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 RECENT RESEARCH ACTIVITIES 

Development of high-throughput characterization of lignocelluloses and  
the analysis of lignocelluloses from Jatropha curcas 

(Laboratory of Metabolic Science of Forest Plants and Microorganisms,  
RISH, Kyoto University) 

 
Toshiaki Umezawa and Shiro Suzuki 

 

It is becoming more important to establish a sustainable society, which depends on renewable 
resources. Wood biomass is the most abundant renewable resource on the earth, and therefore, the better 
utilization and efficient production of wood biomass are the key factors to establish a sustainable society. 
In this context, our laboratory is involved in analyzing metabolic functions of forest plants from a wide 
variety of aspects, including organic chemistry, biochemistry, molecular biology, and metabolomics, 
aiming at the elucidation of mechanisms of wood formation of biomass plants and their biotechnological 
application. Here we describe some of the recent research topics of our laboratory. 

1. High-throughput lignin characterization and determination and saccharification efficiency 

In molecular breeding of wood biomass plants, straight-forward, high-throughput, and microscale 
characterization of wood biomass components is important to select the best recombinant lines at the stage 
of juvenile plantlets. Because lignin is one of the major components in wood biomass, its biosynthesis is 
one of the major targets in molecular breeding of wood biomass plants. However, the conventional 
methods for lignin analysis are low-throughput and employ complicate experimental procedures. We have 
already modified the thioglycolic acid lignin determination and nitrobenzene oxidation method suitable for 
large number and small quantity of samples. We recently modified the thioacidolysis for rapid and 
microscaled analysis [1]. In addition, using near-infrared spectroscopy analysis, we established the rapid 
quantification system of lignin and starch contents and saccharification efficiency [2]. Using the analytical 
methods, we are selecting the rice plants to enable the efficient conversion of wood biomass to energy. 

2. Analysis of lignocelluloses from Jatropha curcas 

Jatropha curcas is one of promising oil producing plants because the plant produces large amounts of 
oil and shows an excellent adaptation capacity to a large variety of soil and climate conditions. J. curcas 
trees are trimmed to ca. 2 m in height to facilitate the harvesting of the fruits. As a result, J. curcas oil 
production is accompanied by the concomitant production of 10 ton ha-1 year-1 of branches, which are 
discarded without utilization. The yield of the woody branches is almost similar to that of fast growing 
trees in temperate zone. Thus, the utilization of the trimmed braches is critically important for increasing 
the economical efficiency of J. curcas plantations. To exploit the branches as lignocellulosic raw materials 
for the production of pulp, paper, wooden board, and biofuels, it is necessary to characterize lignins in the 
branches. In this context, lignins of J. curcas organs were qualitatively and quantitatively characterized by 
thioglycolic acid, thioacidolysis, and nitrobenzene oxidation methods [3]. 
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 RECENT RESEARCH ACTIVITIES 

Metabolic engineering for prenylated flavonoids in transgenic plants using bacterial and 
plant prenyltransferases 

 
(Laboratory of Plant Gene Expression, RISH, Kyoto University) 

 
Akifumi Sugiyam, Kojiro Takanashi and Kazufumi Yazaki 

 

Plants produce a large number of secondary metabolites that do not appear to be relevant for primary 
biological activity. Among these secondary metabolites, polyphenols are common to all plant species and 
are known as anti-oxidants and UV protectants. Polyphenols modified with prenyl residues have a variety 
of biological activities, such as anti-tumor, anti-bacterial, anti-virus, anti-oxidant, anti-tyrosinase and 
estrogenic. Although prenylated polyphenols are attractive natural products because of their various 
biological activities, their limited occurrence in plants as well as the difficulty of purification from 
complicated mixtures has limited the potential applications of these compounds for many years; therefore, 
metabolic engineering with prenyltransferase genes has been of particular interest. The identification of 
prenyltransferase genes from Streptomyces and S. flavescens enabled us to synthesize prenylated 
polyphenols via metabolic engineering. In this study, Streptomyces genes (NphB, SCO7190, and NovQ) 
and S. flavescens genes (N8DT and G6DT) were used for the targeted production of prenylated polyphenols. 
We modified the subcellular localization of prenyltransferases to express them in the cytosol, plastids, and 
mitochondria for soluble-type prenyltransferases from Streptomyces (NphB, SCO7190, and NovQ). A total 
of 624 transgenic L. japonicus were generated and analyzed for the production of prenylated polyphenols, 
and the effect of modification of the subcellular compartmentation of prenyltransferases on the production 
of prenylated polyphenols was evaluated. 

Leaves of transgenic plants were extracted with methanol for chemical analysis using liquid 
chromatography/mass spectrometry (LC/MS). Unfortunately, none of the transgenic lines accumulated a 
detectable level of prenylated polyphenol in the leaves. We then supplemented naringenin (100 M) or 
genistein (100 M) to transgenic leaves and incubated for 24 hours before extraction. 7-O-geranylgenistein 
was detected in transformants with plastid-localized NphB, but not detected in transformants with 
cytosol-localized or mitochondria-localized NphB. Both 6-dimethylallylnaringenin and 
6-dimethlallylgenistein were detected in plastid-localized SCO7190 transformants; however, these products 
were not detected in transformants with cytosol-localized and mitochondria-localized SCO7190. Following 
incubation with 100 M naringenin and genistein, N8DT transformants produced 8-dimethlallylnaringenin, 
the direct enzyme reaction product, and G6DT transformants produced 6-dimethylallylgenistein. The 
overexpression of prenyltransferases in plants yielded only low levels of prenylated polyphenols even after 
supplementation of the substrate. For in vivo prenylation, plastids are the most suitable subcellular 
compartment for prenyltransferases, both for soluble and membrane bound types. At the same time the 
problems to be solved are also pointed out, e.g. higher supply of both substrates (i.e. DMAPP and 
polyphenols). One new strategy will be plastid transformation for the higher production of prenylated 
polyphenols. 
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 RECENT RESEARCH ACTIVITIES 

Evaluation of the VOC of Sugi (Cyptomeria japonica) wood on psychophysiological 
responses 

 
(Laboratory of Sustainable Materials, RISH, Kyoto University) 

 
Eri Matsubara, Kenji Umemura, Shuichi Kawai 

The volatile organic compounds (VOC) of wood are mainly sesquiterpenes and have strong 
physiological activities partly. The previous studies have reported that the VOC of several wood materials 
have the various effects on human body. In this study, we are trying to evaluate the VOC of sugi 
(Cyptomeria japonica) wood on psychophysiological responses. The purpose of our study is to make 
comfortable living spaces by wood and to increase utility value of wood. 

Analysis of VOC in room with Sugi wood 

To establish the analysis method of VOC 
emitted from Sugi wood in a living space, the 
experimental room of galvanized steel (inside 
dimension: W1560 × D1840 × H1975 mm) was 
used. The Sugi wood from Oguni (Kumamoto, 
Japan) was used as an experimental material. The 
material was dried at 45 °C and processed to 
vertical grained timbers (W105 × D12 × L1950 
mm). Then, slitting processing was performed 
as shown in Fig. 1. The ceiling and walls of an 
experimental room was covered by the slitted 
sugi timbers. The VOC in this room were 
collected with a carbon tube (ORBO91T, 
Supelco, Bellefonte, PA) maintained at 25.8 ± 
0.2 °C by applying a flow rate of 0.1 L min-1 for 
3 h. The VOC were eluted by acetone and 
analyzed by a GC-MS system (GCMS-QP2010; 
Shimadzu Co., Ltd., Kyoto, Japan). The 
machine was equipped with an Ultra ALLOY-5 capillary column (30 m × 0.25 mm i.d., 0.25 μm film 
thickness; Frontier Laboratories Ltd., Fukushima, Japan). The temperature program was as follows: 50°C 
for 3 min, followed by increases of 10 °C/min-1 to 250 °C, and holding for 5 min. The other parameters 
were as follows: injection temperature, 250 °C; ion source temperature, 250 °C; carrier inlet pressure at 100 
kPa; He at 1.69 mL min-1; injection volume, 1 μL. The GC-MS chromatogram of VOC emitted from Sugi 
wood were shown in Fig. 2. We compared the GC-MS data with mass spectral database library (NIST08) 
and previous study [1] for substance estimation. As a result, the VOC were mainly composed of 
α-cubebene, β-cubebene, α-muurolene, δ-cadinene and other several sesquiterpenes. We are just preparing 
to identify the compounds by retention index with n-alkanes and commercially available reagents. And 
then, we calculate the concentrations of the target compounds in the sample using the calibration standard 
line of these reagents.  

Evaluation of VOC emitted from Sugi wood on psychophysiological responses 

We are preparing to evaluate the influences on human body by breathing the VOC in the room with 
Sugi wood. The evaluation indices of human body are temporal changes of heart rate intervals and 
autonomic nerve activity as measured by electrocardiography, and subjective assessment for VOC, work 
performance with arithmetic work, salivary hormones.  
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Fig. 1 Sugi wood materials with slitting 

Fig. 2 GC-MS Chromatogram of VOC emitted from 
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 RECENT RESEARCH ACTIVITIES 

Simulations and Modeling of Geospace Environment 
 

(Laboratory of Computer Space Science, RISH, Kyoto University) 
 

Yoshiharu Omura and Yusuke Ebihara 
 

We study space environment surrounding the Earth (geospace) using a large scale computer 
simulations. Based on the simulation results obtained from the supercomputing on the KDK system, we 
have developed the nonlinear wave growth theory of whistler-mode chorus waves [1,2] and 
electromagnetic ion cyclotron waves [3] observed in the inner magnetosphere including the radiation belts. 
The methods of the simulations are electromagnetic-full particle codes, hybrid code, Vlasov hybrid code, 
and test particle simulations. While the electromagnetic particle codes have successfully reproduced chorus 
emissions [4, 5] with reduced space and time models, the hybrid code simulation has reproduced the EMIC 
triggered emissions with real parameters [6]. The Vlasov hybrid code has also reproduced chorus emissions 
with both rising-tone and falling-tone emissions. Based on an analysis with the Vlasov hybrid code, we 
developed a theory of triggering the rising-tone emissions [7], as well as falling-tone emissions. [8]. Chorus 
emissions can accelerate electrons to relativistic energy (MeV). The relativistic electrons are scattered into 
the auroral atmosphere by EMIC rising-tone emissions very effectively [9].  

By using particle data acquired by the Polar satellite, we found that the number of the ions constituting 
the ring current is increased, decreased, or unchanged, depending on kinetic energy and magnetic local 
times during the magnetic storms [10]. An interesting feature is that high energy ions with energy greater 
than 125 keV are increased during the storm recovery phase. This is opposite to the low energy ions. Our 
study suggests that energetic ions may have a point in common with high energy electrons. By performing 
a computer simulation, we found that a rapid decay of the ring current can be reasonably explained by pitch 
angle scattering of energetic ions in the stretched magnetic field [11]. Recently, we have also developed the 
drift kinetic simulation that solves transport of relativistic electrons in the inner magnetosphere. By 
incorporating with the large-scale electric and magnetic fields provided by a global magnetohydrodynamics 
(MHD) simulation, we found that the relativistic electrons are redistributed by two types of electric fields 
that are self-consistently induced in the inner magnetosphere in the course of substorms. Our simulations 
suggest that the force-induced processes, which are self-consistently coupled to the electromagnetic 
processes, play an essential role in the substorm-associated redistribution of particles in the radiation belt. 
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 RECENT RESEARCH ACTIVITIES 

Microwave Power Transmission to a Sensor Terminal for Wireless Sensor Network 
 

(Laboratory of Applied Radio Engineering for Humanosphere, RISH, Kyoto University) 
 

Tomohiko Mitani and Naoki Shinohara 
 

Wireless sensor network is becoming an attractive application for monitoring systems such as energy 
conservation systems of buildings and houses, traffic management systems, environment monitoring 
systems etc. One of the critical issues of the wireless sensor network is the way to supply electric power for 
sensor terminals. Primary batteris need to be changed soon or later even though power consumption of the 
sensor terminals is quite small. Natural energy utilization like solar cells with a charging system will drive 
the sensor terminal permanently; however their installation location and regular operation are limited 
because the natural energy is quite unstable. We therefore suggest wireless power supply to the sensor 
terminals by microwave power transmission (MPT), in order to realize a fruitful wireless sensor network. 

The objective of the present study is to drive or charge a wireless sensor terminal by MPT. We adopt a 
ZigBee device as wireless sensor terminal because of its low power consumption. ZigBee is one of the 
radio communication standards and appropriate for the sensor network for the following reasons: its power 
consumption is lower than wireless LAN and Bluetooth, its production cost is low, and its network capacity 
is large. Its low power consumption is beneficial for a MPT system from the viewpoint of electromagnetic 
compatibility between MPT and ZigBee. 

We experimentally investigated electromagnetic 
compatibility between ZigBee and microwave power 
transmission, and found that there were some 
frequencies and power levels of microwave power 
transmission not to interrupt ZigBee. We also 
developed a microwave power receiving system 
which consists of a receiving antenna, a rectification 
circuit, a dc-dc converter, and a power storage circuit 
or a secondary battery. Finally we succeeded 
establishment of ZigBee network while driving a 
ZigBee device without batteries by microwave power 
transmission, as shown in Figure 1. Through the 
experiments, we found out intermittent microwave 
power transmission was preferable to CW microwave 
power transmission with respect to electromagnetic compatibility and rf-dc efficiency [1, 2]. 

As future works, we will study on scheduling management between MPT and ZigBee. Although we 
succeeded intermittent MPT demonstration to a ZigBee device as a feasibility study, scheduling 
management will be essential for realizing a fruitful wireless sensor network. Also we will have to study 
how to transmit microwave power to multiple ZigBee devices in a wide area. 
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Figure 1. Photograph of intermittent MPT 

demonstration to a ZigBee terminal. 
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 RECENT RESEARCH ACTIVITIES 

Wave-Particle Interaction Analyzer onboard ERG satellite 
 

(Laboratory of Space Systems and Astronautics, RISH, Kyoto University) 
 

Hirotsugu Kojima 
 

One of the key targets in the ERG mission is to investigate wave-particle interactions leading to the 
generation of high energy electrons in the terrestrial radiation belt [1]. The study of wave-particle 
interactions has been conducted by examining the correlation of wave spectra/waveforms and plasma 
energy spectra/velocity distributions which are observed by plasma wave receivers and particle detectors, 
independently. The disadvantage of this method is the difference of the time resolutions of plasma wave 
data and plasma data. Furthermore, the quantitative data analysis is difficult in this method, because the 
phase relation between electric field and particle velocity vectors is missing. In order to overcome these 
disadvantages, we proposed the new method for the direct measurement of wave-particle interactions. It is 
addressed by Wave-Particle Interaction Analyzer (WPIA) [2]. The WPIA makes use of each pulse which 
shows the detection of particles in plasma detectors. The WPIA calculates VE •  at each timing of 
particle detection by 
multiplying instantaneous 
electric field wave vector (see 
Figure 1). Since VE • is 
equivalent to time differential of 
plasma kinetic energy, the 
quantitative energy flow among 
waves and plasmas can be 
obtained using the WPIA.  

The WPIA onboard the 
ERG satellite is realized by the 
onboard software. The software 
of the WPIA runs on the digital 
processing unit addressed MDP 
(Mission Data Processor). The WPIA needs the information of velocity vectors of sampled particle , 
instantaneous plasma wave vector , and the ambient magnetic field vector. These data are stored onto the 
onboard data recorder through the high speed digital interface called SpaceWire.  
  The MDP reads out the above data from the data recorder and the WPIA calculates the physical 
quantity VE •w . The important point in this system is the time accuracy. In order to identify the 
wave-particle interaction on the chorus emission, we need the time synchronization accuracy is 10 secμ at 
least. This accuracy will be guaranteed by the synchronization pulse from the system and the high 
frequency counter installed inside the plasma wave receiver. 

The current status of developing the WPIA for the ERG mission is under considering the appropriate 
algorithm using computer simulations. The computer simulation reproduces the generation process of the 
chorus emission and the acceleration of electrons by the chorus emission. The algorithm based on the 
computer simulation will be examined using the breadboard of the MDP designed for the ERG emission.  
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Figure 1. Schematic drawing of the WPIA algorithm. 
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 PRIZE 

Dr. Yoshiki Horikawa was awarded the Poster Award at the 25th Cellulase Society of 
Japan 
 
On 15 October 2011, Dr. Yoshiki Horikawa was awarded the Poster Award at the 25th Cellulase Society of 
Japan for his poster presentation “Developing the pretreatment of cellulose for overcoming the ceiling of its 
enzymatic saccharification” in Tsuchiura, Japan. 
 
Assistant Professor Suyako Tazuru was awarded the Paper Award for young scientist of 
Japan Society for Scientific Studies of Cultural Properties 
Dr. Suiyako Tazuru was awarded Paper Award for young scientist of Japan Society for Scientific Studies 
of Cultural Properties for her Japanese article “Wood identification of wooden cultural properties using 
synchrotron radiation X-ray tomography (SR X-ray μCT)” published on Kokogaku to Shizen-kagaku 
(Archeology and Natural Science) 62, p.1-11 (2011), coauthored with Junji Sugiyama and Katsuhiko Koze. 
 
Dr. Rie Takada was awarded the Poster Prize at the 25th Conference of Cellulase 
Research Association 
 
Dr. Rie Takada (Laboratory of Biomass Conversion) was awarded the Poster prize for her paper titled 
“Binding analysis of cellulose on lignin and cellulase” coauthored with Dr. Koichi Yoshioka and Prof. 
Takashi Watanabe at the 25th Conference of Cellulase Research Association held in Inashiki, Ibaraki, 
Japan on 15th October 2011. 
 
Dr. Ms. Misao YOKOYAMA was awarded the Poster award at the 62th Japan wood 
research society Conference 
 
Dr. Ms. Misao YOKOYAMA was awarded the poster award for her engaged study of “Evaluation of wood 
aging by using aged wood from Japanese historical buildings X: Aging effect on the wood cell wall” �at 
the 62th Japan wood research society Conference, in March 2012. 
 
Associate Professor Kenji Umemura was awarded the Ichikawa Prize by Wood 
Technological Association of Japan 
 
On 12th October 2011, Associate Professor Kenji Umemura was awarded the Ichikawa Prize for his 
research entitled “Development of wood adhesion technology using citric acid” at the 29the Annual 
Meeting of Wood Technological Association of Japan. 
 
 
Dr. Miyuki Matsuo was awarded the Poster Award at International Symposium of the 
Wood Culture and Science Kyoto 2011 
 
On 8th August 2011, Dr. Miyuki Matsuo was awarded the Poster Award for her poster presentation entitled 
“Color changes in wood, paper and their components during natural aging and heat treatment: evaluation 
and application” at International Symposium of the Wood Culture and Science Kyoto 2011. 
 
Mr. Akihito Nagahama was awarded IEEE MTT-S Kansai Chapter Best Young 
Presentation Award 
 
Mr. Akihito Nagahama (Graduate School of Engineering) was awarded IEEE MTT-S (Microwave Theory 
and Techniques Society) Kansai Chapter Best Young Presentation Award for his paper titled “Study on a 
Microwave Power Transmission System for a Mars Observation Airplane” at the 4th Kansai Microwave 
Meeting for Young Engineers held in Kansai University, Osaka, on June 25, 2011. 
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 PRIZE 

Mr. Hajime Fukuhara was awarded the IEEE Kansai Section Student Award 2012 
 
Mr. Hajime Fukuhara (Graduate School of Engineering) was awarded the IEEE Kansai Section Student 
Award for his paper titled “Toward a waveform receiver on a chip dedicated to plasma wave instrument 
onboard scientific spacecraft” at the IEEE Aerospace Conference held in Montana, USA, March 2011. 
 
Mr. Yasumasa Ashida was awarded the Student paper Award in the Japan Society for 
Aeronautical and space sciences 
 
Mr. Yasumasa Ashida (Graduate School of Engineering) was awarded the student paper award for his 
paper titled “Study on the numerical model for estimating the thrust of the magnetic sail” at the Japan 
Society for Aeronautical and space sciences held in Ehime, Japan, November 2011. 
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 ABSTRACTS (PH D THESIS) 

Variation of Fiber Properties in Relation to the Distance from Vessels in Acacia 
mangium 

 
(Laboratory of Biomass Morphogenesis and Information, RISH, Kyoto University) 

 
Ridwan Yahya 

 

The Acacia plantation in Indonesia requires a tree improvement program to increase the yield of solid 
wood and its quality to meet market demands. In the plantations operating on Sumatra Island in Indonesia, 
the plantation program remains primarily in the selection step, and has not yet implemented the breeding 
step. Another problem of these plantations is that trees are primarily selected based on growth rate and stem 
form. Hence, the improvement of wood quality to meet end-product requirements is still in progress. For 
instance, a trial hybrid of A. mangium and A. auriculiformis are growing. Its stem form and growth rate 
show that this Acacia hybrid is promising, and tends to produce better quality raw material for pulp and 
papermaking compared to its parents [1]. However, to date, little is known even regarding basic properties, 
such as density, anatomy, and chemical composition of the hybrid in Indonesia. 

   The objectives of this study are as follows; (1) evaluating wood properties of the Acacia hybrid, in 
parallel to searching for specific anatomical predictors of pulp yield and paper strength applicable to this 
species, (2) introducing a facile, quick, and reliable technique to obtain 3D reconstructed data from serial 
optical micrographs to investigate the above mentioned relationships, and (3) investigating fiber length in 
tangential direction in relation to the distance of fibers from vessels. 

   The basic properties of the Acacia hybrid were investigated. Compared to both parents, A. 
mangium and A. auriculiformis, the Acacia hybrid had longer fibers, in addition to a higher slenderness 
ratio, fiber proportion, and holocellulose content, but smaller proportions of vessels, parenchyma cells, and 
extractives. In addition, the hybrid tended to have a thinner cell wall, and a lower proportion of ray cells, 
rigidity, and lignin content, but a higher flexibility coefficient and wood density compared to A. mangium 
(Tables 1,2). Fiber length was positive & negative correlation with -cellulose and lignin content, 
respectively. Holocellulose content was all reliably predicted by fiber length. The slenderness ratio was a 
better predictor of extractive content than fiber length. Both the fiber length and slenderness ratio were 
better predictors of chemical composition than wood density. Therefore, fiber length and the slenderness 
ratio could be used as reliable predictors of pulp yield and paper strength for acacias.  

 
Table 1. Fiber dimension and derived values of Acacia hybrid and its parents 

Species FL 

( m) 

FD 

( m) 

FLD 

( m) 

FWT 

( m) 

RR MR  SR CR FC PF  

(%) 

PR 

(%)  

PP  

(%)  

PV  

(%) 

Acacia hybrid 1068 18.76 13.74 2.51 0.37 46.17 57.4 0.13 0.73 72.65 8.51 9.39 9.45 

A. mangium 982** 19.39 14.29 2.55 0.37 45.85 51.29* 0.13 0.73 62.46** 9.77 15.66* 12.11** 

A. auriculiformis 879** 16.74* 11.13* 2.81 0.55 55.00 52.65* 0.17 0.67 68.18* 9.07 11.23 11.55** 

FL = fiber length, FD = fiber diameter, FLD = fiber lumen diameter, FWT = fiber wall thickness 
RR = Runkel ratio, MR = Muhlsteph's ratio, SR = slenderness ratio, CR = coefficient of rigidity, FC = flexibility coefficient  
PF, PR, PP, PV = Proportions of fiber, ray cells, parenchyma cells and vessels respectively  

** Significantly different at the 0.01 level, * = at 0.05 level 

 

   Next, I focused on a more detailed search of the anatomical factors, with special reference to fiber 
length by exploring A. mangium. A newly developed 3D microscopy technique was introduced to create 
aligned serial images from the cross sectional micrographs. Reconstruction of 200 serial images took just 1 
day, and all digital information was compiled in a personal computer. This dataset allowed us to quickly 
and easily estimate wood fiber length using a public-domain software. It took no more than 2 min to locate 
the 2 tips of a fiber, by scrolling images on the computer, which contrasts against previous studies of serial 
cross sections [2]. Given this technical development, fiber length variation in relation to the distance from 
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vessels was measured in detail. Fibers that were more distant from vessels were found significantly longer, 
not only in the radial direction, but also in the tangential direction (Figure 1). 

 
Table 2. Chemical compositions and wood density of Acacia hybrid and its parents 

Species  Alcohol–ben
zene  

extractives 
(%)  

Holocellulose 
(%)  

-Cellulose 
(%)  

Lignin  
(%)  

Density  
(g cm-3)  

Acacia hybrid  2.9 82.88 45.45 30.91 0.49 
A. mangium  5.38** 80.43** 45.71 31.30 0.46 
A. auriculiformis  5.96** 71.33** 40.57* 34.10 0.52 

** Significantly different from Acacia hybrid at the 0.01 level, * = at the 0.05 level 

 
 

  

 

a     b 
 

Fig. 1. Fiber length variation in (a) radial and (b) tangential directions. 

                         

   In search of the superiority of Acacia hybrid than its parents as a resource for pulp and 
papermaking, the microstrucre of A. mangium were thouroughly investigated, vessels influence the 
anatomical features such as length in both the radial and tangential direction, although these influences 
were more tailed in the radial direction. Therefore, to produce high quality pulp and paper, I suggest that 
the quantity of vessels in the A. mangium tree should be reduced through tree improvement breeding 
programs. 
 
 
REFERENCES 
[1] Yahya, R., J. Sugiyama., D. Silsia & J. Gril. 2010. J. Trop. For. Sci. 22: 343--351. 
[2] Yahya, R., K. Koze & J. Sugiyama. 2011. IAWA J. 32: 341--350 
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Aromatic prenylation in the biosynthesis of bitter acids of hop (Humulus lupulus L.).  
(Graduate School of Agriculture, Laboratory of Plant Gene Expression,  

RISH, Kyoto University) 
 

Yusuke TSURUMARU 
 

Hop (Humulus lupulus L., Cannabinaceae) is a perennial and dioecious climbing plant and female 
plants of the species are cultivated world-wide for use as an essential ingredient of beer. Female flowers, also 
called hop cones, give the characteristic flavor and bitter taste to beer due to a variety of essential oils and 
aromatic compounds, which are biosynthesized and accumulated exclusively in yellow glandular trichomes, 
also designated lupulins, which develop at the basal part of hop cone bracts. Among the secondary 
metabolites produced by the hop plant, prenylated acylphloroglucinols, conventionally called ‘bitter acids’, 
have received a large amount of attention because their characteristic bitter property is important for beer 
taste; moreover, their divergent biological activities, including radical scavenging activity, angiogenesis 
inhibition, and inducing effect for P450 enzyme, are beneficial for human health. Hop cones also contain 
prenylated flavonoids, among which the major one is xanthohumol, a prenylated chalcone derivative, which 
has potential applications as a cancer chemopreventive agent. The proposed biosynthetic pathway of bitter 
acids in hops, also called α- and β-acid (humulone and lupulone, respectively), are shown in Fig. 1, with the 
biosynthesis of xanthohumol illustrated in parallel. In the biosynthesis of these secondary metabolites in hops, 
aromatic prenyltransferases play a crucial role for both phloroglucinol and flavonoid derivatives. The plant 
prenyltransferases that recognize aromatic secondary metabolites are a new topic of research in plant 
molecular biology; the first flavonoid-specific prenyltransferase, naringenin 8-dimethyallyltransferase 
(SfN8DT), was identified in 2008, and thereafter a pterocarpan and isoflavonone-specific prenyltransferases, 
glycinol 4-dimethylallyltransferase (G4DT) and genistein 6-dimethylallyltransferase (SfG6DT), respectively, 
have been reported. These enzymes are all divalent cation-requiring membrane-bound proteins, and those 
characterized to date have been localized in plastids. 

In this study, we constructed a cDNA library from the lupulin gland-rich portion of female flower 
bracts, and randomly sequenced 11,233 EST clones, obtaining sequence information for 6613 non-redundant 
ESTs. Among them, a cDNA designated Humulus lupulus prenyltransferase-1 (HlPT-1) was a candidate for 
the gene coding for prenylation enzyme as it possessed three features of the plant aromatic prenyltransferase 
family, namely, a D-rich motif, multiple membrane-spanning domains, and a putative transit peptide 
sequence at the N-terminus. Indeed, HlPT-1 was highly expressed in hop cones, especially in the lupulin 
glands. Moreover, a GFP fusion experiment showed that the transit peptide of HlPT-1 actually localized the 
GFP fusion protein to plastids in a manner similar to other flavonoid prenyltransferases in the legume plants. 
Subsequently, we heterologously expressed HlPT-1 protein in insect cells and demonstrated its enzymatic 
function in vitro assays using phloroglucinol derivatives and various flavonoids as prenyl acceptor substrates 
in the presence of dimethylallyl diphosphate as a prenyl donor. 
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The HlPT-1 identified in hops catalyzes the first step in prenylation of aromatic substances, adding 
dimethylallyl moiety to phloroglucinol derivatives and leading to the formation of humulone and lupulone 
derivatives. HlPT-1 is also responsible for the formation of xanthohumol by transferring prenyl residue to 
chalcone. Here, we found that HlPT-1 has many characteristic features as an aromatic prenyltransferase that 
set it apart from other reported members; namely, narrow optimum pH at around neutral pH, sharp preference 
for Mg2+ as a divalent cation, and broad substrate specificity. It is likely that, HlPT-1 recognizes a 
phloroglucinol portion as the prenyl acceptor, which is a common structure for the A-ring of naringenin 
chalcone.  

Fig. 1. Biosynthesis of bitter acids (humulone and lupulone) and xanthohumol in lupulin glands of hop.  
DMAPP, dimethylallyl diphosphate; VPS, valerophenone synthase; PT, prenyltransferase; CHS, chalcone synthase; 
OMT, O-methyltransferase; SAM, S-adenosylmethionine. (modified from Tsurumaru, Y., et al. BBRC, 417, 393-398, 
2012) 
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which suggests the changes of morphological structure of CaCO3 formed in CBP, could account for higher 
porosity and lead to degradation of CBP (degraded mechanical properties and increased water absorption). 
Furthermore, X-ray diffractometry (XRD) as shown in Figure 2, also thermal gravimetry (TG-DTG) and 
scanning electron microscopy (SEM) observation clarified that the mechanisms of the degradation are 
directly affected by the mineralogical composition of the system, in particular by the calcium carbonate 
content as caused by carbonation of cement. Moreover, the properties of CBP are improved by CO2 
treatment in both gaseous and supercritical phase 
even after the conventional curing process. These 
properties, however, over the longer treatment time 
degraded in rapid rate against CO2 treatment in 
both gaseous and supercritical phase. The times 
required for degradation of such properties of CBP 
treated at 10.0 MPa of CO2 pressure or under 
supercritical phase was markedly short compared 
to the times at 1.0 MPa of CO2 pressure or under 
gaseous phase. High coefficient determination 
values between the degradation rates of IB strength, 
MOR, MOE, TS and WA of CBP, and the 
treatment time and CO2 concentration were 
observed and the simple linear model was found 
among the properties and affecting factors. 
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Computer Simulations of Nonlinear Wave Instabilities  
Driven by Ion Temperature Anisotropy in Space Plasmas 

 
(Graduate School of Engineering, 

Laboratory of Computer Simulation for Humanospheric Sciences,  
RISH, Kyoto University) 

 
Masafumi Shoji 

 

As one of the important phenomena in the space plasmas, instabilities driven by the temperature 
anisotropy of ions take place. For example, the ions are heated in the perpendicular direction to the ambient 
magnetic field due to the adiabatic heating in the downstream of the quasi-perpendicular shock. In the inner 
magnetosphere, there exists the inward transportation of the energetic plasmas due to the magnetic 
reconnections in the magnetotail. These phenomena form anisotropic velocity distribution functions of the 
ions in each region. The ion temperature anisotropy in the perpendicular direction drives mirror and 
electromagnetic ion cyclotron (EMIC) instabilities through the wave particle interactions. The mirror mode 
structures and the L-mode EMIC waves, which are excited through these instabilities, have large amplitude 
and scale size and thus they play a significant role for the energy transportations in the different parts of the 
geospace plasmas. We analyzed the nonlinear evolutions of these waves and interactions with the ions in 
the Earth's magnetosheath and the inner magnetosphere using the hybrid simulations which treat ions and 
electrons as particles and fluid, respectively. 

The solar winds move through the bowshock, the proton temperature anisotropy causing the mirror 
and EMIC instabilities arises. Spacecraft observations show that the mirror instability dominates over the 
L-mode EMIC instability in the magnetosheath, although the theoretical linear EMIC growth rate is higher 
than that of the mirror mode waves. We performed two- and three-dimensional (2D and 3D) hybrid 
simulations with the periodic boundary to understand the competing process between the EMIC and mirror 
instabilities. In the 2D model, the energy of the EMIC waves is higher at the growth phase because of its 
higher growth rate. In the 3D model, however, the energy of the mirror mode waves is larger than that of 
the EMIC waves for all times because the wavenumber spectra of mirror mode waves form torus-like 
structures. As the mirror mode waves relax the temperature anisotropy effectively, the linear growth rates 
of the EMIC waves become smaller before saturation. The EMIC waves cause heating of protons trapped 
by the nonlinear potentials due to coexistence of forward and backward propagating waves. They terminate 
the growth of EMIC waves. Because of the heating, the temperature anisotropy decreases to the threshold 
of the mirror instability and thus the mirror mode wave saturates. At the nonlinear stage, coalescence of the 
mirror mode structures takes place in both models. The quick dissipation of the EMIC waves occurs due to 
the heating by the nonlinear processes. On the other hand, the coalescence is a much slower process than 
the nonlinear processes of EMIC waves, and thus the mirror mode waves remain. 

We also performed 2D and 3D hybrid simulations 
in open boundary models. In the open systems, because 
of the propagation of EMIC waves, we obtain the 
clearer non-propagating mirror mode structures. We 
analyzed the relation between the mirror instability and 
the magnetic peaks and dips observed in the 
magnetosheath. In the 2D model with low beta (β < 1), 
we obtain fine structures of the magnetic dips at the 
nonlinear stage. In the 3D model, on the other hand, the 
mirror instability makes the magnetic peaks with the 
same parameters. The parametric analysis indicates that 
the magnetic peaks also arise in both 2D and 3D high 
beta cases (β > 1) as shown by the Cluster 
observations. In the high beta cases, the high mobility Fig. 1: 2D magnetic field lines of magnetic peak. 

Red circles show diamagnetic currents. 
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The characteristic of enzymatic saccharification on Cellulosic Biomass by 
ethylenediamine swelling treatment 

 
(Graduate School of Agriculture,  

Laboratory of Biomass Morphogenesis and Information, RISH, Kyoto University) 
 

Naoya Konakahara 
 

As sustainable resources for bioethanol production, cellulosic biomass has been receiving 
increasing interests. However, the effective pretreatment that allows stable and rigid structure of cellulose 
to be digested is still a major key target of intensive studies. 

In this work, we studied the effect of ethylenediamine (EDA) treatment on the enzymatic 
hydrolysis of cellulosic biomass. This treatment induced intracrystalline swelling of cellulose I into IIII and 
morphological change such as fibrillation. The effect of EDA treatment on highly crystalline cellulose 
microfibrl as well as woody biomass was investigated. 

Experiment 

(1) The treatment on Valonia ventricosa 

V. ventricosa film known as highly crystalline cellulose, was used as a standard sample. 
Purified cellulose was swollen into 100% EDA solution for 15min, successively washed by 100% methanol 
baths for 15 min. Repeating the whole procedures at ten times (EDA treatment), cellulose I  was almost 
completely transformed into cellulose IIII. In addition, the transformation of cellulose I into cellulose IIII 
has been known to be a reversible reaction. Therefore, reproduced cellulose I  was prepared by 
hydrothermal treatment (150 ). The crystalline polymorphs were confirmed by FT-IR ATR, then, these 
samples were incubated with a commercial cocktail named Accellerase 1500 (Genencor, Danisco US, Inc. 
Rochester, NY) for enzymatic saccharification. 

 (2) The treatment on Sugi 

Thin longitudinal slices from wood block were treated Schultze solution at 60 ºC for 2 h under 
continuous stirring. The products were then thoroughly washed with distilled water until neutrality. The 
EDA treatment for Sugi was performed as mentioned above. In order to investigate the morphological 
change, Sugi was delignified by Schulze solution and its tracheid was isolated. After EDA treatment, the 
sample was observed by optical microscopy. 

Results 
(1) The effect of EDA treatment on V. ventricosa 

The enzymatic hydrolysis of cellulose IIII (the sample 
treated by EDA treatment) proceeded much faster than that of 
cellulose I  (the sample untreated by EDA treatment). As a result, 
saccharification ratio of cellulose IIII was reached 95% at 24h and 
increased 45% compared with cellulose I . Moreover, the 
saccharification ratio of regenerated cellulose I  increased 16%, 
compared with cellulose I . This improvement is probably due to the 
effect of fibrillation of cellulose microfibril. The results obtained demonstrated that crystalline conversion 
from I into IIII clearly contributed to higher enzymatic saccharification than fibrillation. 
(2) The effect of EDA treatment on sugi 

Although the crystal transformation by EDA treatment did not take place, the enzymatic 
saccharification ratio was improved. EDA treatment after maceration induce, the ballooning of tracheid  
observable under optical microscopy, which increased the internal surface area resulting in higher 
susceptibility to the saccharification. 
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Figure Saccharification ratio of cellulose 
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Transcriptional response of a selective white-rot fungus to a lignin fragment 
 

(Graduate School of Agriculture, 
Laboratory of Biomass Conversion, RISH, Kyoto University) 

 
Kenichiro Mori 

 

White rot fungi are the only microorganism in nature that can mineralize lignin in wood. Some of 
fragments generated during lignin degradation are putative signal molecules that regulate the mechanism of 
wood decay. In a model species of white-rot fungus, Phanerochaete chrysosporium, its cellular response to 
vanillin, has been analyzed in detail [1]. Vanillin is one of the key intermediates found during lignin 
biodegradation. P. chrysosporium exposed to vanillin drastically changes the metabolic flux from the 
glyoxylate cycle to the tricarboxylic acid cycle and then activates the heme biosynthesis pathway. 

On the other hand, a white-rot fungus, Ceriporiopsis subvermispora, has very different characteristics 
from P. chrysosporium: i) selective ligninolysis without serious damage to cellulose; ii) secretion of large 
amounts of fatty acids and their peroxidation at an early stage of wood decay; iii) high resistance to growth 
inhibition by vanillin; iv) no activity of lignin peroxidase; v) possession of a suppression mechanism of 
cellulolytic hydroxyl radical; vi) no activity of cellobiohydrolase. 

In this study, the author focuses on cellular response of C. subvermispora to vanillin, and tried to 
analyze genes that were up-regulated by exogenous addition of vanillin. 
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Structural analysis of secreted glycolipids by white-rot fungus 
 

(Graduate School of Agriculture,  
Laboratory of Biomass Conversion, RISH, Kyoto University) 

 
Daisuke, Yamaguchi 

 

Continued usage of fossil fuels has caused depleted energy problems and serious environmental issues 
such as global warming.  Therefore, production of energy and chemicals from the most abundant 
renewable resources, woody biomass is an urgent task for ensuring sustainability of our life.  In biological 
conversion of woody biomass, selective lignin degradation is a key process because cell wall 
polysaccharides in wood are surrounded by lignin.  In nature, the degradation of lignin in wood occurs 
primarily through the action of lignin-degrading basidiomycetes called white rot fungi; consequently, this 
ecological group has received a considerable amount of research attention.  Most of white rot fungi 
simultaneously decompose lignin and cellulose, accompanied by erosion of wood cell walls, while some 
fungi called selective white rot fungi, such as Ceriporiopsis subvermispora are able to degrade lignin 
without intensive damage of cellulose.  Thus, a white rot fungus C. subvermispora is useful for the 
production of bioethanol, biomethane, pulp and feed for ruminant animals due to its selective 
lignin-degrading ability.  This fungus secretes hydrophobic metabolites such as fatty acids and 
alk(en)ylitaconic acids (ceripiric acids).  These metabolites play important roles in the selective 
lignin-degrading system. In this study, secreted glycolipids of the fungus were analyzed. At least two kinds 
of glycolipids were detected by thin layer chromatography with specific color identification reagent.  
Detected glycolipids were purified by high performance liquid chromatography (HPLC) and analyzed by 
hybrid mass spectrometer, LCMS-IT-TOF.  Monosaccharide and aglycon moieties of the glycolipids were 
analyzed by MSn fragmentation data of ESI-MS with high mass accuracy.  After acid hydrolysis followed 
by extraction and derivatisation, we analyzed the monosaccharide and aglycon moieties of the glycolipids 
using GC-MS. The secreted glycolipids can be distinguished from those bound in cell membrane, and 
attract a great deal of interest in their functions in wood decay.   
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Effects of copper on oxalate biosynthesis  
in the brown-rot fungus Fomitopsis palustris 

 
(Graduate School of Agriculture, Laboratory of Metabolic Science of Forest Plants and 

Microorganisms, RISH, Kyoto University) 
 

Hiromichi Hisamori 
Wood-rotting basidiomycetes cause severe damage on wooden structures. To protect the wooden 

structures from the wood-rotting fungi, copper-containing wood preservatives have been used. However, 
many species of wood-rotting brown-rot fungi can degrade even the wood materials treated with the 
copper-containing preservatives, by which these wood-rotting fungi are called copper-tolerant fungi. The 
copper-tolerant ability has been recognized as being associated primarily with oxalic acid excretion, in 
which oxalic acid produced by copper-tolerant fungi reacts with copper in wood to form insoluble, 
bio-unavailable inert forms.  

From a viewpoint of wood protection from the fungal degradation, the copper-tolerance of these 
wood-rotting fungi should be diminished. At the same time, the copper-tolerant wood-rotting fungi are 
promising to be used for bioremediation of wastes of woods treated with copper-containing preservatives 
[1]. Therefore, it is important to elucidate effects of copper on oxalate biosynthesis to develop 
bioremediation of copper from wood waste containing wood preservatives including copper.  

Brown-rot fungus Fomitopsis palustris possesses two metabolic pathways for oxalate biosynthesis: 
one is hydrolysis of oxaloacetate catalyzed by oxaloacetate acetylhydrolase (Fomitopsis palustris 
oxaloacetate acetylhydrolase, FpOAH) in cytosol and the other is dehydrogenation of glyoxylate catalyzed 
by cytochrome c dependent glyoxylate dehydrogenase (Fomitopsis palustris glyoxylate dehydrogenase, 
FpGLOXDH) in peroxisome [2-4].  

This author investigated effects of Cu2+ on oxalate biosynthesis including expressions of FpOAH and 
FpGLOXDH. In the absence of Cu2+, amounts of FpOAH transcripts were 22 – 140 times greater than those 
of FpGLOXDH. The results suggest that FpOAH plays the more significant role than FpGLOXDH and the 
pathway including FpOAH as a key enzyme is a major pathway for oxalate biosynthesis, supporting our 
proposed idea that oxalate is biosynthesized mainly in the cytosol by FpOAH but not in the peroxisome by 
FpGLOXDH [2-4]. On the other hand, under the condition in the presence of Cu2+ an amount of FpOAH 
transcript was 19.4 times greater on day 4 (minimal magnitude) and 151.1 times greater on day 9 (maximal 
magnitude) than those of FpGLOXDH. The results suggest that FpOAH also plays a major role in oxalate 
biosynthesis regardless of absence or presence of Cu2+.  

However, the amounts of FpOAH and FpGLOXDH transcripts increased 2.2 and 7 times as their 
maximal rates by the presence of Cu2+. The results indicate that Cu2+ increased expressions of FpOAH and 
FpGLOXDH, but the rates of the increments are suggested to be just several times.  
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Characterization of lignocellulose in Erianthus ravennae 
 

(Graduate School of Agriculture, Laboratory of Metabolic Science of Forest Plants and 
Microorganisms, RISH, Kyoto University) 

 
Yuichiro Otake 

 

Erianthus spp., an energy-producing plant, belongs to the tribe Andropogoneae, under the grass family 
Gramineae. Members of this genus are perennial grasses and are used worldwide as breeding material for 
sugarcane, a close relative. Erianthus spp. show better growth even under unfavorable environmental 
conditions, such as submersion, acidic soil, and dry-season soil drought. In addition, Erianthus spp. yield 
huge amounts of biomass; the yearly dry-matter yield is in the range of 40 to 60 ton ha-1 yr-1. For these 
reasons, Erianthus spp. are receiving much attention as a potential biofuel and industrial feedstock. 
Surprisingly, despite the importance of Erianthus spp. as feedstock, detailed chemical analyses of its 
cell-wall constituents have not been reported. In gramineous plants, it is known that enzymatic hydrolysis 
or saccharification of the cell wall was inhibited not only by lignin but also by ferulic acid esters, which 
cross-links lignin and polysaccharides. Moreover, the states of being of their compounds in the cell wall 
were varied among plant species and even among organs with single plant species. Therefore, to exploit the 
potential of Erianthus spp., we must analyze lignins and cell-wall linked p-hydroxycinnamic acids 
including ferulic acid. In this study, Erianthus ravennae, a hardy Erianthus species originated from 
Mediterranean region and southwest and east Bulgaria that can be cultivated in Japan, was selected as a 
plant material, and especially the stem of E. ravennae was analyzed. The inner and outer parts of the E. 
ravennae stem differed distinctly in specific gravity and apparent hardness: the outer part was highly dense 
and very hard compared to the inner part. Thus, the author characterized the lignocellulose components and 
examined the enzymatic saccharification efficiency in the inner part and outer part of each internode of E. 
ravennae and profiled the variation among internodes and variation within a single internode.  

Lignin contents of different internodes were 18.4–27.3 % in outer part and 17.1–24.5% in inner part. 
In addition, lignin aromatic components (S/V ratios) ranged from 0.63 to 1.13, and 0.43 to 0.96 in outer 
part and inner part, respectively. Lignin contents and S/V ratios roughly increased from top to bottom 
internodes. The amount of ferulic acid in both outer and inner parts slightly increased from bottom to top 
internodes, while that of p-coumaric acid had no tendency. Enzymatic saccharification efficiencies were 
2.8–30.9% in outer parts and 17.5–38.6% in inner part, and increased from bottom to top internodes. 
Correlation analysis indicated that outer part of internodes showed a negative relationship between lignin 
content and enzymatic saccharification efficiency, whereas inner part did not. It indicates that there should 
be other factors that impede enzymatic saccharification than lignin content in inner parts. This is a new 
finding about lignocellulose components. The elucidation of the supramolecular structure of lignocelluloses 
in E. ravennae requires further studies including analysis of ferulate dimers crosslinking between 
carbohydrates.  

The data of characteristics of lignin and related components in each internode of E. ravennae is 
helpful to further studies of E. ravennae aiming to improve the efficiency of lignocellulose utilization. 
Pretreatment such as alkaline treatment would be effective for the part with low saccharification efficiency. 
In addition, energy gaining from the parts with high lignin contents by direct burning should be considered 
to maximize the energy output/input balance. Taken together, the information obtained in the present study 
will help us to understand comprehensively the lignocellulose supramolecular structure and to improve the 
efficiency of lignocellulose utilization from grass plants. 
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 A comprehensive analysis of the changes in organic acid metabolism of 
ectomycorrhizal fungus Laccaria bicolor in response to aluminum salts 
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Microorganisms, RISH, Kyoto University) 
 

Takaomi Ozasa 
 

Ectomycorrhizal (ECM) fungi are a symbiont forming ectomycorrhizae on the roots of woody plants. 
The ectomycorrhizae play an important role for the woody plants in taking up water and nutrients such as 
nitrogen, phosphorus and minerals from soil through extrametrical ECM hyphae distributed widely in soil. 
Of the world’s land surface where the agriculture is possible, 41.7% is classified as acid soils [1]. Due to 
acid rains, soil acidification is accelerated. By the mineral acid precipitation, aluminum is mobilized as Al3+

from rock containing minerals. In these acid soil areas, the Al3+ causes forest deterioration through 
inhibition of growth of plant roots, which is recognized as an Al-toxicity. However, several experimental 
evidences in vitro have shown that ECM fungi protect their host plants from the Al-toxicity. In the 
protective effect of ECM fungi, formation of stable and lower toxic chelate complexes with Al3+ by organic 
acids such as malate, citrate, and oxalate released from ECM fungi is essential for detoxification of Al3+.  

On the other hand, aluminum phosphate (AlPO4), a source of phosphorus nutrient for ECM fungi and 
woody plants, is difficult to be solubilized by mineral acid [2]. However, AlPO4 is solubilized by organic 
acids with chelating activity [3], by which dihydrogen orthophosphate ion (H2PO4

-) or hydrogen 
orthophsphate ion (HPO4

2-) depending on pH in soil are released. These forms of phosphate can be utilized 
by fungi and host plants. 

Therefore, it is important to elucidate mechanisms for detoxification of Al3+ and solubilization of 
AlPO4 by ECM fungi for sustainable forest management. To elucidate the mechanism, ECM fungus 
Laccaria bicolor 1283 was grown on MMN agar medium containing AlPO4 or AlCl3 and metabolites in 
glycolysis, pentose phosphate pathway and tricarboxylic acid cycle were analyzed by CE-MS. Organic 
acids with chelating ability pooled in mycelia or released to medium were also analyzed by GC-MS.  

CE- and GC-MS analyses showed that the amounts of most metabolites pooled in mycelia were 
increased and those of oxalic acid and citric acid released to medium were also increased several times 
when the fungus cultured with AlPO4. On the other hand, AlCl3 did not affect significantly on the amounts 
of the organic acids pooled in mycelia and released in medium. 

The results suggest that increments of the amounts of organic acid pooled in mycelia and released in 
medium are due to effects of H2PO4

- and HPO4
2-, but not Al3+. The two phosphorus anions taken up by L. 

bicolor are suggested to accelerate the release of organic acids with chelating activity. The more released 
these organic acids would more detoxify Al3+ by formation of chelate complex, which accelerates 
detoxification of Al3+ required for healthy growth of woody plants in acid soils. 
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   Root nodule formed with root cells of legume plant and rhizobia is a nitrogen-fixation apparatus, in 
which carbon and nitrogen compounds are exchanged between two organisms as symbiosis. For the 
establishment of nodules, it is important that flavonoids are released from roots as signal molecules, and 
Nod factors are produced in response by rhizobium, which are then received by the host plant. However, a 
large portion of the mechanisms are still unknown how metabolites are transport between plant cells and 
bacteroids and which transporters are involved. 

 In this study, we focus on a transporter family, Aluminum-activated malate transporter(ALMT) in a 
model legume, Lotus japonicus. ALMT was first identified in wheat as being a malate transporter that 
mediated Al-dependent efflux of malate chelates from the roots and detoxified Al cation in the 
rhizosphere.1) More recently, it has been turned out that ALMTs are widely distributed in the plant 
kingdom. Adding to the Al-activated malate transporter conferring Al tolerance to plant cells, an 
Arabidopsis member AtALMT12 expressed in guard cell is involved in the stomatal movement by 
regulating the malate transport.2) During symbiotic nitrogen fixation, organic acid and ammonia are 
exchanged between the root cells of legumes and the bacteroids, which mostly use the malate as a carbon 
source to manage the carbon metabolism. This suggests that malate plays a pivotal role in the symbiotic 
nitrogen fixation, and thus it has been thought that there should be a malate transporter in the nodules. We 
have then analyzed ALMTs in L. japonicus, whether this transporter is involved in the establishment and 
function of nodules. 

1) Sasaki, et al., (2004) Plant J., 37: 645 - 653.  

2) Sasaki, et al., (2010) Plant Cell Physiol. 51: 354 - 365. 
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   Prenylation of an aromatic compound is a critical step to diversify the chemical structures and 
biological activities of secondary metabolites, and this reaction step is also involved in the biosynthesis of 
important endogenous quinone compounds like coenzyme Q and plastoquinone. The diversification of 
aromatic compounds by prenylation is via differences in prenylation position on the aromatic ring, various 
lengths of prenyl chain, and further modifications of the prenyl moiety, e.g. cyclization and hydroxylation, 
resulting in the occurrence of more than 1,000 prenylated compounds in plants.1) This biosynthetic reaction 
represents the crucial coupling process of the shikimate or polyketide pathway providing an aromatic 
moiety and the isoprenoid pathway derived from the mevalonate or MEP (methyl erythritol phosphate) 
pathways, which provides the prenyl (isoprenoid) chain.2)  

   In particular prenylated flavonoids have been actively studied as they show various biological 
activities beneficial for human health. These compounds frequently occur in some limited plant families 
like Moraceae and Leguminosae, while some other plant families are also known to contain prenylated 
flavonoids depending on the genus. Macaranga tanarius (Euphorbiaceae) is a tropical tree grown in 
Okinawa in Japan, which is a source of propolis in Okinawa area. Okinawan propolis contains 
characteristic prenylflavonoids, which are are geranylated eryodictiol derivatives. 

   In this study we have found several candidate cDNAs coding for prenyltransferases from a cDNA 
library prepared from glandular trichomes of M. tanarius fruits. They contain three characteristic sequences, 
i. e., putative transit peptide at the N-terminus, D-rich motif conserved among Mg-dependent 
prenyltransferases, and membrane-spanning domain. We have tried to express them in yeast and detected 
the enzyme activity of prenyltransferase using eryodictiol as the flavonoid substrate.   

1) Yazaki, et al., Phytochemistry, 70: 1739 – 1745, 2009 

2) Akashi, et al., Plant Physiol. 149: 683 – 693, 2009 
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In the winter polar stratosphere there exists a strong cyclonic circulation, called the polar vortex, with 
cold temperatures. In the southern hemisphere, the polar vortex is stronger than in the northern hemisphere, 
and consequently it lasts long until November or December. During the transition period from winter to 
summer around September to November, zonal wavenumber 1 anomalies in the meteorological fields are 
dominated at high latitudes. It is reported by Hitchman and Rogal (2010) that the wavenumber 1 anomalies 
in temperature move eastward along with the seasonal evolution. Moreover, Hassler et al. (2011) pointed 
out that the phase of temperature anomalies in October tends to locate eastward year by year. Thus, the 
phase of temperature anomalies in the southern hemisphere stratosphere moves eastward from the view 
point of the seasonal evolution and the year-to-year variation, but previous studies only focused on the 
seasonal variation in climatologically averaged fields or on the year-to-year variation at the fixed time of 
the seasonal evolution in the southern hemisphere. In this study, using the reanalysis meteorological data 
for the period of 1957 to 2010, we made analyses on the wavenumber 1 temperature anomalies during the 
transition from winter to summer to grasp the characteristics of the seasonal evolution and its year-to-year 
variability. Based on the results about the eastward movement seen in the seasonal evolution and in the 
year-to-year variability, we try to propose that the seasonal evolution from winter to summer could be 
getting earlier in the southern hemisphere stratosphere. 

First we investigated the zonal temperature anomalies along the seasonal evolution. In addition to the 
eastward movement of the phase shown by Hitchman and Rogal (2010), the latitude where the temperature 
anomaly is maximum moves poleward. Consequently, the temperature anomalies move eastward and 
poleward as the season goes by. Next we investigated the year-to-year variability in the phase and 
amplitude of the temperature anomalies. We found that the latitude where the temperature anomaly is 
maximum moves poleward in the seasonal evolution from September to October. During this period the 
amplitude of the wavenumber 1 temperature anomalies tends to become large, suggesting that planetary 
wave activity becomes vigorous. The year-to-year variability in the poleward movement of maximum 
temperature anomalies is similar to that seen in the seasonal evolution from September to November. These 
results suggest that the structure of the zonal temperature anomalies in October is getting close to that in 
November; in other words, the seasonal evolution of the stratospheric circulation in the southern 
hemisphere is getting earlier. 

We further investigated the year-to-year variability in the total ozone field. The phase relation between 
the temperature and total ozone fields show clear relation with a correlation coefficient over 0.9. This 
indicates that enriched ozone and higher temperature could be observed coincidentally because of the 
stranger downward motion. Up to recent years it has been observed that the polar ozone is decreasing, so it 
is suggested that resulting cooling by ozone decrease may speed up the seasonal evolution during the 
transition period from winter to summer in the southern hemisphere.  
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Clouds strongly contribute to the earth's radiation budget. In particular radiative forcing of low clouds 
is large and it is about 60% of the total net radiative forcing averaged over the globe (Hartmann et al., 
1992). Therefore it is important to investigate the variation of low clouds in terms of the earth’s climate. It 
is known that low clouds mostly occur where the sea surface temperature (SST) is low, then Klein and 
Hartmann (1993) found a positive correlation between the seasonal evolutions of low cloud amounts 
observed from ship in the subtropical ocean and those in lower-tropospheric stability (LTS). Moreover, 
Wood and Bretherton (2006) proposed a use of estimated inversion strength (EIS) that was an improved 
measure of LTS, and found that the correlation between low cloud amounts and EIS is good even over the 
mid-latitude ocean. As the dataset they used consists of three-month mean climatologies of low cloud 
amounts, they only discussed about the seasonal variation, but not about the interannual variation. On the 
other hand, satellite cloud data have been used for the analyses of low cloud variations recently, but they 
are mostly concentrated on specific areas. In this study we use monthly mean cloud data from the satellite 
observations to investigate characteristics in seasonal and interannual variations of low cloud, EIS, and SST 
over the following 5 areas, off-shores of Peru, Namibia, California, west Australia, and Canary Islands. 

First the seasonal variations for the five areas are investigated. Except the offshore area of the western 
Australia, we found high correlations between EIS and low cloud amounts, supporting the previous studies. 
The offshore area of the western Australia is assumed that horizontal advection should be taken into 
account for the understanding of variations in low cloud amounts over this area, because there are fair 
amounts of low cloud such as fog at high latitudes. Also the relation between SST and EIS is different in 
each of the five areas; the offshore areas of Peru and Namibia show very strong correlations, those of 
California and west Australia do not show clear correlations, and that of Canary Islands shows a slight 
correlation. These correlations suggest that EIS could be affected by temperatures at different height range, 
thus we need to pay attention to the vertical structure of EIS in detail. 

Next we look at the interannual variability of low cloud amounts for each season averaged over three 
months. In the areas where the seasonal correlation between EIS and low cloud amounts is high, we found 
high correlations in interannual variations between EIS and low cloud amounts during the season when the 
variability of low cloud amounts is largest. Contrarily, in the areas where the seasonal correlation between 
SST and EIS is high, we found lowest correlations in interannual variations of SST and EIS during the 
season when the variability of SST is largest. Moreover, it could be expected that there may exist 
interannual variability in low cloud amounts and EIS in relation to the El-Nino and La-Nina cycle over the 
offshore areas of Peru and California, but it was not clearly seen. This is also the case for the area where 
the SST variations in association with the El-Nino and La-Nina cycle is evident at low latitudes. 
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Introduction 

As a new material featuring light weight, high strength, and low thermal expansion, cellulose nanofibers 
(CNF, width: 15 nm – 20 nm) are expected to use as nano-fillers for resins, elastomers, and so on. However, 
CNF has a poor affinity for hydrophobic polymers since CNF has a lot of hydroxyl groups. To attain high 
reinforcement effects of CNF as a filler, chemical treatments of CNF are inevitable. In this study, we 
investigated mechanical reinforcement of natural rubber (NR) by chemically modified CNF. 

Experiments 

 CNF was prepared from bleached softwood pulp by using a grinder. Then, chemically modified CNF was 
obtained by the reaction with pyridine and acid chloride. Saturated fatty acid and unsaturated fatty acid 
were incorporated into CNF surface. Control CNF was mixed with natural rubber latex in water, whilst 
chemically modified CNF was mixed with natural rubber solution in toluene. After drying, sulfur 
cross-linking reaction (vulcanization) was performed. Then, tensile tests, scanning electron microscope 
observation of fractured surface, thermal analysis and so on were performed. 

Results and discussion 

 In this report, we mainly explained the reinforcement effects about stearoyl CNF (stCNF), which has 
saturated side chain groups, and oleoyl CNF (oleCNF), which has unsaturated side chain groups, with 
equal carbon number (C18). Incorporation of stearoyl CNF 5 wt% increased Young’s modulus of natural 
rubber from 1.7 MPa to 18.6 MPa, and reduced thermal expansion of natural rubber from 226.1 ppm/K to 
36.3 ppm/K. These results are attributable to the improvement of dispersibility and affinity of CNF in 
natural rubber by chemical modification. Moreover, oleoyl CNF 5 wt% increased Young’s modulus of 
natural rubber to 27.7 MPa, and reduced thermal expansion to 18.6 ppm/K. These significant reinforcement 
effects can be explained not only by the improvement of dispersibility and affinity of CNF but also the 
formation of the sulfur cross-linkage between natural rubber and CNFs. 

Fig.2 Thermal expansion of natural 
rubber and CNF nanocomposites 

(CNF content: 5 wt%) 

NR: 226.1 ppm/K 

Fig.1 Stress-Strain Curves of natural 
rubber and CNF nanocomposites 

(CNF content: 5 wt%) 

+CNF: 143.3 ppm/K 

+stCNF: 36.3 ppm/K

+oleCNF: 18.6 ppm/K 

NR 

+CNF
+stCNF 

+oleCNF 
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Introduction 

Research and development of environment-friendly energy is conducted worldwide. Fuel cells are 
significantly more energy efficient and cleaner than combustion-based power generation technology. 
Especially, polymer electrolyte fuel cells (PEFC) have attracted much attention in recent years as platinum 
applied as a catalytic electrode in PEFC is an extremely expensive precious metal. Therefore, the 
development of low-cost non-platinum catalyst is needed. One of the solutions is to use nitrogen-doped 
carbon as cathode material, which has been recognized as a promising root to enhance the electrocatalytic 
activity of carbon materials. Cellulose, from a renewable biomass resource, was used as a raw material in 
this study. Cellulose acetoacetate (CAA) was prepared in order to introduce metal ions such as Fe or Co 
into cellulose. In this study, cellulose acetoacetate prepared from microcrystalline cellulose was at first 
metal (Co,Fe) loaded then N-doped with melamine and the effects of the chemical and carbonization 
treatments on the chemical composition, microtexture and electrochemical performance of the materials 
were investigated. 

Materials and Methods  

Metal loaded CAA, prepared with diketene, mixed with melamine as nitrogen source was carbonized 
at 600-900ºC under N2 atmosphere by applying a pulse current sintering method, in which current is 
directed straight through the graphite dies as well as the sample, so that the sample was heated both from 
the inside and outside at the same time. This method can be considered to control pore size distribution by 
changing the heating rate which depends on the current applied to the sample. Surface chemistry of 
N-doped carbonized cellulose was investigated using X-ray photoelectron spectroscopy (XPS). The 
microstructure of the carbons was characterized by transmission electron microscopy (TEM) and N2 
adsorption measurement. The ORR activity of the N-doped carbonized CAA particles was studied using 
the rotating disk electrode voltammetry.  

Results and Discussion 

BET specific surface area measurements on the sample with Co carbonized at 800°C resulted in 
200m2/g and a shell-like nanostructure. The potential which was measured at the current density of 
-2 Acm-2 in the electrochemical measurement for N-doped carbons showed a clear dependence on 
sintering temperature. Graphitic nitrogen measured with XPS seemed to contribute to the improvement of 
the potential. Crystallization and the reaction of carbon with nitrogen seemed to have an important 
influence. 

Conclusion 

The present study shows that the catalytic action of transition metals during carbonization of CAA 
performed by pulse current sintering at different temperature and the nitrogen doping modify both the 
microtexture and the chemical composition of the carbonized material and consequently control the oxygen 
reduction reaction activity.  
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2. Materials and Methods 

Only workers were used in the bioassays. Chemicals used were a trail pheromone candidate 
(Z)-3-dodecenol, and possible attractants 2-phenoxyethanol, d-camphor, and maple lactone. The circular 
open-field bioassay was conducted with a Ø 12.5-cm filter paper. The termite was allowed to walk in Ø 
7-cm pencil line (n=20). Parameters observed were number of individual with positive response (termite 
walk continuously in 3-cm line), distance travelled and walking speed. In the odor bioassay, a Y plastic 
maze (5-cm in both stem and branch length) was placed on a Ø 15-cm filter paper, and termite was allowed 
to choose between the chemicals and control (n=20). For semiochemical identification the body extracts of 
60 workers were obtained by soaking into 600 μl hexane for 18 hours in room temperature. In the head 
space sampling, sixty workers were put into Monotrap (MT) kit and exposed to the absorbent MT RCC18 
for 24 hours. The absorbent was then dipped into 70μl hexane, and sonicated for two minutes. All hexane 
samples were analyzed with a 5973N Mass Selective detector coupled to a 6890 Gas Chromatograph 
(Agilent Technologies, Palo Alto, CA).  

 
3. Results and Discussion 
In the trail-following bioassay, (Z)-3-dodecenol showed significantly positive responses for all 
concentrations in comparison with those of the control, but no significant response was observed in the 
odor bioassay. This finding confirms the previous report, indicating (Z)-3-dodecenol as a main component 
of trail pheromone from seven dry-wood termite species. In the attractant series, d-camphor showed the 
significant results both in the number of response and distance travelled for the circular open-field bioassay. 
Only 2-phenoxyethanol showed the significant result in number of positive individuals in the odor bioassay. 
This chemical has been reported as a trail-following mimic and attractant to subterranean termites. 
Dodecanol was identified from the I. minor body extract. The chemical was also reported in the dry-wood 
termite Kalotermes flavicollis. (Z)-3-dodecenol was not found in the present analysis probably due to 
different methods extraction. Nonanal and 2-nonanone were identified from the head space sample for the 
first time from termites. 

1. Introduction 
Information on termite’s response toward chemicals such as trail pheromones and attractants could be 

valuable as a lure or bait for their control. However, this information is still limited simply to subterranean 
termites. The lack of information on chemical behavior of dry-wood termites is partially due to their 
feeding behavior: a single piece feeder. In this study, workers of the dry-wood termite, Incisitermes minor 
(Hagen) were investigated for their response to a trail pheromone candidate and several other possible 
attractants by trail-following and Y maze odor bioassays in combination with analysis of semiochemicals 
from alive termite and body extract.   
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Introduction 

Termitomyces eurrhizus (Berk.) Heim is widely distributed in the tropical and subtropical region from 
Africa to Southeast Asia. This fungus is one of the termite mushrooms, living symbiotically in the 
fungus-garden of the nest of termites classified into Macrotermitinae. In Japan, T. eurrhizus is only found in 
Ishigaki Island, Iriomote Island and the limited area of Naha City of Okinawa’s main Island, Okinawa 
Prefecture, in the presence of Odontotermes formosanus Shiraki. 

Termite mushrooms are rare seasonal products, because they can only be harvested during a special 
period. To date, no artificial production of termite mushrooms have been accomplished mostly due to 
limited knowledge on their nutritional requirement. 

In order to achieve artificial production of T. eurrhizus, strain-depending nutritional requirement of 
this species was evaluated in this study. 

Materials and methods 

Thirty-three strains of T. eurrhizus : 27 strains collected in Okinawa Prefecture, Japan (T1-22 and 
T24-28), 2 strains from American Type Culture Collection (ATCC) and 4 strains from National Institute of 
Technology and Evaluation’s Biorogical Resource Center (NBRC) were obtained, and they were used for 
the first screening test. All strains were cultivated on 7 plate media at 26 °C in the dark, and mycelial 
growth was measured at 10, 15, 20, 25, 30, 35, 40, 45 and 50 days post inoculation. From the results of this 
screening, six strains were selected for the next experiments by their low specificity to the media and rapid 
mycelial growth. 

The selected strains were cultivated on hay extract media with (HA-a) and without (HA-b) 0.2% (w/v) 
K2HPO4. These strains were also evaluated for their groeth on four Matsutake media, with different 
carbohydrate sources: glucose, sucrose, maltose and xylose. These strains were inoculated with 7 
mm-diameter pre-cultured agar media, and the plates were incubated at 26 °C in the dark. Mycelial growth 
was measured at 10, 15, 20, 25, 30, 35, 40, 45 and 50 days post inoculation as well as the first screening 
test. 

Results and discussion 

There was no difference in mycelial growth of 6 strains between two HA media : HA-a with 0.2% 
K2HPO4 and HA-b without K2HPO4. This suggested that T. eurrhizus did not require any additional 
phosphate to grow on HA. T. eurrhizus may have low phosphate requirement. 

When using Matsutake media with different carbohydrate sources, no difference in mycelial growth 
was observed for glucose, sucrose and maltose. On the other hand, the slower mycelial growth was 
obtained in the xylose-containing medium. Further experiments with a variety of oligosaccharides and 
polysaccharides are required to select favorable carbon sources for T. eurrhizus. 
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We analyze the mechanism of acceleration of energetic electrons interacting with whistler-mode 
waves in the Earth’s radiation belts by using test particle simulations. First, in order to assess influence of 
the propagation angle of the whistler-mode wave on electron accelerations, we perform the test particle 
simulation in a simple model. By using the dispersion relation which is obtained from Maxwell’s equations, 
we reproduce the electric field and the magnetic field of oblique whistler-mode waves. Then we set the 
electrons in the simulation field, we calculate the energy change of trajectory of electrons. In the simple 
model, we find that the larger propagation angle makes the effect of Landau resonance stronger. We then 
perform large-scale test particle simulations with chorus emissions for a prolonged time. By taking into 
account the adiabatic variation of the energetic particle distribution, we determine the resonant current. 
Then by solving general wave equations numerically, we obtain the time evolutions of the chorus wave 
frequency and amplitude along the Earth’s dipole magnetic field. We simulate dynamics of electrons at the 
electron cyclotron scale by using the Buneman-Boris method. Following interactions with chorus emissions, 
we calculate a distribution function which corresponds to a Green’s function for the chorus interaction. By 
repeating this process at different kinetic energies and pitch angles, we thereby obtain an electron 
distribution function after multi-cycle chorus emissions. The simulation results suggest that radiation belt 
electrons have been accelerated effectively by multi-cycle chorus emissions. Electrons which have energies 
less than 1 MeV have been accelerated strongly by the RTA process. On the other hand, electrons more 
than 1 MeV energies have been accelerated strongly by the URA process. 
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Introduction 

A SPS (Solar Power Satellite/Station) is a gigantic 
satellite designed as an electric power plat orbiting in the 
GEO (Geostationary Earth Orbit) [1]. The SPS generates 
electricity from solar cell panels in space and transmits the 
electricity to a receiving site on the Earth by using a MPT 
(microwave power transmission) technology. In Japan, a 
tethered-SPS was proposed [2]. An image of the tethered-SPS 
is shown in Figure 1. We call a main unit of the tethered-SPS 
as a panel-structure SPS. The panel-structure SPS consist of a 
large number of power generation/transmission panel 
modules. This type of SPS is suitable for mass production and 
easy to maintenance. However, joints of the panel modules 
are flexible and the panel-structure SPS is difficult to maintain flatness of the transmission antenna surface. 
In order to achieve the high beam direction control accuracy, we have to correct the output phase errors 
caused by the antenna surface distortion. In this study, we describe one of the proposed beam correction 
methods which is called a PAC (Position and Angle Collection) method. 

Simulation of the PAC method 

The PAC method is one of the beam 
correction methods for the panel-structure SPS. 
In the PAC method, we measure phases of a pilot 
signal, which was sent from a power receiving 
site on the Earth, on every panel module. We 
estimate the panel module positions by using the 
measurement phases. Then, considering the panel 
module positions, we correct the output phases of 
pilot signal. In this study, we simulated the PAC 
method by a 1D array model shown in Figure 2. 
Taking account of the SPS system, we set these 
parameters. At first, we simulated the accuracy of the PAC method. From the simulations, the pilot signal 
measurement points have to be put on the both ends of each panel module in order to achieve the high 
beam direction control accuracy. However, the spacing of two measurement points is much longer than the 
half wavelength of the pilot signal and ambiguities occur in the panel position estimation method. Because 
of the ambiguities, we can correct the output phase errors only when the panel module gradients are in the 
range of -5 degrees to 5 degrees. Thus, we propose an improved panel position estimation method. By 
using this estimation method, we can use the PAC method even if the panel module gradients are in the 
range from -50 degrees to 50 degrees. 
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  Figure 1. Image of a tethered-SPS [2]

 
  Figure 2. Schematic diagram of a 1D array model.
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Thrust Evaluation of Magnetic Sail by Using Plasma Particle Simulation 
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Yasumasa Ashida 

 
Magnetic sail is spacecraft propulsion that produces an artificial magnetosphere to block solar wind 

particles, and thus impart momentum to accelerate a spacecraft. In the present study, we conducted full 
particle-in-cell simulations on small-scale magnetospheres (Electron inertial scale) and Flux-Tube 
simulation on large-scale magnetospheres (Ion inertial scale) to investigate thrust characteristics of 
magnetic sail and its derivative, Magneto Plasma Sail (MPS), in which the magnetosphere is inflated by an 
additional plasma injection.  

First, the simulations with the various magnetospheric sizes were performed to obtain the thrust level 
of the each magnetic sail. In Electron inertial scale, the Full-PIC simulation that treats both ions and 
electrons as particles is performed since the electron’s finite Larmor radius effect and the charge separation 
between ion and electron become significant. In Ion inertial scale, the Flux-Tube model is performed, 
which neglects wave propagation and solves only a steady state of a plasma flow including the ion’s finite 
Larmor effect. Therefore, the Flux-Tube model is expected to quickly estimate a thrust level with the low 
capacity of the computational memory. However, the Flux-Tube models developed for hall thrusters and 
ion engine grid do not include the effect of induced magnetic field. In the case of magnetic sail, the induced 
magnetic field has to be considered. Therefore, we constructed a new Flux-Tube model including the 
induced magnetic field [1]. As a result, the experimental formula for the thrust estimation is obtained and 
the thrust level from Electron scale to MHD scale is revealed. It is also shown that the MPS demonstrator 
spacecraft (L~500 m) can obtain the larger thrust by the magnetosphere inflation since the drag coefficient 
rapidly becomes larger in the scale. 

In addition, the simulation for MPS was performed and the increase of the thrust was analyzed. We 
revealed that the plasma injection on the condition that the kinetic energy of plasma is smaller than the 
local magnetic field energy ( ~10-3) can significantly inflate the magnetosphere by inducing diamagnetic 
current in the same direction as the onboard coil current. As a result, the MPS thrust is increased effectively 
by an additional plasma injection: the MPS thrust  (15 N/m) becomes up to 7.5 times larger than the 
original thrust of the magnetic sail (2.0 N/m).  In addition, we found that the thrust gain of MPS defined 
as “MPS thrust / Magnetic sail thrust + plasma injection thrust“ becomes up to 2.2 [2].   

As a result, the thrust of the magnetic sail from Electron inertial scale to Ion inertial scale and the 
attitude stability were revealed. These enable us to design the orbit of the magnetic sail supposing deep 
space missions. In addition, MPS with thermal plasma injection in 2D achieved to generate the high 
efficient thrust.  
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Shinji Hachiyama 

 

A satellite naturally becomes charged in space filled with collisionless plasma. The relaxation methods for 
charging have been studied for a long time. Charged satellites are subjected to Coulomb forces from other 
charged satellites. Besides, the charged satellite is subjected to Lorentz force from the Earth's magnetic 
field. Control of charging a satellite is a good method to control orbit and attitude of satellites since it has 
the potential to lead novel dynamics. In the present thesis, we analyze the attitude motion of 
electrical-charged satellites using Lorentz force caused by Earth's magnetic field. Attitude control methods 
using gravity gradient torque are conventionally applied to a number of satellites. However, we apply them 
for the mission keeping and changing the attitude to the orbital radius direction. The objective is to 
demonstrate the attitude dynamics with the Lorentz force and the gravity force for the attitude control using 
these forces. The Earth's magnetic field is assumed to be dipole approximately.  We numerically and 
analytically demonstrate the attitude dynamics using the formulated equation of motion. We found that the 
amount of charge in the equation is important for stability and instability of the attitude motion. 
Furthermore, the equilibrium points change depending on the quantity. On the basis of such property, we 
investigate methods to control the attitude of the satellite by controlling the amount of the charging. For 
example, Lorentz force makes the attitude stable to the directions except for the orbital radius direction and 
sustain the attitude of a charged satellite by controlling the amount of the charging. There are directions of 
the torque which cannot be generated by Lorentz force under the influence of the position and the attitude 
of the satellite. For that reason, we compared the amount of the torque in order to maintain the attitude by 
using only thrusters with by using additional Lorentz torque. With such comparison, we can evaluate the 
reduction ratio of the required torque.  
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Study on Integration of Analog Downconversion Circuits 
toward Small Plasma Wave Spectrum Receivers 
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Satoshi Okada 
 

Space plasma is essentially collisionless, and its kinetic energy is transferred through plasma waves. 
Therefore, plasma waves reflect variations of electromagnetic environments in space. Plasma wave 
receivers, which capture the plasma waves, contribute to the investigations of the electromagnetic 
phenomena occurring in space. Sweep frequency analyzer (SFA), one of the types of the plasma wave 
receivers, provides spectral information of plasma waves with high frequency resolution and good 
signal-to-noise ratio. The plasma wave receivers, including SFA, are required to have low noise, high 
sensitivity, and wide dynamic range in wide band. These requirements lead analog circuits in the receiver 
to be large and heavy. Then, it difficult to realize small and lightweight receivers with discrete devices and 
commercial integrated circuits. We use ASIC (Application Specific Integrated Circuit) technology to 
downsize the analog part of the SFA. The objectives of the present thesis are to investigate the problem in 
development of the SFA downconversion circuits with ASIC technology, and to obtain perceptions to 
complete integration of the SFA into one chip. We design high gain main amplifier, mixer, and image 
rejecting Band Pass Filter (BPF) for the SFA. Each performance of the circuits is checked by simulations 
and trial productions of ASICs. First, the high gain amplifier is designed. 40 dB of the gain is confirmed by 
trial chips. Second, the mixer is designed. The gilbert cell is applied to the mixer. The linearity and 
inter-modulation distortions are evaluated. Third, the BPF is designed and evaluated with the trial chips. 
The BPF requires rapid reduction response, and high accuracy for manufacturing. The switched capacitor 
filter is employed to realize the BPF. Since the layout design is very important for the development of 
switched capacitor BPF, we discuss variations of frequency responses caused by parasitic capacitors and 
measures to reduce the effects. Finally, we examine expected characteristics of the analog downconversion 
system to be obtained by combining the designed mixer and the BPF. We also discuss how to enhance the 
performance as the analog downconversion system. 
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