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Addendum

Signaling from soybean roots to rhizobium

An ATP-binding cassette-type transporter mediates genistein secretion
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Legume plants have a unique ability to fix atmospheric nitrogen
via symbiosis with rhizobia. For the establishment of symbiosis,
legume plants secrete signaling molecules such as flavonoids from
root tissues, leading to the attraction of rhizobia and the induc-
tion of rhizobial 7od genes. Genistein and daidzein are found in
soybean root exudates and function as signal molecules in soybean-
Bradyrhizobium japonicum chemical communication. Although it
is more than 20 years since these signal flavonoids were identified,
almost nothing has been characterized concerning the membrane
transport process of these molecules from soybean roots. To eluci-
date the transport mechanism we performed membrane transport
assays with plasma membrane-enriched vesicles and various inhibitors.
As a result, we concluded that an ATP-binding cassette-type trans-
porter is involved in the secretion of genistein from soybean roots.
The possible involvement of a pleiotropic drug resistance-type
ABC transporter in this secretion is also discussed.

Legumes (Fabaceae) constitute the third largest plant family,
behind only orchids (Orchidaceae) and asters (Asteraceae), with
around 700 genera and 20,000 species.! From the viewpoint of
agricultural importance, they represent the largest plant family among
dicots, whereas Gramineae is the counterpart in monocots that contain
most crop plants. A hallmark feature of legume plants is their ability
to gain nitrogen nutrients directly from soil microbes called rhizobia
through symbiosis. The plant-rhizobium symbiosis takes place in
specialized organs, nodules, where rhizobia convert atmospheric
nitrogen effectively into ammonium to facilitate nitrogen fixation
in amino acids, which is beneficial for the host plants. In return
the plants supply the rhizobia with the photosynthetic products,
carbohydrates.? The inter-recognition via chemical signals between
a host plant and rhizobium is highly specific for both species and
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is indispensable for the development of functional nodules. These
sophisticated signaling cascades begin with the secretion of flavo-
noids from the roots of the host plant,>> which are recognized
by the NodD protein in the rhizobia leading to the successive
induction of nod gene expression to produce the second signaling
molecules, lipochitooligosaccharides, also known as Nod-factors
(Fig. 1). Nod-factors perceived by receptors in the host plant induce
various signaling events such as ‘calcium spiking’ response, ultimately
resulting in the formation of nodules.®

As signaling flavonoids, genistein and daidzein were identified in
root exudates of soybean many years ago,”® and indeed an appreciable
amount of these flavonoid aglycons as well as their glucosides were
detected by LC-MS analysis in the hydroponic culture media in our
study. However, almost nothing is known about the membrane trans-
port involved in flavonoid secretion from legume roots. To elucidate
the transport mechanism of flavonoid secretion from the root tissues
of legume plants, we used soybean and genistein as a model system
and performed biochemical analyses using root-membrane-vesicle
transport experiments. Using a plasma membrane-enriched fraction,
we detected clear ATP-dependent transport activity of genistein, and
demonstrated with various transport inhibitors that an ATP-binding
cassette (ABC)-type transporter mediates the secretion of flavonoids
from soybean roots (Fig. 1).?

ABC transporters constitute the largest family of transporters
in plants, with more than 120 members in Arabidopsis and rice,
and at least 91 members in a model legume, Lotus japonicus.'0-12
ABC transporters are defined by a highly conserved domain called the
nucleotide binding domain (NBD) which consists of a Walker A box
[GX4GK(ST)], a Walker B box [(RK)X3GX3L (hydrophobic)3],!?
and an ABC signature [(LIVMFY)S(SG)GX3(RKA)(LIVMYA)X(LI
VEM)(AG)] between them.!* Most ABC transporters are membrane
proteins with one or two transmembrane domains (TMDs), while
‘soluble’ ABC transporters without TMDs are also found. Contrary
to the general understanding that ABC transporters are multispecific
transporters, no typical multiple drug efflux pump has been reported
among plant ABC transporters, but they seem to play specific and
diverse roles in plant life. For instance, stomata movement,'>10

18 and iron homeostasis!?20

wax secretion,!” alkaloid translocation,
are all reported as functions of specific ABC transporters in plants.
ABC members involved in the transport of signal molecules are
also known, e.g., Ste6 for a yeast mating hormone,?! and AtPGP1,

AtPGP4, and AtPGP19 for auxin transport.zz'24 As a large number
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of ABC transporters remain still to be characterized, direct relevance
to signal-compound secretion in plants will be further uncovered in
the future.

Although there are some potent inhibitors of ABCB subfamily
members and a general enhancing element, glutathione, is also known
for the ABCC subfamily, our transport assays suggested that the ABC
transporter of a non-ABCB or non-ABCC-type member was involved
in genistein secretion.” It could be speculated that another subfamily,
e.g., pleiotropic drug resistance (PDR)-type ABC transporters, which
are ‘full-size’ proteins with an NBD1-TMD1-NBD2-TMD?2 struc-
ture, may be involved in genistein secretion. In fact, a higher number
of PDR subfamily members than any other subfamily are expressed
in soybean roots. PDR-type ABC transporters are specific to plants
and yeast but are not found in animals or bacteria, although ‘half-size’
ABCG members with NBD-TMD orientation share sequence simi-
larities with PDR-type ABCs and are found in human.?> Human
ABCG members are well studied due to their clinical importance in
lipid homeostasis?® and several inhibitors, such as novobiocin and
estrone, have been reported for the ABCG2 protein.?”-? We have
tested whether these chemicals could inhibit genistein transport,
but they failed to inhibit the transport activity. It is probable that
these inhibitors are specific to human ABCG members, especially to
ABCG?2, and may not inhibit the activity of plant PDR members.
Development of specific inhibitors for plant PDR members is
required to conclude the direct involvement of PDR members in the
secretion of flavonoids, but an informatics approach with genomic
and expressed sequence tag (EST) information can be applied. In the
soybean gene index (http://compbio.dfci.harvard.edu/tgi/cgi-bin/
tgi/gimain.pl?gudb=soybean), we found 13 PDR genes expressed in
roots: 'TC204797, TC204798, TC204799, TC208020, TC210090,
TC211803, TC218050, TC218747, TC218748, TC222885,
TC227242, TC227243, TC231151 and AW831708. Functional
analysis of these genes with a heterologous expression system and/or
physiological studies on transgenic soybean plants with RNAi knock
down technology may enable us to identify the gene(s) responsible
for genistein secretion.

Legume plants are unique in their ability to assimilate atmospheric
nitrogen through symbiosis with rhizobia, and are important to our
lives. Research on legume plants is becoming very active; more infor-
mation on genome sequences, genetic markers and expression data
from cDNA arrays have been accumulated worldwide, which led to
the identification of important proteins functioning in the signal
recognition and transduction for the establishment of nodules.?%-3
This information will also be used to identify the protein responsible
for the secretion of signal flavonoids as well as phytoalexins in the
near future.
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Figure 1. A model of flavonoid secretion from soybean roots and the inter-
recognition between legume and rhizobium.
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