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Transcriptomic, proteomic and metabolomic profiling of low-level gamma irradiated

rice at litate village, Fukushima

Randeep Rakwal

Faculty of Health and Sport Sciences, and Tsukuba International Academy for Sport Studies
(TIAS), University of Tsukuba

E-mail: plantproteomics@gmail.com

We have been investigating the effects of low dose of gamma radiation in rice, following the
2011-3.11 Great Tohoku Earthquake and the subsequent nuclear accident at Fukushima
Daiichi Nuclear Power Plant. To do so, the contaminated litate Farm field (hereafter ITF)
located in Iitate village, 31 km from the damaged nuclear power plant having an ambient
radiation level of ~ 5 uSv/h, around 100 times higher than natural background radiation for
Japan (~ 0.05 puSv/h), was used for investigating low-level gamma radiation experiments
using Japonica-type rice (Oryza sativa L.) as a model system. Two experimental designs
were used, first, a two-week-old seedling model for leaf, and second, growing rice in the
contaminated soil till harvest for seeds. In experiment 1, the leaves were sampled at 0, 6, 12,
24, 48 and 72 h post-gamma irradiation at ITF, and rice whole genome 4x44K DNA
microarray chip revealed differentially regulated 4481 (induced) and 3740 (suppressed) and
2291 (induced) and 1474 (suppressed) genes at 6 and 72 h, respectively. Gene expression
profiles in DNA replication/repair, oxidative stress, photosynthesis, and defense/stress
functions were validated by RT-PCR. Simultaneously, 2D-DIGE-based analysis at 72 h
revealed 91 differentially expressed spots, whose MALDI-TOF and TOF/TOF mass
spectrometry analyses identified 59 different (50 up-accumulated, 9 down-accumulated)
proteins. These results unraveled the molecular responses at the level of the genome and
proteome in vegetative leaf tissues. In experiment 2, we grew rice in the contaminated site
(rice field) in ITF, till maturity and harvested the seeds. These seeds were compared with the
seeds harvested from the rice grown in the clean soil in Minamisoma (Fukushima) at the level
of the genome and metabolome under continuous gamma radiation exposure outside and
inside the rice plant. An Agilent-based multi-omics workflow and analyses was used for the
seed study to reveal the modulation of several metabolic and defense pathways related to the
stress response of plants. It can be said that the rice plants grown in radionuclide-
contaminated soil form seeds with an elevated defense capability against stress. Currently, we
are investigating the rice seed proteome-wide changes using 1-DE shotgun approach in

combination with mass spectrometry.
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Pharmacokinetics if Radiocesium in Wagyu (Japanese black cattle)
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Table 1. Pharmacokinetic parameters of Cs in SD rats (2 weeks after the dose: CsCI(117mmol/kg=15mg/kg))

t1/2(a) hr T1/2(B) hr MRT hr F (bioavailability) %
v 5117 155+16 136+9 -
PO 5.1%3.1 16034 13620 87+5
Vdss l/kg CLtot ml/min/kg CLr ml/min/kg Urinary recovery %
v 14.6+1.6 1.8+0.2 0.7+0.1 40=£3
PO 14.4+3.1 2.0%0.2 0.8+0.2 41+9
Table 2. Pharmacokinetic parameters of Cs in SD rats (16 weeks after the dose: CsCl(117umol/kg=15mg/kg))
T1/2(a) hr T1/2(B) hr T1/2(x) hr MRT hr F (bioavailability) %
\Y) 21+1.2 53+22 289429 275%22 -
PO 4.0+£3.4 68+31 34118 308447 91+10
Vc I/kg Vdss I/kg Cltot ml/min/kg Clr ml/min/kg Urinary recovery %
\Y) 6.5+2.7 27.0£2.9 1.7+0.3 1.0+0.2 63+4
PO 5.9+2.1 29.9+4.5 1.6+0.0 1.1£0.2 6311




Table 3. Elimination half lives of Cs in Wagyu Organs 14
(14 weeks after the multiple dose of '*'Cs (100kBg/day for 21days) i

T1/2(c) day T1/2(B) day o
Muscles 14.043.1 60.8+7.9
Parenchymal 8.8+0.6 66.5+3.0 8
organs 6
Gl tract 7.2+1.6 63.7+7.4 4
Lymph node 7.1+3.6 82.8+27.7
Glands 9.9+2.9 70.843.9 2
CNS 26.316.3 - 0
Blood 9.9 69.3 0 10 20 30 40 50 60
Urine 7 69.3 Figure 1. An example of Concentration - time curve
during and after multiple daily administration of
Ca—127
1) \ ~ o wr
ams O g AN T
28 0.6% B 1y AR RRAE
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Figure 2. Organ distribution ratio of Cs—137 in Wagyu
(The right graph is the ratio excluding the lumen content)
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Figure 3. Concentration - time curves of Cs—137 in muscle, blood, and urine samples of Wagyu
ABIOFHE CTITIHKIBFRDO/NT A =2 RGO NT=OHRTH > T2iy, WIGHE T & & oW IaE

B, EERRFHAREOCR 7 V7 7 2AF2W LM 25 L L b, FOREBIERIE Z2EZ LT
EGS5%D YR 2 b—3 3 TH LM LTz,

*IKitasato University, *’Iwate University, *’0bihiro University, *'The University of

Tokyo, *°Tohoku University, *University of Miyazaki
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Estimation of Radiation Exposure of Wagyu (Japanese black cattle) in Fukushima caution

zone

OB YRMEZ ™", R, MHFEE*?, Ea RIE™, R, HoEE™, THIAE, FHER—",
FRIRATZ >, EEPEIR™, B HEZ ™, NEESCY, HEEEZ, MHE=EATS, R, RSP
AFRTE, AR RO, BRI, EIR R
(NATSUHORT Masahiro®!, SATO Ttaru™? OKADA Keiji*?; SASAKI Jun™? SATO Hiroshi™*?

DEGUCHI Yoshitaka™?; CHIDA Hiroyuki™?; WADA Seiichi®!; KAKIZAKI Takehiko®!; UENO Shunji*!;
HOJITO Masayuki™!; KOJIMA Takahumi®!; ITO Nobuhiko™'; MURATA, Takahisa™®®; SATO, Shusuke™*;
OSAWA, Takeshi™®)

[1. ZTC®iZ] \BEE - JRBEFLOIHERXIZAN TITS THEEEOFDERFE 1 Svi b
+ u SYOBREE R THERMICEHT SN TS, A IX20128EICBIMEERER & & b RIS FERE S
B L BT S (BIE4) ] 2L, 150881 & D42 %RICHHE - HFEEEh 21T/ > T\ 5,
ZIZTE, TRETEHELNEEED Y b EICAONEIE BMEICET 2 FEEE P OIS T 5,
[2. FAEFE] FAESFSHXITZEMRERO R 23MEORY; (& & IRIRITHT, KAERT, /L
HIX) L, bodbZERBREDEV/NLHIX TIXHIENIC A v 3 2 RITTE O 724 H 5 o0 #1352 17 5>
50, 50, 100cmDE S & —~oA A —%& (FEHEFE : ALOKA) T2-30H Z L ICZEHMMRERZHE LT,
FRMERA  NEBDDS5HRA Y MIHOWT, HHEORENH5emE TOHYRIL A Lz,
FIIFY B O — IO W TR ER O LA 2 BT 572012, Hr~HB AZ (HAL : HGD-
E1500) THI%E - foek L7, AN < BEITSRE (BE'4) OHIBIT~L N —FRIZESET
LT, HITARNy VIZLDMEEZET=F— LTz, FCEBRIRIF2013F12A NG TH LN E - & LR
BORWHX IR YR G X & 72 5 72 72 D201 4FE D108 Z R BICHlE I L-, BFlIADE=#
—IERTAH T ARy Y (6D : TRETZ V) 22~37» ABREOMETE=%—L7., £,
RbHEWREROPEGOZIXICHEINT-T=2 Y V7 HRA N (MP) 2k 28ER (20124F4H3H
LV PEMNAR) EHEL, BEALRDNCHTENCLDHEINZI-PT, Pcs, PCsD ikt
K TAEAD TGRS I L 2153 HEN D OB RS 5 R 255 (TR ER, VR E
O OFEFMRE, 720 NIEHEIC L 2MERROHEEMRET GROHBZHETE LT,
[3. HRBLIOELE] 17 ARy ITE 52-30 B ORBREMRE O L2 H & B &
(2013412 H ~20154E12H) D P28 MR & RIT L E WORR B R O TH X220 u Sv/hn b,
ZDIFIF2FZITIX10 o Sv/hIZ i L Tz, BRESRO ISR L Cidfho X o5 R 4 R T
bolz, BIEMIRF D280 AR OREAEMREILE « F - R EFEOHIG TENEILI315mSy, 44mSy,
5.4mSvEHEE ST, £, BREROPIGOERBREROHERIIMP TEIZE SN HRBIZIZIFE 2
LCWe, ZOT—ZnbONEE, FIA Y RFO R KU E R 2 F B (P, 'Cs,
Bics) OMHEIG 2 TN TN50 1 1 1ERE LB (1), W1 o Ze MR ER IR K TRI341 u
Sv/h CTholz s (Fig. 1), £/, FHCYFRENLHEE CToOR XL Z1, 830H M T4 D
PR BT KL, 03TmSv e HEE &2 (Fig. 2), T DOISvEB 2 HFEREBEIL, HHAKRESR CHE
ENTOWDHABYOWIEIMEL LTUIRKTH D, 2055, W Ik 00 < REITE
R CTReRKISSmSY & HEE S 41, ZOMT (K D4MBHE < T O30 E TR L EYT 1L Dk
X < HRE (88mSv) ™93% (82mSv) TV, ZIFHEHH 530 H B ORI ERIRIE < B &
(107mSv) O58%N'TIZENT 5 Z & &~ L7 (Fig.2),

DB, BEFENENT D ICEWVERRED EFRIIOE T Lz 00, PHIC L 2780 80%
S OEENPCSICEBEIEND ETITTB L L1600 289252 & (Fig. 3), T4ME oih
BNICSICEHRIND ETIERB XL Z2,8508 (7.84) #3425 (Fig.3) T LAVREBINT,



Kl BHELZLLOHERI, #E LT8G, B I OERRES SR

WELERO R Bt HERE hiEh Y mSV/h/MBq/m*
A T1/2 (day) MBq/m? 72 R 2 R
Cs—134 753 1 4.8 5.4
Cs—137 11, 003 1 4.8 2.1
1-131 8. 02 50 240 1.3

*HBE I OWEIZL D,

DY L UME (E) OFESbLETRERSSAE (Fig 1), KPR E>T, FrrE
B B ORI (Cs 1) 105 < EHBREHE T 5 = &0 & » CHERB & 7= Z2Rigdic Bt
R DR, BB, & ORI R D B SR RS Shit, A,
FUFIFSSEDE, 05, AT, ©OBBIEE TIECs BB & LT OAIIE S 0%
BT 0, BUEDREEIT R 5 MCs D% 531350%, WIE 4 WEREE L HEE SN D,
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Figure 1. Estimated dose rate in Omaru farm since March 15%", 2011 Figure 2. Estimated cumulative dose

based on Fig.1
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Figure 3. Relative contribution of the representative radionuclides (**'I, Cs, ™Cs) on cumulative
external radiation exposure to Wagyu since the explosion of the Fukushima Daiichi Nuclear Plant

(March 15", 2011)

*IKitasato University, *’Iwate University, *®The University of Tokyo, *“Tohoku
University,
*S5University of Miyazaki
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Dosimetry method of animals affected by Fukushima Nuclear Power Plant No.1 accident

O W' BFE A A EE wik
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1. [ZL®IZ

BB AR R EREAT 7 0 — 7 TiE, Rt
JitE & B — R 1 E AT (FNPP) JEEOE) O
M Z 20118 M HAT> T D, £D 95 b,
FNPP 7> & 22 20km [ W IZ B £ 40 25 [H 25 Xk
2B T, 20114E8 H29 H 72 5201343 H 7H DFfH
IO S 372204 GHD 7 212D T Particle
and Heavy Ion Transport Code System ( PHITS ) &
Geo Information System ( GIS )% FV > CHR &AM
Z4T - 1=(Sato et al., 2012), FNPPEHIZ I T 5 ¥)
HigkiX< o, HEEARZMILTe-132/1-132, 1131,
Cs-134, Cs-137C&% 5 (Imanaka ef al., 2012),
MENizr v O TOlE#R) 5 Cs-134, Cs-13728
B &, 208HD 7 3 OB S Te-129mA3 i Hi
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ELAE L2 EpHE STV (Tagami et al.,
2013), AFEXRTIX, FHT B LIIHKIE< b
BT, BB E TOIR, NI < BAHEE
T 5, AENTIX. FNPPEOEILE ) ~DN -
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2. ik

ICRP NABA L TWABEMW O T 7 kA
Z PHITS % HWCIERL L. PHITS (T X 2 #AR4R
¥ WAk L7=(ICRP Pub.108 ), 7 2B L T,
KA. T BRO7 7 v b AR LR
EEE LT, UV OlRERE TV~ =T KCREK
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1. 85

LE T VL (Te 1000, Wako) & ZE L v 7 A
(CsCl 99.9 %, Wako)Z ffi/k CARIEKRIC L2
DONZFNZEI 1 mg/dry-soil-kg & 722 X 9 ITHE
REE- 4B LEICRML, HEoOFR A
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