prognostic tools. However, these are mainly based on established risk factors of T2d and 

they lack the specificity required for clinical practice. 

We applied global lipid profiling based on ultra-high performance liquid chromatography (uHpLc) coupled to quadru-

pole time-of-flight (QToF) mass spectrometry (ms) at baseline and at 5-year follow-up plasma samples of well pheno-

typed male participants (107 T2d progressors, 216 matched normoglycemic controls; dataset 1) from the longitudinal 

study mETsim (mETabolic syndrome in men) to identify lipidomic profiles of progression to T2d, and to develop a 

lipid-based predictive model for T2d. The selection of progressors was based on fastest progression to T2d and greater 

glucose Auc at follow-up. Age-matched controls were selected as non-progressors. 

A total of 277 plasma lipids were analyzed. A persistent lipid signature characterized by higher levels of triacylglycerols 

and diacyl-phospholipids as well as lower levels of alkylacyl phosphatidylcholines and lysophosphatidylcholine acyl 

c18:2 in cases vs. controls, was associated with progression to diabetes. A lipid-based model comprising five lipids 

was developed to predict incident diabetes [Auc = 0.80, 95 % ci = (0.772, 0.826)]. The combination of lipids with 

the FiNdrisc model and the fasting plasma glucose (FpG) model significantly improved the prediction of both clinical 

models. 

The lipid-based model was validated in a representative sample of the adult male population (n=631). in FpG-matched 

subset of the progressors and non-progressors, the model remained predictive of diabetes. 

our study indicates that a lipid signature characteristic of diabetes is present years before the diagnosis and predicts 

progression to diabetes independently of other risk factors. The lipid signature predictive of diabetes is similar as 

previously observed in prediction of non-alcoholic fatty liver disease. The lipid signature may therefore in part reflect 

contribution of fatty liver to diabetes progression.
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Shotgun lipidomics – opportunities and limits
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under shotgun Lipidomics are all mass spectrometric approaches summarized that utilize direct infusion experiments 

and electrospray ionization (Esi). We will discuss how different mass spectrometric strategies like precursor ion scan 

(pis), neutral loss scan (NLs), multiple reaction monitoring (mrm) and data dependent acquisition (ddA) are employed 

to address lipidomics questions. in principle all common types of mass spectrometers are applicable to perform such 

experiments. However, parameters like mass accuracy, resolution and dynamic range have to be considered to design 

and interpret such experiments correctly. Finally, we will specifically review the high-throughput capabilities of shotgun 

approaches for biomedical research.
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LipidXplorer is an open-source software kit that supports the identification and quantification of molecular species 

of any lipid class detected by shotgun experiments performed on any mass spectrometry platform. it features batch 

processing of multiple acquisitions by high-resolution mass mapping, precursor and neutral-loss scanning and ms/ms 

detection. From the few existing tools for shotgun lipidomics, LipidXplorer sticks out with an unusual approach: it does 

not rely on a database of reference spectra. Because due to the nature of shotgun lipidomics, m/z values of different 

lipids easily overlap and hamper the clear identification from a reference spectrum. in LipidXplorer instead, lipid identi-

fication routines are user defined using a query language. The molecular fragmentation query language (mFQL) enables 

identification of any small molecule. Although mFQL is a quite simple language, the learning curve might still be steep, 

in particular for non-programmers. This tutorial gives a step-by-step introduction in writing mFQL queries and using 

LipidXplorer as well as some hints for experienced users.
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Quantitative and metabolic Profiling of lipid Species
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The molecular composition of lipids has great influence on biological functions by modulation of membrane fluidity and 

curvature affecting signaling processes as well as activity of membrane bound enzymes. 

Electrospray tandem mass spectrometry (Esi-ms/ms) offers an excellent platform to quantify lipid species with high 

sample throughput. major glycerophospholipid and sphingolipid classes are accessible by direct flow injection of crude 

lipid extracts. Whereas low abundant or isobaric species require frequently liquid chromatographic separation coupled 

to tandem mass spectrometry (Lc-ms/ms). Lipid species quantitation is applicable for biomarker search in large clinical 

studies as well as basic research in a variety of sample materials including plasma, lipoprotein fractions, cells and tis-

sues. moreover, these methods provide insight into the dynamics of the lipid species metabolism by administration of 

stable isotope labeled precursors or lipid species. For example major pathways of the glycerophospholipid metabolism 

may be profiled using d9-choline, d4-ethanolamine and 13c3-serine. 

Taken together, mass spectrometry offers a powerful tool box to discover novel lipid biomarker in the blood compart-

ment and to unravel mechanisms underlying the regulation of the lipid metabolism. 
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Application of lipidomics profiling to disease phenotype analysis is a rapidly growing aspect of translational medical 

research. identification of lipids by discovery lipidomics requires sophisticated software with an extensive lipid databa-

se. We present here some of the challenges of processing data from NisT plasma and serum extracts using Lipidsearch 

software. New algorithms were introduced specifically to reduce false positives, improve peak integration and to help 

automate the data review.

sample preparation and analysis of lipid extracts obtained from NisT human plasma (srm 1950) and serum (srm 

2378-1, 2378-2 and 2378-3) was described previously [1]. Human plasma and serum lipid extracts were separated 

via a c30, 1.9μm prototype column using a dionex 3000 rsLc chromatograph and Lc-ms-ms was performed using a 

Thermo scientificTm Q ExactiveTm HF orbitrap mass spectrometer.  

datasets from lipid plasma/serum extracts were processed using Lipidsearch 4.1 software which incorporates new peak 

quality, signal-to-noise and alignment algorithms designed to accurately identify and merge annotated peaks and im-

proved data filtering tools for reviewing the lipid results. Lipid identification was performed by searching a database of 

precursors and fragment ion accurate masses predicted for each lipid adduct form in the database. Lc/ms-ms spectra 

were searched against predicted fragment ions for potential lipid species within ±5 ppm precursor and product ion 

mass tolerance. Each potential lipid id is ranked by mass tolerance, match to predicted fragmentation and the fraction 

of total ms-ms peak intensity. 

The number of lipid species identified in each Lc-dd-ms2 experiment were aligned within a chromatographic window 

and both positive and negative ion data were merged into the results table. This approach provides lipid annotation 

that reflects the appropriate level of ms2 fragment ions from the complete dataset giving higher confidence in lipid 

identifications.

results were filtered by main adduct ion, match score, id quality, signal-to-noise and peak area coefficient of variation; 

manual integration was performed if necessary prior to estimating concentration relative to an internal standard for 

each lipid class. These results demonstrate that in a 60 min Lc-ms run it is possible to identify and quantify approxima-

tely 1,000 lipid species from human plasma/serum.

1 Large scale lipid profiling of a human serum lipidome using a high resolution accurate Lc/ms/ms Approach, reiko Kiyonami1, david A peake1, 

 Xiaodong Liu2 and Yingying Huang1 presented at 2015 Asms in st. Louis, usA
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cardiolipins (cL) are complex mitochondrial-specific phospholipids that contribute to the regulation of multiple mito-

chondrial signaling functions and bioenergetics in mammalian cells. Here, we present a method to screen and quantify 

cL molecular species from lipid extracts of isolated mitochondria of cultured cells on a 4000 QTrAp hybrid triple qua-

drupole/ion trap mass spectrometer equipped with a robotic nano-electrospray source (Advion Triversa Nanomate) for 

infusion. 

cL can be quantified as the 13c (m+1) isotopomers of deprotonated doubly charged molecular ions. The isotopomer 

peaks [m-2H+1]2- or [m-2H+3]2- of doubly charged cL species are very unique, whereas [m-2H]2- and [m-2H+2]2- may 

be overlapping with molecular ions in other lipid classes. Therefore, specific cL quantification is performed by compa-

rison of the de-isotoped peak intensity of the [m-2H+1]2- peak with the de-isotoped peak intensity of the [m-2H+1]2- 

peak of internal standards [1].   

Based on this principle, we have developed a cL screening and quantification method using the enhanced resolution 

(Er) (250 amu/s) ion trap scanning mode of a 4000 QTrAp ms. This method produces baseline resolved [m-2H+1]2- 

peaks of cL molecular species, enabling us to execute quantifications down to the fmol/μl level. 

in order to accelerate data analysis, a software application was written to extract cL 13c (m+1) isotopomer data from 

ms peak lists. The method was checked by diluting commercial bovine heart cL (sigma) in a total cellular lipid extract, 

thereby reproducing the naturally occurring background of a mitochondrial extract (cL are representing 5-20 mol% of 

the mitochondrial lipids). We have shown the linearity of our assay down to below 0.1 mol% of cL versus total lipids. 

using this method, we were able to monitor the effect of soraphen A, a lipogenic inhibitor, on the mitochondrial cL 

composition of LNcap cells. This demonstrates that the method can be applied to quantify cL in biological mitochond-

rial extracts and to fingerprint their expression profiles after different cellular treatments.

1 Han, X., et al. Journal of Lipid research (2006), 47, 864-79.
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After leaving the testis and upon the passage through the epididymis, spermatozoa undergo important steps of matu-

ration to increase their motility and fertilizing ability. These changes include modifications of the phospholipid compo-

sition, which is assumed to be particularly important for the achievement of motility and fertilizing capacity.

The epididymis consists of caput, corpus and cauda, through which spermatozoa are transported and undergo distinct 

maturation stages. using mALdi-ToF ms, we established three striking differences in the lipid composition of murine 

spermatozoa from the different epididymal regions: compared to the caput sperm, sperm from the cauda are characte-

rized by a higher content of unsaturated lipids, an enhanced plasmalogen and lyso(phospho)lipid content. For both 

parts of the epididymis positive ion mass spectra with intense phosphatidylcholine (pc) as well as sphingomyelin (sm) 

signals could be recorded. The discrimination of differently maturated spermatozoa based on their lipid mass spectra 

is, thus, possible.

The most abundant signals in the spectra of the caput sperm extract can be assigned to pc 18:0/20:4, pc 18:0/18:1 

and pc 18:0/18:2. in the cauda, however, pc 18:0/22:5, pc 18:0/22:6, pc 18:0/18:2, pc 16:0/22:5 and pc 16:0/18:1 

predominate. some peaks in the ms1 spectra cannot be unequivocally assigned: e.g., the H+ adduct of pc 16:0/20:4 

and the Na+ adduct of pc 16:0/18:1 result in isobaric ions. This problem can be easily overcome by saturating the dHB 

matrix with cs+. This leads to a significant mass shift (132.9 amu) that makes assignments simple.

These data suggest that spermatozoa membranes become more fluid during epididymal maturation due to the higher 

content of double bonds, which is also expressed by an increase of the pc (18:0/22:5 and 18:0/22:6) / pc (18:0/18:1 

and 18:0/20:4) ratio from caput to cauda. This ratio increased from 0.1 to 3.61. These changes of the fatty acyl compo-

sition are also reflected by changes of sperm motility, which increases (as well as further biochemical parameters) upon 

transition from caput to cauda. Finally, the fertilizing ability of sperm also correlates with the observed changes in the 

lipid composition. it is suggested that the lipid composition of sperm may be a useful fertility marker.
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our research focuses on the transmembrane protein crumbs, a regulator of apico-basal epithelial polarity, whose loca-

lization is extremely specific and polarized. We are interested in identifying if, and how, crumbs influences membrane 

lipid components. crumbs is an evolutionary conserved protein first identified for its role in Drosophila embryonic 

development. it is also relevant in the development and maintenance of the photoreceptor cells (prcs) of the retina in 

flies. This role of crumbs is remarkably conserved, because mutations in crumbs (flies) and CRB1 (human orthologue), 

result in retinal degeneration. in prcs, crumbs is localized to the sub-apical region of the plasma membrane (stalk), jux-

taposed between the adherens junctions and the photosensitive apical membrane (rhabdomeres). Altered crumbs level, 

by genetic manipulations, results in abnormal morphology, specifically in the size ratio of rhabdomeric/stalk membrane 

domains. decreased level of crumbs correlates with bulky rhabdomeres/reduced stalk membrane and vice-versa. This 

suggests that crumbs regulates the size of the rhabdomeric/stalk membrane domain. To begin identifying the interac-

tion of crumbs and membrane lipids in this regulation, we applied an unbiased lipidomics approach to screen different 

Drosophila mutants wherein the ratio of rhabdomeric/stalk membranes in prcs is disrupted. our lipidomics analyses 

on dissected eyes covered 14 lipid classes across which 180 lipid species were quantified. We observed a specific and 

strong correlation between increased sphingolipid hydroxylation and the phenotype of crumbs mutants (bulky rhabdo-

meres/reduced stalk membrane). The two-fold increase in hydroxylated species is most evident in ceramide phospho-

rylethanolamine (cerpE), the most abundant membrane sphingolipid in these tissues. Furthermore, we identified that 

hydroxylation on the fatty acid component of cerpE contributes to this increase in crumbs mutants. This result was 

validated by qrT-pcr that showed increased transcript levels of fa2h in crumbs mutants; the enzyme responsible for 

sphingolipid hydroxylation. Following the results of our lipidomics screening approach, we genetically manipulated fa2h 

and consequently sphingolipid hydroxylation. We observe that increased sphingolipid hydroxylation mildly phenocopies 

aspects of the crumbs phenotype including bulky rhabdomeres/reduced stalk membrane. overall, we have identified 

increased sphingolipid hydroxylation as a component coupling crumbs and altered rhabdomeric/stalk membrane ratio. 

Future studies are aimed at understanding the mechanisms underlying this influence of crumbs on lipids. 
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Drosophila can develop on a variety of foods, although being a sterol auxotroph, flies require dietary sterols to build 

lipid membranes and to produce the molting hormones ecdysteroids. Flies can use yeast and plant sterols and also 

cholesterol, but how animals ensure the timely production of desired hormone(s) that support their sustained deve-

lopment from embryos to adulthood? diet alters the lipid composition of drosophila in a tissue-, but also lipid class- 

dependent manner and a central question remains if these multifaceted changes constitute a part of the adaptation 

response mechanism that maintains the integrity and functionality of the membrane proteome. And finally, if the lipi-

dome and proteome could interplay, even if not being directly linked via shared elements of biosynthetic pathways? We 

addressed these and other important issues of the dietary impact by the comparative study of the lipidome, proteome 

and ecdysteroidome of developing flies [1, 2]. 

1 carvalho, m., J.L. sampaio, W. palm, m. Brankatschk, s. Eaton, and A. shevchenko. 2012. Effects of diet and development on the drosophila lipidome. 
 Mol Syst Biol. 8:600.

2 Lavrynenko, o., J. rodenfels, m. carvalho, N.A. dye, r. Lafont, s. Eaton, and A. shevchenko. 2015. The Ecdysteroidome of drosophila: 
 influence of diet and development. Development, in press (doi: 10.1242/dev.124982)
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The Wnt signaling pathway, an ancient and highly conserved signaling network, has been shown to exert immuno-regu-

latory functions in inflammatory and infectious disease settings including tuberculosis. We recently showed that Wnt6 

is expressed in foamy-like macrophages in the M. tuberculosis-infected murine lung and that Wnt6 shifts macrophage 

polarization towards a m2-like phenotype. in the study presented here, the effect of Wnt6 on macrophage lipid meta-

bolism was studied in fatty acid supplemented primary cells derived from Wnt6+/+ and Wnt6-/- mice by immunofluore-

scence- and mass spectrometry analyses, as well as by real-time oxygen consumption measurements. Gene expression 

of lipid metabolic enzymes was analyzed by microarray and qrT-pcr based approaches in M. tuberculosis-infected ma-

crophages. To study the impact of Wnt6 on the growth of M. tuberculosis within macrophages, the intracellular bacterial 

burden was monitored in primary cells derived from Wnt6+/+ and Wnt6-/- mice over a period of 7 days. The obtained data 

indicate that Wnt6 affects M. tuberculosis growth by shaping immune and metabolic responses of macrophages.
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interconnected molecular networks are at the heart of signaling pathways that mediate adaptive plasticity of eukaryo-

tic cells. To gain deeper insights into the underlying molecular mechanisms, a comprehensive and representative analy-

sis demands a deep and parallel coverage of a broad spectrum of molecular species. Therefore, we introduce simpLEX 

(simultaneous metabolite, protein, Lipid EXtraction procedure), a novel strategy for the quantitative investigation of 

lipids, metabolites and proteins. compared to unimolecular workflows, simpLEX offers a fundamental turn in study de-

sign, since multiple molecular classes can be accessed in parallel from one sample with equal efficiency and reproducibi-

lity. Application of this method in mass spectrometry based workflows allowed the simultaneous quantification of 360 

lipids, 75 metabolites and 3327 proteins from 106 cells. The versatility of this method is shown in a model system for 

adipogenesis – ppArG signaling in mesenchymal stem cells – where we explored with simpLEX cross-talk within and 

between all three molecular classes and identified novel potential molecular entry points for interventions, indicating 

that simpLEX provides a superior strategy compared to conventional workflows. 
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introduction: 

Lipids are key players of cellular systems that are particularly known for their roles in structural compartmentalization 

and energy storage. Furthermore, they are also able to fulfill signaling functions in biological systems at marginal 

concentrations. in order to identify low abundant lipids such as mediators, analytical methods need to be developed to 

allow an accurate characterization and quantification of these biomolecules with high sensitivity and specificity.

methods: 

in comparison to conventional Lc-ms analyses, nanoLc-ms systems promise significant higher measurement sensiti-

vity, reduced sample consumption, and decreased solvent usage. For this reason, we aim to develop a nanoLc-Esi-ms 

method for lipid analyses.

preliminary data: 

different column materials, flow rates and temperatures were compared to investigate their impact on capillary reverse 

phase chromatography.

We further aim to benchmark the developed nanoLc-ms method against a corresponding narrowbore Lc-ms method 

in terms of sensitivity, dynamic range and number of lipid identifications in a complex biological extract.
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The lung lipidome shows specific features related to respiratory functions. constantly lipids are secreted and recycled 

to stabilize the alveoli, and to protect them from environmental stresses. Together with specialized proteins, lipids form 

a surface-active layer, the pulmonary surfactant, which stabilizes the alveoli and has additionally immune-protective 

functions. The alveolar morphology and those of their cellular components is associated to the lipid metabolism in an 

unknown way and needs further research. Here we present a pilot study including 45 human lung tissue lipidomes of 

26 lung cancer patients. Each lung tissue sample was characterized, to be tumor or tumor-free, and was divided, firstly, 

to enable histopathological characterizations, and secondly, to perform shotgun lipidomics. With our current analytical 

method we are quantifying approximately 350 lipid species from 11 classes. 

To gain insight in lipid metabolic alterations, lipidome data were set into relation to patient data and histopathological 

scores. We found that lipidomes from tumor-free and tumor tissue-biopsies can clearly be distinguished. By applying 

principle component analysis (pcA), hierarchical clustering (Hc) and partial least squares regression (pLsr), we were 

able to draw correlations between lipidome data and histological characterizations. pulmonary surfactant related lipid 

species, mainly saturated phosphatidylcholines (pc) and phosphatidylglycerols, are potential indicators for tumor-free 

tissues. in contrast to these findings, tumor tissues are characterized by higher amounts of unsaturated pcs and neutral 

lipids like triacylglycerol as well as free cholesterol and cholesteryl esters; especially when necrosis was observed. Be-

yond these findings, we found indications for different lipidomes of adenocarcinomas and squamous-cell carcinomas. 

Tumor-free tissues were further analyzed in context of association to the pulmonary emphysema marking the destruc-

tion of alveoli, which is often observed in chronic obstructive pulmonary disease (copd). Here we found indications that 

specific lipidome changes are associated with emphysema grade. our data show that histopathological characterization 

and lipidomics have a great potential in functional studies.
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phospholipid are main components of cellular membranes and have therefore an excellent biocompatibility. This make 

them most appropriate as important pharmaceutical excipients and main component of liposomal drug carriers. in 

particular, pEGylated carriers have been shown to extend blood-circulation time while reducing uptake by the mononu-

clear phagocyte system. usually, the in-vivo distribution of liposomal drug carriers is monitored by the use of radio- or 

fluorescence-labels in the liposomes. 

Here we outline matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (mALdi-ToF ms) ima-

ging as method for the detection of liposomal drug carriers in mouse tissue. Therefore, a single phosphatidylglycerol 

species (dppG) and the polyethylene glycerol head group-modified lipid (pEG36-dspE) (Lipoid GmbH, Ludwigshafen) 

were incorporated in the coat of liposomal drug carriers, while indocyanine green (icG), a well-established fluorophore 

in clinical applications, was integrated inside the carrier. After injection of liposomes to mice, tissue was measured by 

mALdi ms imaging. Thereby, it was demonstrated that all evaluated liposomal components could be measured in the 

same tissue slice. While dppG and icG were detected in the negative ion reflector mode, pEG
36 dspE was measured in 

the positive ion reflector mode using the same mALdi matrix. After evaluation of liposomal distribution, hemoglobin 

was measured in the same tissue slice by mALdi ms to determine the localization of the liposome either in the tissue 

or the circulating blood. 

The results characterize mALdi ms imaging as useful tool for analysis of pEGylated liposomes, regarding not only the 

distribution of various liposomal components but also the localization of liposomal carriers in tissue.
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differential ion mobility spectrometry, termed selexion® is capable of separating ions based on their mobility in an 

oscillating electrical field with asymmetric wave form. Thus, it is “orthogonal” to chromatography and (tandem) mass 

spectrometry. particularly bioactive lipids of the eicosanoid and docosanoid classes present very high structure activity 

relationships. moreover does the geometry of specific eicosanoids and docosanoids also reflect their biochemical origin. 

Taken together, the unambiguous characterization of closely related isomers of the eicosanoid and docosanoid classes 

are of fundamental importance to the understanding of their origin and function in numerous biological processes. We 

here show that using selexion®-technology coupled to microLc-ms/ms is capable of separating at least five closely re-

lated leukotrienes partially co-eluting and (almost) unresolvable using Lc-ms/ms only. We applied the developed tech-

nology to the separation of LTB4 and its co-eluting isomer 5s,12s-diHETE in murine peritoneal cells. LTB4 was present 

only in peritoneal cells from mice injected with zymosan, while its isomer 5s,12s-diHETE was present only in resident 

peritoneal cells from mice administered pBs. Additionally we show that selexion®-technology can also be applied to 

the analysis of docosanoids, separating pd1 and pdX (10s,17s-diHdHA) two isomeric protectins about which much 

confusion has been present in recent literature.

in conclusion, we showed that differential mobility is a powerful tool for adding an additional dimension of selectivity 

to chromatography for difficult separations of isomeric eicosanoids and docosanoids even for compounds present only 

at very low levels in biological samples.
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The cell envelope of Mycobacterium tuberculosis, the causative agent of tuberculosis (TB) infection, consists of a pep-

tidoglycan-linked arabinogalactan, which is esterified by long-chain mycolic acids. Various complex lipids like trehalo-

se dimycolates, phosphatidyl-myo-inositol mannosides, phenolic glycolipids (pGLs) and phthiocerol dimycocerosates 

(pdims) are associated with these mycolic acids, thus forming an effective outer envelope. The lipid composition differs 

among mycobacterial species and some of the lipids have proven potential for biomarker use in tracing the evolution 

of TB. Especially pdims and pGL-tb (identified mostly in M. tuberculosis Beijing isolates) have been associated with 

mycobacterial hyper-virulence and evasion of the host immune system.

in our study, we investigated the lipid composition of M. tuberculosis East African indian (EAi) strains responsible for TB 

infection in the Eastern part of Africa and West-Asia. Based on whole genome sequencing data of 191 M. tuberculosis 

EAi strains, we selected 11 clinical isolates representing the uncommonly high genetic diversity of this lineage. For our 

Nmr-based analysis of their lipid composition we applied and fine-tuned the powerful methodology of two-dimensio-

nal 1H,13c-Heteronuclear single Quantum coherence (HsQc)-Nmr lipid profiling. For this, mycobacterial lipids were ex-

tracted from partially 13c-labeled cells with chloroform-methanol. The lipid profiles of the investigated strains showed 

a correlation between their genetic background and the expressed lipid pattern. major differences have been observed 

especially within the group of pGLs, which can be explained only in part by a specific single nucleotide polymorphism 

in rv2962c, a gene encoding for a glycosyltransferase which is involved in pGL biosynthesis. interestingly, isolates be-

longing to specific branches within the EAi lineage maintain a certain pGL pattern, which ranges from mycoside B to 

phenolphthiocerol dimycocerosates to the complete absence of pGLs, although many isolates contain a complete and 

functional pGL biosynthesis cluster. Growth analysis of these strains in human macrophages, the natural host cell of the 

TB pathogen, revealed significant differences between single isolates. However, this did not match with an identified 

pGL phenotype. Thus, neither the presence or absence nor the type of pGL molecules appear to determine the growth 

rate of m. tuberculosis EAi strains in human macrophages.
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oxidized species of arachidonic, eicosapentanoic and docosahexanoic acid derived by lipoxygenases and cyclooxyge-

nases play a crucial role in signalling during microbial infections. Lipid mediators like prostaglandins and leukotrienes 

act in a pro-inflammatory manner, whereas resolvins and lipoxins have anti-inflammatory and pro-resolving properties. 

All lipid mediator types are thought to exert their regulatory action by binding to G protein-coupled receptors to con-

trol a multitude of aspects of tissue inflammation.

only the quantitation of these oxidized derivatives by liquid chromatography – tandem mass spectrometry (Lc-ms2) 

enables a comprehensive insight into the regulation of immune cell activities. We established a Lc-ms2 platform to 

characterize the lipid mediator alterations in Mycobacterium tuberculosis (m.tb.) infection. Wild-type mice (C57BL/6) 

were used to perform a time course experiment for 100 days after aerosol m.tb. infection. A Lc-gradient was develo-

ped to directly analyse total lipid extracts with Lc-ms2 avoiding time consuming spE purification steps. in contrast to 

many triple quadruple applications we performed micro-Lc coupled with QqToF (Q-ToF ultima™) utilizing the superior 

resolution and mass accuracy.

We quantified 24 known molecular species during the time course experiment from which 22 were significantly increa-

sed at 70 days post m.tb. infection. m.tb. perturbed the host’s oxidized puFA metabolism interfering in the quantities of 

di- and mono-hydroxylated puFAs and prostaglandins, respectively. seven oxidized puFAs were significantly increased 

during m.tb. infection, namely thromboxane B2, prostaglandin E2 and d2, 11,12-epoxy-eicosatrienoic acid, 15-hydro-

xy-eicosatetraenoic acid, leukotriene B4 and 10-hydroxy-docosahexaenoic acid. our findings might help to understand 

how m.tb evades the host’s immune system. in future we plan to utilize the Lc-ms2 platform for a systematic analysis 

of infection-induced inflammation with selected pathogens.
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Lipids play an important role in maintaining cellular homeostasis. many diseases including, cardiovascular disease, me-

tabolic syndrome and diabetes have altered lipid metabolism. To gain insight into fundamental processes for disease 

progression animal models are employed. mass spectrometry based lipidomics enables characterization of lipidomes in 

model organisms as well as humans. However, data analysis tools for comparing lipidomes across species are basically 

not existent. Here, we propose to establish a homology metric for lipidomes based on structural similarity between 

constituent lipids. For example, sphingomyelin, a major component of cell membrane in higher mammals is absent in 

model organisms like drosophila and yeast. instead, drosophila comprises a structural relative, ceramide phosphoti-

dylethanolamaine. cholesterol is preferred sterol in mammals and a structural analogue, Ergosterol, is predominant in 

yeast and drosophila. To facilitate global comparison of lipidomes, comprising structurally related lipids, we developed 

the Lipidome juXtaposition (LuX) score. 

computational workflow to determine LuX scores for estimating lipidome homologies involves multiple steps. in the 

first step, LipidmAps structure drawing tools are employed to generate structures for all lipids identified by mass 

spectrometry. Next, lipid structures are converted into simplified molecular-input Line-Entry system (smiLEs) strings. 

Levenshtein distance is used to determine structural similarity between lipid smiLEs. Finally, average Levenshtein di-

stance between unique lipids between a pair of lipidomes is returned as LuX score. in summary, LuX score describes 

‘extent of structural overlap’ between lipidomes as a numerical value between 0 and 1.

Lipidomes of yeast elongase mutants (Ejsing et. al. 2009) were used to evaluate the LuX score. Hierarchical clustering 

of mutant strains using LuX score grouped BY4741, Elongase1 in one cluster and Elongase2, Elongase3 mutants in se-

cond cluster. This clustering pattern confirms phenotype observation of mutants reported earlier (marella et al. 2015). 

Now we applied the LuX score to compare lipidomes of human lung tissue, with- and without- carcinoma and in this 

case also, LuX score clearly separates tumor and alveolar tissues. To extend the capacity and scope of this approach, 

we combined the structural similarity metric with lipids quantities and observed superior clustering of lipid profiles in 

yeast, drosophila-larvae and human lung lipidomes compared to purely quantity based methods.
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owing to its capability of discriminating subtle mass-altering structural differences such as double bonds or elonga-

ted acyl chains, mALdi-based imaging ms (ims) has emerged as a powerful technique for analysis of lipid distribution 

in tissue at moderate spatial resolution of about 50 μm. However, it is still unknown if ms1-signals and ion intensity 

images correlate with the corresponding apparent lipid concentrations. Analyzing renal sulfated glycosphingolipids, 

sulfatides, we validate for the first time ims-signal identities using corresponding sulfatide-deficient kidneys. To eva-

luate the extent of signal quenching effects interfering with lipid quantification, we surgically dissected the three 

major renal regions (papillae, medulla, and cortex) and systematically compared mALdi ims of renal sulfatides with 

quantitative analyses of corresponding lipid extracts by on-target mALdi ToF-ms and by ultra-performance Lc-Esi-

(triple-quadrupole)tandem ms. our results demonstrate a generally strong correlation (r2 > 0.9) between the local 

relative sulfatide signal intensity in mALdi ims and absolute sulfatide quantities determined by the other two methods. 

However, high concentrations of sulfatides in the papillae and medulla result in an up to 4-fold signal suppression. in 

conclusion, our study suggests that mALdi ims is useful for semi-quantitative dissection of relative local changes of 

sulfatides and possibly other lipids in tissue.
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diffuse gliomas are one of the most common types of human brain tumor and among the most deadly of all human 

cancers. depending on the tumor stage, they can be extremely invasive and resistant to different kinds of cancer the-

rapies. recent studies reveal that the unfolded protein response (upr) network might be responsible for the tumor 

proliferation and therapeutic resistance. depending on the Er stress level, the upr network can be either protective, 

where the Er homeostasis is reestablished, or apoptotic, where it leads to cell death. due to this reason, the upr net-

work has become a potential target for the treatment of cancer with the aim to shift the balance to the upr apoptotic 

site to induce cancer cell death. However, the cellular signals and the way they integrate with each other to trigger cell 

decision to either cell death or survival are unknown. moreover, it has already been suggested in various studies that 

on the one hand, the alteration in membrane lipid composition can induce upr and on the other hand, upr can affect 

the lipid metabolism of the cell. in this project, we aimed to gain deeper insights into the upr network in gliomas and 

investigate its equilibrium stage using quantitative proteomics and lipidomics assays. For this purpose, first, global 

proteomics experiments will be utilized to create a library of proteins, which are altered in response to Er stress. subse-

quently, targeted proteomics experiments will be developed for the quantitative analysis of the different upr branches. 

in parallel, quantitative lipidomics analysis will be carried out to investigate the effect of membrane lipid composition 

on upr and how upr can alter the cellular lipid metabolism. The final aim of this project is, to define novel therapeutic 

targets contributing to the development of clinical therapies against gliomas.
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in response to the urgent-need for analysis software that is capable of handling data from targeted high-throughput 

lipidomics experiments, we here present a systematic workflow for the straightforward method design and analysis of 

selected reaction monitoring data in lipidomics based on lipid building blocks. skyline is a powerful software primarily 

designed for proteomics applications where it is widely-used. We adapted this tool to a ‘plug and play’ system for lipid 

research. This extension offers the unique capability to assemble targeted mass spectrometry methods for complex 

lipids easily by making use of their building blocks. With simple yet tailored modifications, targeted methods to analyze 

main lipid classes such as glycerophospholipids, sphingolipids, glycerolipids, cholesteryl-esters and cholesterol can be 

quickly introduced into skyline for easy application by end users without special bioinformatics skills. To illustrate the 

benefits of our novel strategy, we used skyline to quantify sphingolipids in mesenchymal stem cells. We demonstrate a 

simple method building procedure for sphingolipids screening, collision energy optimization and absolute quantifica-

tion of sphingolipids. in total, 72 sphingolipids were identified and absolutely quantified at the fatty acid scan species 

level by utilizing skyline for data interpretation and visualization. 
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intracellular membrane trafficking is regulated by the interaction of signaling molecules like membrane lipids and 

proteins. Acid sphingomyelinase (asmase) hydrolyzes the lipid mediator sphingomyelin (sm) to ceramide in response 

to cellular stress. consequently, the lack of intracellular lipid signaling enzymes results in alterations of the lipid pro-

file. in this study, we characterized the lipidome of in vitro generated gene deficient asmase bone marrow derived 

macrophages (Bmdm), freshly isolated bone marrow stem cells (Bmsc) and peritoneal exudates cells (pEc). We found 

a significant phenotype with regard to sm species in asmase Ko Bmsc and pEc. However this was not observed in in 

vitro generated Bmdm. 

These results prompted us to develop a fetal calf serum (Fcs)-free macrophage generation protocol. several Fcs-free 

media were tested for the development of Bmdm as shown by FAcs analysis. in contrast to Bmdm generated in Fcs-

containing media we showed that asmase Ko Bmdm generated in Fcs-free media resemble the phenotype of Bmsc 

and pEc. These data show that Fcs-derived lipids present in cell culture media have a strong compensatory effect on 

the sm levels in macrophage deficient in asmase. This strongly suggests the use of Fcs-free cell culture systems to 

study lipid metabolism in vitro.
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Lipopolysaccharides (Lps) of Gram-negative bacteria activate the innate immune system response in mammalian cells. 

A heterodimer of the Toll-like receptor 4 (TLr4) and myeloid differentiation protein 2 (md-2) is formed upon binding 

of a common pattern in structurally diverse Lps molecules, the lipid A. To induce dimerization of the TLr4/md-2/Lps 

complex and activation of the TLr4/md-2 signaling pathway, Escherichia coli Lps/ lipid A has to be penta- to hep-

ta-acylated. E. coli strains of the Kpm (Kdo pathway mutant) series have a genetically engineered Lps. This has been 

accomplished by a drastic modification of Lps biosynthesis through the stepwise incorporation of finally seven genetic 

deletions (ΔgutQ, ΔkdsD, ΔlpxL, ΔlpxM, ΔpagP, ΔlpxP and ΔeptA) in strain Kpm404. This leads to the absence of the 

carbohydrate decorations and the lack of secondary acyl chains that are usually transferred to the lipid A moiety. A 

primarily introduced compensating mutation in the msbA gene enables the viability of Kpm cells in the presence of the 

so-called “lipid iVA”, a tetra-acylated precursor of lipid A biosynthesis, which does not cause an endotoxic response in 

human cells.

Here, we investigated the alteration in the phospholipids (pL) and the fatty acid composition in membranes of E. coli 

Kpm strains in response to the changes of the Lps structure. For that, selected Kpm strains were grown under identical 

conditions to an optical density of about 0.8, and the pL were extracted by the Bligh-dyer method. The in-depth ana-

lysis was done by 1) 31p Nmr spectroscopy for quantification of the phospholipid classes, 2) Gc/ms for analysis and 

quantification of the fatty acid composition, and 3) shotgun lipidomics to study the lipid species on the molecular level. 

The radical alteration of the Lps structure showed no significant changes in the pL composition of the mutant strains 

in comparison to the BL21 (dE3) wild-type strain, but significant changes in the fatty acid composition, i.e. the ratio 

of saturated fatty acid/unsaturated fatty acid/ cyclopropane fatty acid content. in ms/ms-experiments, we observed 

a decrease in the content of both saturated and unsaturated fatty acids in the mutant strains in pG, pE and lyso-pE 

species. in contrast, we determined a significant increase in the incorporation of cyclopropane fatty acids into the pL 

species of the Kpm strains. 
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Airway epithelial cells play a central role in various airway diseases such as asthma and copd. changes in airway epithe-

lial cells during disease result in rNA expression, protein synthesis and lipid composition. research is usually focused on 

one of these molecule classes due to a limitation in sample size that can be derived from murine airways. 

We therefore developed a method for simultaneous extraction of lipids, rNA and protein that allows the analysis of 

small quantities of airway epithelial cells derived from murine tracheae.

Explanted mouse tracheae were cut in two pieces of equal size and one piece was stimulated 30 min, 1h and 2h with 

Lps in HEpEs buffered ringer solution at 37° c. The other part of the trachea remained in in HEpEs buffered ringer 

solution without Lps and served as internal control. The epithelial cells of both pieces were isolated individually with a 

sterile swab which was subsequently snap-frozen. 

Lipids were isolated according to Bligh and dyer1 and analyzed with a high resolution mass spectrometer2. The mrNA 

and proteins were isolated from the remaining aqueous fraction with a column-based kit system. The proteins remained 

in the flow-through. The mrNA expression of chemokines and cytokine (mip-2, Kc, mcp-1, iL-6) were investigated with 

qrT-pcr. proteins in the flow through were precipitated with trichloroacetic acid, washed with acetone and collected in 

sds based lysis buffer. Western blot analysis was used to quantify the phosphorylation of the transcription factor NFkB. 

To determine the influence of the lipid extraction on the analysis of rNA and proteins, individual samples were used 

exclusively for protein and mrNA analysis, respectively. Lipid extraction caused a loss of approximately 40 % mrNA and 

combined lipid and mrNA extraction resulted in loss of approximately 80 % of proteins. However, Lps-induced increase 

of cytokine and chemokine mrNA expression and increased NFkB phosphorylation was readily detectable in all samples 

with prior lipid extraction. We found the same mrNA expression profile and the same increase of NFkB phosphoryla-

tion in samples processed with and without lipid extraction. in the lipid analysis more than 280 lipid species from 10 

lipid classes were detectable in each sample. Lps exposure up to 2 hours showed stabile lipid class profiles and only 

slight changes in lipid species profiles. our results demonstrate that changes in lipids, mrNA and proteins can be readily 

analyzed in small sample amounts from murine airway epithelial cells. 

1 Bligh EG, dyer WJ (1959) A rapid method of total lipid extraction and purification. can J Biochem physiol 37(8):911–917

2  Zehethofer N, Bermbach s, Hagner s, Garn H, müller J, Goldmann T, Lindner B, schwudke d, König p (2015)
  Lipid Analysis of Airway Epithelial cells for studying respiratory diseases. chromatographia. 78(5-6):403-413.
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Hepatitis c virus (HcV) infection has long been associated with abnormalities in lipid metabolism, most notably the oc-

currence of steatosis. in addition, lipids and lipid storage organelles (lipid droplets) have been shown to play crucial roles 

in different steps of the viral life cycle. Here, we performed lipidomic studies of HcV-infected and uninfected hepatoma 

cells. Huh7.5 cells were infected with an HcV reporter virus (Jc1Ns5A/B-EGFp) and 6 - 10 days post infection, when infec-

tion rates were above 80 %, lipids were extracted and subjected to mass spectrometry. our results indicate that HcV 

infection induces an alteration of the ratio between neutral and membrane lipids. in addition, we observed that HcV 

infection caused changes in the relative abundance of different lipid species. HcV-infected cells had a higher relative 

abundance of phosphatidylcholines (pc) and triglycerides (TG) with longer fatty acids than control cells. The analysis 

of free fatty acids revealed a significant increase of arachidonic, eicosapentaenoic and docosahexaenoic acid caused by 

HcV infection. importantly, inhibition of the puFA synthesis pathway decreased virus replication. We also analyzed the 

impact of different fatty acids on viral rNA replication and assembly and release of progeny virions and could detect 

striking differences between fatty acids depending on chain length and saturation. Taken together our results suggest 

that HcV alters the lipid metabolism of the host cell to enhance its replication.
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in the last ten years, lipidomics has attracted increasing attention as a research tool in a wide range of disciplines 

including physiology, lipid biochemistry, clinical biomarker discovery and pathology. Lipid metabolism is found to be 

critically aberrant in several different human diseases such as diabetes, obesity, atherosclerosis and Alzheimer’s disease. 

All these characteristics make lipids profiling an essential tool not only for investigation of many pathological processes 

but also in identifying potential biomarkers for establishing preventive or therapeutic approaches for human health.

Here we present a direct-infusion mass spectrometry approach (shotgun lipidomics) in order to identify and quantify 

at least ten lipid species classes using a two-step extraction procedure, enabling both lipidiomics as well as polar meta-

bolite analysis via Gc-ms. We developed a new automated data analysis pipeline, which allows for the fast and robust 

quantification and identification of lipid species from high-resolution ms data.

The software is based on the open-source c++ library openms and r scripts, and supports automated ion-mode and 

adduct detection, isotope- assembly and correction, non-linear mass calibration, an in-house lipid database combining 

Lipidmaps and HmdB for mass-based identification. Quality control plots are created for all major processing steps for 

each sample, allowing the operator to quickly judge data quality. spike-in internal standards serve as abundance norma-

lization for their respective lipid class. Additionally, a new robot-based sample preparation method is introduced, which 

allows standardized sample handling, ensures rapid sample processing, and minimizes potential variations in pipetting 

or weighing. Furthermore, due to use of glass vials, we show that common background signal (e.g. from tris(ditert-bu-

tylphenyl) phosphate) are significantly reduced.

To study the effects of lifestyle factors, we investigate the lipidome changes in a mouse model considering four tissue 

types (WAT, serum, muscle and liver) under normal vs. high-fat diet.
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The dietary intake of n3 long chain polyunsaturated fatty acids (Lc n3-puFA), such as eicosapentaenoic acid (EpA) and 

docosahexaenoic acid (dHA) is associated with several beneficial health effects, e.g. on cardiovascular diseases or on 

inflammation. in order to understand the underlying mechanisms, investigation of the fate of Lc n3-puFA upon absorp-

tion, e.g. their distribution in the organism and incorporation in lipids such as polar lipids and triglycerides is crucial. 

moreover, the nutriokinetics of Lc n3-puFA bound as ethyl esters, triglycerides or polar lipids differ. Thus, proper che-

mical characterization of dietary supplements with respect to the puFA pattern in the different fractions is crucial. 

on the poster, an efficient protocol for the separation of lipid classes by solid phase extraction followed by gas chroma-

tography with flame ionization detection (Gc-Fid) is presented. using standards of individual fractions, the separation 

efficacy is characterized. moreover the results from an application on n3-puFA dietary supplements are presented.

ostermann, A. i.; muller, m.; Willenberg, i.; schebb, N. H., determining the fatty acid composition in plasma and tissues as fatty acid methyl esters using gas 
chromatography - a comparison of different derivatization and extraction procedures. prostaglandins, leukotrienes, and essential fatty acids 2014, 91, (6), 
235-41.
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1H nuclear magnetic resonance (Nmr) is a convenient method for investigating lipid compositions of tissues or mix-

tures in a quantitative manner. As 1H is the most sensitively detectable Nmr nucleus, even diluted samples can be analy-

zed in a comparably short time. suppression effects as observed in mass spectrometry do not play a role. However, due 

to the relatively small signal range in 1H-Nmr spectra severe signal overlap occurs in complex samples and, thus, the 

quality of 1H Nmr spectra and to be able to separate overlapping peaks, sophisticated spectral processing techniques 

can be used. Finding “hidden” peaks in crowded regions can be achieved by continuous wavelet transformation (cWT). 

Here the spectrum is convolved with a wavelet of different widths resulting in a baseline-flattened, denoised spectrum 

solely containing information about the position of peaks. peak patterns obtained in this way can be easily compared 

with reference spectra of the compounds of interest stored in a database. spectral fitting is now performed in an ite-

rative process with different wavelet widths. using this approach otherwise hidden compositional information can be 

extracted to distinguish between very similar molecules. using fatty acid mixtures of defined compositions the power 

of this approach will be verified. Finally, „real world“ fatty tissue samples of genetically altered mice will be investigated. 

it will be shown that the newly developed approach provides data which are comparable to standard methods of lipid 

analysis.
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dietary intake of long chain n3-polyunsaturated fatty acids (n3-puFA), particularly eicosapentaenoic acid (EpA) and 

docosahexaenoic acid (dHA) is associated with beneficial health effects, e.g. a reduced risk for inflammatory or cardi-

ovascular diseases. it is believed that a significant portion of these effects is mediated by their oxidative metabolites 

– oxylipins – formed in the arachidonic acid (AA) cascade. conversion by cyclooxygenases (coX), lipoxygenases (LoX), 

cytochrome p450 (cYp) monooxygenases, soluble epoxide hydrolase (sEH) or other enzymes leads to a large number 

of oxylipins with different physiological properties. prostaglandins from AA e.g. are involved in the regulation of pain 

and fever or epoxides from AA, EpA and dHA have anti-inflammatory, analgesic and vasodilatory effects.

in the present study we investigated the nutriokinetics of a high n3-puFA diet (1 % EpA and dHA ethyl ester). over a 

supplementation period of 45 days, the fatty acid composition of plasma and tissues was monitored by gas chromato-

graphy with flame ionization (Gc-Fid). The oxylipin pattern was analyzed by liquid chromatography-mass spectrometry 

(Lc-ms) based targeted metabolomics allowing the parallel quantification of 120 oxylipins.

on the poster presentation, absorption and distribution of n3-puFAs is characterized and correlated with changes in 

the n3- and n6-puFA oxylipin metabolome. Furthermore, changes in the oxylipin pattern in plasma and tissues are com-

pared. Tissue specific n3-puFA metabolites are identified and discussed with regard to enzymatic routes of formation.

ostermann, A. i.; muller, m.; Willenberg, i.; schebb, N. H., determining the fatty acid composition in plasma and tissues as fatty acid methyl esters using gas 
chromatography - a comparison of different derivatization and extraction procedures. prostaglandins, leukotrienes, and essential fatty acids 2014, 91, (6), 
235-41.

schebb, N. H.; ostermann, A. i.; Yang, J.; Hammock, B. d.; Hahn, A.; schuchardt, J. p., comparison of the effects of long-chain omega-3 fatty acid supplementa-
tion on plasma levels of free and esterified oxylipins. prostaglandins & other lipid mediators 2014, 113-115, 21-9.

Willenberg, i.; ostermann, A. i.; schebb, N. H., Targeted metabolomics of the arachidonic acid cascade: current state and challenges of Lc-ms analysis of oxyli-
pins. Anal Bioanal chem 2015, 407, (10), 2675-83.
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reactive oxygen species (ros) play important physiological roles and are of particular relevance in the pathogenesis 

of inflammatory diseases such as hepatitis or arthritis. At inflammatory conditions hypochlorous acid (Hocl) is gene-

rated (beside many other ros such as hydroxyl radicals) via the enzyme myeloperoxidase (mpo) which is abundant in 

neutrophilic granulocytes. Although Hocl induces primarily the oxidative modification of thiol and amino residues, 

Hocl reacts also with the double bonds in the fatty acyl residues of (phospho)lipids under formation of chlorohydrins 

as the main products. chlorohydrins are comparably stable products and can be easily identified by mass spectrometric 

methods.

using oleic acid (oA), the simplest unsaturated fatty acid which contains just a single double bond, as a model system, 

we carefully investigated all products after reaction with Hocl, including the chlorohydrin, by a combination of thin-

layer chromatography (TLc), electrospray ionization (Esi) mass spectrometry (ms) and nuclear magnetic resonance 

(Nmr) spectroscopy. in contrast to phospholipids, the reaction between oleic acid and Hocl leads not exclusively to 

the formation of chlorohydrin (isomers) but is much more complex: there are also significant amounts of dimeric and 

(to a minor extent) trimeric products which indicate the involvement of free radicals during the reaction. Although we 

were so far not able to elucidate the structures of all generated isomers in detail, the formation of oligomeric products 

could be verified by all used methods. The obtained products after oA chlorination were also compared with the reac-

tion products of 1-palmitoyl-2-oleoyl-sn-phosphatidylcholine (popc) and Hocl. The reasons why different products 

are obtained at both conditions will be discussed and potential physiological consequences regarding the metabolism 

of oxidized fatty acids highlighted.
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introduction: 

The analysis of complex and heterogeneous biological samples often poses a serious challenge which can be addressed 

by use of mass analysers providing a very high resolving power such as FT-icr mass spectrometers. Alternatively, 

sample complexity can be reduced by chromatographic separation, e.g. by thin-layer chromatography (TLc) preceding 

ms analysis. coupling a dEsi ion source to a mass spectrometer provides a convenient technique to probe a TLc plate 

under ambient conditions [1]. Here, we show that the hyphenation of dEsi with an FT-icr mass spectrometer enables 

accurate and precise analysis of immunodetected glycosphingolipids (GsLs) which act as receptors of shiga toxins 

(stxs) released by enterohemorrhagic Escherichia coli (EHEc) [2]. 

materials and methods: 

Neutral GsLs from human erythrocytes were applied bandwise onto high-performance normal phase silica TLc plates, 

separated, and detected by antibody-overlay assays [2]. subsequently, plates were submitted to dEsi FT-icr-ms analysis. 

Tandem ms experiments were performed by use of irmpd. 

results and discussion: 

TLc-separated stx GsL receptors globotriaosylceramide (Gb3cer), globotetraosylceramide (Gb4cer) and Forssman GsL 

were detected by overlay assays with GsL-specific antibodies as well as stx1a, stx2a and stx2e subtypes, combined with 

secondary antibodies and subsequent staining with a chromogenic substrate. stained bands were probed by dEsi FT-

icr ms and immunopositive GsLs could be desorbed and ionised directly from the TLc plate without interferences from 

the antibodies, stxs or the staining reagent. The observed fragmentation patterns in irmpd experiments are similar to 

those obtained by low energy collisional activation. Evaluation of the ms/ms spectra allowed for structural elucidation 

of stx receptors both with respect to glycan sequence as well as ceramide moiety. The results presented in this study 

demonstrate the potential of the hyphenation of planar chromatographic separation and formation of gaseous ions 

directly from the surface of the TLc plate by dEsi for the analysis of immunostained GsLs. 

1  Z. Takáts, J. m. Wiseman, B. Gologan, r. G. cooks, science, 2004, 603, 471.

2  i. meisen, m. mormann, J. müthing, Biochim. Biophys. Acta, 2011, 1811, 875.
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important representatives of lipids are the phospholipids and glycolipids, which inherit multiple functions in biological 

systems. The lipids are divided into classes by reference to the polar head group, which is bonded to the glycerol back-

bone or to the glycerolphosphate backbone. important representatives of phospholipids are phosphatidylcholines (pc), 

phosphatidyl-ethanolamines (pE), phosphatidylserines (ps), phosphatidylglycerols (pG), phosphatidyl-inositols (pi), and 

bis(monoacylglycero)phosphates (Bmp), whereas mono- (mGdG) and digalactosyldiacylglycerols (dGdG), sulfoquinovo-

syldiacylglycerols (sQdG) and diacylglyceroltrimethylhomoserines (dGTs) are interesting glycolipids.  

Lipid-profiling of various organisms is mandatory to gather information on the response to environmental stress. For 

example, the adaptation of algae to excessive light can be investigated on the glycolipid level. Furthermore, lipids are 

often involved in the pathogenesis of various diseases. several studies indicate that Bmp can be used as biological mar-

ker for breast cancer. diseased tissue is characterized by higher contents of Bmp. 

important structural information can be obtained by use of msn. However, the constitutional isomers pc and Bmp show 

highly similar ms/ms spectra. Therefore differentiation of these lipids solely based on ms is not possible, and hence 

chromatographic separation is mandatory. Hydrophilic interaction liquid chromatography (HiLic) provides a good op-

portunity to separate the polar lipid classes. 

The applicability of the developed lipid-profiling method based on HiLic-Esi-ms/ms is demonstrated by analysis of 

polar lipids from baker’s yeast (Saccharomyces cerevisiae) and from the green algae Chlamydomonas reinhardtii. 
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cardiolipins are a class of phospholipids that is predominantly present in the inner mitochondrial membrane. since 

there are various oxidative processes taking place in mitochondria it is most likely that these lipids are exposed to high 

concentration of reactive oxygen species. Therefore we are investigating the effect of ros on properties of biologically 

relevant membranes. recent results have proven that mitochondria [1], thrombocyte vesicles [2] and liposomes [3, 4] 

can adhere and spread on the hydrophobic surface of a static mercury electrode leading to capacitive current peaks due 

to the formation of lipid monolayer islands. Analysis of adhesion-spreading kinetics provides information on the phase 

transition temperature as well as on the flexibility of the membranes. The vesicles are treated with hydroxyl radicals 

generated by the catalytic decomposition of hydrogen peroxide on platinum, thus avoiding any other chemical or phy-

sical effect on the liposomes. mass spectrometry of the products of this radical attack has shown that one alkyl chain is 

abstracted from synthetic cardiolipin forming a lysocardiolipin that can result in changes of the membrane fluidity. 

1 Hermes, m. et al. Electrochemical signals of mitochondria: A new probe of their membrane properties. Angew. chemie - int. Ed. 50, 6872 - 6875 
 (2011).

2  Agmo Hernández, V. et al. The adhesion and spreading of thrombocyte vesicles on electrode surfaces. Bioelectrochemistry 74, 210 - 216 (2008).

3  Hellberg, d. et al. Bursting and spreading of liposomes on the surface of a static mercury drop electrode. Electrochem. commun. 4, 305 - 309 (2002).

4 Zander, s. et al. membrane fluidity of tetramyristoyl cardiolipin (TmcL) liposomes studied by chronoamperometric monitoring of their adhesion 
 and spreading at the surface of a mercury electrode. J. solid state Electrochem. 16, 2391 - 2397 (2012).

P �4 P r i c E



56    

  

  L ip idomics Forum 

Site Specific release of liposomal nanotheranostic agents through
Enzymatic Sensitizing of liposomes by Phopholipases in combination
by remote activation by alternating magnetic field

tuula Penate medina1   
Jana Humbert, Nicolai purtz2, robert J. Tower1, olga Will1, Arndt rohwedder1, 3, Holger Kalthoff3, 
claus c. Glüer1, oula penate medina1 

1 section Biomedical imaging, department of diagnostic radiology and Neuroradiology, 
  university Hospital schleswig-Holstein, campus Kiel, Germany; E-mail: oula.penate@rad.uni-kiel.de
2 department of oral and maxillofacial surgery, university Hospital schleswig-Holstein, campus Kiel, Germany
3 division of molecular oncology, institute for Experimental cancer research, university of Kiel, Kiel, Germany

several small molecules have to short circulation time in the blood. Liposomal delivery systems have been used to com-

pensate this phenomenon in drug delivery and in imaging. At the moment liposomal delivery systems have a problem 

that the encapsulated substances remain entrapped inside the liposomes. our purpose was to develop magnetoenzy-

matic sensitive liposome (mEsL) carrier systems for imaging and targeted release of multifunctional nanotheranostic 

agents. The method utilizes alternating magnetic fields (AmF) and liposomal nanoparticles enzymatically sensitized to 

apoptosis, tumor and inflammation processes. We have used this phenomenon to develop more advanced image guided 

tumor and inflammation targeting and therapy methods utilizing asmase secretion in the target tissues. We have also 

studied different asmase levels in different tumor cells and tumor xenografts and inflamed tissues. our theranostic 

delivery system offers a method to avoid this problem by adding site specific release of the content.

The liposomal construct was assembled as icG-iron nanoparticle containing mEsL nanocarrier. The construct was eva-

luated by using dLs, sAX, and electron microscopy. Long term stability and in vitro activation assays were done by 

using leakage assays. in vitro cells studies were performed by using scc and pancreas tumor cell lines. Activated sma-

se levels were analyzed and the smase level changes impacts of the leakage rates was assessed. preliminary in vivo 

imaging studies were performed at the molecular imaging North competence center (moiN cc). Liposome payload 

accumulation was tested by using optical imaging (Nightowl and FmT 2500) and mri. roi analysis was used to assess 

tumor to background and tumor to organ ratios. in preliminary in vivo experiments 10-30 orthotopic xenograft mice 

were used per cell line for imaging, targeting and pK parameter assessment.  Arthtritis and colitis models were used as 

models for inflammation targeting). All administrations were iV injections. The liposome accumulation was studied by 

using icG fluorophores encapsulated in to the liposomes. The dye content in a target organ was assessed by using icG 

fluorescence or absorbance.  

There was clear synergy in using AmF and enzymatic activation in tandem. mri and optical methods can be used to 

assess and develop this platform for further refinement. This method offers total improved way to do imaging and drug 

delivery and has possible perspectives to be clinically translated. 
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chemically cleavable linkers for target identification
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covalent chemical probes are important tools in chemical biology for the study of enzymes, mechanisms of covalent 

drugs and post-translational modifications. in these studies, mass spectrometry plays a crucial role in the identification 

of the probe targets and modification sites. However, the enrichment of probe targets is often accompanied by back-

ground, complicating unambiguous target identification.

We have embarked upon the development of chemically cleavable linkers in order to reduce background protein identi-

fications. We will here present our latest results on the design, synthesis and evaluation of cleavable trifunctional tags, 

incorporating an azide for click chemistry, a fluorophore for sensitve detection and a biotin for enrichment purposes.
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rapid Phospholipid characterization using a novel intelligent 
Workflow on a tribrid orbitrap mass Spectrometer
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High energy Hcd/ms/ms is widely used for the detailed characterization of complex lipid extracts. Both positive and 

negative ms/ms data are often required for characterization of individual molecular lipid species, in particular pc spe-

cies. However, it takes extra instrument time to collect ms/ms data in both polarities and the ionization efficiency in 

the negative mode is generally lower. Additionally, a choice of the dissociation method (Hcd or cid) is important for 

analysis since each of the techniques produces a different fragmentation pattern. in order to address all these issues, we 

developed a novel workflow on a Tribrid orbitrap ms instrument, which uses Hcd ms/ms for characterization of major 

lipid classes and combined Hcd/cid ms/ms for characterization of pc molecular lipid species. To benchmark the work-

flow egg pc extract was analyzed by reverse-phase chromatography and data were acquired using three different ms 

approaches: 1) Hcd/cid ms/ms in positive ion mode, 2) ddA (top 15) acquisition in both positive and negative mode, 

and 3) ddA (top 10) acquisition using polarity switching. The Hr/Am ms and ms/ms data obtained using these three 

approaches were processed by Lipidsearch. The software automatically combines Hcd and cid ms/ms data collected 

from the same precursor ion as a single ms/ms spectrum and aligns positive and negative ion data from multiple raw 

files for automatic lipid identification and characterization. The automated data analysis enables confident identifica-

tion of lipid species for all three approaches. in order to evaluate the improvement in productivity and sensitivity of the 

presented workflow the total number of pcs identified by their sum and molecular composition, and the percentage of 

confidently characterized pcs were compared for each ms-approach. more than one hundred pcs were identified and 

characterized using fragment ion information from the combined Hcd and cid ms/ms spectra or alignment of posi-

tive/negative ms/ms data. importantly, we were able to identify more low abundant pc species using the novel Hcd/cid 

ms/ms. in summary we report a novel approach for detailed characterization of pc molecular lipid species within a 

single alternating positive and negative ion Lc-ms analysis using complementary Hcd and cid ms/ms data.
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