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Abstract

In the comparison of two cultivars of Lotus japonicus, MG-20 and B-129, sodium, manganese, nickel, copper, and zinc
were highly accumulated both in shoot and root in B-129 and it was also suggested that B-129 had low activity of iron
(Fe) translocation from root to shoot. In Arabidopsis thaliana, it was reported that Fe deficiency in the shoot induced
multi-element accumulation in the shoot and root, therefore, we assumed that a similar mineral accumulation might occur
in L. japonicus. To clarify the gene expression levels related to Fe uptake and translocation in two cultivars, the plants
treated with normal and low iron concentrations for 3 weeks were subjected to gene expression analysis. In Fe uptake
related genes (/IRT, FRO) and cytosolic Fe transport related gene (NAS), the expression levels were 3-fold higher in B-129
root comparing MG-20. On the other hand, in FRD3, related to root to shoot Fe translocation, expression level was
suppressed by half in B-129. This expression pattern was consistent with Fe accumulation around vascular tissue in the
root stele of B-129 obtained by Micro-PIXE analysis. Recently, Fe deficiency-related small peptide, IMA was identified
and its transfer from shoot to root might be involved in the signal transduction in Fe homeostasis. Low Fe concentration
and high Fe transport-related gene expression in B-129 hypothesized high IMA expression in B-129 shoot, however, IMA
expression was low in B-129 shoot. These results suggest the existence of non-IMA related Fe homeostasis regulation in
L. japonicus.
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Figure 1. IMA1 Expression in MG-20 and B-129 Obtained
by RT-qPCR. The expression levels of IMAI were
normalized by ACT7 expressions. A) indicates IMAI
expression in shoot and root under control condition and
B) shows IMA1 expression in shoot under control and Fe
deficient condition. ** indicates p < 0.01 (Student’s t-test).
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Abstract

Genus Vigna, which includes relatives of cowpea and azuki bean, is a reservoir of diversity. Multiple Vigna species have
independently evolved unique mechanisms of salt tolerance to and thus adapted to coastal environment. Of them, we
focused on V. riukiuensis that have a capacity to allocate high amount of Na in the leaves. This contrasts with its relative
V. nakashimae, which is also salt-tolerant but excludes Na out of the leaves. To elucidate this unique feature of V.
riukiuensis, we first observed the leaf cells by electron microscopy and found V. riukiuensis accumulated lots of starch
granules in the chloroplasts. Next we shaded the leaves of V. riukiuensis to make the starch granules disappeared and found
out the shaded leaves did not accumulate Na while unshaded leaves did. Finally we performed SEM-EDX on the leaf
sections and found Na was distributed around, not inside, the starch granules. We consider these results indicate that V.
riukiuensis forms Na-binding starch granules and thus it can trap Na out of cytosols and chloroplasts.
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Figure 4. Photographs and Autoradiographs of Shaded
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Abstract

The localization of radioactive cesium in soybean root and nodule was investigated by positron-emitting tracer imaging
system (PETIS) analysis to clarify the cesium uptake behavior in soybean root system. Radioactive cesium was
significantly localized in soybean nodule, but it was confirmed that cesium uptake in root, nodule and stem was suppressed
under high-concentration potassium (+ K) conditions. On the other hand, the rate of decrease in radioactive cesium signal
in nodule under high-concentration potassium ( + K) was lower than that in root and stem, possibly due to their
involvement in both accumulation and transport of radioactive cesium. Under low-concentration potassium (-K) conditions,
radioactive cesium was released from the nodule, but the radioactive cesium signal in the stem was not significantly

increased.

Keyword: soybean, root nodule, radioactive cesium
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Figure 1. Real-time Imaging by PETIS on '?’Cs Uptake in
Soybean Roots and Nodules (Chase experiment).

(a): Potassium-free condition (—K condition).

(b): Normal potassium concentration (+K condition).
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Figure 2. Integrated Density of '*’Cs for Soybean Roots
Located below the Liquid Surface (Chase experiment
(—Kand +K condition)).
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Figure 3. Integrated Density of '?’Cs for Soybean Stems
(Chase experiment (—K and +K condition)).
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Figure 4. Integrated Density of '?’Cs for Soybean Nodules
Located below the Liquid Surface (Chase experiment
(—Kand +K condition)).
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4. Correlation between Al and Other Elements in Tea Leaves Using Micro-PIXE/PIGE Method
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Abstract

Elemental analysis of the epidermis of tea leaves was performed using the using micro-PIXE/PIGE method. The ratios
of the X-ray or y-ray yields of Si, K, Ca, Mn and F to that of Al in the cell wall of epidermal cells of tea leaves were
determined. The ratio of Si to Al X-ray yields agreed within a range of 11% in the four samples measured in this study.
On the other hand, the ratio of the X-ray or y-ray yields of K, Ca, Mn and F to Al varied from 20% to 87%. This result

suggests that Al forms compounds with Si in tea leaves.

Keyword: tea leaves, Al, concentration, micro-PIXE/PIGE
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Figure 1 Schematics of the Cross Section of Tea Leave.
Measurement region is shown by blue box.
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Figure 2 X-ray Energy Spectrum Obtained with Si(Li)
Detector.
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Figure 3 y-ray Energy Spectrum Obtained with
Nal(TI) Detector.
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Table 1 Ratios of the X-ray Yields of Si, K, Ca, Mn
to the X-ray Yield of Al for Four Samples. Mean,
standard deviation (o), and coefficient of variation
(CV) are also presented.

mean c (6\Y
Si/Al 0.486 0.054 0.11
K/Al 2.03 0.828 0.41

Ca/Al 0.180 0.073 0.41

Mn/Al 0.208 0.180 0.87

F/Al 0.031 0.006 0.20

Si/Al OZEEMEEIE 0.11 THBDIZH L, K/AL
Ca/Al, Mn/Al DEEMEET 0.41~0.87 & K& 728
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TW5,
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Strontium and Barium in Tea Leave
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Abstract

The spatial distribution of Ca, Sr and Ba in tea-leaves was measured using a micro-PIXE analysis to reveal the
characteristics of the concentration and translocation in tea-leaves (Camellia sinensis (L.) Kuntze) for these elements, and
to study similarities and differences among them. We confirmed that those three elements concentrated in the leaf samples
as small dots. While we observed Ca, Sr and Ba were mainly in the same dot areas, dot areas with high concentrations of
Ca and Sr and low concentrations of Ba were also observed, suggesting characteristics of Ba accumulation different from

those of Ca and Sr.

Keyword: micro-PIXE, tea leaves (Camellia sinensis (L.) Kuntze), calcium, strontium, barium
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Figure 1. Foliar Absorption of Sr and Ba into Tea Leaves.
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Figure 2. X-ray Spectra for Tea Leaf Samples with
Foliar Absorption.
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Figure 3. Spatial Distribution of Ca, Sr and Ba in the
Foliar-applied Region of the Tea Leaf Sample. Almost
all of dot areas show high concentration of Ca, Sr and
Ba.
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Figure 4. Spatial Distribution of Ca, Sr and Ba in the
Foliar-applied Region with Dot Areas Containing Low
Concentration of Ba.
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Abstract

Glutathione is a tripeptide with a variety of biological activities. Our previous studies have demonstrated that glutathione
applied to oilseed rape plants site-specifically influence behaviors of heavy metal such as cadmium, copper, and zinc.
However, so far, the molecular mechanisms of these phenomena are not fully understood. To elucidate the molecular
mechanisms of these phenomena, it is necessary to monitor the behaviors of these elements in roots and to clarify the
functions of transporter proteins involved in their regulation. In this study, we conducted experiments using Micro-PIXE
to establish an experimental system for imaging the distribution of copper and zinc mainly in the upper part of roots from
oilseed rape plants. We have successfully visualized the distribution of copper in the root tissue of oilseed rape plants when
plants were treated with 100 uM copper. Future application of experimental results obtained in this study is expected to
elucidate the molecular mechanism triggered by glutathione applied to plants site-specifically.

Keyword: Brassica napus, Micro-PIXE, glutathione, copper, zinc
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Figure 1. Copper, Zinc and Potassium Distribution
Images in the Upper Roots from Oilseed Rape Plants
Obtained by Micro PIXE. (A) Copper and potassium
imaging. Distribution of copper (cyan) and potassium
(red) in the upper roots of plants treated with 100 pM
copper for 2 days. (B) Zinc and potassium imaging.
Distribution of zinc (cyan) and potassium (red) in the
upper roots of plants treated with 10 uM zinc for 10
days.
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