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• Metabolomics provides static 

information on cellular 

molecular composition 

• Qualitative flux analysis 

reveals in vivo pathway 

activity 

• Qualitative flux analysis 

tracks the flow of metabolites 

through a pathway  

For Research Use Only.  Not for use in diagnostic procedures.  



VistaFlux Stable Isotope Tracing 
Isotopologue Tracking 

Use of stable isotope labels (13C, 15N, and 2H) 

Monitor stable isotope incorporation 
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Fumarate C4H4O4 

Isotopologues 

M+0: 13C0C4H4O4 

M+1: 13C1C3H4O4 

M+2: 13C2C2H4O4 

M+3: 13C3C1H4O4 

M+4: 13C4C0H4O4 
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For Research Use Only.  Not for use in diagnostic procedures.  

4 M+1 Isotopomers 



Manual Qualitative Flux Analysis Workflow  
Current Flux Data Analysis 
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Create target metabolite list   

Determine m/z for all possible isotopologues 

Extract isotopologues for targets 

Integrate peaks and copy results to Excel 

Correct for natural isotope abundance 

Manually visualize on pathways 

For Research Use Only.  Not for use in diagnostic procedures.  

• Tedious, error-

prone and time-

consuming  

 

• Limits the 

number of 

compounds 

analyzed 



Batch Qualitative Flux Analysis Workflow 
Agilent’s VistaFlux Workflow 
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• Pathways to 
PCDL 

• PCDL 
Manager 

Create Target 
Metabolite List 

• MassHunter 
Acquisition 

• LC/TOF or 
LC/Q-TOF 

Acquire Data 

• Profinder 

Extract 
Features  

• Omix 
Premium 

Visualize on 
Pathways 

For Research Use Only.  Not for use in diagnostic procedures.  



Target List Creation Based on Pathways of Interest 
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For Research Use Only.  Not for use in diagnostic procedures.  

Select pathway(s) of interest in Agilent’s Pathways to PCDL software  

• Supports BioCyc, KEGG and WikiPathways 

Generate a metabolite list as a database (PCDL) 

• Includes all metabolites (eliminates duplicates) 

• Includes name, structure, empirical formula and identifiers 



Edit Database to Create Target Metabolite List  
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For Research Use Only.  Not for use in diagnostic procedures.  

Use Agilent’s PCDL Manager to curate database: 

• Include only detectable metabolites 

• Add retention time to metabolite entries 



Acquire LC/MS Data for Targeted Metabolites 
LC/MS Analysis Considerations 

LC 

• Separate isomeric metabolites to eliminate isotopologue interference 

• Separate metabolites with overlapping isotopologues 

MS 

• High mass accuracy and resolution to confidently track isotopologues 

• Good isotopic fidelity to provide accurate ratios to track incorporation 

levels 

• Wide dynamic range for detection of low and high intensity isotopologues 

in a single experiment 
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Targeted Data Mining 
MassHunter Profinder Batch Isotopologue Extraction 
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For Research Use Only.  Not for use in diagnostic procedures.  

Compound EICs Compound MS Isotopologues 

Compound Table 

Data File Details 



Extracts chromatogram for each possible isotopologue 

• Uses retention time and formula specified in database  

• Uses a wide tolerance for retention time and m/z (“survey scan”) 

Multi-stage Isotopologue Extraction Algorithm  
First Stage 
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For Research Use Only.  Not for use in diagnostic procedures.  



C5 Compound Isotopologue Extraction Example 
First Stage Extraction – Wide m/z and RT Windows 
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For Research Use Only.  Not for use in diagnostic procedures.  



Multi-stage Isotopologue Extraction Algorithm  
Second Stage Extraction – Refinement 

Wide m/z & RT Tolerance Narrow m/z & RT Tolerance 
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1 

2 

3 

4 

• m/z and RT tolerances are dynamically narrowed 

• Peaks are scored by # of ions, relative abundance and distance from target RT 

• Peak 2 is now completely disqualified by the new m/z tolerance thresholds 

• The m+7 isotopologue from peak 4 is also rejected by m/z tolerance 

 

1 

(2) 

3 

4 
M+6 

M+7 

 

For Research Use Only.  Not for use in diagnostic procedures.  



Isotopologue Extraction Example 
Second Stage Extraction – Narrow m/z and RT Windows 

1 

(4) 

3 

(2) 

Sum 

M+0 

M+1 

M+4 

M+5 

M+6 

 

Qualified Ions After 2nd Stage 

M+0 

M+1 

M+0 

M+1 

M+4 

M+5 

M+6 

M+6 • M+6 is eliminated as a 

candidate ion for peak 3 

because it fails the elution 

profile test. 

 

• Peak 3 wins – closest to 

expected RT and has the most 

isotopologue peaks 
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For Research Use Only.  Not for use in diagnostic procedures.  
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Isotopologue Mining Algorithm 
Natural Isotope Abundance Correction 
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Isotopologue 

abundance 

Theoretical natural 

isotope abundances 

Solve for this! 

b

0 

b

1 

… 

b

n 

a0 m+0 

a1 m+1 

… … 

an m+n 

Mined 

raw values 

For Research Use Only.  Not for use in diagnostic procedures.  
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Isotopologue Mining Algorithm 
Natural Isotope Abundance Correction 
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Isotopologue 

abundance 

Theoretical natural 

isotope abundances 
Mined 

raw values 

Solve for this! 

b

0 

b

1 

… 

b

n 

a0 m+0 

a1 m+1 

… … 

an m+n 

-1 

• Since there is some error in the observed 

abundances, this is not a 

simple matrix product 

 

• We thus use a chi-squared minimization to 

solve for the isotopologue abundance 

 

For Research Use Only.  Not for use in diagnostic procedures.  



Natural Isotope Abundance Correction 

Succinic Acid (raw) Succinic Acid (corrected) 
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For Research Use Only.  Not for use in diagnostic procedures.  



Visualize Isotopologue Results on Pathways 
 

July 11, 2016 

MassHunter VistaFlux 

17 

  

For Research Use Only.  Not for use in diagnostic procedures.  

Create network 
• Import pathway(s) or 

• Build pathway manually 

Import isotopologue results 

Select visualization(s) 
• Isotopologue incorporation 

• Fold-change 

• Statistical significance 

• Appearance of network 



Qualitative Flux Analysis of a Cancer Cell Line with Enzyme 
Mutation (IDH2) 
 
• Goal: Understand impact of 

IDH2 mutation on glutamate 

metabolism in chondrosarcoma 

cell line 

• Tracer experiment with 

U-13C-Glutamine (Gln)  

• Monitoring metabolites  

labeled in green 

• Triplicate analysis for each  

time point (0, 0.5, 1, 3 and 8 hr) 
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For Research Use Only.  Not for use in diagnostic procedures.  

Courtesy of Justin Cross, PhD., Donald B. and Catherine C. Marron Cancer Metabolism Center, Memorial Sloan Kettering Cancer Center   



Qualitative Flux Results: Isotopologue Extraction 
Oxoglutarate 
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For Research Use Only.  Not for use in diagnostic procedures.  

Courtesy of Justin Cross, PhD., Donald B. and Catherine C. Marron Cancer Metabolism Center, Memorial Sloan Kettering Cancer Center   

MS Spectra Isotopologue Results 

2-hydroxyglutarate 

oxoglutarate 

succinate 

M+0 

M+5 



Qualitative Flux Results: Isotopologue Extraction 
2-Hydroxyglutarate 
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For Research Use Only.  Not for use in diagnostic procedures.  

Courtesy of Justin Cross, PhD., Donald B. and Catherine C. Marron Cancer Metabolism Center, Memorial Sloan Kettering Cancer Center   

MS Spectra Isotopologue Results 

M+0 

M+5 

2-hydroxyglutarate 

oxoglutarate 

succinate 



Qualitative Flux Results: Isotopologue Extraction 
Succinate 
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For Research Use Only.  Not for use in diagnostic procedures.  

Courtesy of Justin Cross, PhD., Donald B. and Catherine C. Marron Cancer Metabolism Center, Memorial Sloan Kettering Cancer Center   

MS Spectra Isotopologue Results 

2-hydroxyglutarate 

oxoglutarate 

succinate 

M+0 

M+4 



Visualizing Qualitative Flux Results  
Quick Summary of Isotopologue Results on Network 

• Metabolite node coloring gives quick summary of results on network 

• Fold-change (left), label incorporation (middle) and fractional labeling 
(right) are shown here 

• 2-HG is produced from glutamine by the mutant IDH2 enzyme via 
oxoglutarate as shown by label incorporation and fractional labeling 
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For Research Use Only.  Not for use in diagnostic procedures.  

Courtesy of Justin Cross, PhD., Donald B. and Catherine C. Marron Cancer Metabolism Center, Memorial Sloan Kettering Cancer Center   



Visualizing Qualitative Flux Results 
Quilt Plot Display of Isotopologue Results 

• Quilt plot displays all time points and isotopologue results 

• Statistically significant (*) label incorporation in M+5 

isotopologue of 2-HG at 3 and 8 hours 
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For Research Use Only.  Not for use in diagnostic procedures.  

Courtesy of Justin Cross, PhD., Donald B. and Catherine C. Marron Cancer Metabolism Center, Memorial Sloan Kettering Cancer Center   



Visualizing Qualitative Flux Results 
Label Incorporation Display of Isotopologue Results 

• Percent unlabeled and labeled for each metabolite 

• Significant label incorporation into M+5 isotopologue of 2-HG 

at 3 and 8 hours 
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For Research Use Only.  Not for use in diagnostic procedures.  

Courtesy of Justin Cross, PhD., Donald B. and Catherine C. Marron Cancer Metabolism Center, Memorial Sloan Kettering Cancer Center   



Qualitative Flux Results 
Isotopologue Plot of Oxidized Glutathione 
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• Shows cellular glutathione pool becomes labeled with first one 

and then two glutamine-derived 5 carbon building blocks.  

• Due to large cellular pool, replacement most apparent at 3 and 8 

hours 

For Research Use Only.  Not for use in diagnostic procedures.  

Courtesy of Justin Cross, PhD., Donald B. and Catherine C. Marron Cancer Metabolism Center, Memorial Sloan Kettering Cancer Center   



Qualitative Flux Analysis Experiment 
Comprehensive View of Isotopologue Results on Network 
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For Research Use Only.  Not for use in diagnostic procedures.  

Courtesy of Justin Cross, PhD., Donald B. and Catherine C. Marron Cancer Metabolism Center, Memorial Sloan Kettering Cancer Center   



Summary 

• This experiment confirms glutamine is the major substrate 

used to produce 2-HG in IDH2-mutant CS-1 cells 

• For 2-HG, the presence of the M+5 isotopologue instead of 

the M+2 or M+4 isotopologue demonstrates the direction of 

the reaction 

• The new Agilent VistaFlux workflow easily extracts 

isotopologue information and visualizes results on pathways 

• Manual EIC extraction for each isotopologue and natural isotope 

correction for 5 metabolites at all time points required 2 weeks  

• The VistaFlux workflow performed the same analysis for 17 metabolites 

in about 2 minutes! 
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For Research Use Only.  Not for use in diagnostic procedures.  
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