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Lipids and their roles
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… are hydrophobic or amphipathic small molecules with large spectrum of biological functions

https://www.lipidmaps.org/data/classification/lipid_cns.html

Building cellular and organelle membranes

Energy storage

Transport

Cell signaling

Lipoproteins

Lipid droplets

https://www.lipidmaps.org/data/classification/lipid_cns.html


MS-based lipidomics
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• High diversity of natural lipidomes

• High-number of isomeric and isobaric species

• Unresolved isobars at chosen MS resolution

• Adduct formation increases complexity further

• High dynamic range of lipid concentrations - ionization

suppression

• Different chemical properties of lipids – competition for a charge

during ionization

Very high number of lipid molecular species occupy relatively narrow m/z space 

e.g., 40 000 species over m/z range from 250 till 1250 

Lange M, Ni Z, Criscuolo A, Fedorova M. (2019) Liquid Chromatography Techniques in Lipidomics Research. Chromatographia. 82 (1): 77-100. 

possible isomers and potentially overlapping isobars for 

phospholipids (m/z 755–765) within 5 ppm mass accuracy

GP01 – PC GP03 – PS 

GP02 – PE GP04 – PG 



LC- MS-based lipidomics
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RPC-MS in positive and negative ionization modes

• Good separation of lipid species crucial for high confident identification and annotation

• Obtained level of structural information depends on lipid class and ionization mode/ 

efficiency



Lipidomics workflow

5Wölk, M. & Fedorova, M. Recommendations for Accurate Lipid Annotation and Semi-absolute Quantification from LC-MS/MS Datasets. in Clinical Metabolomics: Methods and Protocols (eds. Giera, M. & Sánchez-López, E.) 269–287. doi:10.1007/978-1-0716-4116-3_16.
Goracci, L. et al. Lipostar, a Comprehensive Platform-Neutral Cheminformatics Tool for Lipidomics. Anal. Chem. 89, 6257–6264 (2017).

[M+H]+

PC 30:1
[M+HCOO]-

PC 14:0_16:1



Lipidomics workflow
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Metabolomics: Methods and Protocols (eds. Giera, M. & Sánchez-López, E.) 269–287 (Springer US, New York, NY, 2025). doi:10.1007/978-1-0716-4116-3_16.

DG 15:0_18:1 (d7)



Lipidomics workflow

7Wölk, M. & Fedorova, M. Recommendations for Accurate Lipid Annotation and Semi-absolute Quantification from LC-MS/MS Datasets. in Clinical 
Metabolomics: Methods and Protocols (eds. Giera, M. & Sánchez-López, E.) 269–287 (Springer US, New York, NY, 2025). doi:10.1007/978-1-0716-4116-3_16.

Monitor retention time stability & mass error over time



Lipidomics workflow

8Wölk, M. & Fedorova, M. Recommendations for Accurate Lipid Annotation and Semi-absolute Quantification from LC-MS/MS Datasets. in Clinical 
Metabolomics: Methods and Protocols (eds. Giera, M. & Sánchez-López, E.) 269–287 (Springer US, New York, NY, 2025). doi:10.1007/978-1-0716-4116-3_16.

DG 16:0_18:0
Identification based on MS2 of [M+NH4]+

Consider all adducts for accurate quan
Incomplete labelling of deuterated Standards: 
consider all isotopologues for accurate quan

In-source fragmentation
Isotope abundance



I. Brief introduction to data set

II. Set up Skyline for small molecules

III. Create a transition list using Lipid Creator

IV. Relative quantification: normalize to deuterated internal standard

V. Performing a basic group comparison

The tutorial
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Lange M, Angelidou G, Ni Z, Criscuolo A, Schiller J, Blüher, Fedorova M. (2021) AdipoAtlas: a reference lipidome of human white adipose tissue. Cell Reports Medicine. 2(10):100407
Peng, B. et al. LipidCreator workbench to probe the lipidomic landscape. Nat Commun 11, 2057 (2020).



Lipidomics tool guide
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Ni, Z., Wölk, M., Jukes, G. et al. Guiding the choice of informatics software and tools for lipidomics research applications. Nat Methods 20, 193–204 (2023). https://doi.org/10.1038/s41592-022-01710-0
https://www.lipidmaps.org/resources/tools?page=flow_chart

https://www.lipidmaps.org/resources/tools?page=flow_chart


The tutorial data set: AdipoAtlas
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Figure 3: Quantitative representation of human WAT lipidome and description of analytical

strategy used

(A) Schematic depiction of the quantitative lipidomics workflow.

(B) Quantitative distribution of lipid class and corresponding lipid molecular species within

subclasses of human WAT.

Total lipid class concentration is represented by bold lines (SUM), and each single lipid

molecular species is represented by thin lines.

Lange M, Angelidou G, Ni Z, Criscuolo A, Schiller J, Blüher, Fedorova M. (2021) AdipoAtlas: a reference lipidome of human white adipose tissue. Cell Reports Medicine. 2(10):100407 



The tutorial data set: PRM data for Cholesteryl esters
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CholesterolFatty acid

• Esters of cholesterol with ester bond formed between the carboxylate group of a fatty 

acid and the hydroxyl group of cholesterol

• Found in lipid droplets & lipoproteins

• Transport and storage of cholesterol

• Nomenclature: CE X:Y

CE 18:2



The tutorial data set: PRM data for Cholesteryl esters
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For our transition list:
CE X:Y results in fragment ion at m/z 369.3516

Internal standard (d7 @ acyl chain)



LipidCreator within Skyline for generation of transition 
lists

14Peng, B. et al. LipidCreator workbench to probe the lipidomic landscape. Nat Commun 11, 2057 (2020).



For more information about our research & lipidomics applications visit 
fedorovalab.net

LIPID MAPS

Tools Guide
LPPtiger2

Project Page
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