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• Using CCS values, accurate masses, tandem MS, and carbon numbers obtained from stable isotope labeling, we 
identified ~70 metabolites directly from hepatocytes. Examples includes, amino acids (e.g., glutamine, 
glutamic acid), nucleoside phosphates (e.g., AMP, ADP, ATP, UDP and GMP), glutathione, lipids, etc.  

• Demonstrated the utility of stable isotope labeling for quantitative analysis of metabolites from control and 
treated cells using LAESI. Rotenone induced metabolic changes in hepatocytes were studied using this method.  
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Tandem mass spectrum and collision cross section libraries for high-throughput 
identification of metabolites in adherent hepatocytes by LAESI mass spectrometry 

• Due to the chemical diversity of metabolites, their high-throughput 
identification by mass spectrometry (MS) is challenging. 

• We constructed an MS library containing tandem mass spectra and 
collision cross section (CCS) values[1] for 370 metabolites to enable their 
direct identification from cells. 

• Adherent cells were analyzed by laser ablation electrospray ionization 
(LAESI) MS with ion mobility separation (IMS).[2]  

• Stable isotope labeling was utilized to enhance the identification of 
metabolites and quantify them in treated and untreated cells. 

Figure 1. Schematic representation of laser ablation electrospray ionization 
(LAESI) with ion mobility separation (IMS) and mass spectrometry  (MS ). 

• Hepatocytes (HepG2/C3A liver cells) were grown on poly-D-lysine glass 
coverslips in Eagle’s minimum essential modified media and those used 
as internal standards were cultured in stable isotope labeled Dulbecco's 
modified Eagle media (IROA Technologies) at 37 °C and 5% CO2. 

• Adherent hepatocytes were directly sampled from coverslips using mid-
IR laser (λ= 2.94 µm) ablation and ionized by electrospray ionization. 

• Drift times and m/z of the ions were obtained by traveling-wave IMS 
and quadrupole TOF MS (Synapt G2-S, Waters Co.), respectively. 

  

Figure 1. Workflow for high-throughput metabolomics using adherent 
cells, LAESI-IMS-MS and bioinformatics tools. 
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Figure 2. About 64% of the metabolite 
standards measured were detected using 
LAESI, 46% in negative ion mode and 50% in 
positive ion mode.  

Total Metabolite Standards 575 

Total Detected 370 

Detected in  (+) mode 284 

Detected in (-) mode 264 
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Metabolite ID: ADP, dGDP, cefoxitin, adenosine 
3’,5’-diphosphate, or adenosine phosphosulfate 
 

Metabolite ID Formula Theoretical 
m/z [M-H]- 

ADP C10H15N5O10P2 426.0221 

dGDP C10H15N5O10P2 426.0221 
Cefoxitin C16H17N3O7S2 426.0435 

Adenosine 3’,5’-diphosphate C10H15N5O10P2 426.0221 
Adenosine phosphosulfate C10H14N5O10PS 426.0126 

Metabolite ID:  m/z 426.033 Metabolite ID:  ADP, dGDP, adenosine 3’,5’-
diphosphate , or adenosine phosphosulfate 

Metabolite ID CCS (Å2) 

ADP 181 

dGDP 176 
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Metabolite ID:  ADP or adenosine 3’,5’-
diphosphate 
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❷ Accurate m/z search in metabolomics 
database (e.g., HMDB, <20 mDa) 
 

❸ Determine number of carbons using 
stable isotope labeling 

❺ Compare collision cross-section (CCS) 
value from in-house MS library 

❹ Match isotopic similarity 

Metabolite ID:  ADP, dGDP, or adenosine 
3’,5’-diphosphate 

❻ Match tandem MS with in-house MS 
library or NIST database 

NIST ’14 Library 

LAESI-MS/MS 

Figure 3. Workflow for identification of metabolite by LAESI-
IMS-MS/MS. Metabolites are identified based on accurate m/z, 
number of carbons, isotopic distribution, CCS, and tandem MS. 
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Figure 4. Metabolic changes in hepatocytes after exposure to 10 µM rotenone (0.1% DMSO v/v) for 2 h is shown. 
Quantification was obtained by normalizing the metabolite ions to the corresponding 13C labeled species as 
displayed above in the mass spectra of selected metabolites. Ingenuity pathway analysis (IPA) was utilized to 
discover the relationships between the up- and downregulated metabolites and other biomolecules.  
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