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It is becoming increasingly important to establish a sustainable society by reducing our heavy reliance 

on fossil resources. As lignocellulosic biomass represents the most abundant renewable and carbon-neutral 
resources on earth, technologies to improve their utilizations are key for realizing the goal. In this context, 
we investigate structure, biosynthesis and bioengineering of lignocellulosic biomass using various model 
plants and biomass crops. In addition, we are interested in understanding biosynthesis of plant-derived 
phenylpropanoid metabolites displaying various useful biological activities. Our program typically 
integrates research ideas and approaches based on chemistry, biochemistry, and molecular biology. 

Among a wide variety of biomass feedstocks, large-sized grass species, such as Erianthus, Sorghum, 
sugarcane, and bamboo, have attracted particular attention especially due to their high biomass productivity 
and superior environmental adaptability. To explore new breeding strategies to improve the production of 
fuels and materials from grass biomass, we seek to develop transgenic rice plants that produce biomass 
with improved utilization properties. Our research particularly focuses on manipulating lignin, a 
phenylpropanoid polymer accounting for 15-30 wt% of lignocellulosic biomass.  

We have developed various rice transgenic lines in which specific genes encoding enzymes and 
transcription factors functioning in lignin biosynthetic pathway are down- and/or up-regulated. Some of our 
developed transgenic lines appeared to display notably enhanced biomass properties that can be exploited 
for productions of bioenergy and biomaterials [1-3]. In parallel, we are working on selective breeding of 
grass crop varieties, such as Erianthus spp. and Sorghum spp., with superior lignins suited for bioenergy 
and biomaterial productions [4]. In addition, we also work on development of new analytical methods 
using various chemical methods, NMR spectroscopy, and fluorescence imaging techniques, to scrutinize 
elusive details of architecture and development of lignocellulosic biomass [5].   

In another front, aiming at biological production of useful phytochemicals, we have been 
characterizing plant and microbial enzymes involved in formations of bioactive phenylpropanoids such as 
lignans and norlignans. Our recent projects include elucidation of the biosynthesis of antitumor 
podophyllotoxin in Anthriscus sylvestris [6], unravelling crystal structures of hinokiresinol synthases, 
unique enzymes responsible for the enantioselective formation of bioactive norlignans [7], and 
identification of new enzymes/genes involved in the formation of estrogenic mammalian lignans 
(enterolignans) via human intestinal bacteria [8]. 
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Identification of wood heritages has provided beneficial information on the origin, historical 
background, wood selection and also new perspectives. In specific, historical cultural exchanges would be 
one of the possible factors that influence the wood selection in Japan. Recently, microscopic wood 
identifications were performed on the decorative and structural elements of several Japanese traditional tea 
ceremony rooms “Chashitsu” in Kyoto, Japan [1]. Although Japanese tea ceremony rooms are well-known 
as representative expression of “Wabi-Sabi” the Japanese senses of beauty, scientific wood identification 
has not seen as important in the past. 

For wood identification, minimum amount of samples that are necessary for making preparation were 
collected carefully from deteriorated parts or cracks so as not to alter the appearance and strength. 
Hand-sectioned samples were observed under an optical microscope and the samples were identified on the 
basis of microscopic anatomical features. However, in many cases, it is not easy to collect enough size of 
samples from old valuable wooden artifacts. In many cases, only one tiny sample can be provided. In order 
to preserve such a precious tiny sample, synchrotron X-ray microtomography (SRX-ray μCT) that is 
non-destructive and non-invasive method has been widely applied. Our investigation recently revealed this 
method is effective for identification and observing anatomical structure [2] [3]. From Japanese traditional 
tea ceremony room, it was difficult to get enough size of samples; SRX-ray μCT was also applied to 
identify the wood species. 

As a result, the unique wood usage peculiar to tea ceremony rooms was revealed. For instance, 
combination usage of Pinus densiflora and Zoboku (wood with bark) or Cryptomeria japonica and Zoboku 
for Tokonoma was confirmed. Furthermore, some results concerning about the wood selection envisaged a 
very unique cultural interaction between the architectural styles of Korean peninsulas and Japan. Now, 
other investigation of tea ceremony rooms in regard to wood species has been started in Kansai area. In 
order to deeper the “Wabi-Sabi concept” in wood selection and reveal the linkage among Asian counties, 
wood identification would be more and more important. 
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