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Abstract

The allocation of carbon (C) in the plant results from a subtle balance between use and consumption of C molecules at cell, tissue, and organ levels. Phloem long-distance transport of C, in the form of sucrose for most species, results from a mass flow in the sieve elements, integrating sugar-driven osmotic gradients between the phloem cells and surrounding tissues in source organs, and the hydrostatic pressure differences between source and sink organs. In active apoplasmic loaders, such as Arabidopsis thaliana, the sugar transporters involved in sucrose phloem loading are i) the SUC2 sucrose transporter, an active H + /sucrose symporter, responsible for the uptake of sucrose from the phloem apoplasm to the cytosol of the companion cells and/or the sieve elements, and ii) the SWEET11/12 sugar facilitators, responsible for the transport of sugars in or from the apoplasm of the phloem parenchyma cells. While the function of these transporters has been studied in details, little information is available on the mechanisms responsible for fine tuning of phloem loading and transport, especially in response to environmental cues affecting sugar levels or water availability.

We investigated in Arabidopsis a series of transgenic lines knocked out for or downregulated for the expression of the sucrose transporter SUC2 gene and analyzed the consequences on plant growth, sugar accumulation in source and sink organs, phloem transport, and gene expression. Our data showed that a partial downregulation of SUC2 impacts the level of apoplasmic sucrose levels in source leaves but does not appear to affect phloem transport as one could expect. Such response was not observed in other transgenic lines in which the symplasmic steps between phloem cells have been impaired. Interestingly, we also observed a deregulation of genes potentially regulating sugar levels in the apoplasm. The results suggest that the SUC2 gene, and other members of the SUC/SUT family, control sucrose levels in the source leaves' apoplast, a hitherto unsuspected role. This data shed new light on the relationship between phloem loading and carbon metabolite feedback regulation of leaf photosynthesis or water transport.