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Why we cannot reliably identify majority of detected compounds using LC/MS? 

    
• Nature of mass spectrometry (Inherent problems with structure elucidation) 
 

• Numerous problems associated with library search 
 

• Existing LCMS spectral databases are small and contains virtually the same compounds 
 

• Ad hoc identification 
 

• Promises made by computer assisted methods have not been fulfilled yet 
 
 
 



Problems Associated with LCMS Library Search  

Spectrum courtesy of M. Stravs, E. Schymanski and H. Singer, EAWAG 

Isolation width 1.5 Da 

Isolation width 4.0 Da 
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Problems Associated with LCMS Library Search  

17α Hydroxyprogesterone, CID MS2 [M+H]+ 

Serotonin, CID MS3 [M+H]+ → m/z 174.09134 
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Problems Associated with LCMS Library Search  

Epimedin C, HCD MS2 [M+H]+ 

NAD+, HCD MS2 [M+H]+ 
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 www.mzCloud.org 

mzCloud - a freely searchable collection of high resolution/accurate spectra 



• Spectral trees – intuitively organized multi-stage tandem mass spectra 

• Identification of compounds even if they are not represented in the library 

• Comprehensive spectral data – a guarantee for correct compound identification 

• Filtered and recalibrated spectra 

• Third generation spectra correlation algorithm 

• Structurally annotated spectral peaks using non-trivial prediction methods 

• Substructure search capable of extracting spectra with common structural scaffolds 

• Fragment structure support throughout the database 

• Extensive experimental information and identifier metadata data 

• Rigorously curated data 

• Advanced cloud technology 

• Multiple databases 
 

mzCloud features 
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mzCloud.org 



Štandardy ľudských metabolitov a 
environmentálnych kontaminantov

Vysokorozlišovacie tandemové  
hmotnostné spektrometre

Spektrálne stromy a metadáta

Databáza spektrálnych 
odtlačkov ľudských metabolitov 

a environmentálnych 
kontaminantov

Identifikované metabolity

Globálny dátový 
prístup

Schéma projektu mapovania ľudských metabolitov

Orbitrap 

Authentic Standards 

Identified Compounds 
Spectral Trees 

TreeRobot 

Free Access 

www.mzCloud.org 



 mzCloud 

Mass Frontier 7.0 IMPORTER 

TreeRobot 
Orbitrap 

Reference 
Compound 

Data Acquisition 

Data Processing 



Orbitrap 

 Spectral Trees Acquisition 

TreeRobot 

+ 

Comprehensive Spectral Trees 



 mzCloud: Rigorously Curated Data 

Mass Frontier 7.0 IMPORTER 



 mzCloud: Rigorously Curated Data 

Mass Frontier 7.0 IMPORTER 



 mzCloud: Rigorously Curated Data 

Mass Frontier 7.0 IMPORTER 



 mzCloud – Raw, Filtered and Recalibrated Spectra 



• Fully searchable sample database 

• Predicted fragments for suspect compounds 

• Precursor Ion Fingerprinting 

• Real time validation of search algorithm 

• Breakdown curves 

Work in progress 
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Precursor Ion Fingerprinting (PIF) 

Sheldon, Michelle T., Robert Mistrik, and Timothy R. Croley. "Determination of ion structures in structurally related compounds using precursor ion 
fingerprinting." Journal of the American Society for Mass Spectrometry 20.3 (2009): 370-376. 



Metabolite Identification Using PIF/mzCloud 
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Fragmentation Library 

Total number of  Mass Frontier 7.0 

Fragmentation Schemes 30.936 

Individual Reactions 129.229 

Chemical Structures 151.762 

Knowledge based prediction of fragmentation pathways 

General fragmentation rules 



Knowledge based prediction of fragmentation pathways 



Knowledge based prediction of fragmentation pathways 



• 3D conformer generator for fragments of concern 
• Construction of competitive reaction mechanism 
• Calculation of potential energy surface (PES) 
• Transition state localization and vibrational analysis 
• Reaction rate prediction based on RRKM method 

 

Prednisone 
 (17,21-dihydroxypregna-1,4-diene-3,11,20-trione)  

Example for competitive reaction in the 
fragmentation pathway 

PES for corresponding reaction, followed by transition 
state localization and reaction rate calculation 

Evaluation of fragmentation pathways by high-level  
quantum-mechanical calculations based on DFT method  

  



Use of Predicted Fragments 

• Matching in silico m/z values 
against experimental spectra 
 

 
 

• Fragment annotation 



What are the compounds?  



 BINGO Initiative 

• Systematic identification of unknowns 

• Inspired by Model Organism Metabolome initiative 

• Advanced strategy 

• Focused on limited number of samples 

• Smart standards selection and acquisition 

• Collaborative effort 

• H2020 project proposal 

• Everyone is welcome to join (robert.mistrik@highchem.com) 

 
 

Let’s make our dream come true 
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Precursor Ion Fingerprinting (PIF) 

Sheldon, Michelle T., Robert Mistrik, and Timothy R. Croley. "Determination of ion structures in structurally related compounds using precursor ion 
fingerprinting." Journal of the American Society for Mass Spectrometry 20.3 (2009): 370-376. 



    

Gelsemine Metabolite Identification by PIF 
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Fragment Ion Search (FISh) 

Accurate m/z 

Fragment Ion Search 

Fragment Predict. Predicted Ions 
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Metabolite identification using FISh 
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Metabolite identification using FISh 
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