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One of the last mysteries in plant physiol-
ogy is the efflux of sugars from mesophyll
cells into the apoplasmic space. Depending
on the strategy of long-distance assimilate
transport, text books divide plants into sym-
plasmic and apoplasmic phloem loaders. In
both cases large concentration gradients are
built up between mesophyll cells and the
sieve element—companion cell complex (SE-
CCC) of the phloem. In case of apoplasmic
loaders this gradient is achieved by active
transport of sucrose from the apoplasm
into the SE-CCC. This uptake is mediated
by well characterized plasma membrane
sucrose—H+ symporters (Kithn and Grof,
2010). As a consequence of this model,
sucrose synthesized within mesophyll cells
must be exported into the apoplasmic space,
but the efflux mechanism is as yet unknown
(Lemoine, 2000; Williams et al., 2000). In
addition, sugar efflux must play a crucial
role in fuelling pollen and embryo develop-
ment as well as nectar production and secre-
tion of carbohydrates to the rhizosphere.
Furthermore, phytopathogenic bacteria
usually colonize the apoplasmic space and
are dependent on nutrient uptake from the
host. Hence, it is very likely that efflux car-
riers from the host are required for bacterial
growth. Despite these important functions,
attempts to isolate and characterize sugar
efflux carriers failed so far, probably because
of unsuitable screening systems.

Using a new and elegant screening system,
Chen et al. (2010) were able to isolate and
characterize the first sugar efflux carrier from
plants and later on could demonstrate that
these efflux carriers belong to a novel trans-
porter family with homologs in Caenorhabditis
elegansand humans. The screening system was
based on a mammalian cell line (HEK293T)
co-expressing a genetically encoded glucose
sensor (Frommer et al., 2009) and a library
of polytopic A. thaliana membrane proteins
of unknown function as predicted by the
membrane protein database Aramemnon
(Schwacke et al., 2003). This system allowed
the sensitive detection of glucose uptake and
let to the identification of AtSWEET1. In
Arabidopsis thaliana, AASSWEET1 is a mem-
ber of a gene family comprising 17 members.

Mutant phenotypes of some members of the
SWEET family have already been described in
A. thaliana and rice. Mutation of AtSWEET8
(ruptured pollen grain 1, RPG1) for exam-
ple, prevents microsporocyte development
by inhibiting glucose efflux from tapetum
cells (Guan et al., 2008). Interestingly, several
members of the AtSSWEET gene family are
inducible by pathogens. This et to the hypoth-
esis that some pathogens might hijack host
efflux systems to support their own growth
in the apoplastic space of infected host plants.
Support for this hypothesis comes from rice.
Mutations in OsSWEET11 (Xal3) results
in resistance against late blight (Chu et al,,
2006). Moreover, in wild-type rice plants,
Xanthomonas oryzae, the causative agent of
late blight, activates OsSSWEET11 expression
by binding of TAL effectors to promoter ele-
ments of the OsSSWEET11 gene (Romer et al.,
2010). Mutations in these binding sites lead to
the failure of gene induction and hence prevent
colonization of the host. Interestingly, muta-
tions in the same gene also result in reduced
fertility of pollen. Thus pathogens seem to be
able to reprogram host cells to support their
nutrient supply by interfering with the host
transport system.

Taken together, assigning a function to
the SWEET gene family opens up exiting
perspectives for both plant physiology and
plant—pathogen interaction. It could clearly
be shown that SWEETS are in involved in
glucose efflux and play a crucial role dur-
ing pollen development and plant—pathogen
interaction. Since the SWEETS transport
glucose, this still leaves the question which
proteins are responsible for sucrose efflux
around the phloem or from the seed coat.
However the base has been laid — one could
use the FRET sucrose sensors (Lager et al.,
2006) to use the same principal approach
as was used for identifying the SWEETS,
namely to screen a library of unknowns
for novel sucrose transporters that might
be responsible for sugar efflux around the
phloem. But it seems to be clear that on the
basis of the important role of members of
the SWEET family during plant—pathogen
interaction, novel strategies in plant protec-
tion become feasible. Therefore, the article
by Chen et al. (2010) represents an exiting
milestone in furthering our understanding
of transport processes in plants and their
relevance in plant—-microbe interactions (for
illustration see Figure 1).
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FIGURE 1 | Schematic representation of sugar transport processes during plant-bacterium
interaction and phloem loading. S, sucrose; H*, proton.
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