13C-fingerprinting for untargeted metabolic pathway analyses
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Metabolites are the final products of cellular regulatory and metabolic processes. Metabolomics links our physiological knowledge from genome-type to phenotype. However, the application of metabolomics still faces several limitations due to the large percentage of noises and artifacts in MS data, while direct metabolite profiling cannot reveal the actual enzyme activities. To overcome such problems, 13C-isotopic tracers are introduced to track the element fates in cell metabolites and delineate functional pathways. The 13C-fingerprinting of metabolites employs proper 13C-substrates to create specific labeling patterns in key metabolites. By examining 13C-fingerprints in only a few abundant metabolites (such as amino acids), we may deduce the functions of putative gene clusters and quantify global cell metabolism. 
Based on our recent studies, we will discuss how to use isotopic fingerprinting to: (1) identify novel pathways in non-model microbes; (2) understand nutrient bottlenecks and optimize culture media for non-model microbes; and (3) assess the intrinsic biosynthesis yields and functional metabolic pathways to final products in complex environments. 
First of all, 13C tracer can reveal the operations of unannotated pathways, e.g. the Entner-Doudoroff pathway, the reverse tricarboxylic acid cycle, novel central metabolite biosynthesis pathway, and photomixotrophic metabolism. As an example, we will demonstrate our discovery of one-carbon metabolism in Dehalococcoides mccartyi using GC-MS based 13C analysis. 
Secondly, 13C-fingerprinting can determine the contributions of nutrient supplements to cell metabolisms. In detail, we applied 13C-fingerprinting to investigate the function of glycine utilization in Chloroflexus aurantiacus and observed an essential role of glycine cleavage system in supplying reducing power for photo-anaerobic growth. 
Thirdly, 13C-tracer can also precisely quantify the intrinsic product yields in complex environments. In our study, 13C-tracer was applied to determine the intrinsic fatty acid yields in E.coli strains grown with complicated nutrients. 
Recently, transcriptomics, proteomics and metabolomics have been widely employed to obtain metabolic insights into multiple cellular processes in microbial species. However, it is still difficult to characterize cellular physiologies due to the putative post-transcriptional regulations and the existences of enzymes with poor reaction specificity. Thereby, 13C-fingerprinting of metabolites to decipher cellular metabolism offers great merits for both biotechnology and environmental microbiology studies. 
