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Lipidomics in Systems Biology – Untargeted Pos/Neg Switching LC-MS/MS Platform 



LC-MS/MS LC-MS/MS LC-MS/MS 

Integrating Different –Omics Approaches can Reveal insight 
   into Biological Systems of Disease 

lipidomics 

Triomics 



MTBE  
 

extraction 

Serial-Omics (Lipidomics) workflow 

Top Layer: Non-polar Lipids 

Middle Layer: Polar Metabolites 

Pellet: Protein, DNA 

LipidSearch software 
Elements software 

MetaboAnalyst 

QE+/HF 

Non-polar Lipids  

Speed-Vac Dry 
Resuspend in 50/50 IPA/MeOH 

DDA, HCD, +/- switch, RP-C18 

SRM, +/- switch, 300 unlabeled targets 
185 13C/15N targets, Amide-HILIC 

MultiQuant 
MetaboAnalyst 

Elements 

Mascot 
Scaffold 
MaxQuant 

QE+ 

5500  QTRAP 

QE HF 

Polar Metabolites  
Peptides/Phosphopeptides 

Speed-Vac Dry 
Resuspend in H20 Pellet dissolved in  

lysis buffer 

DDA, HCD, RP-C18 

Digest with Trypsin  
Fractionation  
IMAC (Fe3+) 

TMT labeling (126, 128) 

DDA, HCD, +/- switch 

1100/1200 

http://www.google.com/url?url=http://mcr.aacrjournals.org/content/1/3/165/F1.expansion&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiFzpzGw4nLAhWOPB4KHc0GCYAQwW4IGDAB&usg=AFQjCNEfmI9pXvsTxWB26yB0PO7qpOwLCw
http://www.google.com/url?url=http://www.news.cornell.edu/stories/2012/08/gene-deletion-drives-more-quarter-breast-cancers&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiR87PYw4nLAhWGXh4KHQayB984FBDBbggaMAI&usg=AFQjCNG_hbPD3rv_erqTHSlNPKGMzUnqUA


TCA cycle 

Acetyl-coA 

Palmitate (C16:0) 

FAS 

Stearate (C18:0) 

elongation 

elongation 

Arachidate (C20:0) 

  Palmitoleate (C16:1) 
• increase insulin sensitivity (high conc. in liver) 
• inhibit the destruction of insulin-secreting pancreatic beta cells 

   Oleate (C18:1) 
• Mostly present as triglycerides (olive oil, animal fat, etc.) 

 
 Eicosenoate (20:1)  

Fatty Acid Synthesis 
 

Lipid Arrays 

Malonyl-coA 

ACC 

SCD1 

SCD1 

desaturation 

desaturation  

desaturation 

Signaling Lipids 
Membrane structure 

Glycolysis 

Fats 

TG 

//upload.wikimedia.org/wikipedia/commons/3/3a/Cell_membrane_detailed_diagram_4.svg
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Vp00JiZbAw5G7M&tbnid=gdPruS1Zt3fxRM:&ved=0CAUQjRw&url=http://sackler.tufts.edu/Faculty-and-Research/Faculty-Research-Pages/Alexei-Degterev&ei=A2NxUqCkIcaekQf4y4DwDg&bvm=bv.55617003,d.cWc&psig=AFQjCNFoWXF6XfPs5lijAUwABTDPSN1JiQ&ust=1383248976313366


2.1 mm x 10 cm C18 (low pH, high organic) 
260 L/min 

Pos/Neg polarity switching (~10 points/peak) 
HCD-DDA (Top 8) pos and neg mode  

Lipid layer 

Aqueus layer 

methyl-tert-butyl ether  
(MTBE) 

Solid pellet 

 

Cancer cells Agilent 1100/1200 Thermo QExactive Plus/HF 

Platform for Untargeted Lipidomics 

Blood plasma 

Tumor tissue 

flies 

Breitkopf et al, Metabolomics, 2017 



Thermo LipidSearch MS2 Based Identification Process 

Phospholipid 

• Capable of identifying >1500 
lipid ions in 30 min. with 
pos/neg switching from 66 
subclasses of lipids 
 

• Database assisted de novo 
interpretation 

•Untargeted identification based on 
FRAGMENTATION and high mass 
accuracy  MS and MS2 data 

HCD fragmentation 

Quantitation 

Scoring 

MS1 chromatogram MS2 spectrum 



Lipid Family Lipid Class Abr.
P-Choline lysophosphatidylcholine  LPC

platelet-activating factor  PAF

phosphatidylcholine  PC

P-Ethanol Amine lysophosphatidylethanolamine  LPE

lysodimethylphosphatidylethanolamine  LdMePE

phosphatidylethanolamine  PE

dimethylphosphatidylethanolamine  dMePE

P-Serine lysophosphatidylserine  LPS

phosphatidylserine  PS

P-Glycerol lysophosphatidylglycerol  LPG

phosphatidylglycerol  PG

P-Inositol lysophosphatidylinositol  LPI

phosphatidylinositol  PI

phosphatidylinositol  PIP

phosphatidylinositol  PIP2

phosphatidylinositol  PIP3

P-Ethanol lysophosphatidylethanol  LPEt

phosphatidylethanol  PEt

P-Acid lysophosphatidic acid  LPA

phosphatidic acid  PA

cyclic phosphatidic acid  cPA

P-Methanol lysophosphatidylmethanol  LPMe

phosphatidylmethanol  PMe

Sphingolipids sphingomyelin  SM

sphingomyelin(phytosphingosine)  phSM

Neutral glycerolipid monoglyceride  MG

diglyceride  DG

triglyceride  TG

Fatty Acid fatty acid  FA

(O-acyl)-1-hydroxy fatty acid  OAHFA

Cardiolipin Cardiolipin  CL

Sphingoid base Sphingoshine  So

Sphingoshine phosphate  SoP

Glycosphingolipids Ceramides  Cer

Ceramides phosphate  CerP

Gangliosides  GM3

Gangliosides  GM2

Gangliosides  GM1

Gangliosides  GD1a

Gangliosides  GD1b

Gangliosides  GD2

Gangliosides  GD3

Gangliosides  GT1a

Gangliosides  GT1b

Gangliosides  GT1c

Gangliosides  GT2

Gangliosides  GT3

Gangliosides  GQ1c

Gangliosides  GQ1b

Neutral Glycosphingolipids Simple Glc series  CerG1

Simple Glc series  CerG2

Simple Glc series  CerG3

Simple Glc series  CerG2GNAc1

Simple Glc series  CerG3GNAc1

Simple Glc series  CerG3GNAc2

Steroid Cholesteryl Ester  ChE

zymosteryl  ZyE

Stigmasteryl ester  StE

Sitosteryl ester  SiE

Coenzyme Coenzyme  Co

Glycoglycerolipid Monogalactosylmonoacylglycerol  MGMG

Monogalactosyldiacylglycerol  MGDG

Digalactosylmonoacylglycerol  DGMG

Digalactosyldiacylglycerol  DGDG

Sulfoquinovosylmonoacylglycerol  SQMG

Sulfoquinovosyldiacylglycerol  SQDG

Lipid Family Lipid Class Abr.
P-Choline lysophosphatidylcholine  LPC

platelet-activating factor  PAF

phosphatidylcholine  PC

P-Ethanol Amine lysophosphatidylethanolamine  LPE

lysodimethylphosphatidylethanolamine  LdMePE

phosphatidylethanolamine  PE

dimethylphosphatidylethanolamine  dMePE

P-Serine lysophosphatidylserine  LPS

phosphatidylserine  PS

P-Glycerol lysophosphatidylglycerol  LPG

phosphatidylglycerol  PG

P-Inositol lysophosphatidylinositol  LPI

phosphatidylinositol  PI

phosphatidylinositol  PIP

phosphatidylinositol  PIP2

phosphatidylinositol  PIP3

P-Ethanol lysophosphatidylethanol  LPEt

phosphatidylethanol  PEt

P-Acid lysophosphatidic acid  LPA

phosphatidic acid  PA

cyclic phosphatidic acid  cPA

P-Methanol lysophosphatidylmethanol  LPMe

phosphatidylmethanol  PMe

Sphingolipids sphingomyelin  SM

sphingomyelin(phytosphingosine)  phSM

Neutral glycerolipid monoglyceride  MG

diglyceride  DG

triglyceride  TG

Fatty Acid fatty acid  FA

(O-acyl)-1-hydroxy fatty acid  OAHFA

Cardiolipin Cardiolipin  CL

Sphingoid base Sphingoshine  So

Sphingoshine phosphate  SoP

Glycosphingolipids Ceramides  Cer

Ceramides phosphate  CerP

Gangliosides  GM3

Gangliosides  GM2

Gangliosides  GM1

Gangliosides  GD1a

Gangliosides  GD1b

Gangliosides  GD2

Gangliosides  GD3

Gangliosides  GT1a

Gangliosides  GT1b

Gangliosides  GT1c

Gangliosides  GT2

Gangliosides  GT3

Gangliosides  GQ1c

Gangliosides  GQ1b

Neutral Glycosphingolipids Simple Glc series  CerG1

Simple Glc series  CerG2

Simple Glc series  CerG3

Simple Glc series  CerG2GNAc1

Simple Glc series  CerG3GNAc1

Simple Glc series  CerG3GNAc2

Steroid Cholesteryl Ester  ChE

zymosteryl  ZyE

Stigmasteryl ester  StE

Sitosteryl ester  SiE

Coenzyme Coenzyme  Co

Glycoglycerolipid Monogalactosylmonoacylglycerol  MGMG

Monogalactosyldiacylglycerol  MGDG

Digalactosylmonoacylglycerol  DGMG

Digalactosyldiacylglycerol  DGDG

Sulfoquinovosylmonoacylglycerol  SQMG

Sulfoquinovosyldiacylglycerol  SQDG

18 lipid classes and 66 subclasses can be identified via LC-MS/MS and LipidSearch 

LipidIon LipidGroup Class FattyAcid FA1 FA2 FA3 FA4 CalcMz IonFormula

CL(14:0/16:0/16:0/16:1)-H CL(62:1)-H CL (14:0/16:0/16:0/16:1) (14:0) (16:0) (16:0) (16:1) 1321.918005 C71 H135 O17 P2

CL(14:0/16:0/16:1/16:1)-H CL(62:2)-H CL (14:0/16:0/16:1/16:1) (14:0) (16:0) (16:1) (16:1) 1319.902355 C71 H133 O17 P2

CL(14:0/16:1/16:1/16:1)-H CL(62:3)-H CL (14:0/16:1/16:1/16:1) (14:0) (16:1) (16:1) (16:1) 1317.886705 C71 H131 O17 P2

CL(14:0/16:0/16:0/18:1)-H CL(64:1)-H CL (14:0/16:0/16:0/18:1) (14:0) (16:0) (16:0) (18:1) 1349.949305 C73 H139 O17 P2

CL(14:0/16:1/16:0/18:1)-H CL(64:2)-H CL (14:0/16:1/16:0/18:1) (14:0) (16:1) (16:0) (18:1) 1347.933655 C73 H137 O17 P2

CL(14:0/16:1/16:1/18:1)-H CL(64:3)-H CL (14:0/16:1/16:1/18:1) (14:0) (16:1) (16:1) (18:1) 1345.918005 C73 H135 O17 P2

CL(16:1/16:1/16:1/16:1)-H CL(64:4)-H CL (16:1/16:1/16:1/16:1) (16:1) (16:1) (16:1) (16:1) 1343.902355 C73 H133 O17 P2

CL(16:1/16:1/16:1/16:1)-2H CL(64:4)-2H CL (16:1/16:1/16:1/16:1) (16:1) (16:1) (16:1) (16:1) 671.447539 C73 H132 O17 P2

Output breaks down the lipid structure 
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Most regulated Lipids (~1700 total) 
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Non- vs Phospho-Lipid 
MG

BT

• Phospholipids are most enriched in 
breast tumor (PC, PE, LPC, LPE, etc.) 

 

• Triglycerides/diglycerides are 
enriched in breast mammary gland 

0

2E+11

4E+11

6E+11

8E+11

Su
m

m
e

d
 In

te
n

si
ty

 

Lipid Classes 
MG BTM. Gland 

Breast tumor 
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Fatty Acid Chains 

M. Gland 

Breast tumor 

Lipidomics LipidSearch output from 10 mg Breast Tumor  vs. Mammary Gland 
Lo

g2
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 Ceramide 
 Ganglioside 

TSC2-/- 
siSREBP 

   Triglycerides 

 PC, LPA 

 DG, LPC 

Clustering of TSC2 Lipidomics LipidSearch Data using 
MetaboAnalyst 

 Top 225/>2,000 lipids 

TSC2+/+ TSC2-/- 
TSC2-/- 

Rapa 

De Novo Lipid Synthesis Pathway 

Biological replicates 
R2 > 0.95 

Breitkopf et al, Metabolomics, 2017 



Log10 Intensity 

Untargeted Metabolomics/Lipidomics using Elements Spectral Library 
Matching Software (Proteome Software) 

M. Gland Breast Tumor 

The mammary gland and the breast tumor have significantly different metabolite profiles 

>550 identified 
metabolites 
(NIST & HMDB) 

LysoPE (16:0) 



I prefer MS2 fragmentation data in order to trust an identification 
 

• Even sub 1-2 ppm DB searches can be ambiguous in structure without MS2  
    Elements Search with HMDB (no MS2 hits) 

>25 possibilities 

M. Gland Breast Tumor 

Elements Search with NIST (MS2) yields High Confidence lipid IDs 

1,2-didecanoyl PC 
Insulin uptake 



NIST:    234,284 MS/MS spectra (open access)-MS Search, Elements 
HMDB:      88,045 MS/MS (predicted and experimental), open access 
mzCloud: ~200,000 filtered MS/MS spectra (Thermo) 
Metlin:     ~200,000 MS/MS spectra (XCMS online/Agilent)  

Library Statistics 

Elements MS and MS/MS mixed search 



 
Search LipidMaps for LipidMaps ID 

 
 

LipidMaps ID links to HMDB/KEGG 
 

Elements NIST/HMDB IDs 
INCHIKEY:CORCYSWIDKFRAW-HIVNOOBXSA-N 

Convert to KEGG/HMDB using online tools (Fiehn) 

MetaboAnalyst Pathway Enrichment/Mapping 

How Do You Perform Informatics of Lipid Data? 

Pathway Enrichment 
Identified Pathways Pathway Mapping 

LipidSearch lipid composition 
PC(16:0/18:1) 

 



Serial-Omics on Mouse Breast Tumor vs Mammary Gland Tissue 

275 metabolites 

330 metabolites 

30 mg tissue 

http://www.google.com/url?url=http://mcr.aacrjournals.org/content/1/3/165/F1.expansion&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiFzpzGw4nLAhWOPB4KHc0GCYAQwW4IGDAB&usg=AFQjCNEfmI9pXvsTxWB26yB0PO7qpOwLCw


Integration of Serial-Omics Data 

P53-/-, Brca1-/- 

1,550 lipids 
750 metabolites 
7,500 proteins 
1,071 unique phosphosites 

10 mg tissue 

http://www.google.com/url?url=http://mcr.aacrjournals.org/content/1/3/165/F1.expansion&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiFzpzGw4nLAhWOPB4KHc0GCYAQwW4IGDAB&usg=AFQjCNEfmI9pXvsTxWB26yB0PO7qpOwLCw


Serial-Omics Integrated Pathway Map (Lipidomics, Metabolomics and Proteomics) 

P53-/-, Brca1-/- 

Mouse breast tumor 

Up-regulated in breast tumor 
Down-regulated in breast tumor 

http://www.google.com/url?url=http://mcr.aacrjournals.org/content/1/3/165/F1.expansion&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiFzpzGw4nLAhWOPB4KHc0GCYAQwW4IGDAB&usg=AFQjCNEfmI9pXvsTxWB26yB0PO7qpOwLCw


Methyl tert-butyl ether (MTBE) 
Mainly used for lipid extractions 

Lipid layer 

Metabolite 
layer 

Protein pellet 

Typical Needle Biopsy 

Our Goal is To Perform Tri-Omics from Single Tumor Biopsies 

Labeling 
(13C/15N) 

TMT 

 As little as 5-10 mg starting material 

Serial-Omics  

LC-MS/MS 
Metabolomics, Lipidomics and Phosphoproteomics) 
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