
Global Mapping of Nutrient Utilization by Untargeted Metabolomics 

Liz Payne1, Kevin Cho1, Xiaojing Huang2, 3, and Gary J. Patti1, 2, 3 

1Departments of Chemistry, 2Medicine, and 3Genetics, Washington University in St. Louis, St. 

Louis, MO 63110, United States 

Metabolomics has revealed that the complexity of cellular metabolism exceeds that expected 

from conventional textbooks.  By integrating stable isotopes with untargeted metabolomic 

technologies, we can now identify novel pathway connections and nutrient fates. A limitation of 

isotope-based metabolomics applied to the clinic has been that each experiment required both a 

labeled cohort as well as an unlabeled control cohort.  Here, we introduce a database called 

isoMETLIN that enables the distinction of labeled metabolites so that patients can be analyzed 

without unlabeled controls.  This resource reduces the number of patients needed per 

experimental analysis and allows multiplexing with numerous isotopic labels.    

Labeling of biological specimens with stable isotopes often results in a dramatically increased 

number of metabolomic features as detected by liquid chromatography/mass spectrometry.  The 

increase in features corresponds to the number of compounds that are isotopically enriched with 

the labeled nutrient provided.  Historically, the large number of features has been dealt with 

informatically by subtracting the features detected in an unlabeled, identically treated sample 

(Figure 1).  While this platform is effective for cell culture and simple model organisms, it is 

impractical to apply to patients given the heterogeneity in the human sample population.  To 

address these limitations, we have developed isoMETLIN.  Unlike its METLIN predecessor, 

isoMETLIN contains information on both labeled and unlabeled metabolites.  Specifically, 

isoMETLIN contains MS1 values for millions of labeled compounds and experimental MS2 data 

for hundreds of labeled compounds.  Thus, by searching isoMETLIN, labeled features can be 

distinguished from unlabeled features and subsequently identified without having an unlabeled 

control cohort.  

Here we show that global isotope metabolomics is effective at performing total mapping of 

nutrient fates.  We demonstrate the platform by tracking the fates of glucose and glutamine, two 

major nutrients in rapidly dividing cells.  When coupling this platform with the high resolving 

power and the high inter-scan mass accuracy of the Q Exactive Orbitrap instrument, further 



multiplexing can be obtained by using various stable isotopic atoms simultaneously.  By 

applying this approach to HeLa cancer cells enriched with labeled glucose and glutamine, we 

were able to quantify the concentration of lipids that came from each.  

 

 

Figure 1:  Workflow for isotope-based metabolomics when labeled and unlabeled controls are 

required.  By using isoMETLIN, we can simplify this workflow to only the labeled samples.  


