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HOMEOSTASIS BETWEEN PRIMARY AND SECONDARY METABOLISM: A CASE STUDY FROM THE ARABIDOPSIS GLUCOSINOLATE PATHWAYS
Sergey Malitsky, Eyal Blum, Hadar Less, Ilya Venger, Yuval Eshed & Asaph Aharoni
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Maintenance of homeostasis in metabolic networks requires an intricate genetic control. Here, the Arabidopsis Myb28-like and ATR1-like clade genes regulating the biosynthesis of methionine and tryptophan derived glucosinolates (GSs), respectively, were used to study the balance between metabolic pathways associated with GSs biosynthesis.  For comprehensive understanding of the process occurring in these metabolic pathways transcriptome and metabolome analyses were employed.  Metabolome analyses were performed by the use of both GC/MS and UPLC-qTOF-MS-MS technologies in order to detect the largest number of metabolites. The mass chromatographic data were converted into matrix data sets and analyzed by various data-mining tools including hierarchical cluster analysis and principle component analysis. We noticed that a reciprocal, negative feedback relationship between the two GSs pathways occurs on both the transcript and metabolite levels. Non-targeted metabolic analysis revealed that overexpression of the ATR1-like clade genes has a broad effect on metabolism of various indolic compounds. Over expressing the MYB28-like clade members showed induction of genes in the TCA cycle and further downstream through aspartate and glutamine up to methionine. Overexpression of the ATR1-like clade genes resulted in alterations to genes and metabolites leading from the shikimate pathway, through chorismate, indole, and up to tryptophan. Moreover, novel links between GSs metabolism and additional metabolic pathways including those of jasmonic acid, folate and benzoic acid were revealed. Data integration including correlation analysis suggested two possible programs for GSs regulation. In the first, production of IGs, camalexin and IAA is mediated by the MYB51 and MYB122 genes. In the second, mediated by the MYB28-like clade and ATR1/MYB34, both GSs classes are produced, but IAA and camalexin biosynthesis is concomitantly repressed. This study therefore provides a systems view of the metabolic pathways network associated with GSs metabolism and its homeostatic mechanisms.
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