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Plants and microorganisms are a source of bioactive metabolites, which comprises of both harmful and beneficial compounds
for human beings. We are currently studying the biosynthesis of trichothecenes and detoxification of zearalenone, which are
produced by Fusarium graminearum. We are also studying regulatory mechanisms of fungal sesquiterpene biosynthesis,
focusing on the metabolic flow from the common intermediate compound. The research is expected to provide a new
technological platform to produce large quantities of valuable compounds in the future. Metabolic engineering of the
filamentous fungi will contribute to develop a repository of new bioactive compounds using plant gene resources.

1. Biosynthesis of trichothecenes

(1) Involvement of the osmosensor histidine kinase and osmotic stress-activated protein kinases in the regulation of

secondary metabolism in Fusarium graminearum
Fusarium graminearum produces trichothecenes in aerial hyphae, a process which is markedly suppressed by NaCl without a
significant effect on fungal growth. Here we report on the involvement of kinases of the two-component osmotic signal
transduction pathway in the regulation of secondary metabolism in F graminearum. While a deletion null mutant of FgOs1
(encoding the osmosensor histidine kinase) (AFgOs1I) produced a reduced amount of the red pigment aurofusarin and was
unaltered in its ability to produce trichothecenes, deletion null mutants of FgOs4 (encoding mitogen-activated protein kinase
kinase kinase; MAPKKK), FgOs5 (MAPKK), and FgOs2 (MAPK) showed markedly enhanced pigmentation and failed to
produce trichothecenes in aerial hyphae. Also, the transcript levels of PKS12and GIPZ2 (aurofusarin biosynthetic pathway
and regulatory genes, respectively) were significantly enhanced in the AFgOs4, AFgOs5, and AFgOs2 mutants and were
reduced in the AFgOsI mutant. In addition, expression of 7ri4 and 7¥76 (trichothecene biosynthetic pathway and regulatory
genes) and production of trichothecenes in rice medium were markedly reduced in the former three protein kinase mutants.
This is the first report demonstrating the involvement of a MAPK in the regulation of secondary metabolism.

(2) A screening system for inhibitors of trichothecene biosynthesis: hydroxylation of trichodiene as a target
Fusarium Tri4 encodes a key cytochrome P450 monooxygenase for hydroxylation of trichodiene early in the biosynthesis of
trichothecenes. In this study, we established a system for screening for inhibitors of trichothecene biosynthesis using
transgenic yeast expressing 7¥i4. For easy evaluation of the TRI4 activity, trichodiene-11-one was used as a substrate, and
the formation of 2a-hydroxytrichodiene-11-one was monitored at 254 nm in an analysis with HPLC. Using this system, TRI4
proved to be inhibited by various flavones and furanocoumarins. We also found that a catechin-containing commercial
beverage product, Catechin Supplement 300 (CS300), inhibited TRI4 activity, at which concentration the growth of the
transgenic yeasts was not significantly affected. At an early stage of culture, both flavone and CS300 exhibited a
toxin-inhibitory activity against Fusarium graminearum. However, inhibition of trichothecene production was not observed
with longer incubation periods at minimum concentrations necessary to inhibit > 50% of the TRI4 activity, presumably due to
the metabolism by the fungus. The results suggest that this yeast screening system with TRI4 is useful for the rapid
identification of lead compounds for the design of trichothecene biosynthesis inhibitors that are resistant to modification by the
fungus.

2. Identification of multiple highly similar XIP-type genes in hexaploid wheat

(1) Cloning and characterization of Xip-R1
In hexaploid wheat, Xip-/is the only XIP-type xylanase inhibitor gene whose expression and function have been characterized
in detail. Here we demonstrate the existence of new XIP-type genes with the identification of Xip-R1 and Xip-RZ2in the root
cDNAs. Southern blot analysis with the Xip-R1 probe revealed that XIP-type genes comprised a significantly greater gene
family than previously speculated on in studies with the Xip-Iprobe. The transcript level of Xip-E genes was increased upon
an inoculation with Erysiphe graminisin the leaves, but not with Fusarium graminearum in the spikelets. RT-PCR with the
RNA samples followed by extensive sequencing of the cloned amplified products revealed the presence of 12 highly similar
Xip-R genes. Among these genes, Xip-R1 was the only predominant Xip-R family member induced to express in response to £.
graminis. XIP-R1 was located in the apoplastic space and inhibited family 11 xylanases, but the protein did not show
chitinolytic activity. These results suggest that hexaploid wheat has a large family of XIPs in its genome, but that only some
of them are expressed for plant defense in limited tissues.
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