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Expanding Metabolome Coverage 

 Maximise the possibility of 

detecting disease dysregulated 

compounds 

 

 Capture the most relevant 

pathway/reaction 



The vast physicochemical diversity of the metabolome 

 Wide range of lipophilicity 

 

 Wide range of functional groups 

Humans: 30,000 endogenous metabolites 
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Untargeted Metabolic Profiling 

 Semi-Targeted 

 Targeted 

“Untargeted Does not 

Mean Unplanned” Patti G 

? 



Tissue 

25mg per aliquot 

1st Extraction: 

MeOH/water (1:1) 

6500Hz     40s 

Aqueous extracts Organic extracts 

Tissue lysis and 

metabolite extraction 

by bead-beating 

2nd Extraction: 

MTBE/MeOH (3:1) 

Reload 

HILIC-UPLC-MS RP-UPLC-MS (Lipid Profiling) 

Aliquoting 

Vacuum concentration 

Storing  

Reconstitution 

Aliquoting 

Evaporation 

Storing  

Reconstitution 

Sample Preparation 

Tissue Extraction 

[Vorkas PA et al, Anal Chem, 2015] 



Sample Preparation 

Tissue Extraction Optimisation 

[Anwar MA et al, Analyst, 2015] 



Sample Preparation 

Plasma/Serum 

Vortex 

Spin 

Evaporation 

HILIC-UPLC-MS 

Plasma/Serum 

RP-UPLC-MS 

(Lipid Profiling) 

25-50µL plasma/serum 

MTBE/MeOH (3:1) 

Mix 

Pass Through 

50-100µL plasma/serum 

300µL plasma/serum 

dilution buffer 

NMR 
Other Analyses 

50-100µL plasma/serum 



Sample Analysis 

UPLC-MS 

Conditioning 

QC-format 

Samples 

≥7 QC injections 
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Dilution 

 (≥2x) 

Multiple 

extraction-blanks 
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test 
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mix QC 
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Tandem MS 

Pooled Groups 

Sample Extremes 

[Vorkas PA et al, Anal Chem, 2015] 



Conditioning 

QC-format 

Samples 

≥7 QC injections 

DDA 

MSE 

QC 

Dilution 

 (≥2x) 

Multiple 

extraction-blanks 

Last QC 1st QC 

Dilution 

test 

Test 

mix QC 

Tandem MS 

Tandem MS 

Pooled Groups 

Sample Extremes 

[Vorkas PA et al, Anal Chem, 

2015] 

 Know your method 

• Use methods from literature 

• Run authentic standards 

 Run a test mix 

• Check RT 

• Accurate mass 

• Frequent adducts 

 Unbiased tandem MS acquisition 

• Run Data Dependent Acquisition (DDA) 

• MSE 

(Use pooled/QC samples – pooled groups/extremes) 

 Run Pos and Neg modes with the same gradient 

 Run sample 

preparation blanks 

Sample Analysis 

UPLC-MS 



HILIC 

ESI+ 
acylcarnitines 

purines 
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Lipid Profiling 
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[Vorkas PA et al, Anal Chem, 2015] 
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Lipid Profiling 

ESI+ 

lysoPC 

oxCE 

DG 

CE 
TG 

HexCer 
Cer 

PC 

PE 

SM 

10 6 8 4 2 0 12 14 16 

In
te

n
si

ty
 

Time 
(min) 

ESI- 
lysoPC 

HexCer 
Cer 

PC 

PE 

SM 

FFA 

PI 

PS 

PE-Cer 

lysoPE 

PG 

10 6 8 4 2 0 12 14 16 

In
te

n
si

ty
 

Time 
(min) 

D 

Sample Analysis 

UPLC-MS 

[Vorkas PA et al, Anal Chem, 2015] 



SM 
QC QC 

Aqueous Extract - HILIC Aqueous Extract - RP 

Extraction 
Blank 

Extraction 
Blank 

adenosine adenosine 

carnitine carnitine 

creatine creatine 

glycerophosphocholine glycerophosphocholine 

lidocaine 

lysoPC 

PC 
TG 

Sample Analysis 

UPLC-MS 

[Vorkas PA et al, Anal Chem, 2015] 



UPLC-MS 

HILIC - Aq 

RP - Aq 

RP - Org 

[Anwar MA et al, Analyst, 2015] 



acylcarnitine (16:0-OH) 

acylcarnitine (20:3) 
acylcarnitine (20:2) 

acylcarnitine (14:1) 

acylcarnitine (16:1) 

dodecanoylcarnitine 

acylcarnitine (17:0) 
acylcarnitine (18:2) 

acylcarnitine (20:0) 
acylcarnitine (20:1) 

acylcarnitine (22:0) 
acylcarnitine (22:1) 

acylcarnitine (18:0) 

acylcarnitine (14:0) 

acylcarnitine (18:1) acylcarnitine (16:0) 

acylcarnitine (20:4) 

carnitine 
acetylcarnitine 

Fragment 85.0290m/z 
MSE  Mode -  
High Collision Energy Channel 

hydroxybutyrylcarnitine 
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[Vorkas PA et al, Anal Chem, 2015] 



Application 

Human adipose tissue 

ESI+ 

ESI- 

HILIC – 

Human Adipose Tissue Aqueous Extract 

Time (min) 

RP - Lipid Profiling – 

Human Adipose Tissue Organic Extract 

ESI+ 

ESI- 

Time (min) 

[Vorkas PA et al, Anal Chem, 2015] 



Applications 

Other tissue types 

 Vascular (Plaque) 

 Adipose 

 Liver 

 Heart 

 Breast (Cancer) 

 Brain 

 Colon 

 Cecum 

 Jejunum 

 Duodenum 

 Pancreas 

 

 Plasma/Serum 

 Urine 

 

 Cells 



Application 

Human Serum 

[Vorkas PA et al,Int J Cardiol, 2015] 

Lipid Profiling 



Application 

Human Serum 

HILIC 



Data Deconvolution 

Peak-picking 

Grouping 

RT-correction 



Using Correlation – CAMERA 

CAMERA: Collection of Algorithms for MEtabolite pRofile Annotation 

Preprocessing with 

XCMS 

Annotation Workflow 

pc: result of the peak correlation based 

annotation 

adduct: annotation hypothesis for the 

adduct species. The value after the brackets 

is the estimated molecular mass 

isotopes: annotation and the number after 

the brackets is the charge of the isotope. 

peak grouping after retention 

time (groupFWHM) 

peak group verification with 

peakshape correlation (groupCorr) 

Kuhl et al, Anal Chem, 2011 



Data Deconvolution 

Peak-picking 

Grouping 

RT-correction 

Statistics 

Metabolite Structure Elucidation 



Metabolite Coverage 

 
 
 
 
 
 

(Lyso)PEs 
(Lyso)PCs 
PGs 
PIs 
PSs 
PAs 
Fatty acids 
TG 
DG 
SM 
Cer 
HexCer 
(Ox)CEs 
Carotenoids 

Steroids 
Bile acids 
Eicosanoids 

Purines 
Pyrimidines 
Acylcarnitines 
Aminoacids 
Organic Acids 
Sugars 
Vitamins 
 

[Vorkas PA et al, Anal Chem, 2015] 



Data Deconvolution 

Peak-picking 

Grouping 

RT-correction 

Statistics 

Metabolite Structure Elucidation 



 89 /100 KEGG IDs recognised 
by IPA 

 Mapped 182 canonical 
pathways 

 60 mapped to 1041 diseases 
and biological functions 

 36 to 99 toxicity functions 

Metabolite Coverage 

Pathway Mapping 

[Vorkas PA et al, Anal Chem, 2015] 



Metabolite Coverage 

Pathway Mapping 

187/229 assigned 
a KEGG ID 
100 Unique 
 

[Vorkas PA et al,  

Anal Chem, 2015] 



Metabolite Coverage 

Pathway Mapping 

187/229 assigned 
a KEGG ID 
100 Unique 
 

[Vorkas PA et al,  

Anal Chem, 2015] 



Applications 

Atherosclerosis 

Cer + CDP-ethanolamine              CMP + PE-Cer 

PE + CMP                DAG 

SMSr 

[Vorkas PA et al, J Proteome Res, 2015] 

p= 9 x 10-12 



Applications 

Coronary Artery Calcification (Serum) 

[Vorkas PA et al,Int J Cardiol, 2015] 
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