
NOM DE LôAUTEUR JOUR / MOIS / ANNEE

Lipidomic techniques and case studies, example of experimental 

designs focused on lipidomics applied to animal sciences

Laurence Bernard, Carole Delavaud, Hélène Fougère, Justine Bertrand-Michel 

INRA - VetAgroSup, UMR 1213, Centre ARA, Saint-Genès-Champanelle, France

MetaToul-LIPIDOMIQUE, I2MC, Inserm, Université Paul Sabatier UMR1048, Toulouse, France

laurence.bernard@inra.fr



2

What?

Where?

Why?

How?

Lipids

× Definition and structure: molecular species

× Location, biological functions

×Interest in lipid determination

×Techniques for lipid analysis => Lipidomics

Case 
study
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An application in dairy animals

Will address the following...



Presentation
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ÁDefinition and structure of Lipids

ÁLipidomics

ÅTechniques of lipid analysis, 

ÅMS detection

ÅWorkflow (from sample preparation to analysis of 

the data); Approaches

ÁLiterature: example of applications

ÁAn example of application in dairy animals



×Definition and structure of lipids: 

molecular species

_01

.04



. 

Fahy, E. et al., 2005, Eur J Lipid Sci Tech

Lipid: Definition

ÅLipids have been globally defined as biological substances that are generally 

hydrophobic in nature and in many cases soluble in organic solvents

=> These chemical properties cover a broad range of molecules, such as 

fatty acids, phospholipids, sterols, sphingolipids, terpenes, and others

No agreement in the lipid community:

ÅLipids are fatty acids and their derivatives, and substances related 

biosynthetically or functionally to these compounds

ÅLipids are hydrophobic or amphipathic small molecules that may originate entirely or in part 

by carbanion-based condensations of thioesters (fatty acids, polyketides, etc.) and/or by 

carbocation-based condensations of isoprene units (prenols, sterols, etc.)

What?
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Å Christie et al., 2003 



Lipids

Å In variousliving organisms

Å Structural role (biologicalmembrane) 

Å Store energy(AT Represents10-50% in human, ~15%  in bovine and 20% in 
porcine of the adult body weight; seeds...) 

Å Bioactive lipids(molecularsignaling)

Where?

Why?

=> Key role in variousdiseases(metabolic, cancer, cardiovascular, inflammation...) and 
are impactedby nutrition
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Å In all animal tissues and biologicalfluids
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Lipids: molecular species in 8 categories

Glycerol

FA

cholesterol

Simple 

lipids

Consistent structure representation across categories

Fatty Acyls (FA)

Sterol Lipids (ST)
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Saccharolipids (SL), Polyketides (PK) 

(LipidMapsLipidChemistryTutorial) 

(Triacylglycerides;TAG)

(Phospholipids; PL)



An extensive range of quantities

TAG

CEPC

Chol(FA)Fattyacids

(SP) Sphingolipid LPC

Cholesterolester (ST)

(PL) Phosphatidylcholine

(from Christie et al, JLR, 1985) ĄExampleof Lipidcomposition humanplasma
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Kaabiaet al. (2018) Plasma lipidomic analysisrevealsstrong similarities

between lipid fingerprints in human, hamster and mouse compared to 
other animal species. SciRep8, 9.

Triacylglyceride(GL)

=> Modulated according to the species
(Kaabia et al., 2018) 



SphingolipidόҒн҈ύ 

(Hammad SM et al. J. Lipid Res. 2010;51:3074-3087)

An extensive range of quantities
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Sphingolipids

Sphingomyelin
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Lipidomics reveals a remarkable diversity of lipids in human plasma:

Quehenbergeret al. (2010)

An extensive range of molecules

(TAG,...) (PL) 
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Structure of the fatty acids: 

Å Saturated

CH3

Palmiticacidς16:0

1
2

3COOH

16

1

Å Branchedchainfatty acids, hydroxydedfatty acidsacids...

Oleicacidς18:1 cis9 ( 9̟)

CH3
COOH

9

18

6

Linolenicacidς18:3 cis9 cis12 cis15 ( 3̟)

CH3
9

COOH
12 1815

3

Å Ex of mono and 
polyunsaturated
of C18

Linoleicacidς18:2 cis9 cis12 ( 6̟)

CH3

9
COOH

12

18
6

= hydrocarbonatedaliphaticchain; with a carboxylic
function; 2 to 24 atomsof C; with or without double bond

ConjugatedLinoleic
Acid (CLA) 

Rumenicacidς18:2 cis9 trans11, c9t11-CLA
9

CH3COOH
18

11

CLA:



MANNA 23/07/2019

Structure of the fatty acids: Usual nomenclatures

Exampleof Linoleicacid

18:2 n-6 (or w6) or 18:2 ɲ9,12 (cis9,cis12-18:2)

Position of the first double bond 
from the methyl end 

Position of double bonds 
from the carboxylend

Numberof double bonds

Numberof 
carbons

n or

ɲ CH3
18

//upload.wikimedia.org/wikipedia/commons/7/70/LAnumbering.png
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Transconfiguration :
(bacterial or technologicalorigin) 

The two hydrogen atoms are bound to 
oppositesides of the double bond. 

The FA chain is not curved

Elaidicacid(18:1 trans9, n-9)

Oleicacid(18:1 cis9 or n-9)

Adjacent hydrogenatomsare on the 
samesideof the double bond. 

The FA chainiscurved

Cisconfiguration : 

Melting point: 13 °C

=> Differences in geometry between the cisand transMUFA play an important role 
in biological processes, in the construction of biological structures (such as cell 
membranes),confer technological properties (ex fat meltingpointύΧ

Melting point: 44°C

http://en.wikipedia.org/wiki/File:Oleic-acid-3D-vdW.png
http://en.wikipedia.org/wiki/File:Oleic-acid-based-on-xtal-1997-2D-skeletal.png
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V 28 possible configurations 
(isomers)

V numerousbiologicalproperties
(cancers, obesity, antilipogenicΧύ

Linoleicacid
c-9, c-12 isomer

CLAc-9, t-11 isomer
(rumenicacid)

Conjugatedlinoleic acid(CLA)
(in ruminant products)

12

6

11

Rumenicacidς18:2 cis9 trans11, c9t11-CLA
9

CH3COOH
18

11

Linoleicacidς18:2 cis9 cis12 ( 6̟)

CH3

9
COOH

12

18
6

9



Lipid MAPS Website: a huge source of information 

on lipids
https://www.lipidmaps.org/
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http://www.lipidmaps.org/resources/databases/index.php?tab=lmsd

Searchbased
on 

structure....



LIPID MAPS Structure Database (LMSD)

http://www.lipidmaps.org/data/structure/

Online functions:

Browse

Text search

Substructure search

Download structures



Other Websites...

Lipid Library (http://www.lipidhome.co.uk/) by Christie

Lipid Bank (http://www.lipidbank.jp) => The official database of Japanese 
Conference on the Biochemistry of Lipids 
Cyberlipids (http://www.cyberlipid.org) :

This site for cyberlipidstudies is an online, non-profit scientific organization whose 
purpose is to collect, study and diffuse information on all aspects of lipidology.
1.The site seeks to establish contacts between students, teachers, scientists and 
technicians and expose various models in all fields, forgotten studies of the past, work in 
progress and hot fields.
2.The site will try to feature an extensive, always upgraded, annotated bibliography
devoted to the main presented topics.
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=> provide useful online resources for an overview of these molecules and their

structures and methods for analysis

http://www.lipidhome.co.uk/
http://www.lipidbank.jp/
http://www.cyberlipid.org/


×Lipidomics

_02

.020
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Genomics

Transcriptomics

Proteomics

Metabolomics

Bioinformatics

Lipidomics

Omics Technologies: a field of study in Biology

V Is the part of metabolomicsdedicatedto lipids: the full molecular
characterizationof the lipid components in a definedsystem, as well as 
considerationof their functionwhenavailable



(Liu et al, 2018 Progress in LipidResearch 71,70-85)

(Lagarde et al, 2003 BBA)

VThis term usedin the titles of scientific
articles: 1st in 2002, Ғ о00 the last 2 years

VPhysiological or nutritional changes or pathology can induce changes in the 
profiles of  endogenous lipids

V Is a powerful tool for the development of lipid biomarkers, lipid signatures to study 
disease states metabolism  

ÅAllow a comprehensive analysis of lipid molecules

Lipidomics: Definition and key points

(Fahy et al. 2005, EJLST)
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A discipline at the interface of lipid biology technology, biomedical science and 
animal science: 

(Lam  and Shui, 2013 J Genet Genomics) 

Ғ олл

ÅLipidomicsis the study of lipidomes(= a large variety of moleculeswith various
pattern of concentration)

2002 2018
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Lipidomics: How? 

VUses the techniques of analyticalchemistryto studythe entire
lipid content of a cell, a tissue, a biologicalfluid...

VAssociated with mass spectrometry(MS): liquid-
chromatographyMS, shotgunlipidomics...

=> An emerging discipline that evolved thanks to the increase 
in the analytical power of mass spectrometry (MS) and new 
developments in MS

=> By techniques of lipid analysis + MS 
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×Techniques of lipid Analysis



Main techniques for lipid analysis

Chromatography

ÅAnalytical technique => separation of the constituents of a 
homogeneous liquid or gaseous phase mixture

ÅPrinciple based on the repartition of the compounds present in the 
mixture between two phases: the stationary phase (trapped in the 
column (GC, HPLC), on the plate (TLC)) and the mobile phase (gas 
or eluent) which moves

ÅSeparation based on the intrinsic properties (size, structure, ...) of 
the different compounds and their affinity with the stationary and 
mobile phases
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How?



1= Sampling preparation: a key step ! 

+ Internal
Standards

VQuantification
VOutput

ĄHomogenization

ÁWater
ÁAlcohol

TLE

VSupernatant
collected

Ą Proteinprecipitation (plasma)

(FolchJ et al, 1957, J. Biol. Chem.) 
(Bligh EG and Dyer W.J, 1959, Can. J. Biochem. Physiol.) 

TLE

VOrganic
phase 

collected

Aqueous
phase

Proteins

Organic
phase

ÁWater
ÁMethanol
ÁChloroform

Ą liquid-liquid extraction : Folch, Bligh&DyerΧ

TLE: total lipid extract
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