
Metabolomics 

Summary 



Definitions of metabolomics 

Metabolites = the small molecules (<1000 Da)  found 

within a biological system at specific time under specific 

condition  

• true endpoints of most biological processes  

 

Metabolome = complete set of all metabolites  

• around ~2500 (+~3500 food +~1200 drugs)  

 

Metabolomics =  detection, quantitative measurement and 

analysis of metabolomes 



How to measure metabolites?  



Sample Collection 
 

• Blood  

• Urine  
• Further body fluids  (Cerebrospinal Fluid , 
Saliva  , Sweat  , Tears , Feces , Breath air)  

• Tissues (liver, muscle, kidney, fat)  

• Cell cultures 

• Plant extract  

  temperature, addictive and lab difference could affect the measurement !  



Metabolite detection and quantification  

 

Targeted Non-targeted  

Preselected set of signals  All signals  

Pros: Known identity; better 

quantification 

 

Pros: New/Unknown 

metabolites  

 

Cons: No new metabolites  

 

Cons: Difficult identification; 

less reliable quantification 

 

             Routine           Discovery  



Technologies of high-

throughput metabolomics 

NUCLEAR MAGNETIC 
RESONANCE (NMR)  

MASS SPECTROMETRY 
(MS)  

energy changes during 

resonance of molecules  

measure mass of the 

fragments of molecules 

ppm (parts per million)  
Pros: more sensitive  

 

Pros: no pre-processing, 

more stable 

Cons: less stable (noise) 

 

Cons: less sensitive 



NUCLEAR MAGNETIC RESONANCE 
(NMR)  

 



MASS SPECTROMETRY (MS)  
Relative abundance of isotopes  

 



Data Analysis — Four steps  
1/  Raw data processing —  peak 

detection, peak alignment, peak integration, 

identification of metabolites, …  



Data Analysis — Four steps  
2/  Primary data analysis (QC): outlier 

detection, normalization (batch effects, 

dilution), missing value handling/imputing…  



Data Analysis — Four steps  
3/  Statistical analysis:  

univariate/multivariate 

hypothesis tests, 

supervised/unsupervise

d machine learning 

(classification/clustering

), …  



Data Analysis — Four steps  

4/  Bioinformatic analysis: biological 

context, network analyses, data 

integration 
 
 

(1) Mapping  
 not all 

metabolites are 
measured  
 Measured and 

map metabolites do 
not match  
exactly  
 No mapping of 

unknown 
metabolites  

 



Data Analysis — Four steps  

4/  Bioinformatic analysis: biological 

context, network analyses, data 

integration  

(2) Reconstruction 
of networks from 
data  

• indirect effect  

—> corrected using 
partial correlation 
networks e.g. by 
Gaussian graphical 
model (GGM) 

 



 
Reconstruction of metabolic networks using 
partial correlation networks (=GGMs)  



Applications and aims 

• „Biomarkers“ discovery  

• Diagnosis (e.g. newborn screening) 

• Response on therapy  
• Stratification => Personalized Medicine  

 

• Pathomechanistic insights  
• Preclinical drug testing  

 



Metabolic individuality  



Long-term stability of metabolite profile  

 
Yousri et al., Metabolomics, 2014  

95% of subjects: “self” 
correlation ranked 
among the 30% 
strongest  

 
Reasons for high 
conservation:  
 
• Genetic variation 

(Heritability of 
metabolite levels) 
 

• Microbiome 
 

• Lifestyle   


