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The Pyramid of Life
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Metabolites are central in cell physiology
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Metabolites can directly control gene expression

Metabolism

I Zhang D, et al., Nature Oct 2019
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Metabolomics connects Proteome and Genome to Phenotype
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Steady-state Metabolomics
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Know your textbook
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Nutrient and the response of metabolism

Fresh Medium

Glucose Medium

25mM Low glucose

Metabolic changes (unlabeled)
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The quantitative inflows and effluxes from each metabolite must be balanced



The origin of correlations in metabolomics data
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Metabolite levels Vs Metabolic flux

Glucose removal decreases flux though glycolysis but some glycolytic
intermediates increase (e.g., PEP)
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Adapted from Jang C, et al., Cell 2018



Metabolic flux
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Isotopic tracer
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- Heavy isotope
- Non radioactive
- Similar physical properties



Isotopic tracer
Carbon 12 Carbon 13

O Electron(-) Carbon 13 has an extra
neutron

Because the labeled atom has the same number of protons, it will behave in almost
exactly the same way as its unlabeled counterpart and, will not interfere with the
reaction under investigation.



13C-enrichment in metabolites

Isotopic tracing to study the activity of metabolic
pathways in cells
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13C-enrichment in metabolites
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Isotopic tracing: Consider the size of the unlabeled pool

Dynamic labeling data

13C enrichment over time

glutamate
(condition A)

glutamate
(condition B)

13C,-glutamine

metabolite levels




Isotopic tracing to study the activity of
metabolic pathways

e )

Intensity of labeling
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Recommendation for tracing experiments:

« Consider tracer uptake (e.g., glucose
uptake) before performing the tracing

* Perform the flux in tracer-free
medium (e.g., glucose-free medium)

« Timing of labeling matters:

For 13C-glucose:

- ~15-30 min of labeling enables to label
glycolytic intermediates at the steady-
state level

- 2-4h of labeling is required to label the
TCA cycle

- 6-15h of labeling is required to label
nucleotides



Representation of the metabolic tracing diagram
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Isotopic tracing: Impact on scientific research
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Adapted from Buescher JM et al., Curr Opin Biotechnol 2015



Isotopic tracing: Impact on scientific research
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Isotopic tracing: Ben-Sahra lab
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Presentation of the tracing data

Chart Histogram
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Metabolic Flux Analysis (MFA)

13C metabolic flux analysis (MFA) is a mathematical approach for
quantifying intracellular metabolic fluxes in cancer cells.

EXTERNAL RATES ISOTOPIC LABELING METABOLIC MODEL
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Metabolic Flux Analysis (MFA)

13C METABOLIC FLUX ANALYSIS (software tools e.g. Metran, INCA)
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Statistical Analysis of Goodness-of-Fit
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Antoniewicz MR et al., Exp & Mol Med 2018

The software INCA can be used to perform MFA calculations.
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“How to Conduct in vivo Metabolomics”
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