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Identification of the transfer mechanisms around plants
AT E (C K DBEZARNRTMEASNIIRD(CDN. 518, RIEPTEDLDIC
AT U TV KD EWVWDIRIBEIREDERIR (CERIIFZ D DDH D

Radionuclides released from Fukushima Dai-ich Nuclear Power Plant spread to the environment and the environmental
dynamics of radionuclides is now focused on.
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o 0{ %{@@_CE% The transfer of 13’Cs around
N\ g@ﬁ@ep @\65% of the most important steps for

e influx of 137Cs into ecosystem
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Kinoshita et al. (2011) FHiEHSHEYIAD EEDBDNENEGDD To minimize the spread of
BET YD E DOFB 1T radionuclides contamination into ecosystem, including
Radionuclides Transfer human-beings, identification of the  transfer
from soil to plant mechanisms of radionuclides around the plant and

.development of its reduction method is needed )
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Direct contamination of wheat

Photo RI imaging Merge Photo RI imaging Merge
=889 =E Kinu-azuma WEE NS Yuki-chikara

Tanoi et al. (2011)



BBRETH U I SN AT DBR

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 nﬂes within terrestrial ecosystem
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Walther and Gupta (2015)
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Dynamics of radioactive nuclides within terrestrial ecosystem
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Radio-Cs accumulation pattern in rice

Rice harvested at controlled soil

A

Young
leaves
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Cs conc.
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Rice contained excess conc. of Radio-Cs
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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

Radio-Cs conc. in shoot
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Concentration of suspended form of radio-Cs in |rr|gat|on and pond water
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Irrigation water for “outlier”
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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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BICs DCsFEITHREL (Bqkg! (plant) / Bg kg (soil))

Radio-Cs transfer factor

Exchangeable ion conc. in soil and transfer factor of 137Cs
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Sekimoto et al.
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Radio-Cs conc. in brown rice
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Exchangeable ion conc. in soil and 137Cs conc. in brown rice
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Radio-Cs conc. in brown rice (Bg/kg)
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Dynamics of radioactive nuclides within terrestrial ecosystem
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Website to inform radionuclides contamination
in agricultural and marine products
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Crops which accumulate potassium in their shoot and/or seed
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Many legume crops ‘/ accumulate potassium in their seeds



=722 Y (Lotus japonicus)

N ARIDA

:7'\) L*E% . Model plants for legume

47 ) INIBERHDNFI B B]EE Genome information is available
DFEY)FERTFEENFEB]EE Methods of molecular biology is available
1 )N — ZHVFEEE Highly prepared resources

ﬁlﬁﬁi‘%@%?ﬁﬁﬁi . Strain difference in metal accumulation

Miyakojima MG-20 & Gifu B-129MDFEF(CH LT,
Fe, Ni, Cu, ZNMEEIE=(CZ Fe, Ni, Cu and Zn accumulations

in

seed are different between MG-20 and B-129 (Klein and Grusak 2009)

MG-20
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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



FRRIQD VD LA A HnXRR
Uptake and translocation of 13’Cs mediated by K* transport systems
¢ WW§K+9:'\7?\)|/ Inward K+ channel
AKT1, KAT1, KST1 etc.
o SFRANMEKT/HHENEIK High-affinity k+/H+ symporter
KUP1, HAKS etc.
o SFRFITEKTENEIK High-affinity K+ transporter
HKT1 etc.
¢ 3FE?REI4J73~|3%47|' .\/ 9:'\'7;?\“/ Non-selective cation channel
CNGC, GLR etc.

ARZEERME. MRSEREKFrRIL. IFERNR
B1 A FrRIVETATCs*Z2HET D

Inward K* channels, Outward K+ channels and non-selective cation channels can
transport Cs+ White and Broadley (2000)

KRZICKD>TERMMEK FS 2 RAR—F—DFEEIND

K starvation induces high-affinity K+ transporter Tie-Bang Wang et al. (1998)
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Plant metal accumulation - Basic, but new field -

HEYIREF DER

Basics of plant nutrition

U—Evkt (RTIL>TIL?) DOEBEREFRLEED

Igj_‘—V Since the mineral nutrition was proposed by Liebig (Sprengel?),
it has been consisted the main themes of plant physiology

=R BESE 4@@%% LTI A Ca

Findings of heavy metal hyperaccumulatorq;mg g ' s
BRDFERMNS T 71 bLeXd g Jj_’“Mo
FIZIRATT D EFDFETL /\ Bl

research field called phytoremediation

AXFO=ZDRX (A

Metallomics (Ionomics)

ERRICHITRILETORETHON ). _Lg
HEEIRE T BHAHN m]ﬂm i

called metallomics was also established in the b| ey #fomics is focusing on
the distribution, behavior and chafatt&riétits 6f°afl metals in whole body
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Deficiency of essential elements in strawberry
Contel
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Heavy metal hyperaccumulators

FESBRMFE D10~ 1000 8D EERBRERE

Comparing to the common crop species, they accumulates 10- to 1000-fold heavy
metals in their bodies

Thlaspi caerulescens : Cd, Zn
Arabidopsis halleri . Zn
Ipomea alpha : Cu
Haumaniastrum robertii . Co

Thlaspi rotundifolium : Pb
etc..

Thlaspi caerulescens

- B FEEEFRMFTRR S NIEFEHEY

Most of them were wild plants discovered at heavy metal contaminated area

BRIRIFENDO—E,. REFTTICHA450ELFE

One of the ultimate environment lives. About 450 species were identified
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Kanayama-shida
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Japanese heavy metal hyperaccumulator

/\t‘\/;ll?\:“-_lj‘_\ Hebi-no-negoza (Athyl’lum yOkOSCGI‘)CG)

Rk allF]

Kanazawa castle, Ishikawa gate
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Elemental profiles in L. japoincus

il

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. Average S.D.
Na MG-20 e I 1.3 17.2 2.9 Mn MG-20 513.7 (g 617.8 76.9
B-129 18.7 8.3 54.3 24.0 % 29 78< ’(_ afy 2109.6 738.3
am
Mg  MG-20 14 P(OQX Mamag gﬁ%\»ge‘ﬁz- 2 1905.9  247.1
2 254.2 7
B-129 4 r\me('\ Bc\éa\’ 80.6 32542 4736
P MG-20 %Ohc)S\SI\p MG 20 23.0 10.5 30.8 7
B-129 B-129 45.1 14.6 79.8 204
K MG-20 04.8 Cu MG-20 50.1 i@ 63.2 5.9
B-129 152.4 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-129 302.7 454 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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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

i"d)iﬂua_i?ﬁ;r" [CRRE=

Zinc transfer activity is differed between two cultivars
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L. Japonicus
recombinant

inbred line
Zn

IR

AN

BT OIRER

Searching for the responsible genes

Zn

Zn

B-129 MG-20

) O =zZn&EEMEEQTL
l Zn accumulation related
Quantitative Trait Locus

Zn Zn Zn Zn — — —

B R

Genotype

FIRAY
Phenotype
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L. Japonicus recombinant inbred line
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QTLs related to shoot Zn accumulation © =its_FEZnERESEQTL

QTL related to shoot
Zn accumulation
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ZIP2 expression under deficiency or excess of Zn

ZIP2 expression

E 1.5 “—meF\La“c-x
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mB-129
éE -
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0 . |
Control -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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Estimation of ZIP2 function in Zn transfer in plant

MZIP? -

Basal Zn

=
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n

Relative expression level
=

Burlei al.\2

ZIP2 expression

Vacuole ——

Nucleu; ) S .0\&0 é{&
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Xylem "
@ zr2
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@ HMmA4 e Bound Zn
& PCR2 o Free Zn*

Sinclair and Kramer (2012) modified

Zn deficiency

- Apoplastic Zn flux
~—» Symplastic Zn flux
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Real-time imaging of zinc transfer in Zn deficient/excess L. japonicus
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Quantifying of zinc transfer in Zn deficient/excess L. japonicus
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Consideration of Zn flow model in plant

Solution

ZIP2 activity
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Estimation of Zn loading activity into xylem sap
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Inter-strain difference in Zn xylem loading

Vavawm \/-—
SERNADIINDOFHENXEE
Estimated Zn loading activity into xylem sap \

ZIP2ERIRE(CEDWZETIL>Z 2L —232(CKD
%-%:'/\O)' f/\$ 'Jl_/—é |$ Zn loading activity into xylem sap wa destlmated
with model simulation method based on the ZIP2 e re;{smn da\taen’teﬂc\es

P(O anadc
Strain \\\:‘ﬂme N%I\ o\ R oadlng
?ﬂt@w 550 '
e

ficiency 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 M T X DRENLREXFJEOHEHRETNTL\SalHRE

Highly regulated Zn transfer in B-129 strain was suggested
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Dynamics of radioactive nuclides within terrestrial ecosystem
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Walther and Gupta (2015)
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letal components in xylem sap
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Furukawa et al. (2011)
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Poplar

Hybrid aspen T89 (P. tremula x tremuloides)

BIRCHTDIDFEMFDET)LIEY)

A model plant for genome studies in woody plant

T J INGERDFHBIEE

Genome information is available

DFEYVIFNFENFHBIEE

Molecular biological approach

B UARICKDT)LakiE T h ] gE
Cutting propagation with gel culture
ENDEWES I LBIT

High Cs transfer into the leaves
(Technical reports of IAEA; No,472)

wo G = Jegq



HEAROFEAFER T 1 TILFdE

Artificial annual environmental cycle

Summer Fall Winter Spring
e SD 4°C LD 23°C > e

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

HUARZRIBRRBESREMA T CTHRlS

Poplar grown up during 3 weeks under LD condition (light/dark, 16/8 h; 23°C)

D\ FFEHAULIE

I
LD or SD treatment

i
WENECS D LZTILH DU
EHiCKS

Radiocesium (13’CsCl with 0.1 uM 133CsCl) was added

to the gel or applied to leaf with paper disk

A) 137Cs |

\

B) 137Cs L_HEEWCS measurement

o

137CS 137CS

Gel culture

%Eﬁgjﬁ'm& distribution analysis @

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

LD LD 3 weeks LD 9 weeks
SD SD 6 weeks
48 h
treatment
vs)
Q)
n
[l
—
(@)
3

LD3 SD6 LD
*EZ'J“S@%%“&HY Nutrition absorbed by root
— g%iﬁﬁ Xylem transport

Noda et al.
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Cesium localization in poplar through foliar absorption

LD LD 3 weeks LD 9 weeks

SD SD 6 weeks

48 h
treatment

LD3 SD6 LD9
%ﬁﬂ)lﬁlﬂx Nutrition retrieve

Noda et al.
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Uptake and translocation of 137Cs mediated by K* transport systems

KUP/HAK Y

')
H+K*
VACUOLE

SHOOT

Inward K+ channel
AKT1, KAT1, KST1 etc.

High-affinity K+/H* symporter
KUP1, HAKS etc. . pro

pe
High-affinity KE EI@:?cf)‘tn gis Of |
Non-s ve cation chann o

CNGC, GLR etc.

Ahmad (2014)

Inward K+ channel. Qutward K+ channel.
non-selective cation channell3tZ> DA ZEHIXT D

Inward K+ channels, Outward K+ channels and
non-selective cation channels can transport Cs*

White and Broadley (2000)



Relative expression level
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KUP1 expression in artificial annual environmental cycle
Lz I |

KUP1 Expression
Upper shoot Root
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x @
S
anage ‘ eﬂq‘e
S & & >

uC\-ea I | i
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KUP1(ZERTHRIRNBIETNDS

(normalized by SDO condition)
KUP1 expression was down-regulated by
low-temperature condition in poplar

Noda et al.
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PttSKOR-like gene expression in artificial annual environmental cycle

PttSKOR-Ilike2 Expression

Upper Shoot Root
i
0 i
S & & &S &S

* < 0.05
(normalized by SDO condition)

PttSKOR-like2(358H L{ERTHREEND

PttSKOR-like2 expression was up-regulated by
short-day and low-temperature condition in poplar

Noda et al.
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Cs-137 translocation under LD and SD conditions

LDIEFREAF
Prolonged LD 137Cs was added Expression of PttSKOR-like2
on the culture medium was decreased
BiCsx4HBIEH EIZAIE  PHSKOR-like2: 8inFHFHIE
O\ BASH A—S U128 %
S mEmiR
Q /___.\ Imaging analysis
BHUERY 1)L 137Cs was added Expression of PttSKOR-like2
on the culture medium was increased
LD to SD 19Cs £ A B EM (AR PHSKOR-like2BIEFRE 7

BASA A =D JI2& B
BT RET

s X — ——, Imaging analysis
MN’e— N— ]
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Cs-137 translocation under LD and SD conditions

LD 3 weeks — LD 4 weeks LD 3 weeks — SD 4 weeks
(137Cs treatment) (137Cs treatment)

PttSKOR-like2 expression N PttSKOR-like2 expression /

Bars = 1 cm

PttSKOR-like2 DB EFRALROERET T
137CslE LI SO EIREBN\ DR EMBE NI

Radio-Cs translocation to upper shoot was enhanced
under PttSKOR-like2 up-regulation condition Noda et al.
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Dynamics of radioactive nuclides within forest ecosystem
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It needs further breakthrough---

%Eﬁi—E IWDINSA—F ([C"BEFORRLNIL"&
BT 3 C ETHEPNRRIREORELICHEFS

Adding the “Gene expression” parameter into environmental material

: circulation model for comparing different environment and tree species :
GassEEEEEEEEEEE ( ------------------------------------ O R O Oy oy o } ------------- "

Walther and Gupta (2015)
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Radio-Cs contamination of sugi (Cryptomeria japonica)
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Negligible decreasefia

Increase e
Decrease (% 0.3) Decrease (x0.4) (x1.9) (x0.9)
s (kBg| @ (b) () , (d) (e)
———— Needles that grew Needles that Needles that grew in Male Pollen.
Pre-2010 | pefore 2010 grew in 2011 gg:riéﬁogo'ﬁﬁg'es' flowers.
7.3 (pre-2010 needles). (2011 needles). needles%.
Gene expression @ [

Estimated Cs flow =>» —

-

Kanasashi et al. (2015)



