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1. Study of the comprehensive regulation of the
mevalonate pathway through the action of HMG-
CoA reductase

In higher plants, HMG-CoA reductase (HMGR) is en-
coded by small divergent gene families, in contrast to the
single gene found in animal cells. Furthermore, each plant
HMGR gene has distinct expression patterns, both spa-
tially and temporally. Arabidopsis encodes two HMGR
genes: HMG1 and HMG2. To understand the role of in-
dividual HMGR, genes, we screened Arabidopsis T-DNA
tagged lines and isolated homozygous insertion mutants of
HMG1 and HMG2. No distinct phenotype of the hmg2
mutant was seen. By contrast, the hmg! mutant plant
showed inhibition of root elongation and expansion of the
cotyledon in seedlings; a dwarf, sterile phenotype; and
rapid senescence in mature leaves and internodes. In addi-
tion, rapid induction of a senescence-associated gene was
observed in hmg! seedlings after dark treatment.

To investigate the role of plant orthologues of the pro-
tein kinase, we analyzed Arabidopsis AKIN10, AKIN11,
and AKIN12. A kinase assay using an HMGR C-terminal
peptide as its substrate revealed that Akinl10 and Akinll
can phosphorylate HMGR, but AKIN12 cannot. To iden-
tify the organs where AKIN10, AKIN11, and AKIN12
are expressed we used RT-PCR analysis. AKINI10 and
AKIN11 are expressed ubiquitously, while AKIN12 is
expressed in immature siliques. These results suggest
that AKIN10 and AKIN11 are functional HMGR kinases.
AKIN12 may be involved in other metabolic regulation,
such as catabolite derepression in yeast.

We have also begun to screen lovastatin-resistant plants
from T-DNA insertion mutant pools of Arabidopsis for the
purpose of isolating regulators of HMGR genes and factors
responsible for MVA/MEP crosstalk. We have succeeded
in isolating a recessive lovastatin-insensitive mutant (loil).

2. Development of a novel technology platform
for root culture systems

Activation tagging, Agrobacterium tumefaciens-medi-
ated transformation with a T-DNA that carries enhancer
or promoter sequences, is a gene discovery tool based on
gain of function. However, application of this method is re-
stricted to several plant species because it needs large num-
bers of transgenic plants for selection. Hairy roots emerge
from inoculated sites in various dicotyledonous plants at
high efficiency after infection with A. rhizogenes. In other
words, A. rhizogenes-mediated transformation is thought
to be a high-throughput system for obtaining large num-
bers of transgenic root clones. Therefore, we used hairy
root clones as a tool for activation tagging and for the rapid
investigation of genes of unknown function. We decided to
use the rol gene cluster instead of the native Ri plasmid
to obtain a simple insertion event in the genome of trans-
formed clones. In this project, binary vectors for “Hairy
Root-Activation Tagging (HR-AT)”, which contain the 7ol
gene cluster, a selection marker, ori for E. coli, and 35S en-
hancers, were constructed. We also constructed both sense
and RNAi vectors for hairy root, using the GATEWAY sys-
tem to achieve rapid construction of the desired expression
vectors. To evaluate these vectors, we developed a highly
efficient hairy root induction method for Arabidopsis using
callus from hypocotyls.
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3. Metabolic engineering of phytosteroids using
the root culture systems

Solanaceae plants contain unique steroid derivatives,
such as saponins, which have diverse biological and phar-
macological activities. Glycosylation is the final step in
the biosynthesis of saponins, and their sugar chain struc-
ture is considered important for their activity. Detailed in-
formation on glycosyltransferases (GTs) that catalyze the
glycosylation of steroidal compounds is lacking. We have
established hairy root cultures of Solanum aculeatissimum,
which contains steroid saponins, called aculeatisides, in its
roots. To reveal the function of GT's in saponin production,
we cloned three full-length cDNAs (SaGT4A, SaGT4R and
SaGT6) that encode putative GTs from S. aculeatissimum
and analyzed their gene expression in plants. SaGT4R was
exclusively distributed in roots. Both SaGT4A and SaGT6
responded dramatically to wounding stress. Recombinant
protein for SaGT4A produced in E. coli successfully gly-
cosylated steroidal sapogenin such as nuatigenin and dios-
genin.
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