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Research of Plant Mineral Behavior
Complemented by Real-time Imaging and Sub-cellular Localization Analysis
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Abstract

In 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, however, it was also suggested that B-129 had low activity of
iron (Fe) translocation from root to shoot. To identify the effect of low Fe treatment in both lines, Fe localization was
investigated with Micro-PIXE analysis. After the 5 days low Fe treatment, Fe localization was not detected in stem and
root of both lines, indicating the 5 days treatment was enough to induce the Fe deficiency in L. japonicus. Recently, Fe
deficiency-related small peptide, IMAs, were identified and its transfer from shoot to root might be involved in the signal

transduction in Fe homeostasis. Therefore, the analysis of IMA expressions under 0 to 5 days low Fe treatment might

reveal the Fe homeostasis regulation in L. japonicus.
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Figure 1. Potassium and iron localization images in
MG-20 stem obtained by Micro-PIXE analysis. The
left panel shows K distribution indicating stem shape
and the right panel shows the Fe localization in the
same sample. White bar indicates 200 pm.
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2. Evaluation of Elemental Concentration and Localization of
Strontium and Barium in Tea Leave 11
— Point Process Analysis of Two-dimensional Calcium Spatial Distributions in Tea Leaves —
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Abstract

The micro-PIXE analysis of tea leaves revealed that Ca, Sr and Ba accumulate in almost the same dot-like pattern. To
clarify the characteristics of the dot-like accumulation, the two-dimensional spatial distribution of Ca dot-like
accumulation was compared with the two different point distributions generated by the Poisson point process and the
Ginibre point process. Preliminary results suggested that the distribution of Ca has intermediate characteristics between

the two point processes.

Keyword: Tea leaf (Camellia sinensis (L.) Kuntze), Micro-PIXE, Calcium, Alkaline earth elements, Point process
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Figure 1. Spatial distribution of Ca measured using the
micro PIXE analysis (left) and the accumulation points
of Ca determined by the K-means clustering algorithm
(right).
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Figure 2. Comparison of the Ca accumulation points
(left) with the results of the Poisson point process
(middle) and the Ginibre point process (right).
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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 cadmium mainly in the roots from oilseed rape plants.
We attempted to visualize the distribution of cadmium in the root tissue of oilseed rape plants when plants were treated
with 50 uM cadmium. Future application of experimental results obtained in this study is expected to elucidate the
molecular mechanism triggered by root applied glutathione.

Keyword: Brassica napus, Micro-PIXE, glutathione, cadmium
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Figure 1. Potassium and sulfur distribution images in
roots from oilseed rape plants obtained by Micro-PIXE
analysis. (A) Potassium imaging. Distribution of
cadmium in roots of plants treated with 50 uM cadmium
for 7 days. (B) Sulfur imaging. Distribution of sulfur in
roots of plants treated with 50 uM cadmium for 7 days.
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4. Functional Characterization of Ion Transporters in Long-Distance Transport in Rice
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Abstract

One mutant we created previously exhibits a phenotype of increased zinc content in the roots. Since the ion transporter
is defective in this mutant, understanding the mechanism by which zinc is increased will lead to a better understanding of
the function of the ion transporter. We performed pPIXE analysis to identify the root tissues that accumulate excess zinc,
which is important information for determining the cause of the increased zinc content. Experimental conditions have been
identified so far that allow us to obtain sufficient counts for quantification and to expose the number of samples needed
for comparison of wild-type and the mutant. Then, the signals of potassium, phosphorus, calcium, zine, sulfur, and iron in
the four areas in the root were measured, and the distribution of zinc was evaluated based on its content relative to other
elements. Although the number of samples is not yet sufficient to confirm, the zinc content of the mutants can be high
throughout the root and it tended to accumulate slightly higher in the outer tissues of the root compared to wild-type.
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Figure 2. Ratio of Zn/P in various root tissues
The net count of Zn and P in the four areas (see Figure 1)

was determined and the Zn/P ratio was calculated.
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