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ABSTRACT 

Metabolomics is a powerful scientific approach for comprehensive study and analysis of small 
molecules (metabolites) in biological systems, offering insights into their functions, interactions, and 
roles in health and disease. The construction of a comprehensive spectral library is crucial in 
metabolomics, as it provides a valuable reference resource for the accurate identification and 
quantification of metabolites, enabling researchers to better understand complex biological 
processes and uncover potential biomarkers for various diseases. The main objective of this project 
is the development of an ion mobility-enhanced spectral “in-house” reference library for small 
molecule analysis. Accurate measurements of collision cross section (CCS), retention time (RT), and 
mass-to-charge ratio (m/z) values for individual small molecules significantly accelerate the process 
of curating and constructing a reference 4D library for efficient sample annotation in high 
throughput analysis. In the conduct of the procedure, reversed-phase liquid chromatography (RPLC) 
combined with tandem mass spectrometry, which are highly specific and efficient analytical 
techniques, were applied. The developed library was applied for the identification metabolites in 
human urine samples through RPLC-TIMS-TOF/MS analysis. Regarding the results of the study, 
among the 151 compounds subjected to analysis, 124 were detected by manual investigation using 
Data Analysis software. Of these, 71 were detected in both positive and negative ionization, while 
37 were detected only in positive ionization and 16 only in negative ionization. CCS values were 
derived for 109 of these compounds, providing valuable information on the structure of the 
metabolites. Furthermore, of the 124 compounds that were detected, 83 of them were annotated 
in MetaboScape, which enabled their introduction into the “in-house” reference library. Then, the 
identification of the compounds in human urine took place using the  “in-house” reference library 
constructed, an enhanced reference library that derives data from Human Metabolome Database 
(HMDB) and was provided  by the instrument manufacturer, Bruker, and an analyte list.  
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