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Biological and molecular characterization of Citrus tatter leaf virus in Taiwan
(Center for Exploratory Research on Humanosphere, RISH, Kyoto University)

Chun-Yi Lin

Citrus tatter leaf virus (CTLV) causes chlorotic leaves with bud union incompatibility in citrus scion
and its current incidence in Taiwan is 65%. However, the burden of infection has long been underestimated
due to its common latency and the serious threat of tatter leaf disease should be investigated and addressed
without delay. Here, we evaluated the biological characteristics and genome sequences of Taiwanese isolates.
Three full-length sequenced local isolates and phylogenetic analyses revealed similarities with isolates from
neighbouring countries, indicating the possible origins of local isolates. Two mild isolates obtained from
Liuchen sweet orange (LCd-NA-1) and Kumquat (Kqg-6-2-46) were inoculated on indicator plants and
exhibited differences in foliar symptom expression and temperature tolerance compared with foreign isolates
causing severe disease. In summary, the study provided comprehensive information and a foundation for
citrus virus management or further research.

Introduction

Citrus tatter leaf was first reported in latently infected Meyer lemon trees (Citrus limon L. Burm.f.) in
California imported from China [1]. Typical local chlorotic lesions and systemic mosaic symptoms on the
leaves of herbaceous plants have been observed following mechanical CTLV inoculation [2, 3, 4]. CTLV
inoculation also causes tattered and chlorotic leaves with bud union incompatibility in citrus scion grafted on
Citrus excelsa, Rusk trifoliate and Troyer citranges or swingle citrumelos [5]. CTLV is primarily transmitted
via mechanical inoculation and infected bud propagation, but no insect vectors have been identified [6].

CTLYV is a member of the genus Capillovirus (family Betaflexiviridae), which includes two species,
Cherry virus A (CVA) and Apple stem grooving virus (ASGV) [7]. The single-stranded, positive-sense
genomic CTLV RNA is 6496 nt in length with a 5° cap and 3° poly adenine tail. This sequence contains two
open reading frames (ORF1 and ORF2), and multiple functional proteins are translated to perform biological
functions.

Tatter leaf disease, one of the four major systemic and endemic citrus diseases in Taiwan, has long been
present and is commonly detected up to 50% of total citrus plants in field surveys [8]. Because of its latent
infection characteristics, the severity of tatter leaf disease has been underestimated, and few CTLV-related
studies have been conducted worldwide. Here, we determined the biological characteristics of different
isolates from Rusk citrange or C. quinoa. This study provides comprehensive and basic information for
CTLV management and further research.

Symptom expression as determined in the CTLV bioassay

In the Rusk citrange test, the indicator plants were more susceptible to Chinese isolates (Table 1). The
Sat-HY-2 (Chinese) isolate caused severe leaf curling and chlorosis, whereas the Cal-KS-1 isolate induced
severe tatter and distorted leaves 4-8 weeks after inoculation. In contrast, the LCd-NA-1 (Taiwanese) isolate
caused mild symptoms, including slight leaf curl, while the Kq-6-2-46 isolate caused severe, obviously
chlorotic spots accompanied by leaf distortion (Fig. 1a). In the C. quinoa test, the indicator plants were more
sensitive to Chinese isolates at two temperatures (Table 1). Under high temperature conditions, symptoms
developed more rapidly (5-10 days) following infection with the two Chinese isolates than with the
Taiwanese isolate (6-12 days). The Chinese isolates both caused obvious local chlorotic lesions with clear
edges on inoculated leaves; the Cal-KS-1 isolate also induced heightened mosaic, chlorotic, curling and
epinasty symptoms on systemic top leaves compared with Sat-HY-2 infection. The Kq-6-2-46 isolate caused
mild local lesions on inoculated leaves, whereas few chlorotic spots were observed on LCd-NA-1-infected
leaves. Moreover, only LCd-NA-1 induced mosaic chlorotic spots on systemic top leaves (Fig. 1b). Symptom
development is slowed under low temperature conditions (20-22 days).
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Table 1. Comparison of symptom expression on Rusk citrange and Chenopodium quinoa infected by four

citrus tatter leaf virus (CTLV) isolates.

CTLV isolate®
Indicator plant Sat-HY-2 (C) CalKS-1 (C) LCd-NA-1 (T) Kg-6-2-46 (T)
Rusk citrange (leaf) 4+ 4 bt b+
Chlorotic spots 3 2 1 3
Leaf distortion 3 2 0
Leaf tattering 3 3 0 1
C. quinoa 30 °C 22°C 30 °C 22°C 30 °C 22°C 30°C 22°C
Inoculated leaves o 1 +4 i + . - 4
Local lesions 3 3 3 3 1 1 2 1
Uninoculated leaves 4 4 i v : + 4
Mottling 0 3 3 0 1 2 0 2
Epinasty 0 3 3 0 0 2 ] 2
Leaf curling 0 3 3 Q 0 2 0 2

Symptom index: 0, symptomless; 1, mild; 2, moderate; 3, severe. Symptom expression on Rusk citrange was recorded 3 months after inoculation by

bud grafting.
#C), Chinese isolate; (T) Taiwanese isolate.

"RT-PCR detection of CTLV. Pixel value index of the CTLV-specific band on agarose gel measured by a densitometer: —, <30; +, 30-79; ++,

80-129; +++, 130-180.

Obvious partially chlorotic spots were
observed on both Chinese isolate-infected leaves,
while larger and expanded spots were observed
on Sat-HY-2 infected leaves. The opposite results
were shown in systemic symptoms. Severely
mosaic, chlorotic leaves with curling and
distortion were observed on the Sat-HY-2
infected plants, whereas no systemic symptoms
were observed with the Cal-KS-1 infection. The
two Taiwanese isolates caused no obvious
symptoms on inoculated leaves but did cause
distortion and curling symptoms on systemically
infected leaves (Fig. 1b).

Figure 1. Comparison of foliar symptoms on
Rusk citrange (a) and C. quinoa (b) following
infection with four distinct CTLV isolates.
Symptom expression on Rusk citrange and C.
quinoa was observed at six weeks and one
week after inoculation, respectively. CTLV
inoculation tests on C. quinoa were conducted
in greenhouses at 22°C and 30°C. Sat, Satsuma
mandarin; Cal, Calamondin; LCd, Liuchen
sweet orange; Kq, Kumquat.

Inoculated leaves

Systemic leaves

Inoculated leaves

Systomic leaves

Sat-HY-2 isolate Cal-KS-1 isolate LCd-NA-1 isolate Kq-6-2-46 isolate

CalKS-1 isolate

n°c 30°C 22'c 30°C
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CTLV distribution in different citrus tissues

RT-PCR detection was performed on different
tissues from two CTLV-infected citrus cultivars
(Kumquat and Minneola tangelo). Strong CTLV
signals were detected in mature and young leaves
and stem bark, whereas moderate signals were
present in the root, midrib and fruit. No signals were
detected in flower tissues (Fig. 2).

Figure 2. Analysis of CTLV distribution in different
citrus tissues by RT-PCR. (a) CTLV-infected
Minneola tangelo cultivated in the citrus nursery of
Chiayi Agriculture Experiment Station (CAES). (b)
RT-PCR assay for CTLV detection in different
tissues of host citrus plants. The product size was
527 bp. Lane 1, root; 2, mature leaf; 3, young leaf; 4,
midribs; 5, bark; 6, flower; 7, fruit transportation
tissue. M, 100-bp DNA ladder marker.

Genomic, amino acid and phylogenetic analyses
of CTLV

As shown in Table 2, 79.4-94% similarity was
observed for nucleotide alignment when compared
to CTLV-Pk. Amino acid (aa) alignment
demonstrated high similarities for the ORF1 (85.3-
95.8%), CP (92-95.8%) and MP (93.4-99.1%)
sequences compared to CTLV-Pk. Obvious
variations in variable regions I (14.3-18.2%) and II
(56.3-63.6%) exist among the isolates from Taiwan
and other countries (Table 2). Based on
phylogenetic analyses of the ORF1 genome
sequences (Fig. 3a), the Taiwanese isolates were
similar to isolates from the USA (CTLV-ML) and
China (CTLV-SO). In addition, phylogenetic
analysis based on aa sequences indicated the
Taiwanese isolates were similar to the Chinese
isolates which comes from the same group, whereas
the Japanese isolates belong to another group (Fig.
3b).

73

100 |4

00 | ASGV

1
|ASGV*A
B CTLV-L
100 E ASGV-L

100 [— CTLV-Kg
100 CTLV-SO Taiwan
100 CTLV-LCd China
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CVA
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Figure 3. Phylogenetic trees derived from full-length genome sequences (a) and ORF1 aa sequences (b)
of citrus tatter leaf virus (CTLV) isolates from Ponkan mandarin (CTLV-Pk) and other capilloviruses.
Trees were constructed with MEGA 5.0 using the UPGMA method with 1000 bootstrap replications.
Potato virus X (PVX) (JF430080) was used as the out-group. Bars indicate numbers of nucleotide

substitutions per site.
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Table 2. Comparison of genome sequences and amino acid (aa) identities (%) of open reading frame (ORF1)
polyprotein, coat protein (CP), movement protein (MP) and variable regions (VRI and VRII) among Ponkan
isolate of citrus tatter leaf virus (CTLV-Pk) and other capilloviruses.

Sequence CTLV-Pk CTLV-Kg CTLV-LCd CTLV-ML CTLV-L ASGV ASGV-P CVA
Genome 100 94.0 93.9 81.9 817 81.7 79.4 429
ORF1 aa 100 95.0 95.8 86.9 86.9 87.6 85.3 227
CP aa 100 95.4 95.8 92.0 94.5 93.7 92.0 255
MP aa 100 99.1 98.1 95.9 96.9 95.6 93.4 20.1
VRI aa 100 70.0 80.0 14.3 238 14.3 18.2 nd

VRIl aa 100 85.0 87.4 63.6 56.3 57.0 57.7 nd

CTLV from Ponkan mandarin (CTLV-Pk), kumquat (CTLV-Kg), Liuchen sweet orange (CTLV-LCd), Meyer lemon (CTLV-ML), lily (CTLV-L); apple stem
grooving virus from apple (ASGV), pear black necrotic leaf spot isolate of ASGV (ASGV-P); cherry virus A (CVA).
nd, not determined.

Conclusion

In this study, we focused on the biological and molecular characterisation of CTLV isolates and
improved the sensitivity and specificity of available detection methods. Standard protocols, including a
bioassay and molecular detection, are essential tools to prevent infection by exotic and frequently severe
isolates, and permit the early detection and removal of local latent infections. In the future, the construction
of an infectious CTLV clone could represents a useful tool for further functional and genetic research on
virus replication, movement and pathogenicity. The artificial clone will also benefit the development of a
virus-induced gene silencing (VIGS) vector for further in planta studies. The study provides basic biological
results which may help industry to select tolerant cultivars to prevent viral infection and construct suitable
environmental factors to growth virus-free citrus seedlings. Uneven distributions of CTLV in different citrus
tissues could give important suggestion to establish standard operation procedure in quarantine protocol. The
study provides valuable aspects for citrus management strategy to citrus industry and government people.

Acknowledgements

We thank the kind supply of several citrus cultivars and samples by the farmers of Taiwan to complete
the field survey. The authors also thank Prof. Hong-Ji, Su from National Taiwan University for collecting
foreign isolates and giving advices on the manuscript.

References

[1] Wallace, J. M., and R. J. Drake, “Tatter-leaf, a previously undescribed virus effect on citrus”, Plant
Disease Reporter, vol. 46, 211-212, 1962.

[2] Yarwood, C. E., “Mechanical transmission of a latent lemon virus”, Phytopathology, vol. 53, pp. 1145,
1963.

[3] Fulton, R. W, “Mechanical transmission of tatter leaf virus from cowpea to citrus”, Phytopathology, vol.
56, pp. 575-576, 1966.

[4] Garnsey, S.M., “Mechanical transmission of a virus that produces tatter leaf symptoms in Citrus excelsa”,
In: Weathers LG, M Cohen, eds. Proceeding of the 6" Conference of the International Organization of Citrus
Virologist. IOCV: University of California Riverside, USA, pp. 137, 1974.

[5] Zhang, T.M., X. Y. Liang, and C. N. Roistacher, “Occurrence and detection of citrus tatter leaf virus
(CTLV) in Huangyan, Zhejiang Province, China”, Plant Disease, vol. 72, pp. 543-545, 1988.

[6] Miyakawa, T., and C. Matsui, “A bud-union abnormality of Satsuma mandarin on Poncirus trifoliata
rootstock in Japan”, In: Calavan EC, ed. Proceeding of the 7" Conference of the International Organization
of Citrus Virologist. IOCV: University of California Riverside, USA, pp. 125-131, 1976.

[7] Martelli, G.P., M. J. Adams, J. F. Kreuze, V. V. Dolja, “Family Flexiviridae: A case study in virion and
genome plasticity”, Annual Review of Phytopathology, vol. 45, pp. 73-100, 2007.

[8] Tsai, C.H., H. J. Su, Y. C. Feng, and T. H. Hung, “Study of citrus Huanglongbing and its complex

infection with Citrus tristeza closterovirus and Citrus tatter leaf capillovirus in Taiwan”, Plant Pathology
Bulletin, vol. 16, pp. 121-129, 2007.



Sustainable Humanosphere, vol. 15, p.5, 2019

RECENT RESEARCH ACTIVITIES

Visualization of cellulose molecules in synthesis with time-resolved SAXS
(Laboratory of Biomass Morphogenesis and Information, RISH, Kyoto University)

Tomoya Imai, Hirotaka Tajima, and Paavo A. Penttili
Purpose of the study

Cellulose is one of the sustainable materials to be used in near future given its high renewability. The
major reason why cellulose could be such a useful material is that cellulose has a solid structure with fiber
morphology, in which polymeric straight molecules of cellulose are crystallized (cellulose microfibril).
Such a molecular assembly together with its molecular conformation provides the toughness with cellulose
microfibril. The protein that produces such an excellent super-molecular structure is cellulose synthase, an
enzyme embedded in cell membrane. We have not yet successfully reconstituted the native cellulose
synthase activity in vitro despite many trials for as long as 10 years. In those experiments, cellulose
polymer was successfully synthesized. However the synthesized product was no longer microfibril as found
in nature, but globular aggregation as reported previously V. For clarifying this error in the reaction, we
tried to understand what happens in this “abnormal” in vitro reaction with small angle X-ray scattering
(SAXS), which allowed cellulose molecular seembling process to be visualized in situ in the reaction.

Experiments and results

In vitro reaction by crude enzyme of cellulose synthase, which was prepared from a bacterium
Komagataeibacter xylinus V', was observed by time-resolved SAXS experiment at BL40B2 in SPring-8
(Hyogo, Japan): details of the experiments are found in our published paper 2. Briefly, SAXS pattern was
recorded from the in vitro reaction every 5 min after starting the reaction, and azimuthally integrated to
convert the scattering pattern to 1-D data with scattering vector g (= (4n-sin )/1) and scattering intensity /:
6 is a half of scattering angle and 4 is X-ray wavelength. Scattering signal from the cellulose synthesized by
the reaction was approximately visualized by subtracting the 1% frame data of a time-resolved measurement
(Figure 1). The scattering at ¢ = 0.05 nm™' started being apparent after 16 min of the reaction, while the one
at ¢ = 0.25 nm™' was found already at very beginning of the reaction. Given that the former represents
larger structure, it was shown that the synthesized cellulose molecules formed smaller structure at first, and
subsequently those primitive aggregations were packed to form larger aggregates. This is the behavior of
cellulose molecules synthesized by partially denatured cellulose synthase in our in vitro system.
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Screening and identification of useful enzymes from biphenyl/PCB-degrading bacteria
that metabolize lignin-derived aromatic compounds

(Laboratory of Biomass Conversion, RISH, Kyoto University)

Takahito Watanabe

A variety of microorganisms play a significant role in the mineralization of plant lignin. The
lignin-derived aromatic compounds are further degraded by soil bacteria. So far, a number of
biphenyl/polychlorinated biphenyls (PCB)-degrading bacteria have been isolated from various
environmental samples and characterized in terms of biochemical and genetic aspects [1]. Recently, the
genome analyses of ten biphenyl/PCB-degrading bacteria, isolated from biphenyl-contaminated soil in
Kitakyushu, Japan, were performed [2-3]. Interestingly, some of these biphenyl/PCB-degrading bacteria
grew well on lignin-derived aromatic compounds as the sole sources of carbon and energy, as well as
xenobiotic compounds like PCB. This finding implies that biphenyl/PCB-degrading bacteria may be a type
of terminal lignin-degrading bacterium.

To globally screen and identify expressed proteins involved in the metabolism of lignin-derived
aromatic compounds from these biphenyl/PCB-degrading bacteria, a proteomic approach is needed. On the
other hand, I have already optimized a fluorescence two-dimensional difference gel electrophoresis
(2D-DIGE) method for a white-rot fungus surrounded by polysaccharide sheath [4]. Therefore, I tried to
modify this method for biphenyl/PCB-degrading bacteria and to perform 2D-DIGE using intracellular
proteins prepared from Pseudomonas furukawaii (formerly P. pseudoalcaligenes) KF707 [S]—one of the
best-characterized biphenyl/PCB-degrading bacteria—grown in the presence and absence of biphenyl. As a
result, I successfully detected the difference in protein expression under the two culture conditions and also
identified up-regulated, constantly expressed, and down-regulated proteins by peptide mass finger printing.
These results show that using proteomic and genomic approaches, I can efficiently screen and identify
candidate proteins and genes involved in the metabolism of lignin-derived aromatic compounds from
biphenyl/PCB-degrading bacteria. These approaches can also lead to the production of useful aromatic
compounds from wood biomass.
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Structure, biosynthesis, and bioengineering of lignocellulose and phenylpropanoid
metabolites for future biorefinery

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

Toshiaki Umezawa, Yuki Tobimatsu, Shiro Suzuki, and Masaomi Yamamura

It is becoming increasingly important to establish a sustainable society by reducing our excessive
reliance on fossil resources and mitigate global climate change. 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 the structure, biosynthesis and bioengineering of
lignocellulose using various model plants and biomass crops. In addition, we are interested in understanding
the biosynthesis of plant-derived phenylpropanoid metabolites with useful biological activities. Our program
typically integrates research ideas and approaches based on chemistry, biochemistry, and plant molecular
biology.

Among a wide variety of biomass feedstocks, grass biomass crops, such as Erianthus, Sorghum,
sugarcane and bamboo, have attracted particular attention due to their high biomass productivity and superior
environmental adaptability. To explore new breeding strategies to improve the production of useful 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 the lignin biosynthetic
pathway are down- and/or up-regulated. Some of our developed transgenic lines display notably improved
biomass utilization properties. In parallel, we are also working on selective breeding of grass crop varieties,
such as Erianthus spp. and Sorghum spp., with superior lignins suited for bioenergy and biomaterial
productions. In addition, aiming at biological production of useful phytochemicals, we have been
characterizing plant and microbial enzymes/genes 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, unravelling crystal structures of hinokiresinol synthases, unique
enzymes responsible for the enantioselective formation of bioactive norlignans, and identification of
enzymes/genes involved in the formation of estrogenic mammalian lignans (enterolignans) via human
intestinal bacteria.
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Discovery of a cadmium transporter for phytoremediation
(Laboratory of Plant Gene Expression, RISH, Kyoto University)

Kazufumi Yazaki and Akifumi Sugiyama

Plants chose sessile life style during the evolution since the land plant colonization 500 million years
ago. This means that once plants germinate, they complete their entire life duration at the same location
where they anchored their roots. Because of the life style, plants have developed a variety of stress
response mechanisms to resist and/or tolerate inferior or unfavorable environments. Heavy metal stress is
one of them. Because of the economic activities of humans, if particular areas are heavily polluted with
heavy metals, such as Pb, or Cd, plants cannot, however, escape from those polluted area, when they
started to grow. Thus, plants have developed various heavy metal tolerant mechanisms, and heavy metal
transporters are representatives of them.

Transition metal cations play an important role in plant growth and development. For instance, iron
(Fe) is an essential element because it acts as a structural and functional component of many biological
molecules such as nitrogenase in nodules [1]. In contrast, cadmium (Cd) is a toxic metal that is not
required for any physiological functions. Typical cadmium toxicity for plants results in some serious
symptoms e.g., chlorosis, growth retardation, and browning of the root tips, which may cause death at a
high concentration. Transition metal cations are absorbed with water by root tissues from the soil, and
then are circulated in the plant body via vascular tissue and transporter proteins. If the soil contains not
only essential metals but also non-essential toxic metals, the uptake of metals may be managed under
competition, which is the phenomenon known as inducible deficiency.

We selected a metal accumulater plant, Crotalaria juncea (Fabaceae). C. juncea has been reported as a
plant species to show strong tolerance to Cd, and to accumulate this toxic metal in high concentrations in
its leaves (118 mg kg'' DW) in addition to Fe. This is an attractive plant to study metal transporters
involved in Cd accumulation because of its high tolerance for Cd and also because of its preference to
translocate these metals into the aerial part of the plant. We have isolated a cDNA, belonging to the metal
transporter NRAMP family from this plant.

The membrane localization analysis of CJNRAMP1 showed as being the plasma membrane of plant
cells. Complementation experiments using yeast strains, in which metal transport systems were impaired,
showed that CJNRAMP1 transported both Fe and Cd in an inward direction within the cells. Transgenic
Arabidopsis plants overexpressing C/NRAMPI gained high tolerance to Cd; notably, the Cd translocation
from roots to leaves was dramatically enhanced compared to the wild type plants. The overexpression of
CjNRAMPI resulted in a higher accumulation of Fe in both the shoots and roots, suggesting that
CjNRAMP1 recognizes Fe and Cd as substrates, and that the high Cd tolerance of C;]NRAPM1 is due to its
strong Fe uptake activity even under the high Cd concentrations in the rhizosphere.
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Mie-Raman lidar techniques using the UV laser
for profiling atmospheric constituents in the atmospheric boundary layer

(Laboratory of Atmospheric Sensing and Diagnosis, RISH, Kyoto University)

Masanori Yabuki

Atmospheric constituents in the atmospheric boundary layer (ABL), which present in the lowest part
of the Earth’s atmosphere, play a key role in air pollution, local weather, and climate change. Their spatial
and temporal distributions near the surface are highly variable, because of the complex turbulent flow over
the surface and the rapid interactions of each species. Therefore, innovative techniques for observing the
distributions of atmospheric constituents with good spatio-temporal resolution are required. The
Mie—Raman lidar is a laser-based remote sensing instrument that is used for profiling aerosols, ozone,
water vapor, and temperature. Although the operation of the lidar system using ultraviolet (UV) optical
components including the deep UV (DUV) wavelength range of 200-300 nm is not easy in comparison
with systems using the visible wavelengths, the unique characteristics of the UV light have led to the
development of new lidar observation methods.

Here, we introduce our four recently developed lidar systems: (1) In terms of the light scattering by
particles, shorter wavelengths can be used to obtain information on small particles. A lidar with a multiple
field-of-view receiver employing lasers of 266 nm and 355 nm wavelengths was developed for detecting
multiple scattering effects to acquire quantitative information concerning the aerosol size distribution
within the sub-micrometer and smaller size range. (2) Characteristics of the strong UV light absorption by
ozone molecules in the troposphere can be used to obtain information on the ozone profile. Figure 1 shows
a time—height cross section of ozone concentration observed by our Raman differential absorption lidar
with a 266 nm laser. (3) The use of the deep UV wavelengths is convenient for lidar observation
because of the low background noise during daytime, as most of the solar radiation in the wavelength
range below 300 nm is absorbed by the ozone layer in the stratosphere. By use of this feature, we
constructed a UV Raman lidar for long-term monitoring of water vapor mixing ratio profiles in the
ABL for 24 hours. (4) With regard to eye safety, the UV laser has an advantage over instruments using
wavelengths in the visible range because the maximum permitted exposure in the UV region is larger than
that in the visible region. Highly eye-safe UV laser can be applied to the scanning lidar. We constructed a
scanning Raman lidar to observe the cross-sectional distribution of water vapor mixing ratio and aerosols
near the Earth’s surface, which are difficult to observe when a conventional Raman lidar system is used '.
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Figure 1. Time-height cross sections of the ozone profiles observed by the Raman lidar at Shigaraki,
Japan, from August 11 to 21, 2018.
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A proposal for satellite observation of the whole atmosphere —
superconducting submillimeter-wave limb-emission sounder (SMILES-2)

(Laboratory of Atmospheric Environmental Information Analysis,
RISH, Kyoto University)

Masato Shiotani

Background

In the middle atmosphere the ozone layer shielding harmful ultraviolet radiation enables life on Earth.
In the upper atmosphere high energy radiation with shorter wavelength such as X-ray and extreme
ultraviolet is absorbed to produce plasma particles. It is recognized that the middle and upper atmosphere is
susceptible to anthropogenic perturbations, such as the release of chlorofluorocarbons resulting in ozone
destruction and the increase in greenhouse gases bringing about cooling there. The middle and upper
atmosphere is also known to be sensitive to variability in solar activities such as explosions on Sun’s
surface (e.g. flare), 27-day solar rotation, and the 11-year solar cycle.

The region around the mesopause, including the upper mesosphere and the lower thermosphere (MLT),
is an important transition layer where atmospheric characteristics change in terms of both physics and
chemistry. The thermal and dynamical structure in the middle atmosphere, mostly determined by a
radiative balance with time scale longer than a day, is characterized by the background states varying with
a seasonal time scale and the disturbances with periodicities over 24 hours. In contrast, in the upper
atmosphere temperature variations show a distinctive diurnal cycle mostly driven by changing solar
radiation due to the earth’s rotation. The diurnal variations in the upper atmosphere are highly affected by
atmospheric waves propagating from the middle atmosphere and by electromagnetic energy inputs from the
magnetosphere. However, the lacking of global observations in the MLT region seriously hinders us from
investigating the underlying coupling processes between the lower and upper atmosphere.

Mission objectives

On the basis of the heritage of the Superconducting Submillimeter-Wave Limb-Emission Sounder
(SMILES) on the International Space Station, we propose a satellite mission “SMILES-2” to observe
temperature and wind fields, and distributions of atmospheric trace gases for the full diurnal cycle from the
middle atmosphere to the upper atmosphere. SMILES-2 observations will enable us to obtain global
information with unprecedented accuracy on the whole atmosphere including the MLT where observation
data have been lacking. We set the following four science objectives for the SMILES-2 mission: (1) To
investigate the 4-D space-time structure of the diurnal variations (atmospheric tides) in view of dynamics,
chemistry, and electromagnetic processes; (2) To unveil the vertical propagation of synoptic-to-planetary
scale disturbances from the middle atmosphere (non-migrating tides and stratospheric sudden warming
events) to the upper atmosphere; (3) To understand atmospheric variations due to energy inputs from the
magnetosphere (particle precipitation and magnetic storm); (4) To provide benchmarks for whole
atmosphere models and climate models with detailed description of the background thermal structure and
distribution of minor species.

From those views we will be able to grasp the upward and downward coupling processes in the 4-D
dynamical structure of diurnal variations which are one of the most essential characteristics in the earth’s
atmosphere. These outcomes including the atmospheric trace gas data will greatly contribute to improve the
reliability of chemistry climate models for future projection and the accuracy of prediction models for
space weather.
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International Equatorial Atmosphere School 2019
(Laboratory of Radar Atmospheric Science, RISH, Kyoto University)

Tatsuhiro Yokoyama and Mamoru Yamamoto

The equatorial atmosphere generates the strongest convection in the world and affects the global
atmospheric circulation as well as the local weather and climate. To further strengthen the collaboration
between Japan and the equatorial countries such as Indonesia, it is very important to promote education and
research activity in these countries. To this end, we held the first International Equatorial Atmosphere
School on March 18-22, 2019 at the Aerospace Research Institute (LAPAN) in Bandung, Indonesia in
partnership with Humanosphere Asia Research Node (ARN). 109 researchers and students from Japan,
Indonesia and surrounding countries participated at LAPAN, and 61 students in three different institutes
participated online, so the total number of participants was 170.

RISH, Kyoto University and LAPAN collaborate
and conduct the equatorial atmospheric research for a
long time. Since 2001, we have been successfully
operating the Equatorial Atmosphere Radar (EAR) at
Kototabang, West Sumatra, and continue the
long-term observations. We proposed an international
school for the study of the equatorial atmosphere. This
school event was aimed to benefit young scientists and
researchers who are interested in this field to have a
good summary of the study techniques and recent
topics. Also, this event helped accelerate our big
research project to establish the Equatorial MU Radar
(EMU) that is the full-spec atmospheric radar in the
near future right next to the EAR.

Figure 1. Lecture scene at the school.

The lecture topics in the school are: 1)
Introduction and basics of the Earth’s atmosphere, 2)
Atmospheric radar basics and advanced, 3) Equatorial
rainfall and global climate, 4) Climate-biogeosphere-
humanosphere interaction, 5) Atmospheric waves and
coupling processes, 6) Upper atmosphere basics and =
observations, 7) Radio Acoustic Sounding System | |8 =
(RASS), 8) GNSS measurement of the atmosphere, 9) ! “ ek
Numerical models in Japan and Indonesia, 10)
Numerical simulation techniques for atmosphere, and
10) Hands-on training of [UGONET data analysis for
promotion of atmospheric science.

Figure 2. Group photo of all articipants.

All lectures and school events were successfully completed with a great help of LAPAN staff.
Participants learned the basics and research techniques of the equatorial atmosphere, and the importance of
the EMU project to further understand the whole atmospheric dynamics. We hope to hold the school
regularly to maintain the research activity in Southeast Asia.
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Modification of fibrous material by radiation technique
(Laboratory of Fiber Multiplication, RISH, Kyoto University)

Satoko Okubayashi

As polymer materials and vinyl monomers are irradiated with an electron beam (EB) that is a type of
radiations, ionization and excitation occur locally and instantaneously to generate radicals in the molecules.
The radicals induce hydrogen abstraction reaction, addition reaction to a double bond, crosslinking by
radical recombination, decomposition, oxidation, etc., which change the properties of polymer material.
Mainly two procedures, simultaneous irradiation and pre-irradiation are frequently applied for experimental
operation. The polymer material pre-coated with monomers is irradiated with electron beam by the
simultaneous treatment while the polymer is exposed to electron beam and then coated with the monomer
by the pre-irradiation. The monomer and its polymer are immobilized to the material by chemical bonding,
which is called EB-graft polymerization. New properties can be added to the base material by the
EB-grafting. Recently, equipment of electron beam irradiation has been developing, and the process is
widely used in industrial fields such as film and rubber. 120 -

However, only a few applications to fiber materials
has been reported in textile industry.

2

8
[

In this paper, we examined EB-graft
polymerization of glycidyl methacrylate (GMA)
which is a scaffolding material for incorporation of
ionic groups, to non-woven and woven fabrics of
modacrylic fiber consisting of vinyl
chloride-acrylonitrile copolymer (provided by Kaneka
Co., Ltd.) by pre-irradiation method for the purpose to 0 0 » » ® w0 o
prepare ion exchange fabrics. GMA concentraion (wt%)

As shown in Figure 1, weight gain indicating the
grafting amount of GMA at 300 keV of accelerating  Figure 1. Effects of monomer concentration and
voltage and 100 kGy of absorbed dose to both the fabric structure on grafting amount of GMA.
non-woven and woven fabrics increased with
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increasing the GMA concentration, while higher Table 1. Amount of radical generated on
grafting amount was obtained with non-woven fabric modacrylic fiber by EB irradiation.
having low fiber density as compared with the woven Basis weight| Amount of radical
fabric. In order to clarify the difference in the grafting Fabric structure

(g/m?) (g7 of fiber)x10'®

Woven fabric 225 3.68
160 3.28
221 3.40

amount in more detail, the amount of radicals
generated in woven and non-woven fabrics after EB
irradiation were colorimetrically determined using 1, [Non-woven fabric
1-diphenyl-2-picrylhydrazyl free radical (DPPH). It
was found that 3.3 to 3.7x10'® radicals were generated
per fiber weight, regardless of the fabric structure and fabric thickness (Table 1). Considering the same
amount of radicals generated by EB irradiation for different fabric structures, and no difference in the
grafting amount at the initial stage of grafting in woven and non-woven fabrics (the results are not shown in
this report), it is suggested that monomer diffusion to fiber surface and into fiber are retarded after some
degree of grafting progressed for dense fabric. Finally the higher grafting amount can be obtained with a
fabric having the lower fiber density.

The fabric is three dimensional unstable porous material consisting of a plenty of thin fibers. Many
parameters affect monomer diffusion and reaction on and in solid fiber surface, so that the reproducibility
is insufficient. This may delay its commercialization in the industry. However, the processing principle is
very simple, and it is a very unique method that can provide various functions in an instant with just a few
seconds of irradiation. We will continue to seek new seeds for the use of electron EB in fiber processing.
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Joint force to battle the red imported fire ants in Japan: a multi-institution collaborative
framework supported by the Ministry of the Environment

(Laboratory of Urban Pestology, RISH, Kyoto University)

Chin-Cheng Scotty Yang

Overview of the joint project

Discovery of red imported fire ants (hereinafter referred to as fire ant) was first reported in mainland
Japan in the year of 2017. While detections of fire ant have increased since then, research effort is
surprisingly limited. To prevent establishment of fire ant, a total of four Japanese research institutions,
namely University of the Ryukyus, Kyoto University, Okinawa Institute of Science and Technology
Graduate University (OIST), and National Institute for Environmental Studies, have teamed up to assemble
a research platform that offers multiple knowledge-based strategies against future invasions of fire ant in
Japan.

The role of each participating institution

Financially supported by the Ministry of the Environment, each institution is granted with 3-year
funding that allows them to carry out the proposed research. The principle investigators have different yet
equally important role in this team project: Prof. Kazuki Tsuji (University of the Ryukyus) is aiming to put
together a novel technology of baiting that is expected to perform more efficiently than any contemporary
bait products available. Dr. Kouichi Goka, (National Institute for Environmental Studies) attempts to
develop an efficient, easy tool to detect and control fire ant and eventually distribute the tool, once
available, nationwide to allow both early warning and rapid response possible. Dr. Yoshimura (OIST) will
target on elevating public awareness of fire ant and would like to approach it by developing a
citizen-science network to facilitate education, information distribution and involvement of general public
into local fire ant monitoring projects.

Dr. Chin-Cheng Scotty Yang (Kyoto University) participates in the team project as principle
investigator to characterize the potential impacts of pathogens (virus as focal group) on foraging behaviors
of fire ant and, based on the results (which are being generated), attempts to improve the current baiting
and luring systems. The virus-infected fire ants have been shown to display decreased foraging activity and
a shift of macronutrient preference (from lipid/protein to carbohydrate, Figure). Consequences of such
behavioral alterations include 1) use of conventional food lures may result in underestimating actual fire
ant numbers; 2) current low-toxicity bait products may not be as attractive as expected. Various approaches
will be tested to confirm if declined foraging patterns in virus-infected fire ants can be restored, and will be
applied to develop an enhanced food lure/bait system.
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Cellulose nanofiber-based hydrogels with improved mechanical properties
(Laboratory of Active Bio-based Materials, RISH, Kyoto University)

Yang Xianpeng, Kentaro Abe, and Hiroyuki Yano

Hydrogels are wet and soft materials, comprising hydrophilic polymer networks, which hold large
amounts of water and have similar wet properties to human tissues. One of the most important issues for
synthesized hydrogels is to improve the mechanical properties. Cellulose nanofibers (CNFs) are hydrophilic
natural materials, which are extremely stiff and strong and are thus widely used to reinforce hydrogels.
However, problems remain. First, the stiffness of CNFs in wet conditions is lost because of disengagement
of interfibrillar hydrogen bonds. Second, it is difficult to increase the CNF content owing to the high viscosity.
Third, the interactions between CNFs and the polymer matrix are weak under wet conditions. Therefore, we
recently tried to composite a wet CNF cake, which has a high CNF content, with polymers to fabricate
composite hydrogels with improved mechanical properties.

CNF/poly(vinyl alcohol) hydrogels [1]

It will be convenient if CNFs can be combined with polymer directly to
prepare hydrogels. Poly(vinyl alcohol) (PVA) is considered because PVA is
a water soluble, crystallizable, biodegradable and nontoxic polymer with
good mechanical properties, even in a hydrated state. In detail, a CNF
suspension with a concentration of 0.1 wt% was filtrated to form a CNF cake
with a solid content of around 10 wt%. Then, CNF/PVA hydrogels were
prepared by immersing the CNF cake in PVA aqueous solution followed by
the treatment of drying, annealing and rehydration. The resulted sample,
with a water content of 66.8%, had an elastic modulus and fracture strength
0f'47.92+0.99 MPa and 15.91 + 0.48 MPa, which were almost comparable
to skin and cartilage (Fig. 1). It was revealed that both the PVA networks 18 1 CNF/PVA hydrogels.
and the interactions between the CNFs and PVA were maintained well in the /A Small hydrogel sheet with
hydrated state. This study may suggest a simple and versatile method for Width of 5 mm and thickness
preparation of load-bearing hydrogels from nanocelluloses. 0f 0.25 mm could hold a 2-kg

weight.
Modified CNF-based hydrogels [2]

J

We also used the surface modified CNFs to prepare hydrogels, expecting to improve the interactions
between CNFs and polymer matrix. To simplify the modification process, we used a CNF cake as a reactor,
where nanochannels formed with a large aspect ratio. The flow in the nanochannels under the force of a
vacuum might show a negligible back-mixing phenomenon. When the reactant was filtrated through, the
water in the CNF cake was replaced by the reactant mixture gradually and the reaction occurred. After the
reaction, the cake was washed by passing ethanol and water through the cake. As a result, the degree of
substitution of maleic acid monoester-modified CNFs reached 0.14 at room temperature within 25 min. The
crystallinity and morphology of modified CNFs were well maintained. Then, the modified CNFs were used
to form composites with poly(acrylamide-co-acrylic acid) networks, which were further cross-linked by Fe3".
The elastic modulus of the nanocomposite hydrogels increased considerably from 10.27 = 0.48 MPa to 24.67
+ 0.53 MPa after slight surface modification. The additional cross-linking enhanced the friction force
between nanofibers and matrix, resulting in increased modulus. Our modification method is simple but
effective. It shows potential for preparing a range of CNF-based functional nanocomposite materials. The
stiffened composite hydrogels also proved the importance of interfacial design for CNF-based hydrogels.
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Evaluation of NO: sorption ability of cedar wood
(Laboratory of Sustainable Materials, RISH, Kyoto University)

Miyuki Nakagawa, Kenji Umemura, and Kozo Kanayama

Introduction

Nitrogen dioxide (NO3) is a criteria air pollutant and affects human health, particularly the lungs and
breathing passages. As representative materials for NO> removal, it is known that activated carbon,
photocatalyst and terpenes from leaf oil have a high NO; sorption ability. However, use of these materials
is limited by the problems of time-consuming production, decline in function depending on the weather and
time, and waste liquid and residue disposal. Recently, it’s known that Japanese cedar wood (Cryptomeria
Japonica) has especially high NO; sorption ability compared with other wood species. Cedar wood is
available itself as NO, removing material without any chemical or industrial treatment. Therefore, it has a
great potential as a material for NO, removal. It is considered that NO, sorption ability of cedar wood is
influenced by the structural features of tissues, moisture content and extractives. However, influences of
each factor have not been evaluated in detail so far. We are trying to elucidate the influence on NO»
sorption ability under various conditions focused on each factor by using a new system (Figure 1) for
measuring NO> sorption volume developed by | Reactonpart Gas controlpart ,
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Results and discussion

When the NO; gas flowed over the surface of transverse section of specimen, the NO, sorption volume
depended on the thickness of longitudinal direction and NO; sorption effect was high especially in the
range of ca. 3 mm from the surface of transverse section. This range was almost same average length to the
cedar tracheid. Also, NO; sorption volume depended on the interface area of the specimen which can
contact with NO» These results show that the interface area which the structure of tracheid contributed was
influenced to the NO> sorption ability. Furthermore, the average NO; sorption volume was the greatest in
the specimen of natural drying and decreased as drying temperature was high. Because NO, sorption
volume in extraction-treated specimen decreased to almost same values regardless of the drying
temperature and it is reported that drying temperature is influenced to the amount of extractives in the
wood by previous studies, the differences of amount of extractives by drying treatment seem to be
influenced to the NO; sorption volume. We will examine the influence of moisture content as a next step.
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Lateral Performance of the frame with upper mud wall
in Japanese traditional residential houses

(Laboratory of Structural Function, RISH, Kyoto University)

Hiroshi Isoda and Zherui Li

1. Introduction

Facing the severe challenge from earthquakes, the lateral behavior of Japanese traditional timber
structure has been highly regarded based on its long-term practical
experience. In the current structural calculation method for the timber
frames with upper mud wall that is applied for Japanese traditional
residential houses, the shear resistance of mud wall is mainly considered.
While the moment resistance of end joints between columns and beams
is not taken into account in the overall lateral performance of the frame.
In order to clarify the contribution of the moment
resistance from each column and beam end joint,
experimental study with numerical analysis have been
carried out on the performance of column and
Sashi-gamoi tie beam frame under both conditions with
and without mud wall. Simultaneously individual joint
rotation test was conducted to improve the estimating = [ = — .
theories of traditional column-tie beam frame. Figure 1. Experiment examples by research subjects

2. Research subjects

The research of frame with upper mud wall system is focused along following subjects for example (Figure 1).

1) Performance of frame based on the column

and beam joint rotation is estimated by T FI 150210 Toounese oo —
conducting the cyclic loading test of each joint type Rt >
and the whole frame with same scale (as shown in N g .

Figure 2). The different moment resistance of the
side T-shape joint and center X-shape joint from

2145

<180

push to pull side due to the unsymmetrical structure 55 i s ol T
and working mechanism is clarified. From this Wy Sl

research, the lateral performance of the frame is BIRE. 4000 |

confirmed by overlying the moment of all the joints, Figure 2. Structural details of joints and the frame

and it fits well with the numerical results on the elastic deformation part.

2) Performance of frame with hanging mud wall. By contrasting the lateral resistance of the frame
with and without mud wall, the overall performance of frame with mud wall in practical design can be
considered as the assembly of rotational resistance calculation of all the tenon-mortise joints, the diagonal
compression axial force, with the addition of shear resistance of mud wall. The overlying result is a little
larger in elastic deformation part, and the effect of large bending deformation of columns that bearing the
shear force from mud wall is the main reason.

3. Future plan

Based on current research, the diagonal compression effect of Sashi-gamoi tie beam will be evaluated
accurately, along with the influence of columns’ combination including their elastic modulus and
cross-sections. What’s more, several different parameters, including the position and cross-section of
beams, the diameter of the dowels and the dimension lost of the columns are expected to be considered in
the further frame tests and numerical analysis, aimed to improve the estimating theories of Japanese
traditional residential frame system with hanging wall.
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Relaxation effects in the scent of Lilium japonicum
(Laboratory of Innovative Humano-habitability, RISH, Kyoto University)

Aya Yanagawa

Lillium japonicum has been a sacred flower of Miwa shrine in Nara for over 1300 years. It has been
symbolized for disease resistance, and dedicated to the gods who controls disease epidemics. Japanese
people traditionally come to pray in this shrine with the wishes of disease healing. The shrine holds two
annual ceremonies, which called as Chinka-festival (flower comforting festival) and Saikusa-festival (Yuri
festival) to placate the ancient gods and sprits. Saikusa festival is called also as Lily festival since L.
Jjaponicum has been dedicated to the guardian god. In this study, to approach the pharmaceutical reason
behind the dedication of this flower, the questionnaire-based investigation has been conducted to learn the
influence of its scent on human physiological condition.

Materials and methods Suggested physiological effects of the scent of Lilium japonicum

The questionnaire was designed o e
by the phySiOlogical and Subjective appraisal Mark | sympathetic | Parasympathetic contra
. . . affirmative dicti rest

psychological parameters (Miyazaki penve e ction
1997’ nguchl et al‘, 2002) The Depression or Dejection (Q4) Low o [0]
survey was conducted at the lily Anger or Hospitality (Q5) Low o
garden in Miwa shrine, Nara, from Tension or Anxiety (Q7) Low o
27" May to 18" June 2017 during the Vigor or Activity (Q8) High ° °
annual opening time of the lily fateieloinerallad) Low °
garden The questionnaire was Confusion or Bewilderment (Q10) Low [e]
provided randomly to visitors. A Others

.. Prefel Q2 High o o
volunteered visitor cooperated to the reference (@2) -

Happiness (Q3) Mid A AN AN
survey. We have collected the .
.. . . Calmness (Q6) high o o
answer from 239 visitors including
. connai
165 females and 65 males. Nine Questionnaire
. . . Please described the impression of this flower’s scent in a few words.
people did not provide the Q7 ease described thel fon of this flower et ‘
\4 Q2. You like the scent.

information of their gender. Q3. This scent makes you happy.
Q4. Thisscent makes you depressed.

Q5. Thisscent makes you irritated.

Results and discussions Q6. Thisscent makes you feel calm/relaxed.

Three most—frequently—appeared Q7. Thisscent makes you feel nervous/anxious.
sense-descriptive adjectives of the Q8. This scent refresh you.
. ' ' , Q9. Thisscent makes you tired.
llly scent (Ql) were gentle , sweet Q1 0. Thisscent makes you feel confused.

and 'elegant. The subjective
appraisals (Q2-Q10) indicated that
the lily scent enhanced the activity of parasympathetic nerves (Fig. 1). The results indicated that the scent
of the sacred flower, L. japonicum has relaxation effects on human.

Fig. 1 The suggested physiological effects of the lily scent.
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Simulations and modeling of geospace environment
(Laboratory of Computer Simulation for Humanospheric Sciences, RISH, Kyoto University)

Yoshiharu Omura and Yusuke Ebihara

We numerically obtained Green’s functions to model evolution of the electron distribution function
after all of the possible interactions with the waves. In both wave models with and without subpackets,
electrons undergoing the cyclotron resonance with the waves are efficiently accelerated by nonlinear wave
trapping. Modifying the numerical Green’s function method with the simplified model of chorus waves
uniform in longitude, we compute the formation process of the outer radiation belt electron fluxes induced
by the interaction with the chorus waves localized in longitude. The formation of MeV electron fluxes is
characterized by large acceleration rates and butterfly pitch angle distributions [1]. We performed test
particle simulations with parameters at L = 5 and a small wave normal angle 10 degrees to study the
wave-particle interactions via the Landau resonance. We show that effective wave damping occurs near
half the electron gyrofrequency. This nonlinear wave damping is contributed by Landau resonance rather
than cyclotron resonance. This damping is dominated by perpendicular components of the wave electric
field [2]. By analyzing the induction coil magnetometer data in Antarctica, we have found that
amplitude-frequency dependence of EMIC subpacket structures is unaltered during their propagation to the
ground. EMIC waves observed on the ground are mainly (>70%) associated with right-handed elliptical
polarization. Duration of subpacket structure is found to be proportional to its maximum amplitude [3].

The Earth receives energy from the Sun in different forms. The solar wind and the magnetic field are
known to drive the magnetic storms and substorms that are major disturbances in near-Earth space. On the
basis of the results obtained by global magnetohydrodynamics (MHD) simulation, we found that 37-88%
of the magnetic energy coming into the magnetosphere originates from the solar wind kinetic energy. This
is fully different from the previously believed idea. The amount of stored/released energy in the tail region
is also found to depend on the solar wind condition. This is different from the previous view that the
stored/released energy cannot be predicted. The magnitude of the westward auroral electrojet and the Joule
heating rates during the substorm expansion phase are correlated with the amount of intake magnetic
energy, suggesting that the magnitude of the substorm expansion can be predicted [4]. We also calculated
the geomagnetically induced current (GIC) flowing in the Japanese power grid on the basis of
3-dimensional Finite Difference Time Domain method. The simulated GIC is well consistent with the
observation conducted at substations [5].
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Development of microwave irradiation applicators for sustainable chemistry
(Laboratory of Applied Radio Engineering for Humanosphere, RISH, Kyoto University)

Tomohiko Mitani, Naoki Shinohara, Junji Miyakoshi,
Shin Koyama, and Yohei Ishikawa

Microwave heating has been expected as one of the energy-and-cost-saving processes for chemical
reactions and other applications, owing to its features of rapid and selective heating. Numerous studies on
microwave processing of biomass for bioenergy production have been reported [1], and woody biomass
conversion by using microwave irradiation has been studied for producing bioenergy and value-added
chemical products as an interdisciplinary study in RISH. Here we introduce microwave irradiation
applicators for chemical reactions recently developed by our laboratory.

Figure 1 shows a wideband microwave applicator used within the 915 MHz and 2.45 GHz ISM
(Industrial, Scientific and Medical) frequency bands [2]. The applicator structure incorporated a coaxial
cable, and a liquid sample (volume: 360 ml) was placed in the space between the inner and outer
conductors. A truncated cone-shaped polytetrafluoroethylene (PTFE) device was inserted for reducing
microwave reflection over a wide frequency range. Microwave heating experiments using the applicator
showed that it could heat liquid samples of water or NaOH solution at 915 MHz, 1.7 GHz and 2.45GHz,
with estimated microwave absorption efficiencies "
varying between 28 and 66% depending on the
frequency, sample type and heating duration.

Figure 2 shows a downsized microwave
applicator (volume: 20 ml) for chemical reactions
[3]. The key component of the applicator is a
tapered section composed of PTFE and alumina.
Insertion of the tapered section between the input
port and the applicator vessel realizes reduction of
reflected power from the applicator. From
microwave heating experiments, the heating rate of
the applicator was roughly estimated as 63 to 69 K
for a 5-minute 2.45-GHz microwave irradiation at — —
the input power of 100 W. These developed Microwave irradiation
applicators will contribute to the next generation of from the bottom of applicator
green and sustainable chemistry.

Figure 1. Wideband microwave applicator.
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Novel space environment monitor, instrument, and space mission concepts

(Laboratory of Space Electromagnetic Environment Exploration,
RISH, Kyoto University)

Hirotsugu Kojima and Yoshikatsu Ueda

Space debris observation, modelling, and mitigation

The space debris problem is tackled from observation (space situational awareness), trajectory evolution,
and mitigation points of view. 1) A method to identify the size, shape, and rotation features, and to
determine the trajectory of known space debris using range Doppler data of MU (Middle and Upper) Radar,
RISH, Kyoto Universiry, is investigated with successful observation results. 2) A study to investigate space
debris trajectory evolution focusing on objects smaller than 1 c¢cm has been started to shed light on
geomagnetic field effects.

Exploration of electromagnetic space environments

The dominant phenomena in space plasmas are electromagnetic. The medium that transfers kinetic
energies of plasma particles in space plasmas is plasma waves, because space plasmas are essentially
collisionless. The energy transfer process taking place in space is so-called wave-particle interaction.
Exploring electromagnetic environments in space is to investigate wave-particle interactions. The present
research focuses on plasma wave observations via scientific satellites. The Exploration of the terrestrial
radiation belts by the Arase satellite is the most recent activity. Plasma waves are believed to have
significant roles for the generation and loss of high energy particles in the radiation belts. Plasma waves
observed by the Arase satellite are extensively analyzed consulting particle measurement data. The results
have been showing the detailed and quantitative processes of wave-particle interactions in the radiation
belts. Another exploration got started in October 20, 2018. It is the BepiColombo mission targeting the
Mercury. Plasma wave instruments onboard the spacecraft will reveal the wave-particle interactions that no
one has seen before around the Mercury after 6years’ cruising.

Miniaturization of plasma wave receiver system

Plasma wave receiver is one of the essential instruments for space environment exploration; however,
conventional receiver has a problem in its large weight and size. In order to overcome this problem, we
have been miniaturized plasma wave receiver by developing Application-Specific Integrated Circuits
(ASIC) for plasma wave receivers. We succeeded in developing miniaturized plasma wave receiver by
realizing analog circuit, which is especially large part of the receiver, using ASIC. This miniaturized
receiver will be onboard the SS-520-3 sounding rocket, which will launch in the not-too-distant future to
resolve the cause of ion outflow phenomena at the cusp region. In addition, we aim to develop a
mixed-signal ASIC chip for one-chip plasma wave receiver. The mixed-signal ASIC chip includes all
analog and digital circuits for plasma wave receiver. One-chip plasma wave receiver allows to reduce
weight and size of the instruments drastically, and it will contribute for increasing opportunities of plasma
wave observation.

Theoretical study of fine bubble and its application research

Fine bubble (FB, less than 1 micro meter) technology is standardized as ISO/TC 281 and its basic and
application research is conducted by many researchers. Basic properties and assumed generation
mechanisms are now making clear. There is still remained problems of integrated theory of FB such as
generation and stabilization. And we also need to apply FB technology to various application field with its
detailed theory. As for integrating basic properties, we conduct various measurement such as ultrasonic
attenuation of FB water, as measuring electrical potential of FB and as comparison with nano-particles in
water. We also try to do application experiment in agricultural field as international collaboration study.
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Drs. Hwang Sungwook, Kayoko Kobayashi, Zhai Shengcheng and Professor Junji
Sugiyama were awarded the Journal of Wood Science Best Paper Award by Japan
Wood Research Society on 15 March 2019

Drs. Hwang Sungwook, Kayoko kobayashi, Zhai Shengcheng and Professor Junji Sugiyama were awarded
the Journal of Wood Science Best Paper Award by Japan Wood Research Society on 15 March 2019 for
their novel paper titled “Automated identification of Lauraceae by scale-invariant feature transform”,
Journal of Wood Science, Vol.64, No.2.

Dr. Kayoko Kobayashi was awarded the Encouragement Award by the Cellulose
Society of Japan on 5 July 2018

Dr. Kayoko Kobayashi was awarded the Encouragement Award by the Cellulose Society of Japan on 5
July 2018 for her novel research “Structure and properties of hydrated crystalline polysaccharides”.

Mr. Yuki Tokunaga was awarded the Poster Prize Award by the 63" Lignin
Symposium

On 2 November 2018, Mr. Yuki Tokunaga was presented with the Poster Prize Award at the 63™ lignin
symposium for his presentation on NMR analysis of adsorption between lignin and carbohydrate-binding
module of cellulase.

Mr. Chihiro Kimura was awarded the Student Poster Competition Award by the
WST/JWRS International Convention

On 9 November 2018, Mr. Chihiro Kimura was presented with the 2 Place Student Poster Competition
Award at the 2018 Society of Wood Science and Technology (SWST)/the Japan Wood Research Society
(JWRS) International Convention for his study on production of antiviral compounds from sugarcane
bagasse by microwave reaction.

Dr. Yuri Takeda was awarded the Japan Wood Research Society Outstanding Woman
Student Award for 2018 by the Japan Wood Research Society

On 26 January 2019, Dr. Yuri Takeda was awarded the Japan Wood Research Society Outstanding Woman
Student Award for 2018 for her outstanding research achievements related to metabolic engineering studies
toward elucidation of the relationship between lignin aromatic composition and lignocellulose usability.

Mr. Subir Kumar Biswas won 15 Prize in the Student Poster Competition, 2018 Joint
Convention of the Society of Wood Science and Technology, USA (SWST) and the
Japan Wood Research Society (JWRS)

Mr. Subir Kumar Biswas won 1% Prize in the Student Poster Competition in the Joint Convention of the
Society of Wood Science and Technology, USA (SWST) and the Japan Wood Research Society (JWRS)

held in Nagoya in November 2018 for the poster titled “Transparent Polymer Nanocomposites Reinforced
with Immiscible Nanocelluloses Fabricated via a Water-Based Pathway”.

Mr. Subir Kumar Biswas was awarded the Student Travel Grant by the Society of
Wood Science and Technology, USA (SWST)

The Student Travel Grant was awarded to Mr. Subir Kumar Biswas by the Society of Wood Science and
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Technology, USA (SWST) to present his poster titled “Transparent Polymer Nanocomposites Reinforced
with Immiscible Nanocelluloses Fabricated via a Water-Based Pathway” in the Joint Convention of the
Society of Wood Science and Technology, USA (SWST) and the Japan Wood Research Society (JWRS)
held in Nagoya in November 2018.

Professor Hiroshi Isoda and his laboratory received 8th Seismic Retrofitting
Architectural Excellence Award from Japan Building Disaster Prevention Association

On 19 February 2019, Professor Isoda and his laboratory received 8th Seismic Retrofitting Architectural
Excellence Award from Japan Building Disaster Prevention Association by seismic retrofitting design and
construction of Shima Kanko Hotel “The Classic and The Club”. They were historically valuable buildings
originally designed by the Architect, Togo Murano.

Dr. Seiji Zenitani received Tanakadate Award from Society of Geomagnetism and Earth,
Planetary and Space Sciences

On May 23, 2018, Dr. Seiji Zenitani received Tanakadate Award from Society of Geomagnetism and Earth,
Planetary and Space Sciences (SGEPSS) for study of micro physical processes in magnetic reconnection
employing new approaches.

Mr. Takeshi Nogi received ISSS Prize

On September 13, 2018, Mr. Takeshi Nogi was awarded ISSS Prize for his outstanding presentation on
two-dimensional particle simulation of whistler mode chorus wave damping through Landau resonance in
ISSS-13 (The 13th International School/Symposium for Space Simulations).

Mr. Ryo Mochizuki was awarded the Best Presentation Award at Thailand Japan
Microwave 2018 (TJIMW2018)

On June 27-29, 2018, Mr. Ryo Mochizuki was awarded the Best Presentation Award for his poster
presentation titled “Novel Length Independent Beltrami Resonators Using Corrugated Reflectors™ at
Thailand Japan Microwave 2018 (TIMW2018).

Mr. Yuta Nakamoto was awarded the Best Presentation Award at Thailand Japan
Microwave 2018 (TJIMW2018)

On June 27-29, 2018, Mr. Ryo Mochizuki was awarded the Best Presentation Award for his poster
presentation titled “Study on a Microwave Power Transfer System to a Stratospheric Platform Airship” at
Thailand Japan Microwave 2018 (TIMW2018).

Mr. Isami Sato was awarded WTC (Wakate Technical Committee) Best Presentation
Award at 2018 English Presentation Workshop by IEEE Microwave Theory and
Technique Society (MTT-S) Kansai Chapter

On October 13, 2018, Mr. Isami Sato was awarded WTC (Wakate Technical Committee) Best Presentation
Award for his presentation titled “Basic Study for Wireless Power Transfer to a Pipeline Inspection Robot”
at 2018 English Presentation Workshop by IEEE Microwave Theory and Technique Society (MTT-S)
Kansai Chapter.
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Mr. Takashi Hirakawa was awarded the Student Award, at 2018 Asia Wireless Power
Transfer Workshop

On November 2-4, 2018, Mr. Takashi Hirakawa was awarded the Student Award for his presentation titled
“Theoretical Analysis of the Simple Single Shunt Rectifier” at 2018 Asia Wireless Power Transfer
Workshop.

Mr. Seishiro Kojima was awarded the Best Presentation Award at IEEE AP-S Kansai
Joint Chapter Workshop

On December 8, 2018, Mr. Seishiro Kojima was awarded the Best Presentation Award for his poster
presentation in Japanese titled “Low Side Lobe Flat Beamforming by Synthesizing Chebyshev Beams for
High Efficient Microwave Power Transfer” at [IEEE AP-S Kansai Joint Chapter Workshop.

Mr. Taichi Sasaki was awarded the Best Presentation Award at IEEE AP-S Kansai
Joint Chapter Workshop

On December 8, 2018, Mr. Taichi Sasaki was awarded the Best Presentation Award for his poster
presentation in Japanese titled “Study on Multipath Retrodirective for Microwave Power Transmission” at
IEEE AP-S Kansai Joint Chapter Workshop.

Mr. Tatsumasa Hagiwara was awarded the Best Student Paper Award at the
Asia-Pacific International Symposium on Aerospace Technology, 2018

On October 17, 2018, Mr. Tatsumasa Hagiwara was awarded the Best Student Paper Award for his
presentation titled ‘“Performance Evaluation of Magnetic Nozzle by using thermal plasma” at the
Asia-Pacific International Symposium on Aerospace Technology.
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Generation of transgenic rice with altered lignin composition and comparative
characterization of their biomass utilization properties

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

Yuri Takeda

Lignocellulose, a complex bio-composite composed of lignin, cellulose, and hemicelluloses,
constitutes the secondary cell walls of vascular plants and accounts for the highest proportion of terrestrial
biomass on Earth. Hence, sustainable production and utilization of lignocellulosic biomass are crucial.
Trees and grass biomass crops represent major lignocellulose feedstocks. While the annual biomass
production of typical tree species is estimated to be less than 20 t ha™' year™!, some large-sized grass
biomass crops, such as Sorghum, sugarcane, and Erianthus, produce several-fold higher biomass yields
compared with those of typical trees [1]. In addition, delignification of grass lignocellulose is generally
easier than that of wood lignocellulose [1]. These characteristics render grass biomass crops potential
materials for biochemical and thermochemical platforms and/or combustion use, although trees are
indispensable for wood-based materials and for pulp and paper production.

Lignin is mainly composed of three different types of aromatic component, p-hydroxyphenyl (H),
guaiacyl (G), and syringyl (S) units. Lignin aromatic composition, i.e., H/G/S lignin unit ratio, has been
considered to be an important structural trait that affects the physico-chemical properties of lignocellulosic
biomass. However, our knowledge regarding the relationship between the lignin aromatic composition and
biomass utilization characteristics is yet considerably limited especially in monocotyledonous grass species.
The main objectives of this PhD research were therefore to generate novel transgenic rice plants that
produce lignocellulose with distinct lignin aromatic composition and then, through comparative
characterization of their lignocellulose properties, to elucidate the effect of lignin composition on the
utilization properties of grass lignocellulose as a source of biofuels and biomaterials.

First, transgenic rice lines augmented with G and S lignin units were successfully obtained through
manipulating coniferaldehyde 5-hydroxylase (CAId5H) gene expression. Among three CAId5SH genes
identified in rice, OsCAId5HI appeared to be predominantly expressed in lignin-producing rice vegetative
tissues. RNAi-mediated down-regulation of OsCAId5H] resulted in altered lignins largely enriched in G
units, whereas up-regulation of OsCAI/d5H]1 under the control of a modified ubiquitin promoter resulted in
lignins substantially enriched in S units, as demonstrated by a series of wet-chemical and NMR structural
analyses. The results collectively demonstrate that OsCAId5H1 expression is a key factor controlling the
S/G lignin composition in rice cell walls [2].

To further investigate the effect of OsCAld5HI-suppression on rice lignin structure, the author
characterized loss-of-function mutants of OsCAId5HI generated by the CRISPR/Cas9 genome editing
system. A series of cell wall analysis demonstrated that, although lignins in the mutant were predictably
enriched in G units, all tested mutant lines produced considerable amounts of S units. Intriguingly, lignin
y-p-coumaroylation analysis by the DFRC method revealed that the enrichment of G lignin units in the
OsCAld5HI-knockout mutants was limited to the non-y-p-coumaroylated lignin units, whereas
grass-specific y-p-coumaroylated lignin units were apparently unaffected. These data suggested that
CAId5H is mainly involved in the production of non-y-p-coumaroylated S lignin units, common in both
eudicots and grasses, but not in the production of grass-specific y-p-coumaroylated S units in rice [3].

Second, transgenic rice lines augmented with H lignin units were successfully obtained through
manipulating p-coumaroyl ester 3-hydroxylase (C3'H) gene expression. C3'H-knockdown lines generated
via RNAi-driven gene silencing, with about 0.5% of the residual expression levels, reached maturity and
set seeds, whereas C3'H-knockout rice mutants generated via the CRISPR/Cas9-mediated targeted
mutagenesis were severely dwarfed and sterile. Cell wall analysis of the mature C3’H-knockdown RNAi
lines revealed that their lignins were largely enriched in H units while being substantially reduced in the
normally dominant G and S units. Interestingly, however, lignin y-p-coumaroylation analysis by the DFRC
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method revealed that the enrichment of H units was limited to the non-acylated lignin units, with
grass-specific y-p-coumaroylated lignin units remaining apparently unchanged. These data suggested that,
similar to what the author has shown for CAldSH, C3'H is mainly involved in the production of
non-y-p-coumaroylated lignin units, but not in the production of grass-specific y-p-coumaroylated lignin
units in rice. Suppression of C3'H also resulted in a substantial reduction in wall cross-linking ferulates.
These results demonstrate that C3'H expression is an important determinant not only of lignin content and
composition but also of the degree of cell wall cross-linking in grasses [4].

The author further characterized the CRISPR/Cas9-mediated C3'H-knockout mutants. In line with
their severely impaired growth phenotype, the C3'H-knockout lines appeared to show irregular vasculature
and ectopic lignification in culm and root. Transcriptomic analysis data suggested that, along with altered
expressions of the phenylpropanoid biosynthetic genes, gene expressions related to various biological
processes were perturbed in the C3'H-knockout lines. Lignin analysis of the mutant cell walls demonstrated
that, as observed in the C3'H-knockdown lines, H lignin units were substantially increased but the
augmentation of H lignin units in the mutants were limited to non y-p-coumaroylated lignin units, with
grass-specific y-p-coumaroylated lignin units being mostly unaffected, further supporting the author’s
notion that there is C3'H-independent metabolic pathway(s) responsible for the production of grass-specific
y-p-coumaroylated lignin units.

Lastly, the author used the above-described transgenic rice lines to study the impact of the altered
lignin composition on the chemical reactivity, enzymatic saccharification efficiency and calorific value of
rice lignocellulose. It was suggested that H and G lignins are more susceptible to acid-induced
condensation reactions than S lignins. The H-lignin-enriched transgenic rice was shown to display
significantly enhanced biomass saccharification efficiency without any pretreatment or with alkali and acid
pretreatments, whereas the S-lignin-enriched transgenic rice showed further enhanced saccharification
efficiency after liquid hot water pretreatment. While no significant differences in the biomass heating
values were observed between the transgenic rice materials tested, analysis of synthetic lignins comprising
only H, G or S units suggested that increasing H or G units may be beneficial to increase the heating value
of biomass [5].
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Characteristics of tropical tropopause and stratospheric gravity waves analyzed using
high resolution temperature profiles from GNSS radio occultation

(Graduate School of Science, Laboratory of Atmospheric Sensing and Diagnosis,
RISH, Kyoto University)

Noersomadi

The tropical tropopause at 12—19 km altitude functions as a boundary between the upper troposphere
and lower stratosphere (UTLS), typically at altitudes of 10—-30 km. Various coupling processes occur
across this region which influence mixing between the troposphere and stratosphere, primarily through the
activity of atmospheric gravity waves (GWs). The routine radiosonde observations are mostly undertaken
from continental locations, so they are not sufficient for describing the global distribution of meso-scale
atmospheric perturbations.

Global Navigation Satellite System — radio occultation (GNSS-RO) refers to limb soundings of radio
waves transmitted by navigation satellites passing through the Earth’s ionosphere and atmosphere, which
arrive at an onboard GNSS receiver. Since April 2006, the Constellation Observing System for
Meteorology, Ionosphere and Climate (COSMIC), working in conjunction with NSPO Taiwan and UCAR
has been retrieving between 1500—2000 atmospheric profiles per day. COSMIC provides global
temperature profiles with a precise vertical resolution that is comparable to radiosonde measurements. The
objective of this study was to utilize COSMIC data to investigate the temperature structure and
perturbations in the UTLS.

There are two fundamental GNSS-RO retrieval methods called the geometrical optics (GO), which is
the time derivative of the instantaneous phase variation, and wave optics (WO) which inverts the occulted
radio signal in the multipath region due to sharp gradient temperature and water vapor. The GO- and
WO-based profile provides ~1.5 km and ~0.1 km vertical resolution, respectively. We conducted validation
study to discuss different GNSS-RO retrievals derived from GO and WO, then studied the tropical
tropopause and stratospheric GWs using WO-based temperature profiles. We processed the retrieval
program at RISH, Kyoto University, adopting one of WO methods called full spectrum inversion (rishfsi),
which was modified from the retrieval scheme at UCAR. We obtained a good vertical resolution (about
100 m near the tropopause) of temperature profiles for altitudes of up to 30 km. The upper limit of the
rishfsi datasets is ~28 km.

The combined GO-based and WO-based profile occurring at a certain height is known as the transition
height or sewing height. UCAR retrieved two sets of dry atmosphere temperatures (7) from COSMIC,
which are called atmPrf2010 and atmPrf2013. In atmPrf2010, the sewing height varies between 10 and 20
km, but it is fixed at 20 km for atmPrf2013. The height resolution of atmPrf2010 depends on the sewing
height, while the T profiles of atmPrf2013 are smoothed over 500 m. We examined a possible discrepancy
in the statistical results of the cold point tropopause (CPT) and the lapse rate tropopause (LRT) among the
three datasets, two UCAR retrievals and rishfsi, in addition to comparing them with radiosonde data from
the CINDY DYNAMO 2011 campaign for October 2011 to March 2012. Comparison between the three
GNSS-RO retrievals showed that the mean difference of temperature in UTLS between atmPrf2010 and
atmPrf2013 is almost zero, while the results of rishfsi were colder (warmer) than the UCAR retrievals
below (above) the tropopause. Throughout the CINDY-DYNAMO period, we found 134 radiosonde
soundings that coincided with GNSS-RO within £3 hours and they were collocated within 200 km from
GNSS-RO. The rishfsi is consistent with radiosonde readings below LRT, while both atmPrf2013 and
atmPrf2010 show a positive bias of 0.2 K. T"at CPT of the rishfsi data is colder, while that of the UCAR
profiles is warmer than the radiosonde soundings, within £0.4 K. The vertical wavenumber spectral density
of the temperature gradient, 07/0z, is in good agreement between the rishfsi and the radiosonde
measurements for the short wavelength range (< 0.5 km).

Further, we continued our study by utilizing the rishfsi dataset to investigate two scientific subjects,
which are tropical tropopause and stratospheric GWs.

26



Sustainable Humanosphere, vol. 15, p.27, 2019

ABSTRACTS (PH D THESIS)

We investigated the structure of the tropopause for the period January 2007 to December 2016. We
investigated the global distribution of static stability (N?) and the characteristics of the tropopause inversion
layer in the tropics, where a large change in temperature gradient occurs associated with sharp variations of
N?. When the N? profiles are averaged relative to CPT height, there is a very thin (<1 km) layer with
average maximum N? in the range 11.0-12.0 x 10# s72. The mean of the tropopause sharpness, defined as
the difference between the maximum N? and minimum N? within £1 km of the CPT, is (10.5 = 3.7) x 107
s2. We focused on the variation of tropopause sharpness in two longitude regions, 90°-~150°E (Maritime
Continent; MC) and 170°-230°E (Pacific Ocean; PO), which have different land-sea distributions. The
sharpness anomaly was out-of-phase with the outgoing longwave radiation (OLR) anomaly in both the MC
and PO. The correlation between the sharpness anomaly over MC and PO and the sea surface temperature
(SST) Nifio 3.4 index was —0.66 and +0.88, respectively. This means that during La Nifia (SST Nino 3.4 <
—0.5 K) in the MC, and El Nifio (SST Nino 3.4 > +0.5 K) in the PO, warmer SSTs in the MC and PO
produce more active deep convection that tends to force the air upwards to the tropopause layer causing an
increase the temperature gradient. The intra-seasonal variation in the sharpness anomaly during slow and
fast episodes of the Madden—Julian oscillation demonstrates that eastward propagation of a positive
sharpness anomaly is associated with deep convection. This suggests that convective activity in the tropics
is a major control on variations in tropopause sharpness at intra-seasonal to interannual timescales.

We studied the characteristics of temperature perturbations in the stratosphere at 20—27 km altitude
caused by the atmospheric GWs. This altitude range does not include a sharp jump in the background N?
near the tropopause, and it was reasonably stable regardless of season and latitude. We analyzed the
vertical wavenumber spectra of GWs with vertical wavelengths ranging from 0.5 to 3.5 km, and we
integrated the (total) potential energy E,’. Another integration of the spectra from 0.5 to 1.75 km was
defined as E,S for short vertical wavelength GWs, which was not studied with the conventional GO
retrievals. We also estimated the logarithmic spectral slope (p) for the saturated portion of spectra with a
linear regression fitting from 0.5 to 1.75 km. Latitude and time variations in the spectral parameters were
investigated in two longitudinal regions: (a) 90-150°E, where the topography was more complicated, and
(b) 170-230°E, which is dominated by oceans. We compared E,', E,S, and p, with the mean zonal winds
(U) and OLR. We also investigated the ratio E,S : E," and discussed that the generation source of E,5, Ep"
and p clearly showed an annual cycle, with maximum values in winter at 30-50°N in region (a), and
50-70°N in region (b), which was related to topography. At 30-50°N in region (b), E," and p exhibited
some irregular variations in addition to an annual cycle. In the southern hemisphere, we also found an
annual oscillation in E," and p, but it showed a time lag of about 2 months relative to U. Characteristics of
E," and p in the tropical region seem to be related to convective activity. The ratio of E,' to the theoretical
model value, assuming saturated GWs, became larger in the equatorial region and over mountainous
regions.

We have demonstrated the advantages of high vertical resolution temperature profiles, retrieved from
GNSS-RO wusing rishfsi, for understanding the global characteristics of UTLS. We investigated the
characteristics of the stability profile of the tropical tropopause, and studied the behavior of the very thin
enhanced layer within it. We also analyzed the wave energy of stratospheric GWs with vertical
wavelengths from several kilometers to as short as approximately 500 m, which were not captured with the
conventional GO retrieval of GNSS-RO data. As evidenced, the rishfsi dataset with superior vertical
resolution (~0.1 km) is useful for studying meso-scale temperature perturbations in the UTLS. Therefore,
we encourage the international scientific community to utilize the rishfsi dataset, which is now freely
available on the inter-university upper atmosphere global observation network (IUGONET) system, the
metadata database of the Japanese inter-university research program (www.iugonet.org).
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Study on miniaturization of plasma wave measurement system

(Graduate School of Engineering, Laboratory of Space Electromagnetic Environment
Exploration, RISH, Kyoto University)

Takahiro Zushi

Interplanetary space is filled with plasma, mostly generated by the solar wind. In the near-Earth region,
the Earth's magnetosphere is formed by the interaction of the geomagnetic field and the solar wind. The
magnetosphere is divided into several regions depending on the characteristics of the plasma and the
various phenomena occurring in each of these regions. In addition, the magnetosphere experiences the
phenomenon of magnetic storms, in which disturbances are caused by the Sun throughout these regions.
Magnetic storms have various influences on the whole magnetosphere. Although these characteristics and
various phenomena in the Earth's magnetosphere are well understood, there are many unexplained
phenomena. For this reason, observations of the space electromagnetic environment are still being made by
satellites.

Since the kinetic energy of the collisionless space plasma is exchanged through plasma waves,
observations of plasma waves are important for understanding the behavior of space plasma. Hence, plasma
wave instruments are essential for exploring the space electromagnetic environment and magnetospheric
exploration satellites carry plasma wave instruments. Plasma wave instruments necessarily include large
electric circuits because they require wide frequency range, high gain, and low noise analog circuits and
digital signal processors for onboard calculations. The present thesis focuses on the miniaturization of
plasma wave instruments. Science missions are restricted by limitations on resources in spacecraft. Thus,
miniaturization allows plasma wave instruments to be included on new scientific missions and can be
expected to lead to new discoveries.

For miniaturization of plasma wave receivers, application-specific integrated circuits (ASICs) are used
in this study. An ASIC is an integrated circuit specialized for a particular use. A full custom design is used
for developing analog ASICs and a standard cell design is used for digital ASICs.

In the present study, an ASIC for a waveform capture (WFC) receiver is developed, which improves
on three points that are unsatisfactory in conventional ASICs: a high offset voltage in the main amplifier,
high harmonic distortion in the switched capacitor (SC) filter, and narrow input/output range over the
circuit. The main amplifier often has a high offset voltage for a gain setting of 20 dB or 40 dB. To address
this problem, an offset adjustment circuit is added. An SC filter is used as an anti-aliasing filter in a WFC
receiver. SC filters exhibit high harmonic distortion due to charge injection effects. The harmonic distortion
of the SC filter is reduced by the following three improvements: increasing the capacitance, changing the
switching sequence, and changing the transfer function. To narrow the dynamic range of the ASIC, a
rail-to-rail opamp. is designed. Finally, rail-to-rail of the whole WFC receiver is realized by replacing the
Gm-C filters.

The application of an ASIC for a WFC receiver, plasma wave instruments on board a sounding rocket,
and a small sensor probe for multiple point observations are developed. SS-520-3 is a sounding rocket
experiment for clarifying the ion outflow phenomenon in the polar cusp region. In order to measure
wave-particle interactions, which are considered the primary mechanism of the ion acceleration, a plasma
wave instrument called the low frequency analyzer system (LFAS) is installed in the rocket. The LFAS has
two receivers for electric sensors, and pre-amplifiers. In addition, LFAS has a circuit for software-type
wave-particle interaction analyzer calculations that allows the measurement of waveforms and plasma
particles synchronously with high time resolution.

Since conventional one-point observations of plasma phenomena in space cannot distinguish between
time and spatial variations, missions based on multiple-point observations have become the trend. A new
system for multiple-point observations, referred to as the monitor system for space electromagnetic
environments (MSEE), is proposed. The MSEE consists of small sensor probes that can measure
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electromagnetic waves and transfer received data to a central station through wireless communication. A
prototype model of the MSEE sensor probe is developed. The sensor probe includes a plasma wave
receiver, microcontroller, wireless communication module, and battery in a 75-mm cubic housing. In
addition, loop antennas, dipole antennas, and actuators to expand the dipole antennas are attached on the
housing. The total mass of the sensor probe is 692 g and the total power consumption is 462 mW. In the
function test, it was found that the analog components had sufficient characteristics to measure electric
fields, and the A/D conversion and wireless transmission worked correctly. For the whole performance in
an electric field, the sensor probe had an equivalent noise level of -135 dBV/m/sqrt(Hz).

Recent scientific satellites have carried fast Fourier transform (FFT)-based spectrum receivers.
However, such receivers have a disadvantage in that they use a wideband analogue component. A new
receiver which overcomes this disadvantage of previous receivers is proposed. The new receiver includes
band-limiting in the first stage of the analogue component, and it covers the entire observation frequency
range of each band by switching its cutoff frequency. To miniaturize the circuit size, the new receiver uses
an ASIC and a field-programmable gate array (FPGA). The ASIC chip includes the analogue component of
the receiver and the analogue-to-digital converter, and the FPGA includes an FFT module and the
controller of the receiver. The proposed spectrum receiver was successfully implemented with a size of 55
mm x 80 mm x 35 mm and a total power consumption of 948.3 mW. The time resolution of the receiver
was 112 ms, and the frequency resolutions for frequency bands 10 Hz to 1 kHz, 1 kHz to 10 kHz, and 10
kHz to 100 kHz were 13 Hz, 130 Hz, and 1.3 kHz, respectively.

In conclusion for the present thesis, the miniaturization of the plasma wave observation systems was
achieved successfully.

Analog part
Digital part
Bandlimiting Main Anti-aliasing Analog to digital converter (ADC)
filter amplifier filter
Input
(From pre-amplifier) Output
— ADC FFT module —
Controller

Figure 1. Block diagram of the new type of the spectrum receiver.

Figure 2. Chip layout of the new type of the spectrum receiver.
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Research on the morphosis of gravitropic bending using a model plant

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

Nanako Matsunaga

Introduction

The plant shoot grows upwards by the gravity sensing. While reaction wood is the characteristic wood
formed as part of the gravitropic response of trees, primary tissues such as herbaceous plants and young
shoots of trees bend upward by differential growth. It is understood that differential growth is caused by
different growth rates between upper and lower side of stem. Despite the stem under the apical meristem
grows well, there is no clear evidence of where the bending occurs in the stem. Therefore, I examined if the
elongation growth occurred at the bending zone by gravitropism.

Methods

Inflorescence stems of Arabidopsis thaliana grown on 10 to 20 cm were marked at intervals of 3 mm
from the base of the flower and then inclined at 55 °. Photographs were taken after inclination and 24 hours
after inclination. The distance between the marks was measured by image processing software; ImageJ. We
hereby confirmed the distance of the elongating growth zone from the top of the stem. The bending point
was defined as the center of an arc of an inscribed circle to the bending zone.

Next, using a dental impression silicon, replicas of epidermis cells of inflorescence stems were made,
and changes of same cell shapes before and after bending were confirmed. Replicas were made from upper
and lower side from 3 zones; above bending zone, bending zone, and below bending zone, and observed
with a light microscope.

Furthermore, in order to suppress the auxin-induced elongating growth, the polar transport inhibitor;
NPA (N- (1-Naphthyl) phthalamic acid) 0.1% lanolin paste was applied on above bending zone. These
experiments were carried out similarly on no-inclination condition.

Results and discussions

From the measurement of surface extension (marking experiment), it was confirmed that the
elongating rate gradually decreased from the shoot tips to the basal of stem, and at the macroscopic level,
no elongation was observed in the bending zone. In addition, regardless of the inflorescence stem length,
the bending positions were 3 to 4 cm from the tips.

As a result of surface replicas observation, at above bending zone, only longitudinal cell elongation
was confirmed. On the other hand, at bending zone, while epidermis cells on upper side did not change in
any direction, the cells on lower side expanded in the longitudinal direction and also in the tangential
direction. Furthermore, gravitropic bending also occurred even though auxin transport was inhibited, and
similar changes in cell shape were observed in epidermal cells of bending zone.

These lines of experiments, it is suggested that the gravitropic bending of inflorescence stem of
Arabidopsis thaliana is not due to the differential growth induced by auxin.

30



Sustainable Humanosphere, vol. 15, p.31, 2019

ABSTRACTS (MASTER THESIS)

Bioethanol production process incorporating expression of laccase bearing
lignin-binding peptide

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

Kento Masuda

In recent year, production of bioethanol and chemicals from lignocellulosic biomass attracts a great deal
of interest due to global warming caused by excess usage of fossil fuels. Process of bioethanol production
from lignocellulosics consists of pretreatment, saccharification and fermentation. In the conversion process,
lignin hiders access of (hemi)celluolytic enzymes to the cell wall polysaccharides, and the residual lignin
adsorbs non-productively onto (hemi)cellulase to lose hydrolytic activity of the enzyme. In addition,
pretreatments under harsh conditions produce enzyme and fermentation inhibitors. Therefore, removal of
the lignin fragments and inhibitors is necessary to improve the bioethanol yield. For this purpose, we
planned to develop the conversion process incorporating expression of laccase bearing lignin-binding
peptide sequence C416 which had been found by phage display technique [1]

First, we expressed laccase from Trametes versicolor bearing the tandem dimer of lignin-binding peptide
C416 [2] at N- or C-terminal end in Saccharomyces cerevisiae to assess the effects of mutant enzyme on
bioethanol production. Next, we expressed the recombinant laccase in Pichia pastoris, and effects of the
addition of mutant enzyme on bioethanol fermentation was evaluated. In pre-saccharification and
simultaneous fermentation (PSSF) process using the laccase bearing the tandem dimer of lignin-binding
peptide C416 at C-terminal end, ethanol production was increased compared with PSSF process using the
laccase without the lignin biding peptide sequence.
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Production of antiviral compounds from sugarcane bagasse by microwave reactions

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

Chihiro Kimura

Lignocellulosic biomass is renewable carbon source and its efficient conversion is crucial for
establishing sustainable society due to its huge quantity, non-competitiveness with food supply and
mitigation effects on increasing atmospheric carbon dioxide concentration. Therefore, a large number of
studies have been conducted to produce biofuels, platform chemicals and materials from lignocelluloses.
So far, a number of natural products have been extracted from plants and identified as bioactive agents
including antiviral compounds [1]. However, only a limited number of reports can be found for production
of bioactive agents by chemical degradation of plant biomass. According to the IPCC report, global
warming attacks human health by direct heat effects and indirect acceleration effects on spread of
infectious diseases [2]. Therefore, a novel strategy protecting human life and global environment by the use
of plant biomass is strongly required.

In the present study, we studied production of antiviral compounds from sugarcane bagasse using
microwave reactions. Sugarcane bagasse is one of the most abundant agro-industrial lignocellulosic
residues [3], and microwave irradiation is known as efficient heating methods in polar solvents. Sugarcane
bagasse was decomposed by microwave acidic solvolysis and the degradation products were subjected to
viral replication inhibition assay against encephalomyocarditis virus (EMCV), which is a nonenveloped
single strand RNA virus classified as the family Picornaviridae. As results of the screening, we found an
acidolysis reaction producing strong anti-EMCV compounds from sugarcane bagasse. After purification,
the antiviral compounds were subjected to the analyses of chemical structure and emerging mechanisms of
the antiviral activity. The production of antiviral compounds increases economic feasibility of
lignocellulosic biorefinery and contributes to human health and establishment of sustainable society.
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Characterization of O-methyltransferases involved in antitumor lignan biosynthesis in
Anthriscus sylvestris

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

Keisuke Kobayashi

Lignans are typical plant secondary metabolites and distribute widely in vascular plants. Lignans are
phenylpropanoid dimers that are linked at C8 position of their propyl side chain. Various lignans are known
for having various biological effects, e.g., antitumor, antioxidative, and antiviral effects. Podophyllotoxin is
known as an antitumor lignan and used as a precursor for the chemical synthesis of the anticancer drugs
such as etoposide, teniposide, and etopophos. Podophyllotoxin for commercial use is mainly isolated from
Podophyllum hexandrum. However, the overexploitation of the podophyllotoxin producing engendered
plant species necessitates an alternative way to stably supply the lignan, that is, a biological production
system of podophyllotoxin. To establish the biological production system, it is necessary to elucidate the
genes involved in podophyllotoxin biosynthesis. Previous studies of podophyllotoxin biosynthesis used
several plant species and some biosynthesis pathways were proposed [1]. There are several O-methylation
steps in the podophyllotoxin biosynthetic pathways, while eight O-methyltransferases (OMTs) that are
involved in O-methylation of various lignans have so far been identified from several plants [1-4].
Phylogenetic tree analysis using these lignan OMTs and plant OMTs (PI-OMT II families) indicated that
the lignan OMTs was widely spread in various clades, not grouped into a small clade, suggesting that the
lignan OMTs were evolved by a convergent evolution [1]. Recently, the research group of the author found
that four amino-acid residues are conserved among lignan OMTs by an evolutionary trace method, though
homologies of whole amino acid sequences of the lignan OMTs was not high. However, effects of these
amino-acid residues on lignan OMT activity have not been examined.

In this study, four mutant proteins of 5-O-methylthujaplicatin O-methyltransferase (SMTJOMT), where
the four conserved amino acid residues were mutated individually, were prepared with single amino-acid
residue substitution (K33H, K143R, A199S, and L318C) and subjected to the SMTJOMT activity assay to
examine whether each amino-acid residue affects lignan OMT activity or not. All mutant proteins showed
SMTJOMT activity, while their specific activities significantly differed among all mutant proteins and
original SMTJOMT (WT): SMTJOMT specific activity was 1.58 £ 0.02 nmol/pg in WT, 0.93 £+ 0.05
nmol/ug in K33H, 1.70 £ 0.11 nmol/ug in K143R, 0.09 + 0.01 nmol/pg in A199S, and 0.36 £+ 0.03 nmol/pg
in L318C, respectively. Compared with the specific activity of WT (100%), those of K33H and K143R
were slightly lower (59.1%) or almost same (107.5%), respectively. Interestingly, the specific activities of
A199S and L318C significantly decreased to 5.6% and 23.0%, respectively, suggesting that amino-acid
residues, A199 and L318, might contribute to an expression of lignan OMT activity.
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Characterization of geranyl diphosphate synthase from Lithospermum erythrorhizon

(Graduate School of Agriculture,
Laboratory of Plant Gene Expression, RISH, Kyoto University)

Hayato Ueoka

Plants have evolved secondary (specialized) metabolisms, which appeared to be non-essential for their
life, in addition to primary metabolism ubiquitously found in all organisms. It has been recently recognized
that specialized metabolites have important functions in the adaptation to their environment, including
pollinator attraction, pest repellent, and plant-plant interactions. Several compounds in specialized
metabolism have been used for human life, such as natural dyes, flavors, fragrances, spices, and medicines
as well. Based on the chemical structures and biosynthetic pathways, those metabolites are classified into
three major classes, i.e. terpenoids, alkaloids, and phenols. Among them, terpenoids represents the largest
class, with over 60,000 compounds described to date. According to the number of carbon atoms, terpenoids
are subdivided into mono- (C10), sesqui- (C15), di- (C20), sester- (C25), tri- (C30), tetra- (C40), and
polyterpenoid (>C40). All terpenoids are constructed from universal building blocks, isopentenyl
diphosphate (C5) and its allylic isomer dimethylallyl diphosphate (C5), both of which are provided either
via mevalonate (MVA) pathway in the cytosol or methylerythritol phosphate (MEP) pathway in plastids. In
general, each terpenoid is produced in specific subcellular compartment, i.e. monoterpenoid and
diterpenoid are formed in plastids via MEP pathway, while sesquiterpenoid is formed in the cytosol via
MVA pathway. Besides these typical terpenoids, natural products with combined structures of terpenoid
and other class compounds are called meroterpenoids.

A medicinal herbal plant, Lithospermum erythrorhizon, produces shikonin derivatives, red
meroterpenoid pigments. Because of their anti-inflammatory and anti-microorganism effects and their
beautiful purple color by co-pigmentation with aluminum, they have been used as ointment and natural
dyes in Asian countries, including Japan, China, and Korea. For the mass production of shikonin
derivatives, two-step culture system was established using cell suspension cultures of this plant, leading to
the stable and rapid production of those valuable compounds (approximately 2 g/l shikonin in culture tank
at two weeks) [1]. The development of cell culture system also advanced the study of shikonin biosynthetic
pathway at molecular level. One of the rate-limiting steps of shikonin biosynthesis is the formation of
m-geranyl-p-hydroxybenzoic acid (GBA), in which geranyl diphosphate (GPP, C10), a common precursor
of monoterpenoid, is attached to p-hydroxybenzoic acid.

With respect to the GPP formation, Sommer et al. (1995) reported that GPP synthase activity was
mainly detected in the cytosol fraction, not in plastids where GPP and monoterpenoids are commonly
formed [2]. Li et al. (1998) also reported that the geranyl moiety of shikonin is derived from the MVA
pathway in the cytosol [3]. These reports suggest that GPP synthase of L. erythrorhizon (LeGPPS) is
exceptionally localized in the cytosol. Toward the elucidation of shikonin biosynthetic pathway, we aimed
to identify LeGPPS gene through EST- and BLAST-based approaches. Through a series of analyses, we
could identify a putative GPPS gene. Focusing on this candidate, further biochemical analyses will be
performed to uncover the novel GPPS in plants.
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Purine permiases of Coffea canephora, CcPUP1 and CcPUPS, are involved in the uptake
of adenine

(Graduate School of Agriculture,
Laboratory of Plant Gene Expression, RISH, Kyoto University)

Hirobumi Kakegawa

Purine permeases (PUPs) are a large plasma membrane-localized transporter family in plants. These
transporters have been shown to function in the proton-coupled uptake of various nucleotide bases and their
derivatives, including adenine, cytokinins, and nicotine. Arabidopsis PUP1 was the first member of PUP
family identified as the gene which complements the growth of a yeast mutant of adenine uptake. It was
shown that the adenine uptake activity of AtPUP1 is inhibited by carbonyl cyanide m-chlorophenyl
hydrazine (CCCP). These results suggest the function of AtPUP1 as proton symporter. The adenine uptake
activity was shown to be competitively inhibited by the addition of purine derivatives such as cytokinins
and caffeine. These results implicate that AtPUP1 mediates the uptake of a broad range of substrates.
Arabidopsis contains 21 PUP members in the genome. To date, only four PUP genes have been analyzed.

Rice (Oryza sativa) contains 12 PUP family proteins. However, only one member, OsPUP7, was
characterized. OsPUP7 was shown to be involved in growth and development. Direct transport assay was
not shown, but this transporter possibly mediates the cytokinin transport. Although the direct transport
activity is not measured as well, OsPUP7 conferred yeast the sensitivity to caffeine. These results suggest
the caffeine uptake activity of OsPUP7 [1].

Nicotine and caffeine are nucleotide base derivatives found in plants. The nicotine uptake activity was
reported in a tobacco PUP, NtNUP1 of Nicotiana tabacum. NtNUP1 was reported to be involved in the
uptake nicotine from the apoplast. Direct uptake activity for nicotine was measured in yeast. NtPUP1 is
also shown to take up pyridoxamine, pyridoxine, anatabine, in addition to nicotine.

In this study, we hypothesized that purine permeases of Coffea canephora have the ability to take up
caffeine in addition to adenine. We have identified 15 members of PUP protein in the genome of C.
canephora. Based on the yeast sensitivity assay, we selected two candidates, i.e. CcPUP1 and CcPUPS.
Direct transport assay was conducted with radioactive compounds. It was shown that both CcPUP1 and
CcPUPS are adenine uptake transporters, but not caffeine uptake transporters. Inhibition assay indicated
that this transporter was not inhibited by the excess amount of caffeine. We thought insensitivity to caffeine
is important for C. canephora PUPs, because adenine uptake transporters of C. canephora need to
distinguish adenine from caffeine to effectively uptake adenine in cells containing high concentration of
caffeine. It can be suggested that purine permeases in origin had the uptake ability for both adenine and
caffeine, and that these proteins have been evolved to distinguish adenine from caffeine in plants
synthesizing caffeine such as C. canephora.
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Analysis of dynamics and function of daidzein in the soybean rhizosphere
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Laboratory of Plant Gene Expression, RISH, Kyoto University)

Fuki Okutani

Rhizosphere is defined as the “area affected by the root of the plant in soil” and previous works have
shown that the rhizosphere has the higher microbial activity mainly due to the influence of root exudates. In
the rhizosphere of soybean, it has been reported that isoflavones such as daidzein and genistein secreted by
soybean root functions as symbiotic signals with rhizobium and also phytoalexins. These are also shown to
be involved in the regulation of rhizosphere microbial communities. Rhizosphere is closely related to the
plant growth. It is thought that the metabolites from root play important roles in the formation and
maintenance of the rhizosphere; however, its dynamics in the rhizosphere is currently unknown. It is
difficult to understand the rhizosphere area precisely. The aim of this study is to define the rhizosphere by
creating soybean root zone model. The dynamics of daidzein, the major root root-secreted isoflavone, is
analyzed both biochemically and soil physically. I also investigated daidzein concentrations that potentially
affect rhizosphere microbial community.

First, to know the tendency of daidzein secretion in soybean fields, daidzein secreted from the root of
field-grown soybean was quantified using HPLC. The method is as follows: daidzein secreted from root
was quantified directly sandwiching the lateral root with a cellulose acetate membrane which is capable of
adsorbing isoflavone effectively. As a result, the secretion of daidzein under field conditions was the
highest during the vegetative stages and decreased as it shifted to the reproductive stages, which is
consistent with the hydroponic conditions.

Based on the simulation of the dynamics of daidzein calculated from the daidzein distribution
coefficient and degradation coefficients, it was shown that in soybean field soil daidzein transfer from roots
was limited within about 1 mm in 7 days. Daidzein dynamics was also analyzed using Toyoura sands. The
field soil contains higher humic substances and clay minerals. They have daidzein adsorption sites, while
Toyoura sand is composed of mainly quart, which is characterized to have no organic matter and uniform
particle size. In Toyoura sand, daidzein was not degraded. The distribution coefficient was calculated to be
about one twentieth of that of the soybean field soil. Based on these parameters it was simulated that the
migration of daidzein from the root surface was about 3 mm for 7 days.

Finally, in order to clarify the extent of the influence of daidzein on the rhizosphere microbial
communities, the daidzein concentration that affects bacteria in field soil is analyzed. The effect of daidzein
was measured by comparing the bacterial community in which daidzein was added with different
concentrations. The content of daidzein in each sample was calculated to be 0.8-28.0 nmol / g soil, which
corresponds to the rhizosphere concentration at vegetative growth (10-20 nmol/ g soil). Soil DNA was then
extracted from each sample and 16S rRNA amplicon sequence was performed using MiSEQ. The
sequences were classified into OTU. PCoA analysis indicated that it forms a significantly different
bacterial communities.
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Establishment of virus-induced gene silencing method in Lithospermum erythrorhizon,
a model plant for plant specialized metabolism

(Graduate School of Agriculture,
Laboratory of Plant Gene Expression, RISH, Kyoto University)

Natsumi Isaka

Plants produce a large variety of specialized metabolites, which appear non-essential for plant life,
while humans utilize many of those natural organic compounds for human life, such as dye, flavor, spice,
functional food, and medicines. Recent years, productions of valuable plant metabolites in microorganisms
using plant genes are actively studied as being designated synthetic biology. For achievement of synthetic
biology, understanding the complete biosynthetic pathway of interest and genes involved in each
biosynthetic reaction step is necessary, while there are only a few examples for such valuable metabolites.
This is because the elucidation of biosynthetic pathway of a particular compound is still laborious works,
and thus there are many targets to study specialized metabolisms in plants.

An effective approach to identify biosynthetic genes in plants is gene silencing via T-DNA tagging,
RNAI, genome editing, etc., which all require the stable transformation method of a target plant. However,
there is no ubiquitous method for plant stable transformation, rather researchers should pay large efforts to
establish the particular protocol to introduce genes to the plant of interest. It is also known that plant
species producing a large amount of specialized metabolites are often difficult to be transformed due to the
strong biological activities for their own metabolites. Hence, virus-induced gene silencing technology has a
strong merit for the application to analyze the gene function. This is a transient system to shut down the
expression of target genes and thus the evaluation of gene functions is achieved in much shorter period than
stable transformation-mediated methods.

Lithospermum erythrorhizon is a medicinal plant utilized in many Asian countries as a crude drug and
natural dye, as well. The biological active compound produced by this plant is a red naphthoquinone
pigment, shikonin, which exists as several ester derivatives in the root bark of this plant. We have an
appropriate model system of this plant, i.e., shikonin-producing cell cultures and axenic shoot cultures, in
which shikonin production is induced. I this study, we have applied a couple of plant viruses including
domestic apple latent spherical virus, which shows relative broad infection spectrum for various plant
species and does not exhibit pathogenic symptoms, to L.erythrorhizon using LeDI2 gene as a trial. It was
already reported that the expression of LeDI2 has strong positive correlation with shikonin production, and
the suppression of LeDI2 expression by conventional antisense RNA caused decrease in shikonin
production [1]. There are some more experimental steps to improve, but basic methodology has nearly been
established.
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A study on the detailed boundary layer structure calculated by the Large Eddy
Simulation in the real meteorological condition

(Graduate School of Informatics,
Laboratory of Radar Atmospheric Science, RISH, Kyoto University)

Naohiro Iwamoto

This research investigated the urbanization effect on the structure of atmospheric boundary layer by
constructing the simulation environment of Large Eddy Simulation (LES) under the real meteorological
condition.

Introduction

Several previous studies emphasized the importance of the detailed boundary layer structure on the
generation of the severe meteorological phenomena. However, in the meso-scale numerical forecast model,
the boundary layer structure is conveniently calculated by simple parameterization method. The LES has an
advantage in the high-horizontal-resolution simulation by explicitly calculating the grid-scale eddy in the
governing equations. However, the ideal cyclic boundary condition was used in the most of the
conventional LES studies. For realizing the LES calculation in the real atmospheric condition, this study
connected the result of the non-hydrostatic numerical forecast model into the initial and boundary condition
of LES.

height (m)
height (m)

Figure 1. The simulation domain in Tokyo Metropolitan area of LES

Results

The LES environment with the excellent horizontal resolution of five meter was developed by using the
high-resolution topographic data in the Tokyo urban regions (Fig. 1). The analysis period was selected on
July 11, 2015 by considering the calm meteorological condition.

In the LES simulation, the weak wind region extending to several kilo-meter length was calculated
behind the 200m-tall buildings. In this region, the strong vertical wind was analyzed, which implies the
strong vertical transport of energy and minor constituent. The simultaneous coherent Doppler lidar
observation successfully also showed the similar weak wind region behind the tall buildings. The LES
environment in the real weather condition is very useful to elucidate the mechanism of the interaction
between the atmospheric boundary layer and the upper free atmosphere.
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Development of high-range resolution lidar for observing aerosol spatial distributions
including near ranges

(Graduate School of Informatics,
Laboratory of Radar Atmospheric Science, RISH, Kyoto University)

Fumiya Kitafuji

Atmospheric aerosols from nature and anthropogenic sources affect the global climate and local air
quality related to human health. A lidar is suitable for observing the spatial distribution of aerosols and
conventionally associated with wide-range measurements such as long-range transboundary air pollution.
However, the incomplete overlap between the laser beam and field of view of the receiving telescope of the
backscatter lidar significantly prevents observation in the near range. In this study, we develop a high-range
resolution lidar for observing the detailed aerosol spatial distribution including the near range.

The constructed lidar system can observe aerosol profiles with a maximum range resolution of 18.8 cm
by using a short-pulse laser and multispectral detector that can operate at a high sampling rate. Two methods
were investigated to observe the near-field range. The first method includes tilting the laser beam axis toward
the receiving telescope axis to observe a certain observation range. It is suitable for closed spaces such as the
indoors because strong scattering from a hard target (e.g. wall) can be removed. The second method is
implemented by slanting a part of the receiving optical axis by the use of several wedge prisms placed in
front of the telescope. The advantages of this method are that the observation range in the near field may be
modified flexibly. Moreover, the data acquisitions of both the near and far ranges can be achieved within the
detector's dynamic range by adjusting the signal power using the wedge prisms. When the telescope diameter
was 10 cm (F2) in the Galileo type and 15 cm (F5)
in the Newtonian type, this lidar that it can acquire

the signal with a statistical uncertainty of less than 2019-01-11 02:46:13

10% was 2 m and 5 m, respectively. 19
Lidar observation on a flat-grassland 8
Simultaneous measurements between the in- £ 6
situ instruments using the observation tower and % P
scanning lidar were performed on a flat-grassland @
in the Miura peninsula in January 2019. We 2
observed that inhomogeneous aerosol spatial ,
distributions varied at a height within several 0 20m 0m om
meters under the weak wind condition during distance (m)
nighttime. Figure 1 shows an example of the e 1
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observation result indicated the inhomogeneous backscattering ratio

vertical distribution of aerosol backscattering ratio.

This is considered to be due to the formation of an  Figure 1. Backscattering ratio of vertical cross section
aerosol layer caused by a temperature inversion obtained from lidar observation on a flat-grassland in
layer under the weak wind conditions during the Miura peninsula at 2:46 JST on January 11, 2019.
nighttime. The vertical and horizontal range resolutions are 0.4 m.
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Functionalization of cellulose nanofiber sheet surface by imprinting method

(Graduate School of Agriculture,
Laboratory of Active Bio-based Materials, RISH, Kyoto University)

Kumi Sato

Introduction

Water repellence generated by hierarchical surface structures is known as the “Lotus effect”. In this
study, hierarchical structures were formed on cellulose nanofiber (CNF) sheet surfaces by copying a micro-
pattern on a silicon wafer onto a CNF sheet. The water repellent performance was studied.

Experiments and results
drying
A silicon wafer template (pattern: ¢ =4 pum, Mald &L
depth = 1 um, for each 12 um) was pressed on b :
wet mats of TEMPO-oxidized CNFs swollen ' 1 || I !
CNF hydrogel sheet  pressing  Copying patterns Removing mold

with different organic solvents. The mat was

dried slowly (Fig. 1). The surface structure of the Fig. 1 the procedure of making hierarchical

sheet was observed by FE-SEM and the specific roughness on CNF seats

surface area and wettability of the sheet were

eValuated. flat patterned flat  patterned flat  patterned flat  patterned
825° 89.1° 61.0° 955° 49.1° 108.1° 109.2° 1256~

Fibrous CNF pillars were successfully A ~ 3 Aan

formed on the surface of the CNF sheet. For a e CNFahorl NP ot R

smooth surface, the contact angle of a water Euchanged IPA  Exchanged - butanol CNF sheets

; . SzSA 0.93 10.67 28.00 Exchanged - butanol
droplet on the CNF sheet decreased sharply with % g
increasing specific surface area. This is Fig. 2 the result of measurement of contact angles

explained by Wenzel’s formula?. In contrast, the

contact angle of a CNF sheet with a hierarchical structured pattern increased considerably (Fig. 2), although
CNFs are strongly hydrophilic. It is plausible that this is because for the hierarchical surface structure with
micro-pillars, water droplets contact not only the CNFs but also the air between the CNF pillars.

On the basis of these results, hydrophobized TEMPO-oxidized CNFs were prepared using tetra-4-
butylammonium hydroxide® and their water repellent performance was studied. Compared with that of native
CNFs, the contact angle of the hydrophobized sheets increased in the cases of both smooth and patterned
surface sheets. In particular, the contact angles of surface-patterned hydrophobized CNF sheets increased
significantly with increasing surface area and reached a contact angle of 125.6°. The molding strategy
developed in this study can be regarded as a simple form of micro- and nano-imprinting lithography
techniques. The results of this study will enable the production of unique filters and separators.
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Biomineralization by using cellulose nanofiber gel
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Laboratory of Active Bio-based Materials, RISH, Kyoto University)

AKkihiro Matsushita

Introduction

Biominerals are composites of bioorganic polymers such as polysaccharides or proteins and inorganic
materials; examples include shells and bones. The process by which organisms create biominerals is called
biomineralization. Biominerals can be imitated and used for artificial bones and teeth.

In this study, a strong hydrogel was prepared from cellulose nanofibers (CNFs) and used as a substrate
for biomineralization. CNFs, which are the major constituent of plant cell walls, are the most abundant natural
nanofibers on earth. Their widths range from 5 to 30 nm and they are highly crystalline materials. The
resultant stable structure has outstanding mechanical properties, including a high Young’s modulus and a
low coefficient of thermal expansion. CNFs therefore have great potential for use as reinforcements in
nanocomposites and have attracted a great deal of interest recently. The aim of this study was to imitate a
biomineral structure by using a CNF gel and calcium phosphate, to produce a biomaterial for artificial bones.

Experimental

Cellulose was isolated from Japanese cypress wood powder by the Wise method and treatment with 6
wt% potassium hydroxide. A CNF suspension was prepared by grinding the cellulose with a grinder. A
CNF/calcium phosphate composite was prepared by dipping the CNF gel (fiber content about 10 wt%,
thickness about 500 um) in 0.6 M diammonium hydrogen phosphate solution (1) and 1.0 M calcium nitrate
solution (2). Immersion in (1) and (2) was regarded as one cycle, and 1 to 5 cycles were performed. A tensile
test was conducted on a sample conditioned for 1 day in a humidity controller.

Results and discussion

Calcium phosphate was successfully

deposited on the surface and inside of the = 100 925
CNF gel. The reaction on the gel surface % 80 '
progressed well, therefore a large amount 71
of calcium phosphate adhered to the gel = 60
surface. X-ray diffraction analysis of the B

. . g 40
obtained composite showed peaks " 1cycle
corresponding to hydroxyapatite and © 20 24.7
octacalcium phosphate. These are two of a § =179 —8=71 1
number of calcium phosphate types, and > 0

0 0 40

; g 10 20 3
are both present in natural and artificial Calcium phosphate(wt %)

bones. This method therefore has potential
applications for use in materials such as
artificial bone.

Figure 1 shows the changes in
Young’s modulus with increasing weight
ratio of calcium phosphate to composite. This figure shows that the Young’s modulus of the composites
improved greatly when the weight percentage of calcium phosphate reached about 30%. This suggests that a
calcium phosphate network was formed on the surface or inside of the CNF gel when the weight percentage
was 30% or more.

Figure 1. Relationship between Young’s modulus and weight
percentage of calcium phosphate
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Nanocomposite materials from acrylic resin latex and cellulose nanofibers
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Tairi Miyake

Introduction

Cellulose nanofibers (CNFs) have outstanding characteristics such as high strength, high elasticity,
and low thermal expansion. They have been widely investigated and used as reinforcing components in
nanocomposites. A CNF water suspension was uniformly mixed with acrylic resin latex of different droplet
sizes. A nanocomposite made of acrylic resin and CNFs was obtained by filtering and drying the mixture.
In composites, CNFs form networks on the surfaces of individual resin droplets and bulk networks
are formed in nanocomposites. The effect of droplet size on the CNF-reinforced nanocomposites
was investigated.

Experimental

Hemicellulose and lignin were removed from cypress wood flour (Chamaecyparis obtusa) by the
Wise method and alkaline treatment. The refined pulp was mechanically disintegrated with a grinder and
diluted with distilled water to prepare a 0.1 wt% CNF water suspension. Three types of acrylic resin latex
with different droplet sizes (55, 130, and 527 nm; solid content: 5 wt%) were mixed with the 0.1 wt% CNF
water suspension at different ratios. Wet cakes were obtained by vacuum filtration and dried in a vacuum
oven at 80 °C for 12 h. Acrylic resin/CNF films were obtained by hot-pressing the dried films at 120 °C
and 3 MPa for 5 min (thickness: 200—300 pm). The mechanical properties of the nanocomposites were
investigated.

Result and discussion

Optically transparent composites sheets consisting of fine acrylic particles and CNFs were obtained.
SEM images of cross sections of the composites showed that the CNFs are homogeneously distributed on
the surfaces of the acrylic resin particles and that particles combine to form networks (Fig. 1). The addition
of CNFs to the acrylic resin significantly increased the elastic modulus and strength. The reinforcing
efficiencies of the CNFs were higher for composites with larger acrylic particles, e.g., of size 527 nm (Fig.
2), than those for composites with smaller acrylic particles. It is considered that the larger particle have
larger surface areas, and this restricts the distribution area of CNFs in the composites and enables efficient
formation of strong CNF networks.
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Figure 1. Cross-sectional SEM image of acrylic

resin/CNF composite film (CNFs 10 wt%/527 nm Figure 2. Relationship between Young’s modulus of
acrylic resin particles). acrylic resin/CNF composites and CNF content.
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Semi-defibration of wood as pretreatment for wood flow forming —
The effect of semi-defibration on penetrability of wood
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Introduction

Wood flow forming is a new method in which wood block is processed into product with three
dimensional shape. The forming process includes the heating, pressing, and cooling in a mold. In this
process, wood block is separated at around intercellular layer into smaller parts, and subsequently flown
into the empty space in the mold. The separated parts are re-bonded to each other and then fixed. The
flowability of wood and the physical properties of products, however, is required to be improved. One of
the representative techniques to improve such properties is the impregnation of wood with a given resin. It
is necessary to solve the isuue as to the irregular distribution of the resin in wood.

Semi-defibration by extrusion of wood before the impregnation is devised to solve this issue. The
purpose of this study is to investigate the effect of semi-defibration on penetrability of wood and the
influence on the length of cells which largely affect the mechanical properties of products.

Materials and methods

At first, a column specimens (height (R direction) is 50 mm, and diameter (L, and T directions) is 45
mm) was cut from a transverse-heart-wood of yellow cedar (Chamaecyparis nootkatensis) whose all dried
specific gravity was 0.51. And then, it was treated with the condition of 20°C, 98%RH until specimen’s
weight became constant. After that, this specimen was steamed for 15 min, and put into a die which is
heated to 120°C, then offered to extrusion for semi-defibration. The defibrated wood and column
specimens as control were all dried by 105°C oven drying, and then impregnated the phenol-formaldehyde
resin (PF resin, which was prepared for 30 wt% by diluting with water) by vacuuming and compressing.
Next of that, resin-impregnated woods were cut at center line, and the cut faces were observed. And more,
for investigating the state of destruction of cells, they were separated by Wise method, and measured their
length.

Results and discussion

Figure 1 shows the cut faces of
PF resin-impregnated woods. In
column specimens (a), PF resin was
hardly impregnated into wood. On the
other hand, in semi-defibrated wood
(b), PF resin was impregnated into
even inner part. As this reason, it is
suggested that semi-defibration was
effective ~ for  improving  the
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impregnation ability of wood. Also, Figure 1. The cross sections of impregnated wood
the average length of cells of column a) column specimen b) semi-defibrated wood
specimen and semi- defibration wood .
are shown in Table 1. In this table, Table 1. Average length of cells of column specimen and
significant ~ difference  is  not semi-defibrated wood
confirmed between the two values. Average length _

. . S.D. (n=100)
From this result, it is suggested that : of cells (mm)
notable destruction of cells by Column specimen 1.99 0.90
conducting semi-defibration was not Semi-defibrated wood 1.86 0.97
happened.

S.D. : standard deviation
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Pretreatment for wood flow forming —
Temporal variability of solution distribution in impregnated wood under conditioning

(Graduate School of Agriculture,
Laboratory of Sustainable Materials, RISH, Kyoto University)

Masaya Nagai

Introduction

Wood flow forming is a new method in which bulk wood is formed into the product with three
dimensional shape. The bulk wood is impregnated with resin for obtaining the stable product. There exists
the issue as to the irregular distribution of the resin in cell walls, causing the partial deformation and color
change in the product. The impregnated wood is required to be conditioned under controlled atmosphere
for promoting the resin diffusion from the cell cavity into the cell walls, leading to the decrease in the
irregularity. The solution of the resin should be existed in the cell cavity to cause the diffusion. This has,
however, not yet been examined. In this study, the model experiment was performed to understand the flow
of the solution distribution in cell cavities during the conditioning.

Figure 1 shows the assumed model of the solution (a) Before conditioning
flow in impregnated wood under conditioning. In the Liquid Cas
model, the solution (liquid phase) is assumed to decrease phase \ phase
both from the outside and inside wood. It was, however, & x
difficult to observe directly the solution flow in cell (b)under conditioningce“ wall Cell cavity
cavities in the impregnated wood. In this study, the PFA

micro-tubes are injected with solution and subsequently Eﬂ;‘sig
conditioned to obeserve the solution flow in impregnated
wood, and the flow was predicted. Evaporation of water

Outside wood 4= = Inside wood

Fig. 1 Predicted solution flow in impregnated
wood under conditioning
Materials and methods

Six micro-tubes with 9cm-length and 0.5mm-inner diameter (PFA) were embedded in an acrylic board,
and the one side of the tubes were sealed with the adhesive. This preparation is injected with an aqueous
solution of patent blue V by vacuuming under a pressure of 3.2kPa, and subsequently by exposing it to an
atmosphere. The injected preparations are conditioned under the temperature and relative humidity
controlled at several levels. During the conditioning, the picture of the preparation is taken every given
times to observe the solution flow in the micro-tubes.

Results and discussion

Figure 2 shows the solution distribution in the micro-tubes under conditioning. The solution was
distributed between the opened and closed sides in the micro-tubes, and the distribution varied with
evaporation of water. It was also confirmed that the temporal variability of the solution distribution was
affected by temperature and RH under the conditioning.

72 hours

later

Fig. 2 Solution distribution under conditioning at 74%RH with 60°C
(D Gas phase in opened side, @ Solution (Liquid phase), 3 Gas phase in closed side)
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Estimation of relative displacement of wooden buildings calculated from acceleration
using wavelet transform
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Introduction

A technique has been proposed for calculating the relative displacement of each floor acceleration and
for automatically determining the residual seismic performance of a building damaged by earthquakes. In
this study, in order to apply this technology to wooden buildings, analysis was performed based on the data
obtained by the full scale shaking table test.

Analysis method

The relative displacement of each floor is calculated from the acceleration record measured at each floor
in the full-scale shaking table experiment by double integral. At this time, since the measurement error such
as the baseline deviation included in the acceleration recording increases by integration, the calculated
relative displacement does not correspond to the measured displacement. Therefore, the acceleration
recording is decomposed into nine components with different frequencies using wavelet transform, and
only the main components are selected and added to calculate the displacement from which the
measurement error is removed. In this method, the selection of the main components is the main point of
analysis accuracy, so the component selection method was examined based on the experimental data of the
wooden frame specimen of one story buildings and two story buildings. The calculated displacement
(hereinafter, referred to as analysis value) was compared with the displacement actually measured by the
displacement meter (hereinafter, referred to as measured value) to evaluate its accuracy. In addition, for the
purpose of application to CLT buildings, analysis was conducted using experimental results of two- and
five-story CLT specimens.

Consideration and conclusion

In the main component selection, in the previous research, the method of selecting from the transfer

function of the analysis floor and the upper floor and the absolute response acceleration-relative
displacement relationship of each component was used. When this method was applied to a wooden frame
specimen, the average value of the correlation coefficient between the analysis value and the time history
waveform of the measured value was 0.864, and the average value of the maximum displacement
consistency rate was 0.850. At this time, there were some of data in which the main component could not
be selected sufficiently. Therefore, in addition to the component selected by this method, when the
component which is superior in the response acceleration Fourier spectrum is selected, the average value of
the correlation coefficient can be improved to 0.919 and the average value of the matching rate of the
maximum displacement to 0.888.
When the above method was applied to two CLT test specimens, sufficient accuracy could not be
confirmed. This result can be considered to be caused by the rocking behavior in the two-story specimen
and by the torsional behavior in the five-story specimen. Therefore, we examined a method of calculating
relative displacement with higher accuracy by removing these effects.
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Structural performance of steel frame with CLT shear wall
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Introduction

In Japan, Cross Laminated Timber (CLT) is attracting attention as the way of using forest resources that
have reached the harvest season. CLT is expected to be used for middle-to-high-rise building with making
use of stable in-plane shear performance. In particular, composite structure with steel frame structure or
reinforced concrete structure can take advent of respective material properties, and more and more this kind
of researches are reported in recent years. A previous research shows the estimation of drift-pin joint with
steel plate for fastening CLT and steel frame. This research aims to confirm the structural performance of
steel frame with CLT shear wall using drift-pin joint by conducting experiment, and to make analysis model
which follows the experimental result.

Method

In this study, one specification of the joint is defined based on the research of Ministry of Agriculture,
Forestry and Fisheries conducted in 2016. In this research, the design for this specification, prior analysis for
experiment, 1/2 scale experiment, and joint and material test are conducted to understand the structural
behavior. After that, analytical model which reproduces the behavior is created. It was assumed to insert CLT
into a standard span steel frame at the design stage. In the analysis, finite element analysis software (SNAP)
was used to model a steel frame, CLT panel, spring of drift-pin joint, and CLT compression spring, and
incremental analysis was conducted. In 1/2 scale 1000
experiment, in total of four specimen in different 300
strength grade of CLT or insertion position as
parameters are tested.
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Seismic performance of wooden houses
required for continuous use after major earthquakes

(Graduate School of Agriculture,
Laboratory of Structural Function, RISH, Kyoto University)

Kotaro Sumida

Introduction

In the 2016 Kumamoto earthquakes, not only many wooden houses built according to the current
standards were severely damaged, but even in houses that were deemed to be minor, their subsequent use
was difficult [1]. In this study, I clarify the seismic performance required for continuous use and explore
the possibility of realizing the performance.

Survey of construction situation in Mashiki town two years after the Kumamoto earthquakes

The survey was carried out again two years later on buildings that were completely surveyed just after
the 2016 Kumamoto earthquake. The purpose of the survey is to quantify the relationship between damage
level, construction year, structure type, etc. and the usage of the buildings after two years.

Analysis for clarification of performance required for continuous use after major earthquakes

A seismic simulation software “wallstat” were used with the purpose of verifying the possibility of
continuing use of wooden houses after a severe earthquake. Three-dimensional wooden houses were
modeled and time history response analysis were carried out by inputting observed seismic waves.
Then, the level of expected damage was estimated from the maximum inter-story deformation.

Shake table tests and comparison with the results from the survey and analysis

Two full-scale wooden houses with different seismic performance were tested on shake table by
inputting Kumamoto earthquakes waves, and seismic responses and damages were recorded. Then,
obtained results were compared with those of the survey and analysis.

Results and conclusions

The survey revealed that about half of the buildings surveyed areas in Mashiki town do not exist.
In addition, it was found that about half of slightly damage buildings considered to experience
maximum inter-story deformation of 50 mm are also demolished.

Figure 1. shows the sufficiency ratio of the all 120 ;
analysis models and the maximum response .
deformation of the first story when 1995 JMA Kobe 100 Q ﬂ%ﬂf gf;’ﬁ?;ﬁ‘;_m"de]s
wave were input. It was found that the maximum 80
response deformation tends to decrease as the
sufficiency ratio increases. Against JMA Kobe
wave, it is possible to keep the deformation below
50 mm or less and use it continuously if the
sufficiency ratio reaches 2.0 or more.
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Hos
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The test building with higher performance 0
survived against three successive Kumamoto
earthquakes waves and suffered only tiny damage.
This result proved the validity of the analysis.
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Sufficiency ratio (=exiting strength / required strength)

Figure 1. Maximum inter-story drift against a
Reference major earthquake (JMA Kobe wave)

[1] Architectural Institute of Japan, “Report on the Damage Investigation of the 2016 Kumamoto
Earthquakes,” pp. 29-53, 2018.
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Study of geomagnetically induced current using 3D FDTD method

(Graduate School of Engineering,
Laboratory of Computer Simulation for Humanospheric Sciences,
RISH, Kyoto University)

Kazuki Kurisu

We performed numerical simulations by using the three-dimensional finite-difference time domain
(FDTD) method to study geomagnetically induced currents (GICs) in terms of the
atmosphere-ground-power line coupling. We first conducted numerical experiment to estimate the ground
distribution of geomagnetically induced electric field (GIE). We introduced two different ground structures
to the simulation system, and imposed a uniform electric field at 60 km altitude. We found that GIE is
enhanced near the edge of a bay, whereas, the magnetic field decreases near the coastal lines parallel to the
incident electric field. When we introduced a mountain model, GIE has local maxima at foots of a ridge,
whereas no significant changes of the magnetic field are observed near the mountain. We confirmed that
the local enhancement of GIE is caused by the accumulation of electric charges due to inhomogeneous
ground conductivity such as the edge of a bay or foots of the ridge. We also found that the large current
flowing on the sea surface contributes to the decrease in the magnetic flux near the coastal lines.

Previously, several electromotive force models have been proposed to explain the generation of GIC.
To understand the generation of the electromotive force, we next placed a transmission line on the ground
and calculated GIC in the system. We first tested the influence of conductance and shapes of the
transmission line on GIC, and the influence of conductance of the ground on GIC. Results show different
tendency from conventionally known one. We found that the GIC is correlated with time variation of
magnetic flux across the surface surrounded by the transmission lines and the underground depth at which
magnetic flux is small enough. When we placed a transmission line on two different ground structures, GIC
shows a strong influence from the electrical conductivity gradient of the ground especially near the coastal
lines.

Global distribution of the GIE and GIC becomes clear in the system including air, ground (sea water)
and a transmission line. All these results settle the argument about the generation of GIC. That is, GIC is
generated by temporal variation of magnetic flux through a surface deep inside the Earth. The conductivity
gradient gives rise to space charge, which also affect the GIC. Regarding influence of the presence of the
transmission line on the natural GIE, further studies will be needed.

48



Sustainable Humanosphere, vol. 15, p.49, 2019

ABSTRACTS (MASTER THESIS)

Simulation study on the growth of whistler mode chorus wave
in the magnetosphere in disturbed conditions

(Graduate School of Engineering,
Laboratory of Computer Simulation for Humanospheric Sciences,
RISH, Kyoto University)

Takuya Ikeda

The radiation belt in the Earth's magnetosphere is composed of energetic electrons and protons. In
order to understand risks for satellite launch, we need to understand the processes that govern the variation
of the radiation belt. It is suggested that non-adiabatic acceleration of electrons interacting with
electromagnetic waves called whistler mode chorus waves is effective for an abrupt increase in the
radiation belt electrons. By coupling global MHD simulation and advection simulation (CIMI model), we
calculated the growth rate of whistler mode waves and investigated spatiotemporal regions where the
whistler mode waves can be excited. In the MHD simulation, the solar wind was changed under two kinds
of conditions and the responses of the magnetosphere was reproduced. The results were used for advection
simulation to reproduce the evolution of the phase space density of electrons in the magnetosphere. In Case
1, the dynamic pressure of the solar wind was multiplied by 6, and the z component of the interplanetary
magnetic field (IMF) was changed from north to south. In Case 2, we changed the z component of the IMF
from north to south without changing solar wind dynamic pressure. In Case 1, the interplanetary (IP) shock
propagates anti-sunward. Just after the arrival of IP shock at the magnetosphere, the linear growth rate
increased in the dayside magnetosphere, but there was no significant increase in the nonlinear growth rate.
Substorm occurred in Case 1 and Case 2. In Case 2, the linear growth rate increased in the dawn-midnight
region about 40 minutes after the substorm onset, and the nonlinear growth rate also increased in the same
region. The nonlinear growth rate is much larger than the linear growth rate and it was found that nonlinear
growth is extremely effective due to the excitation of whistler mode chorus waves. In Case 1, about 40
minutes after the substorm onset, the linear and nonlinear growth rate increased in the dawn-midnight
region, too. The growth rate was larger and the increased area was wider that those in Case 2. This
indicates that an increase in solar wind velocity has a great influence on the growth rate of the whistler
mode waves. This is consistent with the idea that the radiation belt electrons are largely enhanced under the
high speed solar wind.
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Development of microwave power transfer system
with high efficiency for drone application

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

Nobuyuki Takabayashi

Drones, multicopter-typed unmanned aerial vehicles, gathering a lot of attention from various kinds of
industries. In such a circumstance, we proposed to give those drones a function of wireless power transfer
(WPT). Among WPT methods, microwave power transfer (MPT) has an advantage for long-range power
transmission, that is suitable for flying drones. Therefore, for drone applications (Fig.1), we aim to enhance
the overall efficiency of MPT system by array antenna beamformings and circuit technologies.

First of all, we tackle beamformings to synthesize at-topped beams mainly at 2.45 GHz. Then we design
and practically produce a 32-element array for power transmission and a 37-element array for power
absorption. Then we conduct simulations and experiments for the flat-topped beam's transmission between a
32-element transmitting and a 37-element receiving antenna by employing synthesized beams. These results
indicate how much power is intercepted on the receiving plane. Subsequently, using the obtained illuminance
distributions on the rectenna plane, we investigate the rectification efficiency of these flat-topped beams from
viewpoints of simulations and experiments. Conventionally, rectifications of rectenna array have energy loss
caused from multiple rectifiers' connection. Flat-topped beams have been expected to reduce such a
connection loss, but that have never confirmed. Therefore, we compare the efficiencies for rectifications in
detail between conventional beams and our designed flat-topped beams. Then we show the flat-topped beams
have almost zero connection loss for the rectification by the rectenna array. Finally, we conduct overall
experiments of MPT at 2.45 GHz, where the overall efficiency of MPT are measured and the advantage of
flat-topped beam are confirmed (Fig.2 and Fig.3).

In this thesis, we mainly evaluate the MPT efficiencies of flat-topped beams at 2.45 GHz. These results
show the flat-topped beams have a potential to achieve MPT with extremely high efficiency where the overall
efficiency exceeds 60% .
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Development of a compact microwave rectifier with the multilayer substrate filter

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

Kouta Okazaki

These days, Internet of Things (IoT) is the focus of attention for the realization of more convenient world.
Microwave power transfer (MPT) is expected to be a method of power supply to the IoT devices. In order to
apply MPT techniques to the IoT devices, microwave receiving components are required. Hence, the size of
the components for MPT should be reduced because of limited size of IoT devices. The objective of the
present study is to develop more compact microwave rectifier. In the previous study, the multilayer substrate
filters have been proposed as a new compact microwave filter and demonstrates its effectiveness for circuit
size reduction. However, their proper operation principle have not been studied.

At first, the principle of the multilayer substrate filter (Fig.1) is analyzed so as to provide a more simple
and flexible method for filter design. With the equivalent circuit and electromagnetic analysis the filter
operation is clarified. In addition, a four-layer substrate filter for the microwave rectifier is designed by
electromagnetic simulation. A single shunt class-F load-type rectifier is generally chosen as a microwave
rectifier. It requires input and output filters (Fig.2) in order to obtain high rf-dc conversion efficiency. Hence,
the multilayer substrate filter is designed, fabricated and measured to satisfy the required characteristic for
the rectifier's filters. The good measurement results are obtained compared with the simulation results.
Finally, a multilayer substrate rectifier with the multilayer substrate filter is designed by circuit simulation.
As a result of the simulations, higher efficiency and more compact circuit size of the rectifier with the
multilayer substrate filter are achieved than one with the conventional filter. Additionally, the designed
rectifier is fabricated (Fig.3) . However, its measured rf-dc conversion efficiency is low, compared with
simulated results (Fig.4). The efficiency reduction of the fabricated multilayer rectifier is discussed.
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Study on Beltrami field in microwaves

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

Ryo Mochizuki

Beltrami field is a vector field parallel to its curl. Beltrami field in an electromagnetic field has some
interesting properties; however, there are very few applications using Beltrami field. This is because there is
no established theory about Beltrami field. The first objective of this study is to obtain the general
mathematical expression and the boundary condition of Beltrami fields, establishing basic theory about
Beltrami field. The second objective is to develop applications exploiting the properties of Beltrami fields.
The mathematical expression of a general Beltrami field was derived by an angular spectrum method. The
mathematical representation of a general electromagnetic field with electric and magnetic field in parallel, E
|| B field, was obtained. It was shown that for any Beltrami field B there exists another Beltrami field B- such
that, the superposition B + B~ becomes E || B field. It was also shown that any E || B field is expressed in
the superposition of two Beltrami fields (Fig.1). The method of obtaining the Beltrami field using a familiar
expression of an electromagnetic field was proposed. By using the method the mathematical expression of
the Beltrami field in the rectangular waveguide was derived. The boundary condition of the Beltrami field in
the waveguide was obtained. The use of a grating was proposed to achieve the boundary condition. The
rectangular waveguide with a grating is designed to generate the Beltrami field. Full wave simulations were
carried out and the Beltrami field and E || B field were generated in the waveguide. In this study, the
application exploiting Beltrami field was investigated to achieve the second purpose. A novel length
independent resonator with two corrugated reflectors was proposed. The operating principle and resonant
condition of the resonator was theoretically obtained. Full wave simulations were carried out to verify the
theory. It was confirmed that the length independency of the proposed resonator and the generation of one-
dimensional Beltrami standing wave in the resonator (Fig.2).

Fig.1 Beltrami field created by created front two circular electromagnetic waves
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Fig.2 Proposed resonator and the generation of one-dimensional Beltrami standing wave and its simulation
parameters
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Study on thrust performance evaluation of magneto plasma sail with magnetic nozzle

(Graduate School of Engineering,
Laboratory of Space Electromagnetic Environment Exploration,
RISH, Kyoto University)

Tatsumasa Hagiwara

The development of new propulsion system for exploring other planets in the solar system or deep
space is necessary to enable short travelling term missions and large payload ratios. Magneto plasma sail
(MPS) has been focused on as a candidate system to attain above objectives. The MPS is a propulsion
system, which generates its force by the interaction between the charged particles from the sun (solar wind)
and magnetic fields inflated by a plasma injection. In the previous studies, the thrust of the MPS was
reduced by injecting plasma into the opposite direction of the thrust. The new propulsion system which is
called “MPS with magnetic nozzle” is proposed. This proposed system combines the MPS and a magnetic
nozzle. The magnetic nozzle itself is a propulsion system, which generates its force by converting the
thermal energy of plasma injected into the nozzle magnetic field. In order to demonstrate the mechanism of
thrust increase and evaluate the thrust performance, we conducted the laboratory experiments with two
types of plasma sources. In the first experiment, we used an MPD arcjet as a plasma source, which
produces plasma with arc discharge. The thrust of the MPS with the magnetic nozzle is 12 times larger than
that of magnetic sail, and 2 times larger than that of the magnetic nozzle. We succeeded in evaluating the
thrust increase experimentally. However, compared with an ion engine, the thrust performance is very low
due to high electric power consumption of the MPD arcjet. In the second experiment, therefore, we
developed the new low power plasma source consists of a LaB6 cathode, which is widely utilized for
thermionic emission source. The thrust of the MPS with the magnetic nozzle is also 17 times larger than
that of magnetic sail, and 1.3 times larger than that of magnetic nozzle. Hence, compared the first
experiment, thrust performance is improved. We confirmed the usefulness of the LaB6 plasma source as a
plasma source of the MPS with the magnetic nozzle.
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Figure 1. Experiment of the MPS with magnetic nozzle in the plasma chamber.
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Study on the integration of waveform capture-type plasma wave receivers

(Graduate School of Engineering,
Laboratory of Space Electromagnetic Environment Exploration,
RISH, Kyoto University)

Shunsuke Kamata

The Waveform capture(WFC) type plasma wave receiver is commonly used in recent space missions,
because it can acquire all properties of plasma waves except their wave numbers. The size of a plasma
wave receiver on board satellites is generally large to satisfy the desired scientific requirements. The
miniaturization of the WFC-type plasma wave receiver as a chip is meaningful in the future
nano-/micro-satellite missions. In this study, we miniaturized the WFC-type receiver using the Application
Specific Integrated Circuit (ASIC) technology. We improved the switched capacitor filter (SC filter) for an
anti-aliasing filter. We modified the circuit not only to reduce the noise level, but also to expand the
observation frequency range of the SC filter. We experimentally demonstrated by the prototype chip of SC
Filter that optimizing parameters of circuit elements in WFC receiver has significant effects on noise
suppression and wider bandwidth. We implemented interferometry functions on the WFC chip. The
interferometry function allows us to identify phase velocities of plasma waves. The implementation of this
function on the WFC chip is very reasonable, because it consumes lots of resources when we realize that
function using discrete parts. With a parallel circuit, we achieved small and lightweight interferometry
circuits for WFC receiver. Implementing digital filter used for data compression of the WFC receiver with
ASIC, we achieved miniaturization of the digital filters with the same performance as that of existing
circuit with FPGA. We connect the improved analogue parts and the newly developed digital part as the
unit system of the small WFC receiver. We obtained desired responses from the new system, which
suggests the interference of noise between individual modules are negligible. The developed miniaturized
WEC receiver appears promising for future space missions.

Figure 1. Developed WFC chip. The size is 5Smm x 5Smm. The chip contains 4
waveform receivers that have the capability of the interferometry mode.
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Study on the improvement of the identification techniques for space debris orbits
by the MU radar

(Graduate School of Engineering,
Laboratory of Space Electromagnetic Environment Exploration,
RISH, Kyoto University)

Takuya Torii

Recently, the amount of space debris has been rapidly increasing, and this is becoming an obstacle for
space developments. The organizations in the world are tracing space debris and sharing their orbit
information. However, the present surveillance network is not sufficient to completely avoid space
accidents due to collisions with space debris, and we need to improve and expand the observation network.
In our study, it is the objective to develop the orbit determination method through the observation by the
MU radar held by RISH, Kyoto University. The MU radar is an atmospheric radar. The development of
orbit determination methods of space debris by the atmospheric radar leads to the enhancement of tracing
system over the world, because the global network of atmospheric radars are already established. In the
previous our study, the orbit determination of the known debris was discussed. However, it is difficult to
re-observe the same debris consulting the orbit elements which were identified by the MU radar because
the accuracy for the orbit identification is not sufficient. We performed the simulation to examine the
relation between the accuracy of the orbit determination method and measurement errors. From the
simulation results, we confirmed the following relations. The orbit elements in the relation to geometries
are influenced by the range error. The orbit elements for the location on the orbit are influenced by the
Zenith error. The orbit elements for the orbital plane is influenced by the azimuth error. We found that the
accuracy was not sufficient to re-observe through the MU radar observation data using the previous
methods. We stress that it is important to determine the Mean motion correctly for the re-observation. It is
necessary to improve the range determination accuracy for improving the determination accuracy of the
Mean motion. We succeeded in improving the determination accuracy of the range by using the new
proposed method based on Range Weighting Function.
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Figure 1. Estimated range distances of the space debris (ID: 23088). The values obtained by the
new method are distributed well along the true value curve over the observation period.
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Study on the accuracy improvement of 3D shape estimation of space debris

(Graduate School of Engineering,
Laboratory of Space Electromagnetic Environment Exploration,
RISH, Kyoto University)

Takuto Ueno

Up to 2016, 20,000 debris have been found in the orbit around the earth. The number of space debris
is still growing year by year. Since space debris threaten space infrastructures such as satellites and space
stations, identifying their orbits and locations is very important in the meanings of avoiding collisions and
removing them. It is necessary to expand the observation network for detecting debris and improve the
accuracy of debris observation. We utilized an atmospheric radar to know the existence of debris to be
removed in the present research. Atmospheric radars have the advantage that the global network has be
already established. The atmospheric radar we used is the MU radar (Middle and Upper atmosphere radar)
held by RISH, Kyoto University. Debris on low orbits can be sufficiently observed by lengthening the
pulse and enlarging the transmission power of the MU radar. In the present thesis, we focused on studying
the improvement of the accuracy of 3D shape estimation of space debris. In previous research, by
combining the RCS (Radar Cross Section) method and the SRDI (Single-Range Doppler Interferometry)
method, 3D shape estimation of space debris was roughly enabled. However, in this combined method,
only one certain cross-section was estimated along an observation direction. This point should be improved
to make estimation accuracy higher. To address this issue, we attempted to observe space debris by using
multi-directional radar beams. The results showed the estimation of overall debris' size is close to the real
size. On the other hand, we also examined the accuracy of the RCS values. Shape estimation errors come
from the errors in calculating RCS values from radar echoes. We examined the limit in the precision of the
RCS values by observing the small satellite called DIWATA-2b, which is 50 cm square satellite. We
confirmed the echo signal from it. Calculated RCS value from it is 1 m?. This calculated value is 50 times
larger than expected value. Therefore, we think that RCS value is not correct for less than 1 m? . Moreover,
with FDTD method, we performed computer simulations on the time variation of the RCS value to evaluate
the observation results.
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Figure 1. Estimated shape of the space debris (SL16RB)
based on the MU radar echoes.
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