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Research of Plant Mineral Behavior Complemented by
Real-time Imaging and Sub-cellular Localization Analysis
1. Identification of Multi-element Accumulation Mechanisms in Legume
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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
translocation from root to shoot. In Arabidopsis thaliana, it was reported that iron deficiency in the shoot part 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 sensing mechanisms for keeping the iron homeostasis, the plants treated with high or low
iron concentrations for 3 weeks were subjected to atmospheric Micro-PIXE analysis using their shoot part. Under normal
and high Fe concentration conditions, the iron was localized outside the vascular bundle tissue in the MG-20 stem. On the
other hand, under the low iron condition, the vascular-specific iron localization was observed, suggesting the suppressed
distribution of iron outside the vascular bundle tissue. Recently, iron deficiency-related small peptide, FEP/IMA was
identified and its transfer from shoot to root might be involved in the signal transduction in iron homeostasis. FEP/IMA
expression was observed around the vascular bundle in the shoot suggests the change of iron localization there might be
involved the FEP/IMA induction. To identify the relationship between them, the further experiment is needed.
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7z (Figure 1),
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Figure 1. Iron localization images in MG-20 stem obtained
by Micro-PIXE. The Fe signal (magenta) is superimposed
on the optical microscope image. Bars indicate 100 um.
The part corresponding to the vascular bundle is indicated
by a green circle. Plant samples are cultivated under
normal, low, and high Fe conditions for 3 weeks.
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2. Visualizing Sodium Localization in Salt-tolerant Species of the Genus Vigna
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Abstract

Vigna marina is the most salt-tolerant species in the genus Vigna. Our previous study indicated that V. marina suppresses
Na* accumulation by excreting Na* out of the roots. In addition, the results suggested the Na* excretion from the root
occurs at daytime and stops at night. However, control study is necessary to confirm that those features are characteristic
to V. marina. Thus we studied V. luteola, a close relative of V. marina. There are two types of V. luteola: One lives in beach
and is salt-tolerant (beach-type), and the other lives in river bank is salt-sensitive (river-type). We performed PETIS
analysis on both accessions and revealed that the beach-type excreted less amount of Na* from the root, and does not show
a clear diurnal rhythm compared to V. marina. The river-type did not excrete Na™ at all. As such, the diurnal rythm in Na*
excretion from the root is a key characteristic of V. marina, which could be an important player in salt tolerance of this

species.
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Figure 2. Amount of 22Na per biomass in the roots, stems and leaves. Open circles,
X and error bars indicate values of each replicate, means and standard deviations,
respectively. Rt, St and Lf indicate root, stem and leaf, respectively. ang, nak, riu, lut and
mar indicate V. angularis, V. nakashimae, V.nukiuensis, V. [uteola and V.marina,
respectively. Means not sharing the same alphabet are significantly different (Tukey HSD
p<0.05)
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Figure 3. Concentartions of Na* and K* and Na*/K* ratio in the 1% leaves of the
plants. The plants were treated with 100 mM NaCl for 2 days, and then sampled for ICP-
MS. Open circles, X and error bars indicate values of each replicate, means and
standard deviations, respectively. Rt, St and Lf indicate root, stem and leaf, respectively.
ang, nak, riu, Jut and mar indicate V. angulanis, V. nakashimae, V.riukivensis, V. luteola
and V.marina, respectively. Means not sharing the same alphabet are significantly
different (Tukey HSD p<0.05)
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3. Effect of Potassium for the Dynamics of Radioactive Cesium in Soybean Root System
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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, radioactive cesium was also accumulated in the
nodules located above the water surface and gradually increased. The micro particle induced X-ray emission (microPIXE)
analysis indicated the distribution of stable cesium in soybean root and nodule, and also cesium distribution was confirmed
inside of nodules located above the water surface. It was considered that cesium transport from the roots was clearly
involved in this behavior. Under high-concentration potassium (+K) conditions, the cesium uptake behavior of roots was
greatly suppressed, but the nodules did not indicate the remarkable decrease compared with roots.

Keyword: soybean, root nodule, cesium
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Figure 1. Real-time imaging by PETIS on '?’Cs uptake in
soybean roots and nodules (Pulse experiment).

a) Normal potassium concentration (+K condition)

Figure 2. Real-time imaging by PETIS on 127Cs uptake in
soybean roots and nodules (Chase experiment).
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Abstract

Elemental distribution and elemental concentration ratios in tea leaves were measured using micro-PIXE/PIGE method.
The concentration ratios of Al, Si, and F in the epidermal cells were determined, and it was found that the values of Al/Si
were almost the same in the two locations where they were measured. On the other hand, the values AI/F were 35%

different. This suggests that Al and Si may form compounds.
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Figure 1 Schematics of the cross section of tea leave.
Measurement region is shown by blue box.

3. FEREER

HMETHONE X OTRNLE—ZT hL A
Figure 2 (27”9, Sk L OO KENTZhZh
DIEHED Ko BEDY KgfRDO T RNV F—ZR1k7,
THOREINS LT NAVI=T A, FA4F, U, it
HOHFE VT LA, ANTT A, U BB
SNniz, o, yrO=F L F— AT |~ L% Figure
31277, YF(p,oy)'°O FUS THAET Dyt = /v
F—1% 6.13 MeV, 6.92 MeV., 7.12 MeV T, Wi
DOREDOTHLZINSDH U ~BRHESNTVD
TeRbhb, £, =IO RAXF Az Z
nooyfroa 7 rrr—nLrb lAonhd, 22T
1. 46 MeV~74 MeV O&FH O A X &
PE(p,ay)'®0 FUGTRAE Ly B2 LT, 7 vH
DA Z R D DI LT,

Figure 4 |2 Al, Si, F ® "Rt wHE oz r~d, =
B3 EROHMIEILSBPTND Z Enbnrd, 1k
EMEEK L TWDHIGEE D 0HE LR Cofi
T HDOT, IRILILHE DA OREREEIX Al Si, F
DALEME RO REMEEZ RET5HDEEZ BN
e —H ALEMEER L CWDEHA, aEhd T
FOFRTHIL—E £ 72 5, PIXE 3 £ O PIGE #IE
Tl X MELITyROIEITFEI R ICE 5450
FOR BT D, ZO7=D, RIEFREEANTY
KODPDOHEKERE L TEI ML SN %05
DOFFE X B D Wy DI R Z X Z DO —E
2B AR L T D ATREMERS EW & B 2 7=,
% Z T\ Figure 5 IZR" T O~@ D 3 DOl TIL & %
R TEDIERD T, RRLHIED _EA % 55O,
TRIZEE@E L, o720 OIER OERSY % fHiK
@, Ny 7 7T RAFEL D DOIZOIZELD 720
DEEROL Lz, HIBO~OD A v NI B E
W@ODH T MEESIER L, HEkO~@0 Al Si,
F OINEZRD, ILICNEDERD -, ERE
Table 1 2779, REKO B (fE8IKO®) & Tl (58
@) TIL Al & Si OINED (AUS) 2MEIE—EK
L7=Dizxf L, Al & Si DILED I (AUF) 1X 35%0
NG, BB CITRIEL DD 7\ T2 DIETE

ViR DY ML

2021 - HEEE SR AR EREE

ka3 LV b o0, HBERENS
1L Al & ST IZOW T LAWK O fREM: &2 7RI 5
LHFERENE SN EE X TV D,

]
T T

10
5
i&( 104
N
oD 10
= 2
o 10
X q0'F T
1001llIIlJIIII!\lIIIIIIlJIIII!\
1.0 20 3.0 4.0 50 6.0 7.0
TIx)LF—[keV]
Figure 2 X-ray energy spectra obtained with Si(Li)

detector. Solid and dotted arrows show K« and Kp X-ray
energy.
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Figure 3
detector.

y-ray energy spectra obtained with Nal(T1)

3. £&H

micro-PIXE/PIGE £ % W TARED 5LHE oA
BIORRRELOHEEIT->7-, Al Si, FiZ»o
W CREBEMIBAN OISR IRE DL Z RO & 2
A, Al & STIZHOWTIHREIE L7z 2 2 FT TIRIZIR
UMEZRTZENghotz, —h. FEALICHS
WL 35%HE I EE 7e o7z, ZHUT AL & Si A
ILEMETERR L TV D ATREMEZ R LT\ 5, 4
#IL L0 2 < ORBOWE Z1TVFER 2RI
T 52 LIck - T, RENTAIMNSLF &
ILEMETERE L TWDENE D D EH ST LTV
FETHD,



[R3-2]

50

BIFE SR [um]
B E P [um]
8 8 8

e
o

2021 - HEEE ST RS E

LA
o O

30

B TE B [um]

0 ]
0 20 40 80 80 100 0 20 40 60 80 100 0 20 40 80 80 100
B TE pE i [um] A E B [um] B FE fR s [um]

] ]
T ‘ L ‘ L | T T 17T ‘ | ‘ ‘ | T ‘ | ‘ ‘ T
0 50 100 150 5 10 15 25 30 35 2 4 6 8 10
hou il A - ho

Figure 4

Figure 5 Two-dimensional elemental distribution of
Al Boxes show regions for yield evaluation.

Table 1  Ratio of yields of Al, Si, and F elements in
regions (D- shown in Figure 5.
Al/Si Al/F Si/F
) 8.3 49 59
@ 8.4 37 4.4
® 6.8 400 60
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Abstract

We evaluated the spatial distribution of cesium and strontium in tea-leaves using a micro-PIXE analysis to reveal the
characteristics of the concentration and translocation in tea-leaves for these elements, and to study similarities and
differences between cesium and potassium or between strontium and calcium. We used tea-leaf samples (Camellia sinensis
(L.) Kuntze) which took in cesium and strontium via foliar absorption. We have confirmed that strontium and calcium
concentrate in the leaf samples as small dots while cesium and potassium are uniformly distributed. Almost all the dots of
strontium and calcium concentration have been observed in the same locations in the leaves.

Keyword: micro-PIXE, tea leaves (Camellia sinensis (L.) Kuntze), cesium, strontium
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Figure 1. Foliar absorption of Cs and Sr into tea leaves
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Figure 2. Spatial distribution of Cs and K in the foliar-
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Abstract

Glutathione is a tripeptide with a variety of biological activities. Our researched have demonstrated that glutathione
given to oilseed rape plants site-specifically have affects behaviors of heavy metal such as cadmium, copper, and zinc.
However, the molecular mechanisms of these phenomena are not fully understood. To elucidate the molecular mechanisms
of these phenomena, it is necessary to understand the movement of these elements in roots and to analyze 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 in roots. Due to detection sensitivity issues, clear
observations could not be made with sections prepared from oilseed rape roots grown under normal conditions. On the
other hand, we succeeded in determining detectable copper and zinc concentrations in hydroponic solutions. Future
application of experimental results obtained in this study is expected to elucidate the molecular mechanism triggered by

glutathione.

Keyword: Brassica napus, Micro-PIXE, glutathione, copper, zinc
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Figure 1. Copper and potassium localization images
obtained by Micro-PIXE. Oilseed rape plants
(Brassica napus) were cultivated under normal growing
conditions (A) and 100 uM copper treated conditions
(B). Green; copper localization. Red; potassium
localization. Potassium localization was presented to
indicate the location of the roots.
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Zinc and potassium localization images
plants

Figure 2.
obtained by Micro-PIXE. Oilseed rape
(Brassica napus) were cultivated under 30 pM zinc
(A) and 100 pM zinc treated conditions (B). Cyan; zinc
localization. Red; potassium localization. Potassium
localization was presented to indicate the location of the
roots.

4. FEOH

éﬁ&m%%btwmm$ME%% koT. 77
ZFoimgl vk fH, WO E MR T D
TEMTE, SEEICTCEONMEMRT D &
ﬂf%tﬁi*#i 8 - HEROWT I L EE OFK

BT TR W E O KHHK & AV CTAOLEE & 4T
IMBENHAZ ENRH LN Te, RIZBIT DA
f~9yﬁﬁﬂﬁf%otkf®ﬁ@ﬁ@%aﬂm
PR ERNC I N T A B T2 & 5 %
DONREERT D ENTE 2, REELRKIC
WEFFUNT 7T FORICBIT 2 EAEERE &
i?%%%TﬁkT%ék%ﬁbfwé Hﬁp\
X0 EEECIRICE I 8, WSO nMEmbd 5
_kﬂfﬁé%%iﬁ%%ibfw%twk%zf
W5,

S5 3 HR

[1] Nakamura et al, Journal of Experimental Botany, 64: 1073-
1081,2013

[2] Nakamura et al, Plant Science, 283: 424-434, 2019

[3] Suzui etal., RADIOISOTOPES, 68: 643-657, 2019



	2021年度成果報告書古川
	2021年度成果報告書内藤
	2021年度成果報告書井倉
	2021年度成果報告書安田
	2021年度成果報告書寺川
	2021年度成果報告書中村

