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Inorganic nitrogen source is an important factor ruling
plant growth and development. Plants constantly sense
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differences in the nutrient status, and modulate their own
metabolism and developmental program to adapt to their
changing environment. This ability to orchestrate changes
throughout the whole plant calls for an integrated network
of intracellular, intercellular and inter-organ signaling of
nitrogen status. In the inter-organ signaling, plants have
dual paths delivering the nutritional information: one is
mediated by nitrate ion itself and another is by cytokinin, a
plant hormone. Nitrate-specific signaling mainly functions
to regulate production of amino acids and nucleotides, and
cytokinin-mediated route mainly functions to modulate ni-
trogen partitioning and developmental program. Thus, co-
ordination of both regulations must be important to inte-
grate nitrogen responses as a whole plant. In our labo-
ratory, we focus on the cytokinin-mediated nitrogen sig-
naling. We aim to elucidate the molecular mechanism of
nitrogen-dependent cytokinin biosynthesis and transloca-
tion and signal transduction in the target cells in order to
obtain new concepts and rules for long-distance nitrogen
signaling.

1. Elucidation of regulatory mechanism of
nitrogen-dependent accumulation and transloca-
tion of cytokinins

We identified CYP735A1 and CYP785A2 from Ara-
bidopsis thaliana as cytokinin hydroxylase that catalyzes
trans-zeatin (tZ)-type cytokinin biosynthesis. Both of
the two types of CYP735As preferentially utilized iP nu-
cleotides rather than the nucleoside-or-free-base forms in
in vitro system, and produced tZ nucleotides but nei-
ther not the cis-isomer nor dihydrozeatin. The expres-
sion of CYP735A1 and CYP735A2 was regulated in
an organ specific manner. Root-specific induction of
CYP735A2 expression by cytokinin suggests that the
trans-hydroxylation is involved in the regulation of cy-
tokinin metabolism and signaling in roots.

The phytopathogenic bacterium Agrobacterium tume-
faciens infects plants and induces the formation of tu-
mors called “crown galls”. This neoplastic morphogen-
esis is attributable to the function of genes coded on
the transferred-DNA (T-DNA) region of the Ti-plasmid,
which integrates into the plant nuclear genome upon in-
fection. Cytokinin and auxin biosynthesis enzymes en-
coded on the T-DNA are expressed by using the transcrip-
tion/translation machinery of the host plant, and increase
these hormone levels to cause tumorigenesis. We demon-
strated that a cytokinin biosynthesis enzyme Tmr, encoded
by the Agrobacterium T-DNA region, is targeted to and
functions in plastids of infected plant cells. The plastid-
localization of Tmr allows this bacterial enzyme to create a
new metabolic bypass, to produce bioactive cytokinins us-
ing an intermediate in the plastid-specific methylerythritol
phosphate pathway.

We identified four genes for potential equilibra-
tive nucleoside transporters (ENTs) from Oryza sativa
(OsENT1 - OsENTY4). Direct measurements with ra-
diolabeled cytokinins demonstrated that OsENT2 medi-
ated uptake of iP riboside (K = 32 uM) and tZ riboside
(Km = 660 uM), suggesting that OsENT2 participates in
iPR transport in planta. The OsENTZ2 expression was
found in the scutellum during germination and in vascu-
lar tissues in germinated plants. These results suggest
that OsENT2 participates in the retrieval of endosperm-
derived nucleosides by the germinating embryo and in the
long-distance transport of nucleosides in growing plants,
respectively.
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2. Elucidation of physiological function of His-
Asp phosphorelay in cytokinin-mediated nitrogen
signaling

Cytokinin-mediated nitrogen signal is transmitted by
His-Asp phosphorelay system in the target cell. We had
identified genes for a series of His-Asp phosphorelay sig-
naling modules from maize. This year, we identified genes
for cytokinin receptors (ZmHK1a2, ZmHK1b1, ZmHK1b2)
from maize, and characterized their ligand specificity and
expression patterns.

3. Molecular characterization of traffic system
via phloem for organ-to-organ signaling

A number of substances, not only metabolites but
also growth regulators and macro-molecules (protein and
RNA), are translocated via xylem and phloem to transmit
long-distance metabolic signals. We profiled their direction
and selectivity of translocation in rice phloem.
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