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Metabolic flux analysis (MFA) is a powerful platform for studying biochemical reaction 
networks. The goal of MFA is the quantitative determination of intracellular fluxes which 
provide key indicators of pathway bottlenecks, network regulation and overall cellular phenotype. 
Results are typically obtained by (1) introducing an isotopically labeled substrate into a cell 
culture at metabolic steady state, (2) allowing the system to reach isotopic steady state, (3) 
measuring the relative labeling in biomass components and metabolic byproducts using GC/MS, 
LC/MS or NMR, and (4) computationally processing these measurements to estimate flux 
parameters within a comprehensive metabolic model. 
  
An emerging area of interest is in the application of MFA to address fundamental physiological 
questions in higher organisms, especially plant and animal systems of agricultural or clinical 
significance. Because MFA has been traditionally applied to microbial systems, however, there 
are several features that limit its straightforward extension to higher organisms. In the case of 
animal studies, it is often difficult or impossible to maintain cultured cells or whole animals in a 
fixed metabolic state long enough to achieve steady isotopic labeling. Plant systems growing 
under photoautotrophic conditions, on the other hand, only assimilate carbon from CO2 and 
therefore produce a uniform steady-state 13C-labeling pattern that is not sensitive to fluxes. In 
response to these and other drawbacks of the traditional MFA framework, our lab has developed 
experimental and computational approaches that enable flux analysis in dynamically changing 
metabolic and isotopic systems. 
  
I will discuss applications of these tools (1) to characterize time-dependent phenotypes in a rat 
hepatoma cell line (H4IIE) following exposure to varying levels of saturated and unsaturated 
fatty acids and (2) to estimate photoautotrophic fluxes in the cyanobacterium Synechocystis sp. 
PCC 6803 using measurements of transient isotope incorporation. The hepatoma project has 
shown that specific inhibitory effects of palmitate trigger decoupling between glycolysis and 
TCA cycle fluxes and promote abnormal cellular redox states. This is an important step toward 
uncovering the molecular mechanisms that underlie cell dysfunction and death induced by 
elevated fatty acid concentrations, a key contributor to the pathogenesis of obesity and type 2 
diabetes. The Synechocystis study represents the first time that a comprehensive flux map of 
photoautotrophic metabolism has been reconstructed using a 13C labeling experiment. These 
same methods of isotopically nonstationary MFA can be applied to quantify metabolic 



phenotypes in higher autotrophs such as crop plants or algae and to assess their response to 
targeted perturbations aimed at enhancing productivities in food or biofuels applications.  
 


