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Identification of the transfer mechanisms around plants
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Radion_uclides re_Ieasec_I fror_n Fukushima Dai-ich Nuclear Power Plant spread to the environment and the environmental
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RIDNSIEBIAND TR EDEIREFFIADERR DA RS T
MESEMEDORIT A ERADORSEMEDA D"
\ 137Cs \ Radio Jide ‘Transfer & L/_C*@&)_CEE The transfer of 13’Cs around

L land plants is one of the most important steps for
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Dynamics of radioactive Nides within terrestrial ecosystem
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Direct contamination of wheat

H23.5.26%£HY sampling at 26t May 2011

J

Photo RI imaging Merge Photo RI imaging Merge
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Tanoi et al. (2011)
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Radio-Cs contamination of sugi (Cryptomeria japonica)

H24.12.1-2%£EY sampling at 15t to 2nd Dec 2012
Futaba (01 Dec. 2012; 40.5 h) Iwaki (02 Dec. 2012: 499 h)

37Cs (kBg/kg) 37Cs (kBg/kg)
Pre-2010 2011 2012 Male flowers Pre-2010 2011 2012 Male flowers
7.3 3.1 2.5 5.5 7.6 0.4 0.2 1.0

Kanasashi et al. (2015)
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Dynamics of radioactive nuclides within terrestrial ecosystem
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Radio-Cs accumulation pattern in rice
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Rice harvested at controlled soil
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Nemoto et al. (2013)
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Relationship between soil exchangeable K conc. and Radio-Cs conc. in brown rice
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Growth dependent Radio-Cs conc. in rice shoot
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Concentration of suspended form of radio-Cs in irrigation and pond water
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Irrigation water for “outlier”
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Influx of radio-Cs contaminated irrigation water enhance its conc. in brown rice
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Dynamics of radioactive nuclides within terrestrial ecosystem
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Relationship between soil exchangeable K conc. and Radio-Cs conc. in brown rice
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Radio-Cs transfer factor
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Exchangeable ion conc. in soil and transfer factor of 137Cs

0.8

K °

Ca

0.6

0.4

20

0-5 o km&%f et a‘:c\es

30

40

=

= =:!

0 1

2 3 4 5 0

progﬂo
Mg & CEC
A 7 > RS
| 2.0 ° '.T 16.0
M o “.o“ 0%’ o

40

TED R (cmol. kg!) Exchangeable ion conc. in soil
+ AR FIS 3 UNCEC & s MCsTEA TR E & O EEfR

(Smolders et.af (1997) 75— % i {EX])

Sekimoto et al.



CIRPDA A RE EXKPDICsiRE

Exchangeable ion conc. in soil and 137Cs conc. in brown rice
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Radio-Cs uptake under high N condition
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ebsite to inform radionuclides contamination
in agricultural and marine products
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Crops which accumulate potassium in the edible tissue
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Many legume crops ‘/accumulate potassium in their seeds



=722 (Lotus japonicus)

Vx*ﬂm‘:j“) I/*Etf% . Model plants for legume

47 ) INIBERHDNFI B B]EE Genome information is available
DFEY)FERTFEENFEB]EE Methods of molecular biology is ayailable
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, ZNREEFEE (CZE Fe, Ni, Cu and Zn accumulations
rent between MG-20 and B-129 (Klein and Grusak 2009)
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Effect of K starvation on 137Cs uptake and translocation in L. japonicus

MG-20 B-129

0 12 24 0 12 24 (h)

IRUNGER A3 H DK R ZNIR(C K D 137CsDIRIREH MM

K starvation for 3 days enhanced 137Cs uptake
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Translocation of 137Cs mediated by K+ transport systems

Inward K+ channel
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Ahmad (2014)
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Identification of Cs translocation system activated by the K deficiency
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Zinc accumulation in L. japoincus

Concentration ( umol/ g D.W. ) Concentration (nmol/ g D.W. )
Element Accession Shoot Root Element Accession Shoot Root
Average S.D. Average S.D. Average S.D. Av&rage S.D.
{ ot
Na MG-20 e I 1.3 17.2 2.9 Mn Q O 13 / eme e\@S 76.9
B-129 18.7 8.3 240 ot Pro {'.%\ «e\e\’geﬂlw 6 7383
X
Mg MG-20 ﬁf p\’\\r@@ %IG{) \/\G\gﬁ 122.2 1905.9 247.1
B-129 1@'\ (\05\5 EQ-9 810.8 80.6 32542  473.6
P N 30.\?r g Ni MG-20 23.0 10.5 30.8 7
BRW9 42.0 B-129 45.1 14.6 79.8 20.4
K MGW0 04.8 Cu MG-20 50.1 i@ 63.2 5.9
B-1 152.4 B-129 96.5 9.5 135.1 28.3
Ca MG-20 353.0 15.4 69.3 p 3, Zn MG-20 594.2 79.6 529.5 36.8
B-129 302.7 45.4 70.2 6.1 B-129 1215.4 164.9 936.3 288.2
TRIERKFHFIS (T C41BME
Grown with hydroponics for 4 weeks
1/10 Hoagland’s 7K#®& — ICP-AESIC KB cRAIE
1/10 Hoagland’s solution Measurement of element concentration
BAHA: 16 h. J&RRE: 23°C with ICP-AES

Light : 16 h, Temp. 23°C
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Imaging System (PETIS)
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Real-time imaging of zinc transfer in L. japonicus

MG-20 B-129
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Time dependent Zn-65 distribution in L. japonicus

MG-20 B-129
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Zinc transfer activity is differed between two cultivars
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Searching for the responsible genes

B-129 MG-20
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L. Japonicus recombinant inbred line

N e —
N O T —
N N T —

B G

662 [~T01

N [z |
I ) T

T TR
RS G
T

_ R
—
I

u

R
R A G —

I G —
n *TM0302

I I G
[Tt
X s —

N N T —
R ) o
R TR G —




it I SPFh n SRR BEIS (=T

QTLs related to shoot Zn accumulation @ =itsL 5 ZnEFRPSEQTL

QTL related to shoot
Zn accumulation
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Estimation of ZIP2 function in Zn transfer in plant

Soil

Basal Zn

Zn deficiency

MZIP? -

18S rRNA -
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Vacuole ——

Burleigh et al. (2003)
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e CeWe 0l 22'F
Xylem "
® zm

@ O 2zntranspoter @ Inactive bZIP19, bZIP23
= ® Active bZIP19, bZIP23

e Bound Zn

o Free Zn*

- Apoplastic Zn flux
~— Symplastic Zn flux

Sinclair and Kramer (2012) modified
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ZIP2 expression under deficiency or excess of Zn

&
ZIP2 expression S &S
2
MiZIP2 d - -
\ at an
1\ O eme \eS
T \GA a0 0SS
E 15 _ pe o mat = Yb..
c Y\m N\)C\ea
.g o 5-\5 o’f“ Burleigh et al. (2003)
o 1 . EMG-20
3 mB-129
0 T T -_\
Control -7n ++Zn
> ~O—JL : control: ZN/R2Z . Zn deficiency: ZniBF| : zn excess:
1/10 Hoagland’s Sal. 1/10 Hoagland’s Sal. 1/10 Hoagland’s Sal.
(0.4 uM Zn) without Zn (0 uM) with 40 uM Zn

for 4 weeks for 4 weeks for 4 weeks
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Real-time imaging of zinc transfer in Zn deficient/excess L. japonicus
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Relative radiation intensity
| el e B ¥ B ¥ R s i ¥y |
[ B o T O O e T O o O s T Y o T 1 Y

Quantifying of zinc transfer in Zn deficient/excess L. japonicus
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Consideration of Zn flow model in plant

ZIP2 activity
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Estimation of Zn loading activity into xylem sap

Zn loading
1> O—JL control Activity
Root Xylem sap
oot
Shoot g(am OW&{ a;{ges
Eﬁ(&% ’(. P(O ta\ N\a Eme ge

% “o\'\ﬂé tn?qun\ea ZIP2 Zn loading
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48 Zn deficiency 1.67 4
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Inter-strain difference in Zn xylem loading

BERNADIR DT RIENXEHE
Estimated Zn loading activity into xylem sap

ZIP2RIRE(CEDVWWEESTILE = l/— >32IcdP
EEE A DT ENEIESFME 2 loading actlvbémmy%m %@eax’é'é%rs\:graﬂe;eS

with model simulation method based o %@‘mz

Straij I n YN\YOG@EQO’{N Ci\lf?oading
Koo PO 1

-1 deficiency 1.67 4.
Zn excess 0.28 0.05
Control 1.11 1

MG-20 Zn deficiency 1.44 1.05
Zn excess 1.61 0.38

B-129R# T X DREN LRI FJEDFEHRETNTWNSD

Highly regulated Zn transfer in B-129 strain was suggested
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Dynamics of radioactive nuclides within terrestrial ecosystem

[

Aerosol

[ esULRABEA
BARZRLE UERER

Vegetation E)(pe\”(. Pr
Eﬁ\l \\’

progﬂos

Soii

Microbe

ayejdn 00y

Degcomposjkion

Migrobe

Hur@ bstangés

Uptake

Ground and Surface water

]
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Metal concentration (mM)
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Seasonal change of metal concentrations in tree
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(Furukawa et al. 2012)
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Poplar

Hybrid aspen T89 (P. tremula x tremuloides)
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A model plant for genome studies in wo@l‘j@ahtp\’o
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Molecula glcal approach

HURICKDT)LakiE Cofitih el ge
Cutting propagation with gel culture
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High Cs transfer into the leaves
(Technical reports of IAEA; No,472)
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Artificial annual environmental cycle

Summer Fall Winter Spring

SD23%¢

SD 0 SD2 SD4 SD6 SD8 SDI10 4°C1 4°C2 4°C4 LD2

LD condition (light/dark : 16/8 h), SD condition (light/dark : 8/16 h)
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Localization analysis using 137Cs
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Poplar grown up during 3 weeks under LD condition (light/dark, 16/8 h; 23°C)
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Radiocesium (13’CsCl with 0.1 uM 133CsCl) was added

to the gel or applied to leaf with paper disk
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Gel culture

A) 137CS J%T:I_:ﬁiljﬂl‘ﬁm@ distribution analysis @

B) 137Cs L_HEEWCS measurement

BAS Imaging & Gamma counter
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Cesium localization in poplar through root absorption

LD LD 3 weeks LD 9 weeks
SD LD3 + SD 6 weeks

treatment
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D3 D3+SD6 LD

(Noda et al. 2016)
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Cesium localization in poplar through foliar application

LD

LD 3 weeks

SD

LD 9 weeks
LD3 + SD 6 weeks

wo T = sJdeq
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Candidate Cs transport mechanisms in poplar

Root absorption Foliar application

48 h
treatment

*Eh\swﬁéﬁn&ux Nutrition absorbed by root
— g"'ﬁ‘:iﬁiﬁ Xylem transport
§ﬁ® Ellll Nutrition retrieved
— Eﬁ%iﬁjﬁ Phloem transport
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Uptake and translocation of 137Cs mediated by K* transport systems

Inward K+ channel
AKT1, KAT1, KST1 etc.

High-affinity K*/H* symportgfprog® |
E%pe et :

CNGC, GLR etc.

(Ahmad, 2014)
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Identification of Cs translocation system activated by the change of day length
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PttSKOR-like2 gene expression in artificial annual environmental cycle

PttSKOR-Ilike2 Expression
Upper shoot

*
*

expression level

Relative
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* < 0.05
(normalized by SDO condition)

PttSKOR-like23FEHLERTHEEIND

PttSKOR-like2 expression was up-regulated by
short-day and low-temperature condition in poplar
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Induction of PttSKOR-like2 expression in node
LD3 LD3+5D6 PttSKOR-like2

LD3 LD3+SD6
* x < 0.01

SDIR(C KDEIT PLLSKOR-like2DRMH FHVENSD

PttSKOR-like2 expression was up-regulated by
short-day condition in node

— EiTPttSKOR-like2 ' EEARBIAZ ?

PttSKOR-like2 was suggested to be involved in xylem loading of Cs in the node
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137Cs behavior in PttSKOR-like2 suppression line
PttSKOR-like2 expression in |leaf
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Relative expression levels

Bar = 1 cm
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In the PttSKOR-like2 suppression line, 137Cs was transferred to
the lower part in spite of short-day condition
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Dynamics of radioactive nuclides within terrestrial ecosystem
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Adding the “Gene expression” parameter into environmental material
circulation model for comparing dlfferent environment and tree species
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Walther and Gupta (2015)
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Radio-Cs contamination of sugi (Cryptomeria japonica)
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Kanasashi et al. (2015)



