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• Human Health 
‒ Biomarkers will help monitor wellness, detect early 

disease, monitor disease progression, and stratify patients 

for more tailored care. 
 

 

• Agriculture and Food 
‒ Bioengineering of key crops will enable the optimization of 

production, nutrition, taste, durability, and resistance to 

infectious agents.  
 

 

• Energy and Environment 
‒ Bioengineering based on a systems level knowledge for 

the development of alternative bioenergy sources and 

improved carbon sequestration. 

 

The Promise of Quantitative Systems Biology 
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The Challenges in Systems Biology 

Today’s biomarker discovery Tomorrow’s personalized medicine 

Omics data are information rich   
and context dependent 

NEED to compare complex biological 
results from diverse technologies 

Vast amounts of omics data are  
generated by different labs 

NEED to integrated environment to 
combine, compare, and share results 
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The Complexity of Systems Biology for 
Personalized | Precision Medicine 
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Leading to a systems-level understanding 
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Omics integration 

OneOmics™ Project 

Genomics 

Transcriptomics 
Next-gen sequencing 

(NGS) 

Proteomics 

Next-gen proteomics 

(NGP) 
SWATH® MS 
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App Store innovation 
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Collaborate securely 

Lipidomics 

Next-gen lipidomics 

(NGL) 

Metabolomics  

 
Next-gen metabolomics 

(NGM) 
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OMICS Technologies 

The OMICS Spectrum 

Wenk et al.  Nature 2005 

Discovery  

Targeted 
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OMICS Technologies 

Wenk et al.  Nature 2005 

The OMICS Spectrum 
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Discovery Clinical Utilization 

 

Validated Assays 
• 10s of biomarkers and 

100,000s of samples/yr. 

• SCIEX Triple Quad™ 

4500 MD 

• MultiQuant™ Software 

MD 

• Cliquid™ Software MD 

Global Untargeted Screening 
• 1000’s of features in 10’s of samples 

• SWATH® / IDA Acquisition 

• Brings data analysis from weeks to days 

 Global Targeted Screening 
• Profile over 500 known metabolites in 10’s 

of samples  

• SWATH® / IDA Acquisition 

• SCIEX Accurate Mass Spectral Library: 

processing to visualization in minutes 

 

Targeted Profiling 
• 100s of putative biomarkers on 100-

1000s of samples 

• QTRAP® Systems: Industry 

standard robustness 

• Kits / reagents / existing methods: 
• aTRAQ™ Reagent for AAA 

• Amplifex reagents for enhanced 

sensitivity 

• MRM assays for Vitamin D, 

Hormones/Steroids 

# Samples 
# Putative biomarkers 

Translation/Validation 

SCIEX Metabolomics Portfolio 
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Applications  
FluxOMICS and Pathways 
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Targeted Metabolomics - FluxOMICS 
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Targeted Metabolomics - FluxOMICS 
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Targeted Metabolomics - FluxOMICS 



7/12/2016 

7 

13        © 2016 AB Sciex 

Targeted Metabolomics - FluxOMICS 
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Targeted Metabolomics - FluxOMICS 
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Targeted Metabolomics - FluxOMICS 

The Lipidyzer™ Platform: A 
Revolutionary Tool for Understanding 
the Role of Lipids in Disease   

For Research Use Only. Not for use in diagnostic procedures. RUO-MKT-11-4185-A 
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• Robust MS System 

• Class separation using DMS 

• Unique internal standard strategy with validated kits 

• Data Visualization including heat maps, box & 

whisker plots, etc 

Lipidyzer™ Platform 

Industrializing Lipidomics 

Specificity 1 3 2 
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Lipidyzer™ Platform 
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• Specificity – Differential Mobility Spectrometry (DMS) 

• Eliminating Quantitative Bias – Novel Internal Standards  

• Coverage – Complex Lipid Metabolism 

• Sensitivity and Precision - Assay 

• Robustness – Assay and Platform 

• Ease of Use - Platform 

 

• Samples Sets used for Biological Validation 

Benefits 

Demonstrating the Power of Lipidyzer™ Platform 
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Complex Lipids are like a Matrix 

Sum = concentration 
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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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• 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 
 

Complex Lipids are like a Matrix 
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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) 

 

• 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 
 

Complex Lipids are like a Matrix 
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What is needed from a 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 
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• Diversity of fatty acid chain lengths and degrees of unsaturation result in differential fragmentation 

efficiency which impacts quantitation 

• Multiple IS that reflect the diversity of lipid molecular species 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Each lipid class has multiple internal standards at concentrations that reflect those found in biology 

Broad Range of IS to Normalize Quantitative Data 
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• Problem: The Q1 isolation window during MS/MS is 

~1.2 Da, which increases number of potential isobars 

 

Removal of Isobaric Interferences 

Specificity Offered by SelexION® Technology 
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LPC LPE PE PC SM 

Differential Mobility Spectrometry-Driven Shotgun Lipidomics Anal. Chem. 2014. 86. 9662-9669 10.1021/ac5021744 

Ionogram: Separation by Lipid Head Group in the Gas Phase 
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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 
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Multiple internal standards per class provide accurate quantitation 

The Lipidyzer Eliminates Quantitative Bias 
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• Over 1100 molecular species across 13 lipid classes 

• Lipidyzer™ Platform provides 6 measurements: 

1. Lipid Class Concentration 

2. Lipid Species Concentration 

3. Fatty Acid Concentration 

4. Lipid Class Composition 

5. Lipid Species Composition 

6. Fatty Acid Composition 

 

Coverage and Depth 

Full Coverage of Complex Lipid Metabolism 

*The Ceramides listed above includes the further three classes, DCER, HCER and LCER 
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• Validated across 4 instruments and 3 labs the instruments detected 

similar numbers of lipid species and with similar precision 

• >675 lipid species with RSD <20% in this control sample 

 

 

5 Day Study 

Lipidyzer™ Platform Sensitivity and Precision 

Instrument 1 Instrument 2 Instrument 4 Instrument 3 
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• 11/13 Classes <10% RSD over 6 days 

 

•   

 

 

 

 

 

 

 

 

*Note: DCERs are present at exceedingly low levels in plasma 

 

 

Precision: 6 Day Study in Plasma (Total Class Concentration) 

Lipidyzer™ Platform Robustness 
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• Automates the entire workflow 

‒ Kit registration (concentration info) 

‒ System tuning and testing 

‒ Experimental design, data collection and processing  

• Data Visualization including heat maps, QC charts 

and quantitative data tables 

 

Lipidomics Workflow Manager Software 

Ease of Use 

Lipid class and molecular species 

Mean Fold 

Change 

Pass / Fail 
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• Preeclampsia - a leading cause of maternal 

perinatal morbidity and mortality 

‒ Shallow invasion of cytotrophoblast (CTB) cells 

into mother’s uterus 

‒ Failed vascular transformation of the spiral 

arteries is the hallmark of the placental defects 

in preeclampsia 

‒ Response: high blood pressure & proteinuria 

• Understand normal CTB development and 

how this goes awry in preeclampsia 

• Pilot study of 12 preterm labor (PTL) vs 12 

severe preeclampsia women (SPE). 

• Gestational age-matched plasma samples, 

25-37 wks 

• Validated TAGs and DAGs upregulation in 

SPE 

 

 

 
 

Sample Set 1 

Biological Validation of Lipidyzer™ Platform 

Normal (16 wks) 

Lack of spiral artery remodeling in 

preeclampsia 

Professor Katherine Williams & Susan Fisher, 

Department of Obstetrics, Gynecology, and 

Reproductive Sciences, University of California 

San Francisco (UCSF). 
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• Patients with hypertriglyceridemia (high triacylglycerols, TAGs x14), 

hypercholestberolemics (high cholesteryl esters, CEs x14) and controls (x12) 

‒ 40 samples total. 

• Validated TAG changes with clinical findings 

• Validated CE changes with clinical findings 

 

 

 

 

Sample Set 2 

Biological Validation of Lipidyzer™ Platform 
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• Novel findings in down regulated HCER & LCER highlighting altered 

glycosphingolipid metabolism 

 

 

Sample Set 2 Continued 

Biological Validation of Lipidyzer™ Platform 
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• Weight Loss Study 

‒ Clinical manifestation of inflamed adipose tissue 

‒ Insulin resistance → leading to metabolic syndrome 

‒ Calorie-restricted diet over 8 wks (900 kCals per day) 

‒ Serum taken before and after weight loss 

• Decreased lipogenesis (including decreased TAGs) 

• Increased FFAs  

 

Sample Set 3 

Biological Validation of Lipidyzer 

TAGs 

PLs 

Andy Dannenberg 

Weill College Medicine, Cornell 

FFAs 
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• Lipid changes with age that are prevented by 

dietary restriction may be responsible for age-

related neuronal damages, decreased 

cognition functions and increased neurological 

disorders 

• Aging Study - Young (10), old (10) and old 

dietary-restricted (8) mice* 

• Discovery data already collected on a 

QExactive compared to LipidyzerTM Platform 

• QE data collection & processing and 1-2 

weeks 

• Lipidyzer™ Platform data collection & 

processing less than 1 day 

Comparison to a Traditional Discovery Platform 

Quickest Route to Success 

Lipid Class LC-MS Lipidyzer 

TG 96 226 

SM 27 12 

SiE 1 0 

PS 7 0 

PI 15 0 

PE 32 30 

PC 101 41 

LPE 7 5 

LPC 34 17 

LdMePE 7 0 

dMePE 3 0 

DG 6 12 

ChE 9 24 

CerG2GNAc1 1 0 

CerG1 3 0 

Cer 3 2 

FFA 0 26 

TOTAL 351 395 

Identified lipids with non-zero values in more than 50% of 

the samples 

*non-validated matrix 

Professor Mike Synder & Kevin Contrepois, 

Department of Genetics, Stanford 
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• Univariate statistical 

analysis 

‒ Non-parametric Wilcoxon t 

test – FDR corrected q 

value < 0.05 

‒ Fold change > 1.5 

Lipidyzer™ demonstrated: 

• Fastest route to successful 

data ready for 

interpretation 

• Larger  number of detected 

species 

• Quantitative data on all 

species detected 

• Allows mapping data to 

biochemical pathways 

 

 

Significant changes between Young, Old and Calorie Restricted 

Quickest Route to Success 

LC-MS 

(128 lipids) 

Lipidyzer 

(179 lipids) 

LPC(20:4) 

PC(18:1/20:4) 

Young DR Old Young DR Old 
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• Specificity – Differential Mobility Spectrometry (DMS) 

• Eliminating Quantitative Bias – Novel Internal Standards  

• Coverage – Over 1100 Molecular Species across 13 lipid classes 

• Sensitivity and Precision – Quantitate ~700 species <20%CVs 

• Robustness –  <10%CVs over 6 days 

• Ease of Use – Lipidomics Workflow Manager 

 

• Biological Validation of the Lipidyzer Platform 

‒ Preeclampsia Pilot Study 

‒ Hypertriglyceridemia Study 

‒ Weight Loss Study 

‒ Aging Pilot Study 

 

Demonstrating the Power of Lipidyzer™ Platform 

Conclusions 
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