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Andreyev AY et al. Subcellular organelle lipidomics in TLR-4-activated macrophages. J Lipid Res. 2010

Reporting lipidomics data



Functional lipidomics
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Adapted from: 
Klose C, Surma MA, Simons K. Organellar lipidomics--background and 
perspectives. Curr Opin Cell Biol. 2013.

Functional lipidomics



Coarse-grained Molecular Dynamics (MARTINI)

Experimental transition temperatures (Tm)
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Functional lipidomics: membrane fluidity
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Lipid Ontology: LION -- example of PS(34:2)



LION/web: a web-tool for LION enrichment

Martijn Molenaar, et al. (2019) GigaScience



LION/web: a web-tool for LION enrichment



dataset from: Andreyev AY et al 2010, JLR
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LION/web: a web-tool for LION enrichment



dataset from: Andreyev AY et al 2010, JLR

LION/web: a web-tool for LION enrichment
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>> there is a demand for user-friendly 
lipidomics data analysis tools!

LION/web 2.0



LION/web 2.0: pathway analysis



Outlook

 Construction of lipid ontology (LION):
 LIPIDMAPS classification
 biophysical and chemical associations
 predominant sub-cellular localizations

 LION enrichment analysis (LION/web):
 http://www.lipidontology.com/
 from lipid species to generalized LION-terms
 publication-ready figures after analysis
 increasing user-base
 recently added new statistical modules
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lipid P-value

PC(32:0) 0.212

PA(36:2) 0.564

PC(34:1) 0.432
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ranked lipids

LION-term of interest
expected by chance

D GLOBAL STATISTIC: 
Kolmogorov–Smirnov test

P-value

LOCAL STATISTIC: 
Student’s t-test

RANKING

LION-enrichment by distribution

[PM] vs. [ER]
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lipidomes PM vs. ER

Holthuis JC, Menon AK. Lipid landscapes and pipelines in membrane 
homeostasis. Nature. 2014

Test case: comparison lipidomic datasets of PM and ER

Does LION/web report enrichment of terms associated 
with the mammalian plasma membrane?

dataset from: 
Andreyev AY et al. Subcellular organelle lipidomics in 
TLR-4-activated macrophages. J Lipid Res. 2010 Sep;51(9):2785-
97.

PM ER

LION/web
http://www.lipidontology.com/



lipidomes PM vs. ER



LION/web validation: +FFA
Experiment 1: addition of free fatty acids 16:0, 18:2, 20:4 to 

CHO-k1 cells

Does LION/web report enrichment of these FFAs?



LION/web validation: +FFA



LION/web validation: membrane fluidity
Experiment 2: addition of free fatty acid 20:4 to CHO-k1 cells to 
          increase membrane fluidity

Does LION/web report enrichment of terms associated
with increased membrane fluidity?
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LION/web validation: membrane fluidity
Experiment 2: addition of free fatty acid 20:4 to CHO-k1 cells to 
          increase membrane fluidity

Does LION/web report enrichment of terms associated
with increased membrane fluidity?



> intersect(
+  lipidsInTerm(ORGANELLES)[[
+  names(LIONTerms)[LIONTerms==
+    "neutral intrinsic curvature"]]],
+  lipidsInTerm(ORGANELLES)[[
+  names(LIONTerms)[LIONTerms==
+    "high bilayer thickness"]]])
 [1] "PC(34:0)" "PC(36:0)" "PC(36:1)" 
 [4] "PC(38:2)" "PC(40:4)" "PS(34:0)" 
 [7] "PS(36:1)" "PS(38:2)" "PS(38:3)" 
[10] "PS(40:3)" "PS(40:4)" "PS(42:4)"

> lipidsInTerm(ORGANELLES)[[names(LIONTerms)[LIONTerms=="low bilayer thickness"]]]
 [1] "PA(30:1)" "PA(38:5)" "PC(32:1)" "PC(32:2)" "PC(34:2)" "PC(34:3)" "PC(36:4)"
 [8] "PC(38:5)" "PC(40:6)" "PC(40:7)" "PE(36:4)" "PE(38:6)" "PG(34:3)" "PG(36:4)"
[15] "PG(38:5)" "PG(40:7)" "PS(36:4)" "PS(38:5)"

dataset from: Andreyev AY et al. Subcellular organelle lipidomics in TLR-4-activated macrophages. J Lipid Res. 2010 Sep;51(9):2785-97.

Lipid Ontology: LION -- in-depth lipid annotation



Functional lipidomics: transition temperature


