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Lipids
Definition: 

• hydrophobic or amphiphilic molecules, soluble in nonpolar solvents

• hydrophobic or amphipathic small molecules that originate entirely or in 

part by carbanion-based condensations of thioesters and/or by carbocation 

- based condensations of isoprene units. J. Lipid Res. 50: S9-S14, (2009)
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Funcions:

• storing energy

• signaling processes

• structural components of cell membranes 

→  crucial role in many biological processes
imbalance in homeostasis can lead to serious conditions (chronic inflammation, diabetes, 
neurodegenerative diseases,…)

https://www.lipidmaps.org



Lipid Classification System

Category Abbrev.

Fatty acids FA

Glycerolipids GL

Glycero-
phospholipids

GP

Sphingolipids SP

Sterol lipids ST

Prenol lipids PR

Saccharolipids SL

Polyketides PK

Eight lipid categories:
each with its own classification and sub-classification hierarchy
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Mass Spectrometry Reviews, Volume: 40, Issue: 3, Pages: 162-176, DOI: (10.1002/mas.21627) 

https://www.lipidmaps.org/



Lipid Classification System



Lipidomics

• complete set of lipids produced in a given cell or organism = lipidome

• lipidomics – the study of the structure and function of the „complete“ set of lipids

• analysis of lipidome; study of pathways and networks in biological 

systems

• mass spectrometry is the widely used analytical technique for lipidomics

• We have developed an untargeted LC-MS method and  offer cooperation

Targeted lipidomics (quantification)

- cooperation with Karel Čížek

Shotgun (infusion) lipidomics

Untargeted lipidomics (profiling) LC-MS lipidomics

IOCB Prague



Lipidomics on WOS
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https://www.lipidmaps.org

„Lipidomics“ 5/31/2022



Omics technologies

• identification, characterization, and quantification of pools of biological molecules

Genomics

Transcriptomics

Proteomics

Metabolomics Lipidomics
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Lipidome - subset of the metabolome



Untargeted lipidomic workflow

Sample preparation Data acquisition Data analysis

biofluids

tissues

cells

extraction:

MTBE

BUME

HPLC: RP C18 HRAM MS: Orbitrap Fusion Lumos
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+

Basic statistic

Identification 
of lipid species



HPLC method

Thermo Scientific™ Dionex™ UltiMate™ 3000

Mobile phase: 

A 60:40 (v:v) acetonitrile / water

B 90:10 (v:v) IPA / acetonitrile

• 10 mM ammonium formate, 0.1% formic acid
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HPLC method

Thermo Scientific™ Dionex™ UltiMate™ 3000

Mobile phase: 

A 60:40 (v:v) acetonitrile / water

B 90:10 (v:v) IPA / acetonitrile

• 10 mM ammonium formate, 0.1% formic acid

Column: 

Waters ACQUITY UPLC BEH C18 (2.1 x 100 mm, 1.7 µm) 

operated at 45 °C

• flow rate of 180 µL/min

HPLC gradient
Time % A % B
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Mass spectrometry

Thermo Scientific™ Orbitrap Fusion™ Lumos™

• HRAM mass spectrometer (high resolution, accurate mass)

• ionization H-ESI (heated electrospray)

• data-dependent acquisition (DDA) mode

• Positiv and negative mode

• separately (in two chromatographic run) – more 

identified lipids (60 min per sample)

• polarity switching (30 min per sample)
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MS method: negative mode

HPLC-MS run time

0 min 30 min

Full MS 120 000

250 – 1 200 m/z

MS2 15 000

IOCB Prague



MS method: positive mode

Full MS 120 000

250 – 1 200 m/z

MS2 15 000

FA neutral loss

MS3 (top 3 intense 
product ions)
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0 min 18 min 30 min

HPLC-MS run time



HPLC-MS

Base peak chromatograms of positive and negative ion modes of 
egg lipid extracts 

Positive

Negative

Lyso PL,
MG, Sph

PL (PC,PE PI, 
PA, PG, PS,) 
Cer, DG, SM

TG, ChE, CoQ

Lyso PL

PL
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Data analysis

final excel file:

results data table
interactive dashboard
statistical analysis

Raw files
lipids annotation

alignment of RTs

integration of peaks

excel

normalization statistical analysis
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Identification based on:

• retention time

• exact mass of molecular ions (molecular adduct) = elemental composition 

• product ion spectra (MS/MS spectra) + exact mass of product ion = 

elemental composition of product ion

4.2 version 

(5.0 version is tested)



Identification – specific fragments

IOCB Prague RNDr. Vladimír Vrkoslav Ph.D., Ing. Štěpán Strnad Ph.D. | 2.12.2021

Identification level
1) Lipid class + fatty acids (A) 
2) Lipid class + sum of 

CN:DB in fatty acids (B)

https://lipidomics-standards-initiative.org



Example results - data table

• cell samples 

KO cells (gene deletion)

rescue cells (gene re-expression)

Lipid identification
Peak area  (for relative            
quantification)
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(group of Kvido Stříšovský)



Example results - interactive dashboard
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Example results - statistical analysis

Hierarchical clustering heatmapsT-testPCA
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Sum of LF 49

Sum of LF 48

Sum of LF 47

Sum of LF 46

Sum of LF 45

Sum of HF 9

Sum of HF 8

Project WKY rats 
Wistar Kyoto rats; high-fat diet; (group of Lenka Maletínská)
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WKY rats 



Example results - statistical analysis

Hierarchical clustering heatmaps
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PCA
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Example results - statistical analysis

Vulcano plot
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control model

HF model

PC 34:2

2 mm
0 % 100 %

PC 34:1 PC 38:4
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WKY rats 

PC 34:2

PC 38:4

PC 34:1
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New REQUEST

25

• Contact Vladimír Vrkoslav, Štěpán Strnad and discuss your project

How can apply for lipidomic analysis



Lipidomic project in reQest 2

Set in database
- Identification depends  

on relative abundance, 
sensitivity of the 
ionization,…



Up to 10 samples, all samples we measure usualy two times

Normalization ! 

• Cells
• number of cells
• total protein concentration

• Tissues
• mass
• protein concentration

Lipidomic project in reQest 2
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