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Plants produce and accumulate various metabolites. Of
these, steroids and triterpenoids have potential applica-
tion to functional foods, medicines and industrial materi-
als. To understand the metabolic system of steroids and
triterpenoids in plants, we chose a strategy combining the
comprehensive-analytical chemistry and molecular genet-
ics approaches.

1. Study on ‘functional triterpenomics’
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Plants produce a wide variety of triterpenes (com-
pounds derived from squalene). However, except for
brassinosteroid, the physiological role of each compound
has not yet been well understood. Squalene is an uncyclic
triterpene, biosynthesized via the mevalonate (MVA) path-
way in the cytoplasm, and is metabolized to two kinds
of cyclic tritertpenes; one is steroid (sterol and brrasinos-
teroid) and the other is triterpenoid. To understand the
physiological roles of various triterpenes, we have charac-
terized Arabidopsis T-DNA insertion mutants for HMG1
and HMG2, that encode HMG-CoA reductase. The pre-
vious work of hmg! suggests that triterpenes are involved
in cell elongation, senescence and fertility. The analyses of
the expression of the marker gene of the wild-type (WT)
plant treated with various inhibitors of the MVA pathway
suggest that squalene is involved in the inhibition of senes-
cence progression, and 24-acylated sterols are involved in
cell elongation. These findings correspond to the gene ex-
pression analyses in the various mutants downstream of
hmgl in the MVA pathway. Squalene may contribute to
the inhibition of senescence by the prevention of lipid per-
oxidation. 24-alkyl sterols may contribute to cell elonga-
tion as components of the plasma-membrane.

Lovastatin is a specific inhibitor of HMGR. The LOI1
gene, isolated as a causative gene from a recessive lo-
vastatin insensitive 1 mutant of Arabidopsis, was iden-
tified to encode a pentatricopeptide repeat (PPR) pro-
tein. The biological function of the LOIl protein is un-
clear. The arabidopsis genome contains more than 400
genes encoding PPR proteins, most of which are believed
to be imported into chloroplast and mitochondria, tak-
ing part in the RNA processes. In this study, we tested
the RNA-binding activity of recombinant LOI1 protein.
The North/South-Western blotting assay demonstrated
that LOI1 bound RNA and ssDNA, but did not bind ds-
DNA. The RNA binding assay using Agarose-bound ho-
moribopolymers showed that LOI1 preferentially bound
polyG and polyU homoribopolymers. We also used the
method of systematic evolution of ligands by exponential
enrichment (SELEX) to identity the sequence specificity
of the potential LOI1 targets. The post-SELEX RNA ob-
tained after 16 rounds of selection exhibited a significant
increase in binding affinity for LOI1l. The post-SELEX
RNA shared a high consensus sequence characterized by a
GU-rich region.

We established a non-RI assay system based on the
spectrophotometric method to determine glycosyltrans-
ferase activities. Specific activties of wild type and mu-
tant SaGT4As were determined, and the characteris-
tics of this enzyme revealed. In order to elucidate the
function-structure relationship of glycosyltransferases, we
constructed several SaGT4A /StSGT chimera proteins ac-
cording to amino acid sequence and enzymatic character
information obtained through biochemical experiments.
SaGT4A and StSGT share high sequence homology and
substrate specificity toward steroidal compounds, however,
they display separate and distinct sugar selectivities. No
chimera enzyme altered its original sugar selectivity, nor
were specific domains or residues responsible for sugar se-
lectivity identified. The fact that some of the chimera pro-
teins totally ceased activity suggests that proper folding
may have been impaired during construction. Site-directed
mutagenesis targeted on cysteine residues revealed that
three cysteines influence SaGT4A activity, and indicated,
that two of them are involved in disulfide bonds formation.
These three residues are also conserved in StSGT, suggest-
ing that SaGT4A and StSGT share similar folding. These

1230

results suggest that three-dimensional structure analysis is
necessary to design novel functional enzymes.

2. Development of tissue culture systems for
functional genomics

Agrobacterium rhizogenes-mediated transformation (in-
duction of hairy roots) is thought to be a high-throughput
system for obtaining large numbers of independent trans-
genic clones. It can be a powerful tool for gene discovery
attempts such as the activation tagging approach. Other
features of the hairy root culture system are (1) root
biomass can be readily obtained under tightly controlled
sterile conditions and (2) hairy root cultures are generally
considered to allow synthesis of the same compounds as
the roots of the intact plant. These advantages provide
attractive materials for functional analyses of the genes of
interest by metabolic profiling and large-scale production
of valuable secondary metabolites.

Development of the hairy root-activation tagging (HR-
AT) system: We developed binary vectors for HR-AT
which contain a cluster of 7ol (rooting locus) genes to-
gether, the right border facing four tandem repeats of the
cauliflower mosaic virus (CaMV) 35S enhancer element
on the same T-DNA. Transformation experiments using
Arabidopsis, potato, and tobacco as model plants revealed
that upon inoculation of plants with Agrobacterium tume-
faciens harboring these vectors, a large number of inde-
pendently transformed roots could be induced from ex-
plants within a short period of time, and root culture lines
were subsequently established. Molecular analyses of the
transformed Arabidopsis lines showed that expression of
the gene immediately adjacent to the CaMV 35S enhancer
repeats was significantly increased. This system may fa-
cilitate application of the activation-tagging approach to
plant species that are recalcitrant to the regeneration of
transgenic plants.

Development of HR-OX and HR-RNAi vectors: We
have developed binary vectors, using the same rol gene
cluster used for the pHR-AT vectors, for over-expression
(pHR-OX) and RNA interference (pHR-RNAJ) of the tar-
get gene in transformed hairy roots. To evaluate the pHR-
OX and pHR-RNAI vectors, we established hairy root cul-
ture lines over-expressing or with reduced expression of
the each of three Arabidopsis genes encoding sterol-C24-
methyltransferases (SMTs) involved in sterol biosynthesis.
Sterol profiling data revealed that these vectors work effi-
ciently to provide “root specific” changes in sterol compo-
sition by modulating SMT gene expression, i.e., dramatic
accumulation of cycloartenol which increased on average
13-fold in SMT1 over-expressing lines when compared to
control lines. We designed both pHR-OX and pHR-RNAi
vectors as GATEWAY™ destination vectors suitable for
high-throughput functional genomic research. We recently,
created an Arabidopsis cDNA over-expression library with
the pHR-OX vector.

Interestingly, the “floral dip” transformation method
worked for these HR-vectors to generate transgenic Ara-
bidopsis plants. The transformants showed typical mor-
phological phenotypes represented by an overabundance
of roots and dwarfism due to the expression of rol genes.
We found that root cultures can be readily established by
simply separating the roots from an individual seedling
and transferring to a liquid medium. Although the trans-
formants grown on the soil had significantly reduced fer-
tility, more than 80% of the primary transformants set
seed. This is important from a technical perspective, be-
cause it indicates that a large collection of root culture lines
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can be maintained as seeds, without regular subculturing.
We have started to establish “HR-AT” and “cDNA over-
expressing” transformed Arabidopsis lines using the floral
dip transformation method. High-throughput metabolic
profiling of “activation-tagged” or “cDNA over-expressing”
root culture lines will offer opportunities for identifying
regulatory or biosynthetic genes for the production of valu-
able secondary metabolites of interest.
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