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Abstract:  
 
Based on enzyme activity assays and metabolic responses to waterlogging of the legume Lotus 
japonicus, it was previously suggested that, during hypoxia, the tricarboxylic acid cycle switches to a 
noncyclic operation mode. Hypotheses were postulated to explain the alternative metabolic pathways 
involved, but as yet, a direct analysis of the relative redistribution of label through the corresponding 
pathways was not made. Here, we describe the use of stable isotope-labeling experiments for studying 
metabolism under hypoxia using wild-type roots of the crop legume soybean (Glycine max). 
[13C]Pyruvate labeling was performed to compare metabolism through the tricarboxylic acid cycle, 
fermentation, alanine metabolism, and the ƴ-aminobutyric acid shunt, while [13C]glutamate and 
[15N]ammonium labeling were performed to address the metabolism via glutamate to succinate. 
Following these labelings, the time course for the redistribution of the 13C/15N label throughout the 
metabolic network was evaluated with gas chromatography-time of flight-mass spectrometry. Our 
combined labeling data suggest the inhibition of the tricarboxylic acid cycle enzyme succinate 
dehydrogenase, also known as complex II of the mitochondrial electron transport chain, providing 
support for the bifurcation of the cycle and the down-regulation of the rate of respiration measured 
during hypoxic stress. Moreover, up-regulation of the ƴ-aminobutyric acid shunt and alanine metabolism 
explained the accumulation of succinate and alanine during hypoxia. 
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