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Why Quantitative OMICS? 

OMICS Research 
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SCIEX Metabolomics \ Lipidomics Workflows 

Clinical Utilization 

 Global Discovery (MPIS) 

 

QTRAP® Platforms 

Quantitative Targeted Profiling 

The LipidizerTM Platform 

(Full Workflow)  

Discovery 

TripleTOF®Platforms 

IDA MSMS 

SWATHTM Global Discovery  

(MS/MSALL) for Lipids 
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Today’s Story – Lipidomics 

Lipidomics — A Part of the Omics Spectrum 

Wenk et al.  Nature 2005 
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‒ The  study of pathways and 

networks of cellular lipids in 

biological systems. 
 

‒ The ‘lipidome’ describes the 

complete lipid profile within a  

cell, tissue or organism and is  

a subset of the ‘metabolome’ 
 

‒ The metabolome is the total 

number of metabolites present 

within an organism, cell, or tissue 

Lipidomics 

A Subset of the Metabolome 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://khughitt.github.io/slidify-graphical-lasso/&ei=EOJYVe6dJpCMyASy1ICICw&bvm=bv.93564037,d.cGU&psig=AFQjCNE52GQPdrv1xHIMFD8A8ttoATyEvA&ust=1431974786756387
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Saturated Fatty Acid 

Trans-Fatty Acid 

Raise the level of LDL (‘bad’ cholesterol) and promote CVD 

Why’s That Potato Crisp So Tasty? 

Clinical studies have shown that the type 

and position of the fatty acyl substituents 

of TAGs play an essential   role   in   lipid   

digestion, absorption   and   metabolism 

Triglyceride 
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Fatty Acids Steroids 
Lipid 

Vitamins 
Terpenes 

Eicosanoids/ 

Oxidized FA 

Glycerophospholipids 

Mono-, Di- and  

Triglycerides 

Waxes Sphingolipids 

Ether Phospholipids 

Platelet- 

Activating 

Factor 

Plasmalogens 

Diacyl-Linked  

Phospholipids 

Ceramides 

Sphingomyelins 

Cerebrosides 

Gangliosides 

Lipids play an 

essential role in 

human physiology: 
 

• Metabolic 

homeostasis 

• Cell and 

organelle 

structure 

• Cell signaling 
 

And disease: 
 

• Inflammation 

• Cancer 

• Cardiovascular 

disease 

• Diabetes 

• Inflammatory 

bowel disease 

• Neurological 

diseases 

Halogenated Lipids 

Oxidized Phospholipids 

• Comprised of multiple, distinct structural lipid classes 

Lipidomics 
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Short List of Must Know Common Fatty Acids 
 

Common Name 

Carbons: 

Double 

Bonds 

ES(-) 

m/z 

Myristic Acid 14:0 227.2 

Palmitic Acid 16:0 255.2 

Stearic Acid 18:0 283.2 

Oleic Acid 18:1 281.2 

Linoleic Acid 18:2 279.2 

Linolenic Acid 18:3 277.2 

Arachidonic Acid 20:4 303.2 

Eicosapentenoic Acid 20:5 301.2 

Docosapentenoic Acid 22:5 329.3 

Docosahexenoic Acid 22:6 327.3 

18:1 

14:0 

Structural Examples 

20:4 

22:6 
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Common Phospholipids 
 



10        © 2015 AB Sciex 

Diversity of Phopholipid Molecular Species 

Acyl Chains  
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Glycerol Backbone 

Acyl Chain Modifications : 

Chain length, 

Bond-type (alkyl-, alkenyl-) 

Double bonds,  

Methylation,  

Hydroxylation, 

Epoxidation 

Cyclation 

Conjugation 

 
 

Polar Headgroup 

X=PA, PG, PE, PC,  

PS, PI, PIP, PIP2... 
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Complex Lipids are like a Matrix 

Sum = concentration 

S
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• Lipid are present in classes that have 

concentrations and compositions 

(important for level of metabolism) 
‒ Concentration = sum of the FAs for any given 

class (column) 

‒ Composition = relative abundances of each FA (or 

species) across many classes (rows) 
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Complex Lipids are like a Matrix 

• Lipid are present in classes that have 

concentrations and compositions 

(important for level of metabolism) 
‒ Concentration = sum of the FAs for any given 

class (column) 

‒ Composition = relative abundances of each FA (or 

species) across many classes (rows) 

 

• When FA metabolism is altered there 

is the ability to change FA composition 

of all classes 
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Complex Lipids are like a Matrix 

• Lipid are present in classes that have 

concentrations and compositions 

(important for level of metabolism) 
‒ Concentration = sum of the FAs for any given 

class (column) 

‒ Composition = relative abundances of each FA (or 

species) across many classes (rows) 

 

• When FA metabolism is altered there 

is the ability to change FA composition 

of all classes 
 

• When lipid class metabolism is altered 

there is the ability to change all 

members of the class 
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What is needed from a Quantitative Lipid Platform 

1) Specificity  
‒ A non-specific method (e.g. PC 36:2) 

does not allow mapping to the 

elements of the matrix 

 

2) Quantitation 
‒ A non-quantitative approach does 

not allow accurate summing of the 

rows and columns 

 

3) Comprehensive Coverage 
‒ A partially complete matrix is difficult 

to interpret 

 

1 

2 

3 



Putting it All Together  
Sample Prep to Answers 
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Simplifying the Complexity of Lipidomics and Multiple 
Steps from Sample Preparation to Knowledge 

Powered by METABOLON® 
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Simplifying the Complexity 
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Analytical Challenges in Lipidomic Analysis 

The LipidyzerTM developed to address specificity and quantitative rigor 

DMS Cell 

DMS Curtain 

Plate 
DMS Source  

Extension Ring 

• Specificity: 

• Resolve isobaric interference between different 

lipid classes 

• Determine lipid class and molecular species 

composition in a single run 

 

• Quantitation: 

• Ensure spray stability 

• Minimize carryover 

• Neutralize quantitative bias 
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Coverage 

Benefits of the Lipidyzer™ Platform 

Powered by METABOLON® 

 

Quantitation 

 

Specificity 

FFAs LPEs LPCs PEs 

COV (volts) 

In
te

n
s
it
y
 (

%
) 

1 3 2 
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Why the Lipidyzer™ Platform? – Standards 

Standardization of Sample Preparation 

• Novel internal standard kits and methods 

designed exclusively for the Lipidizer™.  

 

• Built on Metabolon’s “know-how”  of 

commercial lipid analysis platforms and 

standard procedures   

 

• Provides user with confident, reproducible 

quantitation 

 

• Over 90 internal standards across ten 

lipid classes – a complete unique 

strategy!  
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Sample Preparation 
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Why the Lipidyzer™ Platform? – Software 

Lipidomics Workflow Manager 

 

• Sample login and metadata entry 

 

• Selection of lipid class-specific methods 

 

• Fully automated experimental design 

 

‒ Internal standard assembler allows automated 

calculation of volumes to add for your analysis 

 

‒ Automated templates of samples batches to 

ensure statistical distribution 

 

‒ Automated SelexIONTM tuning and system 

suitability tests. 

 

• Controls your entire workflow 
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Why the Lipidyzer™ Platform? – Measurement 

QTRAP® 5500 & SelexIONTM Technology 

• A complete package for lipidomics analysis 

 

• Robust and trusted quantitative mass spectrometry platform the 5500 QTRAP® 

 

• Ensure the highest level of data reproducibility using the new SCIEX branded 

ExionLC  System. 

 

• Perform most confident separation of isobaric lipid species using SelexION™ 

Differential Mobility Separation Technology 

 

FFAs LPEs LPCs PEs 

COV (volts) 

In
te

n
s
it
y
 (

%
) 
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LipidyzerTM Hardware Configuration 

5500 QTRAP® System with SelexIONTM Technology 
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Problem: The Q1 isolation 

window during MS/MS is 

~1.2 Da, which increases 

the number of potential 

isobars 

Challenges in Lipidomic Analysis: Isobaric Overlap 

• There are as many as 180,000 different lipid molecular species that are found 

in a narrow mass range of ~700 amu 

LIPIDMAPS Calculator 

exercise: 

Select mass of 762.4 with a 

tolerance  

of 1.0 amu 

 

108 Lipids identified 

The ambiguous data make it very difficult to use 

MSMS spectra to positively identify a particular 

molecular species and makes it nearly impossible 

to accurately quantitate that molecule 
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Negative ion mode MS/MS fragmentation pattern denotes fatty acid composition 
of complex lipids 

Q1                      Q2                  Q3 

Precursor selected 

in Q1 

 Precursor  

fragments in Q2 

786.6 

281.2 

303.2 

227.2 

Product Ions  

Scanned in Q3  

CAD  gas 

279.2 

283.2 

Qualitative Analysis of Lipids – Measurement 
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Experiment: Product ion spectrum (EPI) of bovine heart extract (m/z 786.5); no DMS 

Multiple fatty acid peaks are visible in the spectrum; no clearly identified 

precursor molecule is apparent from this spectrum 

Product Ion Analysis of Lipids 

18:0 

18:2 

18:1 14:0 

20:4 

Product ion spectrum of 786.6 
(41 common lipid isobars found within 

precursor ion selection window tolerance) 

Many lipid isobars share the same fragment ions 
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Separation waveform (SV):  

radially displaces ions towards  

one or the other electrode,  

depending upon high and  

low mobility characteristics 

Compensation voltage (COV):  

restores the trajectory for a given  

ion or range of ions to allow them  

to transmit through the DMS device 

and enter the mass spectrometer 

SV COV 

To 

MS 
Gas/Modifier 

flow 

How Does SelexION™ Technology Separate Ions? 

Differential Mobility Spectrometry (DMS) separates molecules using planar 

geometry 
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Separation of Lipid Classes Using SelexIONTM Technology 

Negative Ion Mode 

FFAs LPEs LPCs PEs 

COV (volts) 

In
te

n
s
it
y
 (

%
) 

*subset of lipid classes that can be separated  
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PG 

550 600 650 700 750 800 850 900 950 

Mass/Charge (Da) 

PC 

PE 

PA 

PS 

PI 

• Lipidomic 

spectra are 

incredibly 

complex 

• MS/MS spectra 

generated on 

precursors in 

zones of 

isobaric overlap 

will contain 

product ions 

from other 

isobaric species 

Isobaric Overlap of Phospholipids 
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Separation of Lipid Classes Using SelexIONTM Technology 
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Theoretical dipole moments were calculated 

using isopropanol as a modifying solvent 

Molecules that have different dipole moments can be separated by DMS 

Differential Mobility Spectrometry-Driven 

Shotgun Lipidomics 

Anal. Chem. 2014. 86. 9662-9669 

10.1021/ac5021744 

Relationship Between Dipole Moment and CoV 
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Isobaric Interference Among Different Lipid Molecular Species 

Isobaric interference makes ‘unassisted’ MRM analysis by infusion non-specific.  

SelexIONTM Technology makes it possible 

Interference 

Target Peak 

Experiment: mrm analysis of CSF (PE 40:5; 792.6/283.2) 

SelexIONTM Device Off 

Isobaric interference 

removed making 

quantitation possible 

SelexIONTM Device On 
PE specific CoV=-3.8 

Multiple different lipids 

have the same MRM 

transition: 

 

Isobaric Interference 
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Challenge of Lipid Quantitation: Unequal Fragmentation Efficiency 
of Lipids within the Same Class 

Diversity of fatty acid chain lengths and degrees of unsaturation result in 

differential fragmentation efficiency 

Murphy et al. Chem Rev 2001, 101, 479-526 
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Challenge of Lipid Quantitation: Unequal Fragmentation Efficiency 
of Lipids within the Same Class 
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The LipidyzerTM Uses a Broad Array of Internal Standards to 
Normalize Quantitative Data 

Multiple internal standards that reflect the diversity of lipid molecular species 

within a lipid class “unwarps” quantitative data 

Each lipid class has multiple internal standards at concentrations that reflect 

those found in biology 
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The LipidyzerTM Eliminates Quantitative Bias 

Multiple internal standards per class provide accurate quantitation 

*Each dot represents one patient serum sample. We measure 25 serum samples from 25 patients 
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LipidyzerTM Generates Accurate Lipid Class Quantitation  

Quantitative data with < 10% bias and ~ 5% RSD for lipid classes 

*TrueMass = GC-FID, gold standard 
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Why the Lipidyzer™ Platform? – Data Analysis  

Automated Output of Results 
 

• Data Visualization including pathway mapping, heat maps, QC charts and 

quantitative data tables 

 

• Figure resolution allows direct use for publication 

 

• Easy publishing to the cloud portal for expert data interpretation 

 

• True biological insights 
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Why the Lipidyzer™ Platform? – Expertise 

Access to Metabolon’s Consulting Services 

‒ Cloud enabled data processing and sharing  

 

‒ Consulting services and study design for in-depth biological 

data interpretation and disease relevance. 

 

‒ Expert advice on alternative matrices and sample preparation 

 

‒ Expertise at your fingertips 
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OMICS – Continued Education 
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OMICS – Continued Education 
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OMICS – Continued Education 
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SelexIONTM Technology effectively resolves different lipid classes 

DR=7 DR=15 DR=30 

PC+PE 

PC 

PE 

Resolution gas (DR) slows down ions in the DMS cell to enhance resolution 

PC/PE Standard Mixture Resolution 
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PE Mixture analyzed with both PE and PC MRM transitions 

PC 

PE 

250 

11000 

Cross over estimation:  Base peak intensity (PC) 

Base peak intensity (PE) 
X 100 = (250/11000)* 100 =  2.3% 

Cross lipid Class Contamination 
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PC 

PE 7200 

PC Mixture analyzed with both PE and PC MRM transitions 

Cross over estimation:  Base peak intensity (PC) 

Base peak intensity (PE) 
X 100 = (120/7200)* 100 =  1.7% 

Cross lipid Class Contamination 
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Challenge in the Analysis of PC and SM 

Both Phosphatidylcholine and sphingomyelin share the same fragment mass: +184 

The peak intensity of 787/184, without resolution, is attributable to both SM 

40:1;2 and the n+1 isotope of PC 36:2 

Isobaric overlap is a significant issue because the Q3 masses of these two lipid classes are the 

same in the positive ion mode (PIS +184) 
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Despite sharing a common, identifying fragment, PC and SM can easily be 

differentiated 

CoV = 4.3 

CoV = 0.5 

SelexIONTM Technology Resolves PC and SM Lipid Classes 

PIS +184 with CoV Ramp PC + SM 

SM 

PC 

MRMs associated with a class-dependent CoV are specific and selective  
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Key Concern #2 : Sample Carry-Over Between Injections 

• The Use of PeakSIL 

tubing dramatically 

reduces carryover, as 

compared to regular Peak 

tubing 

• Background level reduced 

to very low level in the 

same run  

• Background level further 

reduced to after two blank 

injections  

Spectrum during elution 

Spectrum during washing 

Spectrum of the 2nd  

consecutive blank injection 

5e7 

1.2e5 

1.3e4 
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The solution is the use of PeakSil tubing 
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The Lipidyzer™ Platform Products 

 

• The LipidyzerTM platform  
‒ Components: 

‒ Exion LC, SelexION, 5500 QTRAP®, 

‒ Lipidomics Workflow Manager software  

‒ Platform Getting Started Kits 

‒ PN: 504900 

• Lipidomics Workflow Manager: Standalone 
‒ Lipidomics Workflow Manager Software 

‒ Getting started kits  

‒ PN:5041390 

• The Lipidyzer Internal Standard Kits 
‒ SelexION Tuning Kit the Lipidyzer™ Platform 

‒ Getting Started Kit for the Lipidyzer™ Platform  

‒ System Suitability Kit for the Lipidyzer™ Platform 

‒ Internal Standards Kits for Lipidyzer™ Platform 

 
 

 


