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Development of systems for objective assessment of the

cutaneous sensation in elderly people
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Nobuo Noda*?
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Abstract

Cutaneous two-point discrimination is known to be impaired in patients with Minamata
disease and is expected to be useful as one of the biological markers for methyl-mercury
intoxication. Therefore, we have developed an automatic two-point discrimination
measurement system that enabled objective and reliable evaluation of the two-point thresholds.
However, it remains still unclear whether the system is applicable or not if a subject has
peripheral neuropathy, which is one of the common symptoms in methyl-mercury intoxication.
Therefore the objective of this project is to develop systems which can assess the cutaneous
sensation objectively, even in cases having peripheral neuropathy.

This year, we mainly focused on following two studies;

1) In order to evaluate peripheral neuropathy objectively, we developed a new method which
can assess superficial skin sensation. Using a PC-controlled electric stimulation with button
feedback system, we measured sensory thresholds in 8 young subjects. We found that
individual sensory thresholds could be reliably estimated in 2 minutes. Further, we measured
somatosensory evoked magnetic fields (SEFs) using this system. We found that electric
thresholds to elicit SEF waves corresponded with individual sensory threshold determined
behaviorally. The results suggested that MEG is useful to estimate individual sensory
thresholds objectively.

2) Since peripheral neuropathy generally causes glove-and-stocking type sensory disturbance,
and oral areas are normally spared, we consider detecting abnormal two-point threshold in the

oral areas can provide important information. Therefore, we also developed a new tactile
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two-point stimulator which is compatible for MEG measurements and can stimulate the lip or

tongue.
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Neurological symptoms of Minamata disease (MD) in

long-term-analyses

Yukio Ando?, Akihiko Ueda®, Hiroshi Sato?, Masaaki Nakamura®

'Department of Neurology, Graduate School of Medical Sciences, Kumamoto University
%Sato Neurological Clinic
*National Institute for Minamata Disease

Keywords: Minamata disease, aged complication, neurological symptoms
Abstract

Minamata diseae (MD) was casued by ingestion of seafood from the
mithylmercury-contaminated areas. Although 50 years have passed since the discovery of MD,
a few studies were available on the neurological findings in patients with MD in
long-term-analyses. Thus, we evaluated changes in neurological symptoms and sign of MD.
We also evaluated neurological symptoms modified by ages and various complications.

We evaluated 10 patients who visited Minanata City General Hospital and Medical Center,
since their neurologic symptoms got worse. We did not determine their cause of worsen
neurological symptoms in 6 patients of them.

We should distinguish neurological symptoms of MD from that of aged complication. We
should be careful in looking over treatable complications such as cervical spondylosis.
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TWbZE, £, ZO7 U THIEMEIRE MeHg 2845 2 & T, 7V 7THilaf kO
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Effects of low concentration of methylmercury on glial cells

Schuichi Koizumi, Youichi Shinozaki
Department of Neuropharmacology, Faculty of Medicine, University of Yamanashi
Keywords: Methylmerculy; Microglia; Astrocytes, ATP; P2Y1 receptor

Abstract

Glia functions as a high-sensitive sensor to monitor changes in brain microenvironment and, is changed into
various phenotypes. Thus, these changes affect brain functions. However, effects of chemicals or other
hazardous environmental molecules including methylmercury (MeHg) on glial functions/dysfunctions
remain largely unknown. Microglia are highly sensitive to even small changes in the brain environment, such
as invasion of non-hazardous toxicants or the presymptomatic state of diseases. However, the physiological
or pathophysiological consequences of their responses remain unknown. Here, we report that cultured

low

microglia sense low concentrations of the neurotoxicant methylmercury (MeHg™") and provide

low

neuroprotection against MeHg, for which astrocytes are also required. When exposed to MeHg ™", microglia

exocytosed ATP via p38 MAPK- and vesicular nucleotide transporter (VNUT)-dependent mechanisms.
Astrocytes responded to the microglia-derived ATP via P2Y receptors and released interleukin-6 (IL-6),

thereby protecting neurons against MeHg""

. These neuroprotective actions were also observed in
organotypic hippocampal slices from wild-type mice, but not in slices prepared from VNUT knockout or
P2Y; receptor knockout mice. These findings suggest that microglia sense and respond to even

low

non-hazardous toxicants such as MeHg" " and change their phenotype into a neuroprotective one, for which

astrocytic support is required.
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DI, BB O N145 BRHERABEICIERE TS Z LR ashiz ¥, ZhETohE
aR— I D1,0224 (1986~87 I8 k) TIIHATRMEREIC AT 5 & & 2 LTV 5 PUFA 8
PESNTWeholen, AR — I TIEHES N, ZOFE%., PUFA OFEE a3 & |
BEREENRBEO LN LD THS, ZDOXIIT, KIRE A F/LKRIRTE OFEL T 5 BRI
XEERAEH T (VW LIEER) Z2HELENRNEIICTHIENEEL D,

ZOM, AFNAKERTIERL, PCB Y/ nny 7 =LY/ unnxF L (DDE) & B3
BIZBET AT, MAEEOREZFF>7 = v —if i 5~7 4 CliX. PCB <> DDE 23 JEiifi+5
B BMI) EEET LR, BRTITZOL D REEITEEO HNRNEWVWIFRILR T = v —i B
(22~27 W) THTREST A NATe Y 24N T 5747 4 v e MIlEBENRT > ~—27 ALY
LIEF LT s LY,

B A2 )LINREERELLDFEE

A= VDN RFEENIE (Seychelles child development study) 35 & UV 58 22 4 22 A 78
(Seychelles Child Development and Nutrition Study) DAHEE L T4 MROFRIAHEERE SN TS, =
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NHDHHAF IR LKERICBIEST 201X FD 3R ThH -7z,

HPEA 7 FLEE (ASD) & /KRR & OBEIIBEICBNTHBEESNTWD, £ T,
YA V= NI O 2R — b 1,784 £ ZXFHIZ, Social Communication Questionnaire % 1T\
0 EBHIZED D BHO 53T HITOVTIE, 10 B OKFIC Social Responsiveness Scale % 2% B 1K
W L7c, ZOXZROMERREBOBEZKBIREIT S 6.7 (FEHERZE 4.4) pg/g TH Y . Social
Responsiveness Scale D75 51% 57.6 FEHEMRZE 26.8) ThH -7z, T E D DOMERIC, BT OFHEEE
L CHE S L OERERIG T2 3 272 o T h |, BEKEREE & ASD ORNZIIA B 72 BhE A7
bNedoie, Licddo T, ASD REHOITENIXI LT, AFNAKBITEETHD LITEZ LN
RNERERR LT, AL, Z O Tldk L R0 PUFA 72 8 D228 TR0,

TA T NI EERBIIICD 5 i a2 — B 236 AT WT, HPERREEBZKENRE, R
Bl PUFA. Hollingshead fE= R BHRAR, PF - fFlin/e E 2T L7k, REBLOWE T ~ LT DEEEHK
(BB KSRTR) &N RARRRER AR & OR#Z R T, Lo Laand b, IRV 04 R KR
WRER & /NS EMRA R & OB b o7,

YA T VNEFEEFED 19 i o — b 533 ZIB W T, FREMRITEI IR EL B 2 -
72 2 HPERFREE B SR SRR EE (F-14 6.9 nglg) DT, 19 3% R D BEKERNLEE (K44 10.3 pg/g) <
PUFA JREEZFH S, MR IS RF T B2 Mat Lz, 19 s 0B O BEKEIRE 12.5 ng/g 1%
A D 8T nglg LA TEM ST, Rab~d o U fE (DHA) & oA a2 X fE (EPA)
X B OFH)T0.04 mg/ml TH Y, BT R -T2, 19 RIBBEKEREE L, (BETIEIRL) &
WTT7 4o =2 B TR EAOREE A | F 725 72K T Kaufman {5 FiEHR A (K-BIT) &
BOBEZ R LTz, L LR s, HEERFREBIEEZKEIT 19 5 L0+ &b ORI TEI MRS

TEE RIES Do T,

B EHROREFREEZSOHEIR— FARDOFD A FILKIREEERX

BRI (FRLEWE) D18 b ORI 2 282 LT 2RA (R P CITbh
TEY P, 2o bELNDRHLE & EBUFR L OBEMEEAA Y 2 7 FHICKM L L 5 L5 X
TWD, DRETIE, &6 O/ L REICET 2 2EME (TIFILRAE) MPREE N ERT
LEF Y=/ e LT TR TEY ., 2F 10 HADOHA R — h &Rk 26 4 3 HRKE T
Y7 N— T 5TETH D, an A HIEIL 21 [ (V70— » 34 B8R 13 4 78T 5 4F) TH Y,
WFREENLHMEL LT, OF &b OREFRICHELZ 5 2 2BRBEEROMY, 17 &b oMitts 5
JE L7 U A7 EERH OREE, QIO T &b BRI E DBRIEO R, @EBSHS & EHiE
EZETTND, ARETIE, HAERFOATFT ALK, §a, W RITVA BH, BLY, XA 4FT
Y. PCB 72 EOFEMFWEOM, PUFA R EBRESND Z LITR->TEY | AF KR
RIETHERBEEN TN D, ZEEND 72808 LTE, BRI EZEOFMEZ ED L 512827
D DINIONTHLT LEPAREICEE > TWRWZ L TH D,

Z O, BREEREFEIR O HAE AR — MFEEZ B Z R > TV O DITKEF L R X 22T 1
RA N AR — MR, A2 00— AR - SIREET e/ b, vnF = 2¥—EHiH
W, 2V —77 0 Keafk—h J—AAadAfFar—r ITH - ark—bF CKE)., A
X avT HiMEniE, /vy =—fEFOar— Mk, Tr~v—27EBFHAEaR— K,
RAYam—h, 7% PCB+ XA AF M98, R—hE—U—-«ak—hF (F—AFrF

63



TN =a—U—=F Rl%E, 7 74 A M F v —F L BENE (=2—2—T 2 F), #EEE
AR— MHERETHY . T 6 DOHTRAFILIKRREDRELEIC OV THRF L TV L%
WIFIETABL Ea—T DT ETHD,

X 5 |ZiT4E, International Childhood Cancer Cohort Consortium (I4C) 73, /RIS K O A LLE D
U A7 B 5 A FREARBER 36 K ONBEARZE R % 4 N DA — & 2 FV TRl 5 K#
RLEFRAETA & 2R — MIEZIB 272> TE Y FI/NER LU ORBICET 2R X
OGP WG EE DBEENZ DWW TR L X 9 EEHE LTV %, Z4UZiE Murdoch Children's Research
Institute (4—A k< U 7). Boldrini's Children Center (7 3’/), University of Copenhagen (7 >~
— 7). Statens Serum Institut (7" >~ —2), IARC (UN/WHO), Inserm (7 7 >~ &), Hadassah Medical
Organization (-{ A 7 /L), Michson Foundation (71 ¥ = U 7). Norwegian Institute of Public Health
(/ /v =—), Oslo University Hospital (./ /L7 = —), Centre for Research in Environmental
Epidemiology (A XA ), Institute of Child Health, University College London (#[E]), Circle Solutions,
Inc. CK[E), National Institute of Health (CK[E), University of California, Berkeley (CK[%]), National Cancer
Institute CK[E) 2 ERZMLTEY, BAROZaFIHRHELZOSMNEEH CEIAIZER LTV
2o

4) BRI LREL TS E FKEEHAROEE
B OHAEOHEDIR— MR

AAROEZ DA aR— MR BREL 86 OREICET 2ItmEA 27 ¢ & THIL=
B— A THY, WE L BBEETIEOT THREMERREZL 2> T\5, REE 7L
DREFRIZBE S 5 AbiEE 2 2 7 4 (TFLIRTTN O 1 ERE A — b (K5 514 40) & iR T O
KEME= AR — b (fEH 20,000 £0) D 2 S/ H722 0 BIEIRHMAM, W, B2, BHLOX A4
XU AT v FZRILEY., KRRFOCFEWET X D/NRO AR, FRfEFE=E, 7 LL
F IR & OB A SR 2 AT 2002 2B S 4, BB ITEREFRE LY
WEIREE ORIREIGR, AL B AR 5 DB 2RI N MER R OFfE & e KR
e O LR 2 BRYT 2003 FI2ZH BT Sz, 2013 SEOMFERR TIX, aadk— 04t
fif 150 45725 2003~2011 4FICERIR S N/ MEH A 7 » BRICEW OISR S iz 20,
I OXREFEOF I X O ER % % L 72 perfluorooctanoic acid (PFOA) 35 L OV
perfluorooctane sulfate (PFOS) 2 1T4 4 1.35 ng/ml & 3.86 ng/ml TH ¥ . K[E 1999-2000 F-35 L
2003-2004 4 [E Bt e s g A 72 (NHANES) DO%[5:38 1,076 44 & T4 LT DRV T
B0 LinbEND 21-63 5Bk 35 40 PFOA 3 KON PFOS L 0 HTHEH Th 7= 2,

Perfluorooctanoate (PFOA, ng/mL) Perfluorooctane sulfonate (PFOS, ng/mL)

M CEE30mEM) {232 95%CL 1.06~5.07 i 7.03  95%CL 3.34~37.15
JeEE CF¥ 31 akdett)  FRfE 1.30  Interquartile, 0.8~1.7 #9520  Interquartile, 3.4~7.2
Kk E CEH40 AL O ¥J454 o247

WAL = AR — MR EE AR TEER TG Y (POPs) 35 KON A F/LKERIZ K 2 I Ut~ A= R g
7 & W ORL - R & OB M2 I 5 N2 T D 72 DI EHE S 4u, 2001 - X 0 B R A A L7, 2013
I, Z0ams— 055 7R CTRIAMRE & FENRIE M & KSR ERE DT — & DT
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Shv, FERLRE LT BRI RAERICB < 2 & & R L2y P A HEREH LS E R & 0B
WZDOWTTIRE D222 72,

B HOHAED A FILKRICEES HEFHE

Takaoka © 1%, 1970 A2 F % @ Ontario M2 & D & A YV — & TG GHEH S - KERIZTE
eI oz BTz Grassy Narrows (ERZEH, BAREIEIR, FRFAIPT R, EMEEHT A
2010 AEICFRATZ Y, BT, B X AFHEE 36 4 (16~45, FHI 344 5%), 7 X N EiFES 44
% (46~76, V) 57.55%), BARANA FKMBIRES 88 4 (1 59 %), AARNE 164 4 (OF
Y58 %) THET D&, RAMMERIE, IREVREM, (CERBE, 2 SR THE RN
bivlc, MEL T, AFFAPEFEE, BARNRESE, 17X ANEFETARARRE L0 &
ST, £z, BT ¥ Grassy Narrows {EROEERIERIZHAOKEFOFEEEFE L THL L IICH
RIZD3. ZORFFECIIKERREE L~ VT Y T 27 — 2 13— UE Eh T i o Tz,

sec mm
1
20 - 30
2 ag JE
15 T I I 8 Group JE . o
1 @ Group CO 20 8 Group CO
10 1 0 Group CY 15 0 Group CY
8 Group JC 10 i @ Group JC
51+ :-;
BRI RILE IR %= i I
04 | - L3 - = [ 04 R “II ¢ 3
Chest R Wrist L Wrist RAnkle L Ankle Lower Lip R Index Finger L Index Finger
Fig. 2. Threshold for vibration sense — group comparisons. JC, JE: p < 001 (all locations), Fig. 4. Threshold for two-point discrimination — group comparisons. JC, JE: p < 0.01 (all lo-
JC, €Oz p < 0.01 (all locations), JC, CY: p < 001 (bilateral wrist), p < 0.05 (chest and R cations), JC, CO: p < 0.01 (all locations), JC, CY: p < 0.05 (R index finger), p < 0.01 (other
ankle), ns. (L anke), JE, CO: p < 001 (chest), ns. (L wrist), p < 0.05 (other locations), locarions),JE, C0: p < 0.05 (lower lip), ns. (other locations), JE CY: p < 0.01 (all locations),
JE,CY: p < 001 (all locations), and CO, CY: ns. (chest), p < 0.01 (all other locations). and €O, CY: p < 0.01 (all locations).

Fe VR I REBLA R EE S EBREETH Y B SRR RO TR R 2 52 1) %, Sakamoto & [T AR & I
W O THE L FOEFRICE LT, BARMARMER & BRI T & TR LE Y, @
i) O i AR CHIPERFICER 9 72 48 FE1- D RRAEHCE & IR (2 4L & 3B g L 7o) BRI
BRLOWH M2 L, MWEICEE LT, fifh, BLr, AESE L L THRAKER, EREAKE,
fh. BRI T LERIE Lz, AFAKBERRE . R TOSEIREITHHAER L L TREOED
AEICE -T2, BT, BRI 0 AREIBEHEHE LD b 59 b Cm < R CHRER KRR FE
W24 fGRPoTe, ZOZEEH RI U LAORBRRA~OBATICHN L THBENRR 2T ELTO
BERHDL EBEZ LN, tho&BEE R0 AFAKBREITBRELY 1.6 5L CE
< AFIVKERITIAE CREBIRLE S D Z EAVURIE S Te, JRET A FOLKERIZRHAIN 35 X OV
T OO R M BR AR KER & AEIC R WHEBE &2 7R U7z (EAZAR BIEREK rs 1345 % 0.80 & 0.91), A #LA%
H1 A FLKER & REAR LS J OIS AR L BR AR KSR & m O EBIBIER 3 & o 72 (% % 1=0.75 £ 0.85),
DIEX Y, IS IS AR L ORIED A FLKRIREZ THT20ICAEHTHD LB
LIz, o R L R RMASS KO AR MER PR & A E R R > Tne (K4
r=0.38 & 0.57), fnfigds X OVEE ARk S, HESn, SR BT R & 2 V(A5 7R ML ER ke 2 &
BEZRBEEEZRI R0, BRI U LERMEM R ERPIRE & FHOAHEERHERD -7
(rs=0.41), TN XV HIRFORMED D FI U LRZELZ TFHTL2OICHATHL EEZ LN,

1950 FEARITKIR THE Z o T2 KM A FLKE T OKIRF) ORROZRIEETBRE L LD D
NEETHY ., EOZWEEOERIZMNIZIR D IEME 2 MG L 72iF7EI356 72, Yorifuji HIE,
1971 (WA 46) 4EICHEA KSR LIRS AR R 2306 2 72 o T2 MUk A >0 5 © o i b ik
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DRMEHEAER CYRERFEE TH - 72 10 5% LL L 779 £) L AKIREE s O A IR (45 10
LA B 755 44) ZIEIR L A F LK B OMRE RS (VUK DA TR 18 B o Fn 7R E
EHOMRBREE, K, BFEE, B, R, R, ) oK T OEREDO R
MM RET U Y, MR - RSB L ThH, & TOMBIERO AR RIZAKEIK RO 25 A Y
HIXAERE D S ERICHE D T, AKX A R T IR R SN R RS | 29 5 A1 206 4 (26.4%)
W23 1977 FEOFRESEHEZ 15 U CORGBIR &HIE S D DIE 136 44 (66.0%) Th o7, T8
L MR RIEE ) 23> Th, TNEETLR OV DEMEOMAT TRW L2 1977 F0ORE
FUET, KIRRORIERZ DR VKL AL > T d, HEEDIXFEELE, bob b, BEMN

MO i R P | AR 2 B R T2 RIS 2 L& R BLRUICRERT 3 2 FEERBIfE T <L oA F L
IKERDUEFEFAN & 722> 72D T, MEDIEMEZ T L2 Z L2 bR,

Z O, A FILKERE JOVKERFNEIZBI T D572 LIRS DWW TR L 7= 28 2013
FICHIRE N7 P 209 B TRIR (KER) RAMICIRDBUR & iRl 2 H5E & 9 D HERRIC R
O ORIABE Sz Y, KEITHIE CHE IR SR T, H< L EL ORI T2
D, KEBOMEFIZLE D fERRIEDS ANRLE AETBICB W TH LMo T2, Z O K& 2@ E
WKIERCTH D, D H 2T, WMEOKEBIHGF], (LFRRERKEBOFESLCAEERNNRH, AT
IKERD AR PEAEOME AT, (RIRE A F L KO IR BV TR STV 5D,

B HAED A FILKIRICEET 2EMERBRFDHRX

B ERR A2 LSS 2 Fl O 72 28R IFSE & LT PubMed THIZR S U723 31 11 #Rdb - 72 #7°2,
INHDI L, EOMIATFNKBEELCOMARBRERFILIZLDTH-T-, LIRS T,
Ly EBROBEOERIIRE (KR L Ok OF TR T 5,

5) K&t L U DERK

AFNIKEBL LB IO L UALEY & OF EAERSCHEIHEM R ZICBI T 28 7 7o a7 4 3
R5 7=, PubMed & HV T “methylmercury” & “selenium” 2 -2® key words CHRZE 4172 2013
FRITOREmMLE L2 — LT,

B EFHMRE—amE. ¥BRE. 127 H

Park 13 2003~2006 £EIZ 0T THToAL 72 K E O KIFALSE 2198 NHANES (National Health and
Nutrition Examination Survey) ®—Bg & LT, A 6,607 4 DI H I L OVR KSR & &£
BI85 I D W THEWTROFEAS 2 36 T 72 o 72 39, I JR K SRIZEE 13 40 7R LI EDRR A 2,201 44,
MG U AREIE 2,117 1O Tatr L, BFHE 24 FEEEWH LIE) 12XV PUFA ThD
n-3 fENGIE O FLABEIE A2 R Uz, i HPRe K SRR BE O (4B 1T 1.03 pg/L. JRKERIREE I
051 ng/L TH Y, XGED > HEmEDHE (FEAMRMAE £ 721N IME 140 mmHg £ 72 134E
SEHIIME 90 mmHg UL ETHo72) 11322% Th o 7o, EIMEOFTEEA » X, Ffin, P, A,
FE. BMIL, SEEIE, Lo = RE AR T & Lega. IToKERIREDS 2 f52Hn
% & 0.94 (95%EHEX M (C). 0.87 - 1.01), JRFKEEA 2 5127225 & 0.87 (IF], 0.78 - 0.99) & 725
oo S HICTHEER1-& L CTlEt U RER n-3 PUFA 258 L CHAERIIE DL o7, JRH
KSR & iR RIS IZ A O BIRGE R H D ATEEEN R I N E LTS, e HEE,
Mozaffarian & 3 KEAN 6,045 44 O @ N KERIREE Z 04T L, Al & 24— MHA ClavkeROigER

66



BN X DS MLEDRIE Y 27 O EFITRD bR -T2Z 2 HE LTS Y,

SDATF VKB ETHET TN A BRI GEFE I E VI BERD -T2 &b,
He SI3RA % ST RICHERIBIAE U A 7 B4 B RiA & 2R — M2 520 L7z >, 1987 4ERR S
THEFRIRE D720 20~32 1% D 3,875 4 D KE AT HOWT, BN OBl T3 % Pk i b ook
2L VHEE L, 2005 4FFE T 6 BLEMGRAZ 3B 272 o7, 18 M DIBHR T 288 4 OFEIRIFIIER 73
OBV, . MER. AR, BOE. B - BGEEME, HIRISEN R, FERP OFIRE, n-3 5N
&771/7Aﬁﬁi%ﬁﬁl%&LT%ﬁbtk AL TNHKER & & U o R IR R FSE R &

(ZHEBI LT e, TTOKERIREE S5 A O U S T hER 9~ 5 & | e i BED S AN RIS %3 2 Bl IR I
%W®A#~Fmilﬁ@ﬂwl1m-2%)f%0\ww@h%wmﬁ%ﬁﬁﬁbghtﬁf

X, A AU AR (BIIRASRE DR R MEREAG) MR T L7z Z EARE N7z,

A 7 A (HIND BYE 2009 ISR T A5 2 2 L7223, Moya b ITHfiZk 2%
JE L7238 T A (HINI) BN & [FE S 72 40 4 & ZORIREE (B o 7 v RGeS il
REBE) OMPOBFEITHERE LW Lz *0, TO/ME, #iA v 7 o o PRETI P, K
R, W RITA A EHRBENFRICELS, BLUBRZMEWIZH Y, Zn/Cu H3HIINL
TW e, FUBILTER O H 5 72 F A4~ At %o —F (GPx) OIEMALICHRE R Lo
FEDF > M A TZEIX 12,5 pg/dL TH L, FHllA o7 o YPRETHI A U fE 12.5 pg/dL DLk
TH oL, FRFIERICEIE LIETITIIEL Rh o7, ARSIV —T1%, BIEOREBE
WZOWTHIEHE B L U REAZRME L., WREZFEMT 5 LT\,

B EFHNRR—4EK - REYPOKBES LV L VEEDRIE - LLE#&E

RINTIE, A2 U7 AN9004, ArnT==7 N5844, 70T FT7 N2344, XU v A\ 484
£ O s & FERL KR KO L R E 20T LR R . Miklaveie 3G L7, #ié
BAED e b BIRE CThH o T-DIXFX Y ¥ v NERMT, H Sl T i Ok ER)S 5.8 ng/g, b HED
3.3 ng/g. FFALT TITHASRE 0.6 ng/g. EFEMN 08ng/lg ThoT-, BL AIA XU T AT EiEE
T, MR O IEN 113 ng/lg Thoto, KR, bR, BUURERMERNL, BT ED
AEMRMABENE LN, RABIUEE - OMOMBIREN &> - oiE, I h o kER
(Spearman JIEAZFHREFR %R, r=0.442) & b FE (r=0.350) B L OEEFDKIR (r=0421) TH-7-,

Laird &%, KEHERENZ N2 ENMOBNTWD B F AT B ET 54 XA v FADOR
P 2 AEWTACAT VD, I L L E ORR A2 Y, L. EPA., DHA fEHEII N F 4D
BEEISEEZ M- L TRV, K, L. EPA, DHA BIREIZN ., fhofi &t
RO BN (EIZ r=041, 044, 0.32, 0.28; P<0.001), Kﬁ®$ﬁﬁ@%i79u%@%ﬁ/
B THY ., KBFEMEOIEAE (TRV) 5.0 ug 2 HEH O 35% 05818 LTz, —J, KEERE
IZE L, EPA, DHA L &EWEMBERH Y (EIZ r=0.92, 0.82, 0.81), 1 XA v b NDOEHA 72
BATEZEIRT A ICHT- > Tl FIEBLHED AT U A ZE LTI LRV EHE TS,

Sehar HIX NNF AL DA LT 83— FHIK (ANAK 5 TAN) ORABKTH D HETFAKRKOKE %
WHO A KT A U Zht- THRAE L7 ), kA 77 X~y JedEE (ICP-AES) 12 & 5 0#r

OFER, SOMIXNO 3 &, 7AI =T LR 2E0, Y 7502 1 EFT CAEEAEREL Y&
Mo TAENNE, 2T R EBHA RTA VELLTFTH Y, KEUIZHOWT HEEHEED 6 ng/L OE % R
2T ZAF ol b LTz,
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B REGE=FYIT—ER-EY

KEDOT R —MTIL2008 412 A 22 H ALABREI THO AR T 74T v 2 25T a kDR
L. KES ECHREDOARIKIEHEF LN A L=, Otter 2 LIGAHTDJIKRDILE & . Hutik

WCERT AT VT 7 EOEBERREZ ST LIZE ZA, L &=y S VRENKERER
FEIT (EPA) OJIRFREY OB 2 2 Tl 0 | IREEHEI AR Lok & U o R B 13k}
FA IS DR L 0 A IS EIRE Th o7z O, ROKERITRTT 5 A FILKIBOEIE 1T OO B) &
A L~UL (65~75%) T 72D T, HYME DO KAN S EAEEYM ~DBAT 2B 5 BRI
T TENREESHO 1oL L THHATE 5 reEELZREB LTz,

Alvarez H1E, AA T 1998 4RI L T2 Fh L BETE D (HF 1% D 1999-2000 4FI2, Ao
FATEE O ENLAR (DNP) Wi L ONDIAIZAEE T 2 B 11 O M A KR, A FAKE, L@
FEAASHT L7= P, KSR EE 1T 1~587 ng/mL O CEMEEOHRIIBEINT, ~ T EEKRL
ERBIKERIRIE D 80%LL A3 A FIVIKERTd o 7o, KEREDETHER & L The b IRV BIRAR S
NEERFIX, BORE, RICREBRE, WEHIKDIETH > 7203, EROFEIT KSR & 13
Uy otz, B LML 108 - 873 ng/mL DFPHTH ¥ | BRECHEIREE, Fi M Hll & (3 R85
PRIZRRO B Lo o, MHKERRE L, BN ARBEESN THEL L, WSS X D15 RICEE
IRE SN BN s BETRIEE Ch T,

Cheng 5%, TEEING D PCB & A FIAIKEIGHBEH SN DMK DK, I, FaDFKE, 2
FIKER, Bl PCB HAMEL, —AERELZH Lz ¥, ZofE, AFLKkRE PCB
TR EREEZBZ TWD Z ENbhol-, 7 /LD 42 O TRRKIRIEEE L ¥ L @
B33 0 . BGHEAE CIIFFICE L U EAKRERDENLENEIE L THoT2Z &2, B L DAEFEMEIC
LR OFEEEMT L LM U TN D, £, FIRILIERAO® 2 A—/R—FF L KV X
LK —+F (SOD) & GPx {EMEIEXT B VO TR T2, IRCRFIBRLRE  OTE I Ko 72 2 &

5., KERE PCB OB - EFIC L VIR TIZZ YV —F 2, TAF - 7Y =527
b, A=A XA KT U IV EOPREENEINL TWD EHERIL 7=,

Xia HiE, FERRICAEET 2 3EEOHR (T UkA, F7F, ~ T VA ORRKIE, AF L
KER, EL L ZEDMDEE (Cd, Co, Cr, Cu, Fe, Mg, Ni, Pb, Sr, Zn) #2347 L7= ®, A F LK
FRE KRR I L TR Y, TORIIXF 7 FTRbEL ., —H. AOMRET ORIk R )
mNEE UV UATMRIRE Ch DBIMIZH 57, EPA B O A~OEBEGFE LIREIL. o8 b
ZTCWRNZ EBbnrolz,

KEWGYTH BN TNDA—A ST U7 O AFIIC AR T 2 AP ORKER, A FAKE, &
LV UPREA Jones HDAIHTLICE 2 A, HIBLITNZ X DIREZEB N A LN, KEITHT D
LUHIRIEE A ER LU ETH -7 %, —HllOR B AOME OkRiRE) 2R L, A0

BIZ Lo THHRE SN HIRIC ) E<HEIE L TWDAEAEDH D L U ORFEFIHE (health benefit
value) (X—CHICHET RNE TldeWn & FHE DTk ~7,

T FIRETOFLUZEIC L DTGB 2572, Ouédraogo H I 334 O L 10 &
TR KM OKER, Bl b RBEZIELE O MTIROTRORE S FAEEELL T T
bV, EEREXICLDIEEITIA LN o7, ATFAKEBEEICEET SHF & LT, KOEE
CIREMERH T b, BRI oK, vFE B L URENEWIGET CIEIMBERE b & o
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Fizh, BAREK TR < ABNRIBADREDNL S, ATHIREIZIEZNOT 7V H Ml oW E
ERIUDRORE N LV TH D | BAEAWRED T2 D A FILKERERBEFUEE 2 B D 70%
PLEDEE LT, BtEREPUER OB D Se/Hg 35 X O As/Se th A METT 25 &0 83% D fan
BHLTLRETH D LHF SN,

—a— Uy —U—TCHiEINT-LAVB T V—T ¢ v 2 40 IEOMN, B, . BN, RSk
DIKERE & U REE % Burger D233 HT T 5 & | ATESE AT RIEAR H O #8 7K 8RR F£13.0.32£0.02 ppm,
BRfH A i 0.09£0.01 ppm TH Y | & L EZENE4 0.37£0.03 ppm & 0.3620.03 ppm T > 7=
D, B L KE DT LB KUK ISR A Oz, KENTE TR b EIRE T, e K
BT o7, BELUbBTELS, ME AR CRrbIR» o7, i, B REOKERE
AR LIEMEL TR, LTI, B I THRER & IEMREN AR L2, Rk &
VUBREORARE LB LW e, £, . B . Mot L > - KEREVHIIRE &
WHBI L TR, Eﬁﬂm<¢§@ﬁ%w@imém% TH, KERFEME A~ D PSR S 0 H
REL CWRWAEEMENH D EERINTND
B HE/NEMICEIT St Izzk?kﬁﬂ@?x%éé%ﬁ

I NE~DE L v EARROEFEBROFERIL, ENATIHRRENATND

Glaser X, ZHFETIZ, AT KR 21 BREIOKRAOEE T, ~ U AOKIKEE & /IMKIZ 37T
BEOATF VKNP ERBINTZZ E2RE LN, SRIFEVVAHRIELEN THL Y 7 ==Y
¥ L = F(PhSe), 5 pmolkg Z#5- L, #RFFIENEH SN D 0 E2RE LD, =7 20 KNEE
IZBWT, MR EMEA TS 2720 FEEEEE (I h a2 FUT{REM L 1L T-I B LUV,
GPx, GR, TBA-RS, 8-OHdG, BDNF) L @BEBEL T2 E 2 A, AT NKBOMRNEFRE &
EBIT, LI IVEB XD GPx fEEDMKT, GR, TBS-RS, 8-OHAG D#4ll, BDNF K 72 & D5
BRBDONTN, BV 7 o= = FE2RIFRGTLHZ Il omiilansg 2 &2
T= Oy

Sakamoto &%, 14 #Er D Z » I AT /VKER 8 mg Hekg/ HIEB L O L ) A F 4 =2 2 mg Se/kg/
H % k& 5\l 7 2 FIRHC 10 B B NI S W5 KR A 55 2 7o 72 2, KERBUM B 51 Tl
TN B2 N AR ZEME: & SO AR O INNFE D BTy, ' L o RIRFER GHETIZENL L 03
flahniz, 7 PORMICBWT, BROBIRSNIZE L UBSEBE, N T A F VKO R
AEBE Lz R _Tn 5,

Newland & (FAEMEHFMET » N & FAEF~ 7RI, AT AR 0.5 £721% 5 ppm OKEIEE & &
f4&4%uyg¢$m)aﬁ@ﬁmkk%;\MMitiOﬁWm@tV/aﬁ@ﬂ%ﬁz\
MRATENEREICBI T 2 EBRAZ L7z @, BEBLE LT6R, T/hbb, K Lo ofEMmEE
BEL 2 BEREIR R O M HHEA 560 2 X3 OFEBRIEA R E L, BB L MF~ U RZAXFF—FAD
TR L AN—2 L T2 SR (1) 526N D 4T v MM CREBEEE LR
—MUATE 2SS, RISV A UBEERTRELZ 527, ZO/RE., A FAKEREGHIX
L= LBEMSIAE S, B L URIFFRGHETCHRROE R TH 72, Lichi-T, L
YOG OF I BT, A FILKIRIREIC X0 ROSIIHEERREEIND Z LA RE LT,
lﬁﬁrﬁwétbptmﬁwEﬁiﬁ

T L RINC X DB E YK TS 72D, Mailman HIXIO A Y a2 ZEEE (KIRO—H4
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Zi— N Tl T IREEKS) 1Tl LA IREE 1.6 ng/L 70D KO MA T2 BT, KA A
7R, ThRbbRERMA PHg 2O BRI L TEDT ZFIVBENELT DD EHED D 5
RBRERB o727 L ORIME, AR O A S0 7 KGR RN T e K SR JS
FOKFT T o7 oD AT IOVKERE 2D S, KPR OKEIERIZE L U REER &
T TR I T, ROAFERT O L U REISKFE LR L IEMB LT A, FERR
8 W% THAMENZ T TIREICIIEL o7z, KIEREY L O A F L KEBOARE
FEMAEWD S, AOAFERP L VIRES FR IS ERboTe, R L, KHPERR
~OEMEOE L UEBEIT, B LU BROATERMEICHREE L CEEIITORITIUER L R0
BRINTWD,

Huang 5%, BT a vHFAOF-ELERE10LICE L ) A F A4 =2 500 ug Setkg & A F /LK ER
850 g He/kg 2 HUME 7213 7 & bIC, EEICL VRNERSEEREZB -7 ", ik
EIREFE D 48 Rl £ TERILL, T O®%EZR LAKRE L DERND A EZTHE A, B
Ve KRERMTBE GRETITM A AKER & & Lo B T UM & L R D KSR AR SRR R L
72 EOREL Se/Hg LI T1 L LIZRD K OMRENTEY, L/ AF A= 0BNES
N TH, BRSNS O L OFENEIC LV N O /LI 1 LLEICEFICHER SN D
Lo LEBEZ LR,

W invivo EEHN LAt L2 EKER

Truong oL, HilEIEICHE (Desulfovibrio desulfuricans) OXFHIZAiILY, it L EE. KERA A
VETMLT, BERIEG T CAEBOMEREL R 7D, 2 kA A oFmc k., s
T U T OAEBRGU LS U TEHI C A FOAKEROBEEAD M 2. WINKEEA A D 50~80% H3 4
JBKERCHALKIRDIREIC E Do Tz, W L UBORINTIX, —HaAHENIcE L o8& LE
D, KRTHRIMELVED 49% ETIZEEED | BElANT=ALD1 D& L THEBEMEO RGN
fit LUy AF LD NE Z N, it LU fEe KEA T ORIBRMTE cEREO®
Ly ERERNET, BB EEOR LRI W22 E bl L U ERAKERA RIS Ko THER
WASDEY IAAZ I <7z & BT,

AFNKBE VL ) VAT A % b HepG2 MIIICFEIFFARINT 2 & . BV AFLEL X
FA RV LV ) AF A= b AFAKBETMUBE L0 bkEERTERENE P, L/
VAT A U, PR EEERIEE A m O D T & CIEMEREERE (ROS) OFEALZIIHI L2 | A F LK
RFBHOT R b=V AL RIESE D Z & CRBFEMEZERNT 2T RIS D,

B LBl UKEBDAIEE

T L ROKERERBIZ BT 2 i b aFE A B S TE Y (HPLC & ICP-MS ZfiAatbhE s Z &
T, AFUKER, HEREKER, 4t Lo ZRIFFCHH L Cofrs T, BT 110 - 230 ng/L
AR REE D ETREL 15% LN & BAFC/RERE MISEY T A O 5T IET D &3 S
Tb \ ZD 74)O

ITEOUGE LS, BOMPOERERKE LV ALEWDR ., TR EDEL ) X4 Th
5 2 NREEN OIS 7 L — 12 L0 F& R ST P KEERAGIIZEY o % — D Yamashita & 13,
~ 7 aERNOHI LAt L AbEmE . EaffeE & & NMR fEHTIC X 0 W&o
L., TAVIFERXA L OF A7 MRV 7 M ORICEBR LR OEMEEL ) A >
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Ldh Lic, AR N—1LE 61, AELFWEICHT 2B EOET VAN THLET
T77 4 v al®EHWEEREZITD, BEL ) RA B ATFAKBOMA F AL RET L2 &%
KL, L R A FEBIEA B L ASIE T T O MR R AR L, T O VA R & B
THRE, BMRRICE T ARt E Th D Z R LT,

Pedrero H 1%, 71~ A V7 OIFHEGEF D A FIVIKERGZHT 24TV, K 60% D3 @ 731 D IKEENE ST T
FFAE L2 2 LAV L7272, ICP-MS & ESI-MS (2 X W /i 7= AE < B & L. pRPLC 12 &
D A F I KERFE RO 2 T2 7Y, ZOfER, BB AMAIE~EZ n BB LDV R T A 5
ETHY ., DRIHENTD A F VKRB MA D B IFIRICEE SN DR, ~ErZa e v nEi A F v
KEFOFEEEATHDHZEDRENTZ, BELUOREONE L EATBIEHE THDLEL /X
A ELTHELTED, ZHUDPKBEEFEMICRKESERLTWATHA H LEFEHF HITHRR
77

6) ZRERELEICEITHKIEBOEERE

R EETIIEE TARER OB T 5720, AINEEASINCHEE L, A8k 544
EBIoTWD, ZOME, E8ILE TIIKRIC L DERBEIE Y & Mk R~ D2 L
RLTWD, EF, SRR —&T v 2EORFIEE LT T ARERHVW BTV D
M, VT AT K DBRBEGRIZOWTER Y DTV, —J, HETEASBRINLICIE T 5K
EROAEFEITZ O JEIN DOBRBEIH Y & Ml R~ OB BN 2 . HHE O KERTE YA g~ D Mk
HKEBRA T NIKEBOERB LI EHZ T LW S| FefEE 72D >oHh 5,

Z Z Tl key words & LT “mercury gold mining”, “mercury mining” 35 X T “mercury cyanide”
BATIL, 2013 FEE IR ST LR RER Lo, BRER U723 SC o i & /NI A Lok SR411
HLNZFB T DERABITFE 5 KERE L OV 7 T K B RS L ORBEE R ICBE T 2 NE 2T 5,
B £HUAIDOS 7 U ILEYORES F VEEEZE

IS L CIX IR 0 BT 5 51k & UTKERT ~ v i BWER v 7 UARIER AV &
NTWb, =27 7 K/L® Portovelo-Zaruma Hi[X O/NEALEHL L TIIKEET ~ VB LiEE T
{BIETHER 9~10 b O&%EFEUT 2 L [FIFFIZ 0.65 ~ > OMREKER S 6000 ~ > D7 2 AbF k
U 7 AN OIS STV %, Tarras-Wahlberg 513, = OHIX % i1 5 Puyango Itk
DEREIEZEIZHOWTHAE LTWS 7, Puyango JI1 D2 7 A0 4 8 1T 13K E BB HE a4 [ [H]
V. KR Calera )| TIXFLHITEERES 7 > 5,200 pg/L, #8272 6,300 pg/l S ST 5D,
T ACEW X BN OIEGLIB B O N e T A a Y 2R Y Ao EFIE D
L. EMSERIEICEEE 52T 5,

Guimaraes 5%, Portovelo-Zaruma HiX O[JINZI1T 5 A FI/VKERDERRIZHT 5T o DOEAE
DEBLE R ATV, BB T T EERIRS O LTI S0y, TIRHIX TIE 280 pg/L &
m<, 100km FifE TSN TS (K1), Lb, 7 2D 50%NKIBRICEMR L. 50%753
R LG LT, SEMOISTEIZREY Y 7= 0 TR LA, S8 E L Ok TIZEun
(X 2), LR OMAEDDIEME & ARERD A T ALITAHBIERRD D0, il 7 > L3 Th
0. BRSO N CIXMAEY OTEMEITIKR S . KEBO XA F URIIARE ThH o7, #5130
BES 7 o DAEM OIEMERLE & KSRD XA F AL EABI X Z LTW5D LT3,
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DASTANCE FROM MIMING PLANTS (km) T #

DISTANCE FROM MINING PLANTS (km)

1 Puyango JIIDOAKE T DI T IR 2 RREMOEREYT-D T LI E Z D Puyango
JIOBAEIEYE (ugC/mg wet weight/h)

H—=F THEBRIBEEDOL I BT AUECEIE 2R 2> TR Y| BRIZIZY 7 oo~
DOFMHALFEWE N E EN TS, Obiri H 13 Bogoso Gold #EDITAMER D FKEAKSLCH T AN S D v
72 ORN S K ORRBRTEIC X D RS A S 2 e o7 ) SALAL O Bogo JI L TOH Y
T A DM VERIIRETE I X DEROIFEMERE Y 2 7 1%, PREAIEZE (CTE) fEfEICIB W TR AR
5 C 230, #RPEIREE T 43 Th o7, —J5. Bogo )| T TOARMERIIREEIC K 2 EROIEEMER U A
713 CTE f5#EF TR HERER Tid 0.031, RERIREE TiL 0.57 & ¥ 7 ALEMOmEIEICBIE L 723k
JEBERE Y 2 7031 K 0K < | BB IR D TIKD - 72, Bogoso Gold fHD A =R 2T 7 v
{LEYMEERIZ X DY ANIEFIZE N EanT & &bty T MW E ST KDOBIAIIRER
BRSO B & OBt Z ORI T 2 RE R ORI BR T 5 Lk~ 7,

Counter 5 {X>= 727 7 K/L® Nambija 35 £ O Portovel &FLLATHE ) SBEILT-T 7 A LUIRD
Saraguro Hi[X & Mestiro HiX Dk 114 A %SRRI HEOHRERL A Lz ¥ WK D 77
4, D ML K SR BE 1214 18.2 15,5 (#ilH. 2 - 89) pg/L & Portovel &8k (LI [X 374 DF-#)4.9+2.3
ng/L Oxf HEEE 15 44 D) 2.4+ 1.3 pg/L IZHEETH - 70, MR KERIEEE X Portovel 48411
X Ot & SHREED ik & DR &2 BRE . Portovel 48k LXK Oxf FREED 7k & Saragur Hi[X &
Mestiro HiX. D1k & ORICHFHIA B ZEDRE O bivlc, B, Bk, EEEE, BER L
D A TAEIK DFHA TIX, Portovel 441117 HEEFLTU 5 Mestiro Hi X D {21 VERY 70 BER | BZ
S, EER, BIBEEN LN, 5H OFKEFZIL Saraguro HIX TiX 44% (14 44). Mestiro
HIX TIE 29% (13 44) & L T Portovel 8L ILHIX Tl 38% (14 44) Th o7, F7- Mestiro HiX
DOFHES 4 (16%) ICHZEDOBEERERH D | ZDOH D 6 DB VIT— Ry doh, ilfElEk s b o
FEVEDOBEAERE D & - 7=, Saraguro #IX Tl 17k 6 4 (13%). Portovel &84 1 LIHIX TIE 74694 (24%)
WZHZ R DB 8 o 7o, & HIT 3 HiX 12 44 OF-fit (Saragur #1[X 5 44, Mestiro Hii[X. 3 4 |, Portovel
SHLILHIX 4 £4) IV F XA LAOBEERERH U | 1 408 HIE L Z2Er Sz, 8 kil ieigi:
AR L NT CAREN R bz, BFER PR E 2OV TiE Saraguro HiIX, Mestiro Hi[X,
Portovel 8L [LIHLIX Dt 23 £ 1T FIZaR, Rbkse, AAE R, T HK, simifb, Sk,
Parp ENR ST, BRI, MR T KERIEEE 2N 10 pg/L LA T % Portovel 4k L1 X 0 —-fik o> H A}
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FHRE T Z OO SEBICHN LN TS T AT U U A X DREO B ATRENE &
RIE LTz,

B NMRESIUEAIORE L L BEEE

INBUSE AL (LB D OfEy . 1 HER . )1 ZE O KERB YR AE ST %, Teran-Mita
HlX, RYET « Z/N2AHTF O 2 GEFTD/NIEEFLIL (Virgen del Rosario & Rayo Rajo) &2 D+
P D ARERD SRR E ~DKEERCONWTHAE L7 Y, TR OKBEEEMN 0.5~48.6
mg/kg TH Y, ZOREITIFGIMIXD 5~60 5 TH D, I —nr v GHEEDOEMEEZ 2 VB2
Tz, I OKERIRE 1 ZA FF, NTEX 7 B OIEDH ST 0.6~18 mgkg TH YV . BOE
T0.2~283mgkg ThHhoTc, A RERAT RO E EN D @IREOKEITIZ N O DM %2 &
RTCEET DT vROT NN~ BRI L DKBIRED LR O/ REMEZRE L, £/, &
U E 7 O/NEFAGL LR OKERITIH G S e TIEORRIX T ~ 7 N O T i~ 0 KRG Y
ZolEk Lk,

A RRT T OWY % U O Cikaniki NI O T4 0 12 L2 /NRBEILLHIX O 15 HEREY) <
T D KRERSI AR A Tomiyasa 512 & - TR Shrz ¥, AR PRSI X 0.11~7.0 mg/kg |
b b EWETNBESIL LXK O TH o 72, FEED 0~10 cm O FpR O T E Wi 0O 7K
SRR IIRED R bE < WL RDITHES TR Le, efiticEH S KRR ZwE LT
PR S, HIEEEICIE T LER L, 2 2ABRESAREOREEN HOREE KR L [F
HThy ., mEOMICEMMBERNRD Hivle, K EOREIZIEE LI KEITAEERHEICL > T
WY S, KERDEARARIT/ NI K ORI TRE L, ZOELOKBOZEREMED &
WZ & AR LT, HEREW TR ORKEREIE 10~70 mg/kg TH Y . JII FIZIfdy> THEEIXED LTk
0. BELBEEM DRI O E & BITEITIL, RWICHERET 5 2 L2 oM L,

Leiva & Morales (£, F VY Oz AR5 D Andacollo T DT < D&FL LD FEE D 7K SR FE 21|
EL. T OHBICI T 5K O BRE i 23 2 22 o 7= ¥, 1SO 10381 HA KT A eV,
FHEROKRREZHEBEREREES 2 m OL ZAT 14 FETE L, £0 55 1 &) 13.6+1.4
mg/kg & T X OBRBEMY KEOSHETED b LM E T A RZ74 2 (CA-SQG) AT XD
HA I 4> (NL-RIVM) LV EVMEZ R L TWE, $£72 4 2 CA-SQG <° NL-RIVM D&
EOHFRLIVNTH-o72, LML, 4 EFTITOTR ST A U D BRBHRH#ER OB S (23 mg/ke)
FVIRLS, v hEBREZ 726 T X9 TlEeroTo,

AN EE L CEE, KER-T ~ LA AIEIC K o TR L2 KR 2 SR h 548 2 v
TTHEIEND, &Y a v T TITHAICE TN KBERET D72 OFE, AT 5, TOREE,
& a v T OEMTEHN TV DBWITEA T D A& BWHREI I KA KICREE 415, Cordy
Hlixar B 7 O Segoviaya °F U O Andacollad @ F.0 1 CREENRIKER5HTET 2 WV CHAA R IZ
T2 0 KERBESE 2 ME L= ¥, Segoviaya O HULHI T 1.26 pg/m’. Andacollad 0t T
#)1.26 pg/m’ & WHO (2007) ¥ DAER FEEIFFA T 0.02ug/m’ B2 TB Y . 2 S OBT A
ELELDHREICFEESINTND, @ILLELORZ2 T, TR0 9 » FRELOFERIZH L
THHRALMRCE DRBNE L D255 Lk,

B KEBMILEADORIEFE L BELE
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[ 0 K GRS L E D ik sl B3 FROBFEMAT O KT 2 A FAKBOEIS
FEVRA, T, W O KERIG Y73 :
WE S, PCHLAKREOBEYRIC L D5 mww{‘
R A F VKR DBRA e ffE & 72 - T
W%, Meng HIXHEOIRE DG 2 &

Fr. EINEDD 4 @i, KRENS 1
T A SRR D 0 & IR > 2
155 KOfRaE D, RN HEL & Ll
BICHR, wh & 4E S LTl (20K) 1257
(T, S EBALDRGIG G DU THR A

80.0%—

.Mel—lg
Ormg

20.0%

Te % OREGYIE TR Lo TR o R.:: smmmnr H:: Seed
B INKEAKERIEEE I TAR . Wi & TE, S, Plant Tissue

HONEIZE < . A TFAKBUIRIZOW TG | RO A FAKBOERER I OEm S 2R L
720 A FIVIKERDOIBKERIZ KT T 2 FIG IR T 0.7%. b & BEC 0.9%., #ME T 2.9% % L THIT 30.9%
ERBLEWVETH 72 (K 3), Los LIRAKER, A T /L/KERIREE I 3 b O /KSR &\ FE RS
T 2 enh, BIEPTOBEEEKE S A FAIKBOEERGYJR LB XTWD, EMICHET
HARIKER & A F OV IKERO 3 AR OE MK LGB RO T Y IAH DOENE KIR$ 5 H DT
b2, TEROKEMKEIT T AMBOEOHEBEMELZ R Z L b, AKREMEAKRITFFICI T D A
FIVIKERERECEHE /2B 2 R L CW D RIEEEZ IR T 5 LD TH D,

Li HIXHE 3 2 FroKEH0L (i, #ie. #0) Mo KERIZIE Y Sk B %2 B o8Bk &
L CEOY, /KA 26 ShFEDOKRAKER & A FLKERE 2 HE L, MR Z L CREICHEIC L 52N
PROKBOEHONTHA L Y, MREEIKRERICA R RZB R O, 5 LK EREE L H
W CIEF OB EITHRIKERT 13~52 ng/g, A F/LKIET3.4~23 ng/lg TH Y, A FILKBOEEIX
17.7~89% T o7z, ¥ ¥ R =7 KMo SFE & el U CRUKERIEE IRV, B ko hfliT 2k
EVEWATFNAKEBRETH T2 (X 4), KO0 DOFGOFET LRI & o TKHEDBIEZ 7205
PENTNBICHBD O T KROBAKIE L A FLKITRRL L EEUL TOEETH -7, #H)
72 R B S DR DS KSR YL I CHeBE - 2 K OFEITHRIKER & A F KO EREE WA S5 F
ETHHZLETRBELTND,

Qiu & IXHEEING Yanwuping /KERGLILERSE Mtk TR B O 58 KgW b ORKIRE X FLK
8. KEAKTOKERE, KEKHOEIBAKBOFEY A 2T, b @EVVEE R L OIS bEHE
TP RAL (RILE) O O HETH Y | BPEHEREY 1T 5.6~240 mg/kg, JEHLIT 0.66~7.3 pg/kg
THY . KOBKEIEEIT 10~45 pgkg, A FLKEREEE TE <. 3.2~39 pgkg TH 7=, 1
H D A F VKSR IR D A FAKERE LB L TR Y | KD A F /KOG YL IR
THELTND, ZOHIEOREKO KL IZIRON D, EEEHEREY O < TlEE <, RKERE
JEDN 3.8~51 ng/L, A F/L/KERIEEN 0.14~2.7 ng/L TH V  ARAFL OB DSKEHEYIRTH 0 |
TOKEHEHKE RN RETRNVWE LTS, REEHEREY ) S I3 KRARK I EY 46135
ng/m’ (12~180ng/m’) M SN TV 5, BHHIZEIT D 0 A FLKERIEE 13 2 O HIs O 1E BB TE
HI7RBERE Y 27 2/ L TEY  BHEO AT NAKBORKIBRE BN ZEOTORITHNE L LTS,
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Z1m_=7 ®IH Idria KEEFLI11T 500 4F (1490~1995 4F) LA LIz 2EBOFE R, Z oo
KRB & Tz, Miklavéie © 1 IH Tdria 7K SREE L HIE PN O FE S a% 2 L C Idria Hifkrihod
BY (B, ¥ 3, ) PORKEL A FILKEEKGHNHENE L, AKEIGYRI % 57 L 7=
) KSR 1T ) 21T 5,680 (346~17,100) ng/g Wil R (dw), 7= U IZIEES 1,950
(86~12,700) ng/g dw &HHE L T e, M7 L7c & R O/KERIR B IR L T < IX72R WS, FETG YLt
K EHRD EEETH -T2, A FIVKERRIE LT v 2 OW TR SUE % T 26 (7~44) ng/g
dw, Idria i CY-4%) 25 (3~88) ng/g dw TH V| FEHYMX TIX 0.4 ng/lgdw ThH o7z, FaV
I ZREBUIERY T 21 (18~23) ng/g dw, Idria TifiH T 136 (0.9~623) ng/g dw T, FEVHYLHIX

Tl 02ng/gdw Th o7z, 2~ U ISR TIE %) 248 (206~291) ng/g dw, Idria fifiiH T3 f
¥) 28 (1.2~127) ng/g dw & FEVHYLHIX D 0.5 ng/g dw & LE_EETH > 72, B O EIEE DOKRE
AEIFKEBILLPALE, 15 FRES A BRIFRD LN TR, LLRRSL, Falo k9

-

B1 C c1

Al

=&

i

MLCF-Thg <20mg g

o T
5 I

5

MLCF-THg <

20mgyg”

MLCF-THg < 20ng g

=] 11 Nt

8

Brown rice THg (ng g ")
[

=

Brown rice MeHg (ng g ')

% of MeHg in brown rice

Grain yield (g plot ')

§2Feess
EH

JHT :35
Itluars (Fankou)

o s_nf:?

Cultlvars (Xinhuang)

4 J5 1l S B0 X O FRER Y TUHE L 72 oK H OfRIKER (A1, BI, Cl), A F/LIKER(A2, B2, C2)
IREE, AR O AT VKIBOEI G (%) & ULHEILE(A4, B4, C4).

T PECEERAE (n=4), J= V¥ R=AK H=A T4 - "4 7 VU > K, CR=
EHEK, [C=IEBDOA T 1 K.
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WCEHOBEL L CTERIIBEHERET A Z LD, HENPMETH D Lk,

] P e 3 0> Chatian ZKEREE L&D O KERIZ X HEBRERIHY & REH OREFE Y 2 7 FHEiA Li 12 &
STRI b, B & RO KM RS < . B T 88.5 ng/g 2R L, WERE 28
KTHEE 9.92 ug/L Tho7o, KHEOTHEIL 3.90~55.70 ug/g & FEO IR 2 EREEEES
L— RIDORF~v— V% B2 T, KFROKEREE & -2 30.6 ng/g #28EH & (10~150 ng/g)
ThHU., 117N (1527 Nh) PREOBFEICH T 2 R KITFARE (20 ng/g TREE) *
Bz Tz, Lok, KEOLEFKEEEITKHOR, 2%, BWOKRERESHBELTEY,
FIEAUKFERRR P AR ERD EERVEYR CTH D, Z OHROER 15 4 OFEZH KRR I 3.73
ng/g (1.04~10.32 pg/g) TH Y | KEBRFIRET (EPA) DHELET ZRA 1 pg/g 22 T, &
7o, BEIIREOIC K KD | HIEEE (ADD) % TN EPA OBREFEANEE AW TR Lz,

ADD (ug/kg BW/day)=[C x IR x ED]/[BW x AT]

C: BREEREHR OKEEEE (] 13 ng/kg, 2 ng/kg, K pg/L 72 L)
IR: fEHuE (kg/day. L/day)

ED: MREEHIM (day)

BW: {AH (body weight)

AT: EBIEDEHEIC 7 2 W (day)

Z OHIEIZ I 1T D ARADKERD ADD 1% 0.241 pg/kg BW/H E L TR O S8 Tid 0.624 pg/kg
BW/H T& 0 JECFANIER L7 E EiMit7 — B ZHE PTDI 0.47 pg/kg BW/H % LAl TH Y |
B L D EKEEBIUIEHE ThH - 72 (THR), BRFR TR I OHIBIZI W T, B 62722 R R
BEITA LT gy BHIF OB OBERC THEO IR 708 BRI ER 2 /R ) 2 7 28
LTWDHIEERELTWND,

& RBOICKSHTERD 1 BOKEERE

Pathway Parameter Average ADD (pg kg™
mercury BW per day)
content

Drinking water by adults 2L 0.14 pg L7 0.005

Drinking water by preschool children 1L 0.14 png L 0.009

Rice ingestion by adults 402 g day™! 30.6 ng ¢! 0.205

Rice ingestion by preschool children 200 g day™! 306 ng ¢! 0.383

Soil ingestion by adults 100 mg day ™! 18.59 pg ¢! 0.031

Soil ingestion by preschool children 200 mg day ™’ 18.59 pg ¢! 0.232

Total ADD for adults 0.241

Total ADD for preschool children 0.624
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Fig. 10 Hypothesis for the influence of dietary intake of selenoneine
on MeHg accumulation and toxicity. The main dietary source of
selenoncine is fish, and it can be biologically synthesized from other
selenium sources. Selenoneine plays an important role in selenium
redox mechanisms. During MeHg exposure, selenoneine mediates the
uptake of MeHg into endosomal and/or lysosomal secretion vesicles
through OCTN]1 function. MeHg exposure induces oxidative stress
owing to the depletion of selenoneine and production of ROS. Stress-
activated signaling mechanisms enhance proapoptotic ceramide sig-
nals, accelerating MeHg excretion. Demethylation occurs in the secre-
tory lysosomal vesicles
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Abstract

More than fifty years have passed since the outbreak of Minamata disease, and there seems to exist no
high-level methylmercury contamination in Japan. Meanwhile, mercury is continuously discharged from
natural sources and industrial activities, and health problem of low-level exposure to mercury among
fetuses and children has not fully been resolved. Accordingly, mercury contamination due to gold mining
is a world-wide problem especially in developing countries such as Brazil, those in southeastern Asia, or
those in Africa. From this view point, we provide an review of articles mainly concerning to
epidemiological studies on the health effects of methylmercury and mercury including low-level exposures.

The following conclusions were obtained from our investigation of this fiscal year:
(1) Proportion of epidemiological study articles among articles which deal with methylmercury tended to
decrease since 2008. The number of such studies decreased extremely in 2013. (2) The decision to
prepare a global legally binding instrument on mercury was taken by the twenty-fifth session of the United
Nations Environment Programme (UNEP) Governing Council/Global Ministerial Environment Forum held
at UNEP headquarters, Nairobi, in 2009. On 10 October 2013 at a Diplomatic Conference held in
Kumamoto the “Minamata Convention on Mercury” was adopted and opened for signature by States and
regional economic integration organizations. (3) Outstanding results did not emerge from epidemiological
research in 2013, presumably because methylmercury levels of developed countries had already declined.
(4) Birth cohort studies including the Japan Environment and Children's Study (JECS), established by the
Ministry of the Environment, are in progress in many nations. Novel insights into health effects of
methylmercury are expected to be provided from these studies. (5) As a mechanism of well-known
selenium's protection against methylmercury toxicity, selenoneine, an anti-oxidant, was observed to
enhance demethylation in zebrafish embryo. Moreover, food-originated selenomethionine was shown to
protect directly cerebral cortex neurons of rats from degeneration. (6) Health effect of methylmercury

among people in artisanal and small-scale gold mining and smelting and among people residing in
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surrounding area is concern.
These results suggested that continuous collection and analysis of articles are needed to elucidate
health effects of methylmercury and mercury in humans and to provide keys to resolve contamination

problems in developing countries.
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A F VIR SRR B & AR & OB E T 5720 D
A FIVKIRFRNEFEELZ B0 2 MR IK - D[R 7E & 1 B ASARAT
EAEWIEHE A T CRAERFER R R 202)

WMREE
ﬁﬁﬁif’;i“@@ﬁ:?’ﬁ ’j’Sb\“C LR DN S multivesicular body (MVB) VY —F 4 v 7 A5 A
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DAEFFUACEAEDOLNAN ERATH5ZE LML, LinL, 20 37kDa DB FF
MEEAEOT NS X-EAEOREEZRACTE 20, HETHEAEORIEICITE > TV,
ZITAEEITIINETLIIRRLHETX-EABELZRR L, £oBMME LT MEDEAE %
[FIE L7y, 2 DI A F AV KEBHEMEHTRIER 2 R TR AEITFE Lis oo, 2D OFERD
5. X-EAEIT 37TkDa SN DSt EEZ O X F L ALEAE THA RN EZ HND,
—JF., FealTsiRNA ZFIH L7z MG TAZ U —=0 72 L, BEMElShs Z Lick
- T HEK293 #ifia a2 A F/VRRMEIC T 2B AE & LT HOXBI3 Z[FE L7z, £ LT, AF/LKEE
75 HOXB13 Z /i LC INF-a ORBZFHEE L, INF-a OHIAEEEZ EH S5 2 LA L2,
INF-« & TNF Z B & OFEA ZBHET 2 WPIQY THEE A2 LEE~ 5 2 L2 K > T A F/LKERFMEN
BBl S NS ZE bW ERoTe, o, INF-all Lo TEMIL SN D & 7 VIRIER I
DT INK K DS A F IV KERENERBUCE S LT D 2 & AVRIE S, A FLKERIZ X D INK
DIEMALIZWPIQY D E5 i ~DFRNNE 72 1T HOXBI3 DREEBUMHENC L » TIF L A LB SN oo
toé%aJw@%ﬁﬁ?#%%wﬁﬂ%@%ﬁ@%ﬁ HOXB13 OFEEANH & 7= 1% INF- o PAEE
FBIZ Lo TR L A ERD B2 L o7z, LLEDOFRERD G | A FILIKERIT K- T HOXB13 %41
Lfﬁﬁﬁ%éhtmﬁaﬂﬂﬁﬂuﬁméﬂ\%@ﬁ%khfﬁ%ﬂ%ﬁméh\%hmio
TAFNAKBEMENHETRZ D &0 ) ATREMEREZ 2 BiLd,

F—T— R AFIKER, R EEE . MWB Y —T 4 7 A7 A, Hoxbl3
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# AR CGRAER R FBE AT FER AT
Fff B CRAER R ZEEE IR R 20
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A F VIR DM TR SRR ER B D L EZ BND D, BEMERE D4 F
%%ﬁ@khgmﬁémfw&wo%b X, ZNE CEEREE T A TV KERIESZ PRI B s
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body (MVB) ¥ —7 4 > 7' v A7 Kz 5% DRF A FILKRENMEORBUZBE G L TnD 2
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yﬁ%%%b AFNIRREZ M B 52 2B F 2B FAETHZ LTI LIz, 20
IR B S RS R 7o BN R OB REENTEBY . ZNHDIFEE A LT A
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FIIKGEMEICE G5 2 LD RSN b D TH D, AWZETIE. T LBIsTOIEMHK
RS 5 2 LI & > T AFAKBUTHT D RS MR ERME OfFIH 2 B s34, AW TR
NDERIT, A TFAKPFEEFRIERE ORI R E < BT 2 L IT, A FVKERZE B & it
P EHR L OBRRICE T 2B ER ORI E T 5 2 & &0 L OHARRIERITRE D,

o Wl
1. BRSO OB AEMHE L2 B F U HiR S H - s ik

B AR REFS O8N Vps27 RIBEERED single colony % SD 5H#f1 10mL (ZHEE L. 30°C T—WhkssE
L7-%%. 5X10° cells/mL % 200 mL @ SD HefREFHIC 3 IR ZEEHE LTz, ML A T VKEEE 4 1
M E72% KDL T 30°C T 90 s AR Zhsas Uiz, SE5 L, K& L72IE K C— BSR4, 10 %
TCA % 500 pL A K EIZ 30 3 /E L7, D, PBS T3 mIPeif L7z, 3S U 15D glass
beads & 100 pl @ PBS Z 1% 72, Tomy MS—100R % FV T 5 43fE], 4,000 rpm CHEREZ L, 34
uL @ lysis buffer (4 % SDS, 180 mM Na—HEPES (pH 7.5)) Zhi%. 100°C T 5 ABIMNE L 7=, %
D%, 20,400X g TH oyfilEO L, EiE% cell lysate & L7z, SO 7-ERHBH®) % DC protein
assay kit Z W THREHEEZ TR L%, MEREEN—E (1g) T, 23D, SDSIEN 0. 1%
UTIZRAE91ZPBS THIR L-, 50U PBS T 3 [EIWEE LTIV /- Protein A shepharose
beads®% AT 4CT L KFHILLEA > F 2 _X— 95 Z LI 8o T 1g6 L IRFRANTHES T D
OWEZELLTRET S, ZD%, StressGen thDLEFF o4k (5 ul) 2 AN T 4CT 3
FERILL I incubate L7-%12. PBS T 3 [EI¥eif LTIV /= Protein A shepharose beads®% AL T
4CT 1 BEULEAS v FaX=b 52 LICLoTa R FUPRLEHEESL WA EAE Z 0
LM%, #5537 beads % PBS THE%. beads & PBS Z#&bH T 50l L7425 X 9 ICFHE L.
& 51T 2Xsample buffer Z Nz 7=, 100°CT3 Z3ME L. SDS-PAGE HH-> 7 & Lz,

2. BEHGINEIZ L D EAEDFEE

RYL 24T > 727 V% Western blotting OfER & H#g L, 37kDa (iD= % F ALEHED
Ny REGIVH Lz, Z20%, VAT A VELEOBRTEZITVD, M) 7V TEAEE2BAL - [F
EL, BESWEITo T,

3. BERFD A FOVIKERIZ KT 2 s

PP AERIEERE F 72132 N ENOBR KB F 72138 BIRERED single colony % SD £5#1 2 mL |2
T L 30°C T Ml L=, 1X10° cells % SD KZHh 900 pL (ZHEE L. IREK E 7213 2,
4, 6, 8, 10 M DAL A F/LKER%E 100 pLAIN%7 (final : 0, 0.2, 0.4, 0.6, 0.8, 1.0uM),
30°CC 3 MMM s L7zt%, £HE L. 100 pL OPRE/K TRE L, SDFEREHIC 5 pL AR v T
4 > 7 L7z (final :5X10" cells/spot), TAHA v F a2 _X—& —% H T 30°C T 24 FEffR5 %%,
B LT,

4. FEBUHNH SR O A F IV ARERIT 3T 5 sz M

Mz #AS L, 2.5 x 10° cells/2.3 mL DMEM (10% FBS) & 722 & 9 IZfiflakiz &b¥, £ ZIZ
transfection complex (OptiMEM 94 pL |\Z[R U2 % —%7 v F9 5 “F®D 4 pM siRNA % 3 uL
FTOWNM UL, 12 uL @ HiPerFect transfection reagent Z AL7=1%. 155U A v FaX—F L
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7eo) WAL, 2, 3EMAENRFM S ¥, 10 pM=ERTA v FaX—FL7, D%, 2.1 nL
DD’ MEM (10% FBS) Z Mz, 96-well plate (25 x 10° / 90 pL/well &725 X 5 CHshiL, 48
IRffE], 37°C. 5% CO, THEEE# ., 2 uM~10 pMMeHgCl % 10 pL 2% L7z, & HIZ 48 I, 37°C.

5% CO, Ths#E L=k, BiHiZ Y BRE . 10% Alamar Blue Z & de DMEM/10% FBS % 75 uL &Nz 4
2 WEfE], 37°C., 5% CO, TR, N7 L — MU —FX—THEHEHE L7 (excitation 544 nm,

emission 590 nm),

5. RNA O Hifi

5x 10° ~ 1 x 10" O#A% 1 x PBS T wash L72%%. Isogen II 300 pL Z¥hn UAlie 2 M7
SH7z, £ 212120 L @ RNase free K =B L 15 A LVT » 7 2 L TEIR T 5~15 7 Bk
L7-#. 15,000 x g T 15 430 Lz, B3 300 pl ZEX L 300 uL oA Y F a8 —L &0
Z CHRENRA L7 b 0% 10 Sy M=IE CThigE L7=%, 12,000 x g T 10 2pfE D Lz, EiEZRE
L 500 pL @ 75%T% / —/L &z 8,000 x g T3 MiEL Lz, Zhiab ) —EiRL, kHiF
ZErFEL~XL > k% RNase free /K C¥fiF L7=,

6. WHEZEN)t: (PrimeScript RT reagent Kit)

RNA 500 ng (Z%f L. 5 x PrimeScript buffer 2 pL. PrimeScript RT enzyme mix 0.5 pL, oligo
dT primer 25 pmol, random 6—mer primer 50 pmol & 725 X DTNk A L. 37°C. 15 4
MRS 2TV, BUSR, BERZRIESE 5720, 85°C T b BMALEE LT,

7. FEE PCR

SYBR Premix Ex Taq % 5 pL, cDNA % 1 pL, H,0 & 3.6 uL, 10 pM forward—-, 10 uM reverse— primer
Z 0.2 pL 928 10 pL IZFH%EE L. Thermal Cycler Dice real time system CE& PCR #1T>7=,
mRNA B IPAEHER OB IA T & LT RAICEIREDR —ETH D EF X 5T % GAPDH mRNA &
W TEEE L LT,

8. Immunoblotting

6-well plate (2 5x 10° cell/1.8mlL & 722 K 9 (2 HEK293 flAa 2 #EFE L. 24 BEf, 37°C. 5% CO,
TH:E® ., 200 pl/well O A FLKER (20 mM) % AZL 0.5~6 K§ff], 37°C, 5% CO, TR L7z,
Z D%, HzREL, 1 1 x PBS Twash L, £DF% 1 x RIPA buffer %z 300 pL i, 7Kk
THMERIIS D ETEN Y T 4 7 ATV, B LT, D% 16 53K ETA o Fax—F L
7-%%. 20,000 x g. 154y, 4C T L., =D EFE% whole cell lysate & L7=, FZIZ[FEED 2
x sample buffer %z )12 SDS-PAGE i+ 7"/ & L7z, Transfer % @ membrane % blocking solution

(B%AXLINT, 20 mM Tris-HC1 (pH7.5). 150 mM NaCl) (T 1 FffEILL E#R% blocking L7-%%
2, —REURIZIR L, SR C 4 RERILL BB L 72, & D%, washing solution (20 mM Tris—HC1 (pH
7.5), 150 mMNaCl) T 3 [al, ZHZH 10 43 FHRE L Tk L2k, “RPUAICIR L 1 efliRE
L7z, D% washing solution (20mM Tris-HC1 (pH 7.5). 150 mM NaCl) T 3 [\, ZIF
AU 10 75 fEER U C¥Ei# L7=1%12  Immobi lon Western % FH N T{EF 3 Y &4, Versa Doc Model 5000
WXL,
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(fi B ~ DAL RE)

B MIa I L OBERE OB TR 2R Z AW T2 FEIE AR 2 DNA ERER =) DK%
IR —BRE LTEMM LI b DO TH Y | B AR EMEOHMFEORHIZ L 5EMD
ZERMEDOTEIRICBE T DIEMR 2T L, P2 fEEFEBRE CTIREELITo 1o,

I BFgERE R & B5

(1) WB Y =T 4 > IV AT L BN LT AFIAKEF LB T 5EAE X-EAE) OFRE
& = OYVE IS EfRT

ARFZEITE D OBGE IOV TET 2D THDLMN., BIFEEE CORREHW-BRFC X -
TMB Y —TF 4 VTV AT DA F VKR ORRICKESEHE L TWD I ENHB LTV D
ZENB, WB V=T T VAT A E AT KRN L OBMRIZ OV T Bk L TR AT
77

MWB ¥V —F 4 > 7 VAT AlX, =2 R A b= A THIRNICIRD IAENT-RERE (AR
RN T UAR—F =) R EERER (VY Y —2) ([ZEATHET 2R L CHAIHT S
DR 5 EELMEAEEDO —>Th 5, FxITINET, BEREZHWZBREHT L - T, MVB
V=T Y VAT AIED L ZENHALTWALETOEAE (13 b, EhLTh—>
MR D & AFVKRERFENTHF I SN D Z 2R L, S51C, Bix 2 E AR
W, TTERNEMB Y —T 4 V7V AT D& L CRIBICHTE T 288K 03 A TV KERFEME O B
RICBS T2 2 E AL LTE R, WB V=T 4 VT VAT A E AT ILKERE DBIRIZ O
TR SN BIT/e<, T’ea B L Ty KV —24 - Tl AE R BEb DR 128 A 5
JVKEROMAEEZ BRI 5] E WO A, ZNE TN TWRWERESE I L2
HT LW A F KRB BB DAL RET DD TH D,

ARUAT AL > TSN EEEREITT / 28X FT AN TNDHZ LTV
B, FAIIWB Y —TF 4 T VAT DOEIEE T21E A F VKRNI > TR 37 kDa D B & F
NEEEE LV AAREEIC LR 2 2B BT L, 0K 37 kDa D B R F LR FHE R
WB V=7 4 VTV AT LEN L TAFNAKBEH LIRS OBEERE X-ERE) Thd
AIREMEN B 2 b2 Z LD | BIFEE £ CORMZEIZEN T X-EAEOREICHRATE 7, EX
UkEhd XL OVEESGIT &2 W TR I L > THEMEHE S L CRps3 BLUSisl R L, WEA
Eﬁ%ﬁ@%%wmﬁﬁﬁ@_w@%ﬁxé &%%;énhobﬂb\%ﬁéhé%/nH#
F AL mERE %£ﬂ37wai©k%m Ll MERENIEC —HE L2 MVB
y~%4VﬁVX?AaioTM% EENRNWZ b, ﬁ@fiﬁ&%*%&ﬂbfﬁfﬁ
B AEDRIE Z ATz,

FeaNINETITo CTE T 2 ROLBEBRIKE/ B EIITEC X D2RBICBW L FE S ER
BORIZabtFxFFALSN T RWEARELEZ S EEN TV, TOHB L LT, MZELREICH
AR X F oA AT T LI ENTE T, I F UM BEAEL TORETE 20
vl EZOND, L, BEREESNZ 3O EXF U huikz AV CRELBED A6 %
BatLiz& 2 A, StressGen fEO B X F U HANR 2 X F U AMEEREDOREILREICHE TH 5
IR SN, 22T, 20X FUniRE AW T X T UMEREERE LIRS
X-EHEDOMBIBREIToT-, TOFER, MVB Y —F 4 7L AT Mgk S 7-BRIC 37 kDa £+
KB SN D2 X% F ALEAE & L TH721Z Carl, Ras2, Rpl8a, Rpl13b, Smal 35 X OY Ygr021w
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MEE SN WB Y —F o4 7V AT LS IEFR TN T 2 B ARIEERZ 35U Tl 37 kDa T
KB SN D EAEOTICINOEAEMIE A RIS oz 2 Enh, ZTRHEAEN
X F AL ENTZEICWB Y —T 4 VT VAT LB LTM%_LiMTméﬁ EMENZE XD
niz, LaL, TROEABEEZZNENIAS BT HRERIO A F AR MICIHIE S A LB
MFRO BT, %wk%#@#&%%wmﬁm@%ﬁzttTfkotouL®F%#% 37k
Da DA EXF ALEAZIIMNB Y —FT 4 VTV AT AOMREREREE 25 ) A CHEREAY
ThDHZ EIFHEW WL DD, D &b ZOHRIZITA FAKBEREOHEMRIZEG T 2EEE
(X*EEE) iaiﬂfb‘fotb‘kb‘ﬁT EMENEZ BND, LER->T, WB V=T 4 T A
LT Ko TRIIZIEIZAL, 72D, A TFVKEFEEOHIRICEAGT 5EAEEZH LN T 5700
L@\Wk%u%®%%g%%oﬁag_%&Eﬁéﬁgﬂﬁék%bﬂéo

(2) HOXB13 2 X B A T /L K ER7MEHE TRAAR OO fighiT

Fexix, ATFAKBFEORBUCHEEZ 525 MEIETEHLNICT H729HIZ, siRNA &7
A U BB RBREL BT Lo, ARiEILe bk HEK293 Ml 2 vy, 922,000 & Eivd e Ml
B OHFTHEEDHII L TV 5517, 000 DG 1% siRNAIZ L - T 129 DFRBUIH LD H i
ZHHHI (K 17, 000 fE) D A FAKEIIKE T 2EEZ A T2 b D TH D, ZDOHEEZ AW
AI V== 72 ko T, EEMHNT LY & MEEMRICERO A FAKRIMNEE 52 5 RAE %
WS ODFRET D Z EITHP LIz, 20T, FEEPIZDNAFES R A A & L THERET 2 A8 A
TRy 7 A RAAL VAT HEAE T DHHXBI3 ANE EN Tz CERL 23 4 128, & 2 T,
AT HOXBL3 237" 3 A F /L /KSR B s E I DU TR L 7,

HOXB13 DEEREIZH F 0 SEMICITMRBI S LTV 20y, Las L. HOXB13 23 androgen receptor O
DNA #56 RAAL THEA L, ZHUC L > T IMBEFORBBELZIEH T2 2 nmon Ty, &
512, HOXB13 28 Wnt ¥ 7 F/VRIRIZBED D EAE CTH D TCF4 D L)L &b S/ 5 & oifis b
»B, #Z T, androgen receptor 8 LN TCF4 |Z%4 5 siRNA ZZNE bt FEEEMICE A L
& ZA, WTIO siRNA 238 A L CHHMIED X TV KEIESZEITIRIE & A SRR bk
#oto_®_k#%\mmwu;%%%wmﬁmﬁ%%W%_ww%mmwmw%Wva
TR IS LanwEEZ DD,

—J7, Rk 23 AEEE IR L2 K 9 1T, HOXBI3 1% TINF- o D ARFEEIZRE DS Z & b b T
L2 D5, INF-a OFBUTKT D A FIVKIBOREL KRG LI 2 A, AT ILKEEA HEK293
HAZ D TNF-amRNA L~V 2B BH-S8, HOXBI3 2/ v/ X7 F5Z LI oTIDAF
JVIKERIZ K D TNF- o OFEBLEHE NI S5 & 9 BLBREONEE A L=, £ LT, TNF-a &
NF Z 5K L OFEA 2 LET 25 TNF- o FLEA] (WPIQY) DOEFHI~DUINT L - T A FLKEBFEN
BRSNS Z L, AFIL/KIRDY HOXBL3 ZiEMEAL LT INF-a DA ZIEEST 5 Z LIk - T
AR EENE D — B A 4 L TN D FIREMEDSVRIE S 47z, & 2 CARMFZETIL, HOXB13 %4 L7z TNF-
a FBFHE & A F VKR EME L ORBFRB L OENICED D INF-a D> 7T Y v FRREIZ DN T
HEK293 i 2 VTR L7z,

F A TFIVKIEED INF- o DRSS~ DUEREEIZ 5 2 2 58 % INF- a HLiEZ W THRET L7 & 2
A HEK293 Hifi % A F VKR CTULEL T 5 Z Ll Ko THHIF O INF- o IRENFRICERT 52 &
DIFERR S 7o, MIRAAMT R S 472 INF- o b, MR ICAFAE T 2 INF 2R RICIER 5 Z LI &
ST, TR b= ZOMREMEIZ B % MAPK #2385 JNK, ERK, 721 p38 e EDFF—E %%
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PAET D2 EDMBNTND, T T, ZNEDY T FIVURERKEIC A F VKRN G 2 5 W5
Rat L7z & 2 A, Mg A F/LKERT 4 REELEET 5 Z L2k - T INK, ERK B8 L WV p38 DT D
FF—BOIEE ERASBE Sz, RIZ, INK BEEAS] (SP-600125) . ERK FHEFA| (PD-98059) 7z
13 p38 FHAEF (SB-203580) DUSHIAFMMLD A F I KGURZ MG 2 5 HBEZ B LTI- L Z 5, INK
BRI D WA BE VT ARAE LT A TV KERBFIE OBIEARD bz, DI Eix, AT /LKEEMR
TNF-« 41 L C JNK, ERK 36 KX U8 p38 #RE& A VEMEAL 95 2%, ZAL DRI DO H T INK #REE D s A F
IVKERFMERBUCBI S L CWD Z L AR LTS, £72 A FLKERIT K B INK OIEME(LIE TNF-
o LER] (WPIQY) DEGFHIHT ~D AN E 7213 HOXB13 OFEBIMFHIC L > T L A EBE SN 72
Sl TOZENL, AFILKEUT L - T HOXBI3 2 L CRIGEE Sz INF- o 2SN ik
HEN, ZORERE LTINK BEH LS D B2 Hd, — 75 HOXBL3 R BLINHI A £ 72 1% TNF-
o PR FIALER ARG 2 INK R4 T & 5 SP-600125 TR L T A F KSR ZMEEZBE L= & 2 A,
INK BHEEAAS 9™ A FL /K SRAE VRS E A X HOXB13 O J& BN & 721X TNF- o FLEALERIC K > T
FEALERBDOLNRL 2 oT-, ZOFEFRIT. HOXBI3 2378 INF- o 21 L7z A F /L /KR s (R
FIZ INK OTEMEALS—EBI 5 L TnWDH Z L 2R LT\ b,

(3) HOXB13 DFEELINA S A F /LKL OWE DA ENEC 5 2 D 58

ERMEMTHH I RI T A, e, Y TFALRAR BB, HINARITHLT KT
~ A UBXONMUER NV AFEAITH LY =h~ A 2O HEK293 MIREIZ k925 BEIE
HOXB13 FEEUMANC KL BB AT LA EZ T Rd o7, L L, BBEA N L AFFEHKITH 5k
KFENTZF I~ LA I RBLUNT 22— b OEMEIE HOXBL3 OFEBINHIIC X » THEIZERS 1
Too ATFNVIKEMPEEA NV RAZFHET 5 L OWMENSEAAET H 2 &b, HOXBL3 23{k. A k
AN X DR E ST 5 2 LI Ko TAF A KEBENMEZ B L TV D AlREME L B E T&E 722
U,

(4) AFNKIBEEG LI~ T AZEB T D0 A M A o ORBIEH)

HEK293 HRIZ I8N T, A F/LIKERDS TINF- o DFBLAFHEST 2 Z LB L7z Z L2 n, kL
~UUIZET D INF- a DFEBUZT D A FIVKEROFBE A ~ 7 A % VTG L7=, C57BL/6 I
<7 A2 25 mg/kg DA FKIREFG L, 1, 3, 5, 7 HEITHMERE OO, /MiK) &2t LT,
INF- o 25T 30 FEOY A S AA 5 FFE (INF 77 2 U —6Ffl, £ F—uA X 24F) DOIH
LAV DB T, T ORI A FVKI G2 K 2 AT T INF- o FEBL L~V O E
72 ERPTED DI ORI #1465, /MG 595 6%5) . BRI Oligas (FFIE, i) Cik INF-
a BB~V OBE R EENIBE SN o7 2 LD AT ILKERIE TNF- o DFEEL L1 % id
BRI ERSEDEEZOND, B, ATFNKEEE Lz~ 7 AMIZB VT, INF- o LSO
INF 77 2V —IRTE A ERILIHRALONT, A F—aA X AL TT IL-19 OHZH
BB LA ZR LT, Lizdio T A TFVKEIMHEMEIZ I T INF- o 36 KOV IL-19 72 EREE
DY A ML ORI E ERHIELEBZ 205, Rl LM E AWM Lo TR
%wﬁﬁﬁtha@%ﬁ%%ﬁﬁé*& Z X o THIBRENE 2 R B L TV D aTREMEDS RIB X iz

v AT VKRR I INF- o OFEBLAZFHET 2 & 5 KBIRD, A F/LKRERDVR TN
%@ﬂﬁ®%ﬁ%%u%ﬁgbfwéjkﬁﬂﬁw\%%®ﬂ%®@%ﬁ%ﬁéhéo
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IV 55
WB YV —F 4 7V AT AN L CRIBIZEIZN, 20, AT VKRHEEZ RIS T EAE
X-EEAE) ZFRETDHEDIC, WB V=T 4 TV AT ADOEIER LA FILKEILEC X
THIFEN LUV BEE I 535 37 kDa OB X F L ALEAEOH D X-EAE %Waﬁﬁ&
IZE VR LT, f%wmﬁﬁﬁ%ﬁ%éﬁéma f7 R4z &if%&moto_ i R
Mo, XEAEZH LI T H720I121E, 37k Da USN DO FEE2FFOEAEICHER T LR
3%;6&932}9:%5 —J. S E AL > Te MHOKHIRE (HEK293) %:%%/wkfﬁ ﬁbfm
ZHECT D MEAE L L TCEE S 7z HOXB13 OB 21T o 7o kG 5. A TL/KERIC
onBB% U CHBLREE Sz INF- o 25 HE sk Wﬁéﬂ\%®mFaLiéﬁM@ﬁﬁ
B2 A F L AKERFFEIE D FEHUZBE G L TN D "IREPED RIE S 472,

V. RAEEELL RO E ]

HOXB13 73 X F VKSR FEME DR BUZ BB R LEI 2 K72 LT D 2 LAV L7z, Z OFEMIZ TINF-
a BBIET 5 ATREMEDS R S L7278, INF- o IS DK F 235 L TV 2 ATREME & I E TE 720,
ZZ T, HOXBI3 IC K o THBFEIN LB FEAMRB L, TOHNL | AT AKBEIEDOFHBIC
BRI DI T ZRET D, £, AT /KERZ I D HOXBL3 4 L7 TNF- o DFE B E RS &
Rt L. RIEHA SIS TWZRWN A F KIS T 5 IS B LA 50T 5, £z, A
F VKGRI K 2 FF R 72 TNF- o BBV EHEIC OV T H IG5 TETH 5,

Z OWFZEIZ BT D BILE £ T OEER]
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Molecular mechanism for toxicity of methylmercury
and its biological protection

Akira Naganuma, Gi-Wook Hwang and Tsutomu Takahashi

Graduate School of Pharmaceutical Sciences,
Tohoku University, Sendai 982-8578, Japan

Keywords: Methylmercury; Sensitivity; MVB sorting pathway; HOXB13
Abstract

We have found that the protein-transport pathway from Golgi to vacuole is strongly involved in
mechanism of enhancement of methylmercury toxicity in yeast. Proteins (X-proteins) that are transported
from Golgi to vacuole and enhance methylmercury toxicity might exist in yeast cells. We have also found
that cellular levels of ubiquitinated protein(s) of 37kDa were increased by inhibition of the transport
pathway or by treatment of cells with methylmercury. This 37kDa protein might be the candidate of
X-proteins. Although identification of X-proteins has been tried out from 37kDa protein, it has not been
successful. In the present study, we tried again to identify the X-proteins from 37kDa protein using a new
method, and identified six proteins as the candidate. However, we could not find the proteins, which
enhance toxicity of methylmercury, from the candidate. These results suggest that X-protein might be a
protein with molecular weights other than 37kDa.

On the other hand, we carried out human gene screening using siRNA. We found that the decreased
expression of the gene for HOXB13 conferred resistance to methylmercury in human HEK293 cells.
Moreover, we found that methylmercury induces expression of TNF-a through function of HOXB13.
TNF-o. might have an important role in the augmentation of methylmercury toxicity by HOXB13.
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A F VKB DRE~D D MRT 2 X DR S ATEN R E & OFH BIfET

EEMEE g B (RBRZERFBGESFAI 7R ITER R 20%)
SRR E OrEE BE— (FEESCERLRT: &I Eiam ik #d%)

(FAEHFIERE « D HEHFTEE I & 2% R A)

HRES

ATFVKREIIMRE T & LT, IMOBRREC/TEN R F 25 & # 23, MRIIZIFRIER 22k H L
ThV, EazrEXTORETRE TEX 20T, MOFBEL{LZRFZERICBIETE 5, I bIT,
B & 7ok T S v MRI BESAETIC L 0 IREEAR LA L bR FTRETH 5, AIFRETIT
~ 7 A ATVKERE 2 s H MR O BEE L TIMOBREZ LA MRI CHRPZERIMICEIZ L, [FRFIC
[fl—~ 7 2 TOITEREBR 21TV, A FILKERFRM: 2 fRAT L 7=,

4 B EOHENE ICR ~ 7 A2, 2 72 L 4 mg Hglkg Ok A F k% 8 BRIMEH %5 L7, 1
W ZEloA—7" 07 ¢ —)b FEEZITENRER, 2 2 &1 MRI #xfg %, 8 MO G#IZe —
Z—ny N AZ1T -7, MRIL X 1.5T /NEMHZEE A FHWT, 4 Y 707 VfEE T, 1mm JE A
A A® T1IWI, T2WI } O DWI Z 4R L7-,

ASEIDAFNKPEGETIX, 8 WO~ ADKE, A—7> 7 4 — /L FERITEIRR
s RICH BRI b ole, m—4%—nr v REBRTIE, 4 mg Hg/kg (2B W TD A
W TR OFEREMENRD b, FRbD~ 20 MRI TR Tid, TIWL, T2WI (23T
A FIVIKEREE - 2 % L 0 HEERFRIRIINE L OV 3 IME OB 7 IE R8O bz, 72,
AF VK 4 mg He/kg G2 L0 FREEBTO T1ESHRE DM R 57z,

MRI ZH\\\5 Z S &0 ATENCREE 5 2 7o A FOLKERE G5 BICB W TIME O IL R £
i, MRI SEEEE 72 A FAKBEMEORITETH D Z LRI,

Flo, WEELBEOMIEIZINT T, A TFAKBEEGRTOMND AT 1 A RRVE PREEZHE
L. EBIZZOMEEOERFMICEIT D A FNAKBORFRREEGEE RN L,

X —U— R:MRI, {7818, XA FAKEFEE, MNAT oA R

RS . Al BEZ (RBRFPREGGFASFEVIER ITER R 820
Bt iET (RBRFPRZEH S P AR aR 2R E LB RaT 2 48)

4

mff eV UK RZRZEGHR AR AR A RS R 1 4)
AR R UREBRFRFZEREFZERERTER 44)

4
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| tAEEH

ARRIEIL, ~ 0 A% W72 A F KO AMETFREIEE T /T OW T, MO RS B 5 OMM IR,
FRIEEh O TLAHE - Ml OREEE | IHR I TIE Th H MRI CHREZERIFICEIZE L, FIC MRI 4
At OEENEE - R REE 2 EOITEN R 2 RRHICBIERT 52 L T, (1) AT VKERBRFE I
I MO REZAL OHERS LATEV B OHERB ORI T — 2 ZIWET 5 2 &, (2) MRI ikl &, &
BEE - REER L 2R~V ATEHHET 52 LT, WEOHAERRERELMITL, &
FDOAFIVKEBFEHD MRIIZE DZWOREHET — 2 25252 L 2B ET 5,

AFIVKERFMIZONWT, EBrEM Z VT MRI ZfFEFICHIE LBl onE Tig s Al
HEINTHRN,

B RDAFIKBHFOBZWIZIN T, MRI Biff & W\ 5 7o e a , EB)EE - R RS
EDORERD KR ZWOERIIINZ D Z Ll » T, W@ m E L, F-RFERmIc X
HIEROEACEZEEMOZ A — D2 E LTI A DD AREMERH 5,

YUAOT =X LEEE MIEHATE 200 TE AW, AFEICEY, & hTIEHRIC WA
FIVIKERBFZ AL D I DTEfE & EEFEE - RIS ORER OZ L ORFFT) THM 2T — 2 B35 5
. B RDOAF KR FEOBWHISMFRTRE R EE R T — 2 L7220 5 D,

5T (3) WNMEATa A ROREZ IEMICERT DI LI2L0 ., A TFILKEBREFEIZHES M
FRZE DBINFRF TN, M2 RN, JiERME L MR LB OB EEALNCTHZ B HP
D—>Th D,

0 AEAE

FER1. v U ASORHEA FAKERE & MRI 36 X O TEIES OB152

FA TR 2HMATFAKER - AT A WK (Bl @ 1) % 2 £721% 4 mg Hglkg
OHETHEE L, AFNVKB~OESHEEERBREZIT o7, BHEIET, b M5 R I HNHE
i 3BT AWV R EAEL, #B3EROKE L L,

1#4EO~T A (HAZ L7 ICR, A X 4if#Em) 1%, 18/1 7 — T, 12 KT > OIS
7 (B 8:00-20:00) , A 22+ 1 CTRHE L=, 8 (HAZ L7 CE-2), #UKITHBERE L
oo THEMONE D%, BY 7 (ZF T I8 ZHNTATFAKIBE VAT A L DIRGHIR,
FIFXT AT A R () OB x5 Lz, &548&% 0.10 mL & L, 10 mmol/L Hifk 2
FLKEE (BIHAE) & 10 mmol/LL-Y AT A > (FhTA4) O 11 BREWK (A by 7 ik
. BT ADKEIZADE TV AT A VKRR CTHIR LT, BEHE% 2 £721% 4 mg Hg/kg
AF KB E LTHE3E (K, KR, M) 7RI REND 10 FFORICE G L,

~ DA # 3 0E (k, AR, L) OFERE, B 1R (HE) 04— 7 4=/ FT A b,
W1mE (HKE) on—%—oy F7 A2 @1 A CKEE) ORFIR)S ORMZITV, 2 H8HE 2
CATHEESCHERICHE % L C MRI i 217 - 72,

I—1—1 F—Fr 74— RFFR}L

A =77 4 —/ RiE, 60cmX60cm X E S 40cm O RO T T AT o 7 8T JKEITAAT A
Y C—i20em DIEFEIRENILK EoThHd, vUVAEZA—T 74— /L RKOFRIZANL, B
% T ARG L (S ROF7EE T L=, Web 7 £ 7 478-9809 Logicool HD Webcam C525
BXUOR—=YF)ar2—% DELL Inspiron 15R Special Edition X—3 v 7 ZffH). [A
FRICAHBT A 2 E W ERE A 10 o RReek LT,
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I-1—-2 wv—=4—myRRTAL
n—4%—nvy K7 A M, ROTA-ROD/RS (Panlab, HARVARD apparatus, /XA %V H—F
1) 2, [BERE 4 - 40rpm @ 5 S OEHREHE NS T, % T £ CTORFMZFHII L 72,

I—1—3 £
T 1EEEIRE Y 5 pL ORIMZITV 45 pL & U Q K LR LEHFREL T 5, 5%,
M ORIKERE &2, ENIKERRAEEE 2 — L ORI E L THIET 5,

b, AFUKERS, KEHNE, A—7 74—V T A, u—F—uay K7 A M, R
1. BFESINE OEBRFLE 7R . &8, MAROHBI Ot TIAE KRS CHEE L1z,

I—1—4 MRI

MRI #f1 1%, 5 SR 3 0 MRminiSA, 1.5T 4 L, T1 s (T1WD),
T2 FFHRER(T2WD, JEERHEEOWD 2 RE L., WREOELEBE LT,

g hE, ~ 7 RTA Y 70T Ve (150mL/min 2.0% ) FC. EMEZHEIE L CIEERIEAK T
(KIR % 37.5CITHER L7z, #RIQ1E. W 20mm O T VAR A VEEHL, 2D v /LF A7
AAAE T a—(RICED 7Y v 7 =90° | Field of view = 20 X 40 mm, voxel size 0.156 X
0.156 x 1 mm, MBzEE =128x256 & L7z, % —7 T AD/RT A =2 X TIWL: TR =500
msec, TE =9 msec, T2WI: TR = 2500 msec, TE =69 msec, DWI : TR = 2500 msec, TE =69
msec, bf =800s/mm2 & L7z, £-FUHIE 1 mm JEE& L, 11 KO rigalm 2 s L=,
—HEBO~ 7 ZF, AW, SR SR Lo, BRI T1 WE 8 |, T2WI & DWI:
41a1& LTz,

— O~ 7 A TILIMIE B DRFEEAL DO F EZ G 2720, RV =7 ZEZAl (T
YA (# F7 VU K—/) Bracco Diagnostics, Inc) %, Ei#lkL Y 0.4 mmol/kg & L. 10 4y
%L TIWI Z2##& L7,

—D~ 7 AIZE, 30 mmol/L ik~ (0.9%NaCl %) % 0.4mL JEFENEL L, &
510 47, 60 43, 18 FEfI#2IC TIWI ZHRff L 7=,

B AEAT X Image J (NIH ) & OfRealiaPro (V-4 S—% > h v A7 A) ZHVEBR 2 N T A
FOBEZ —EIZ L, BEgHOMIEEZIT o7,

MRI D&%, HHIE0HEOGHE, B L OBESINE O mG T - 72, FIENIEEREE Ol
I, WFFEZINE DA, VAL & LTRTT LT

8 WD AT WAL 54, LHO~T AIRTHENVLT VT B RTEREEZITV., 200 m
DATAANERL L 72, —H#D AT A A% NeuN Puik & deta Tt L, BEEEZITV., fER%E
TR CTH D,

PR D~ T AT, WE AT CREEZHCRIF L ThH D, 4k, KGR, A7 14
R L& mRNA OE&A41T 9,

T2, ar br— vV RADOMNAT A RR/LVEREDOHIE
8 WD I CRAA~ T ADMZERH L, KK, /MM, S, T AMAEictl v o TRIKESR
TRUEEAE Lo, TANRIEAT 4 IABRICFEIEL, AT A RARLEY (TR T V4 —)1,
TeERrZE 7 ReRAruy, 7o RRAT U IUFy, TARATRY, Y RRT A NAT
oy, FusATuy) RELZERE LC-MS/MS ot CER L7,
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EBR 3. v~ T ASOEHED A FIOVKEE G LITEIRE OB

F A=y A ZEm AR (10mg Hg/kg) DA FNVKER : AT A KR (Bl 2 1) ZEA
L., KEWE, A—7> 7 4—NV KT AN, vB—F—by KT A N&{To7=,

2R 10 EFoD~T A (HAZ L7 ICR, 4 A 8 i) %, EHR1LFEULEETHEL, B
VT EAVT 10 mg Hglkg DA F VKR E VAT A L OIREWHK AR, £RIEv AT A
Wik (FEE) oA (1#) ZEH, 819 KD 10 FFO RIS LT,

~ DU ATER, KEHE, A= T 4=V T A, u—F—ay T AL, B#FIRN5D
BRIz T>7-, EBRTFIETERL EFEETH D,

(ffy B AT~ D B )

~ U AOEE, E, B0 WL, KRR ERERR S SO R ) S FL R E
WA FE R A LU0 36 K OME S ST R 738 ) | 35 B B e 8. 3 LU OB R OVEFLIC
BA3 2%, EREMWMICET 2 EORME FREHIMER L7 (RERFEMW ERGHE  AGERE S
C13-14, 7KK Rk 2548 H 5 H2vH Rk 28456 H 30 HE T),
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m—1
FEER1 -~ T ASOKHE A FIVKEREE G ORE R
FA<T A (4 1E) (Z220HM 2 £721% 4 mg Hglkg A TV KERZ# 3 Bl 05 LT,

m—1—1 {KELH
AFVKEBE G~ A%, SROFRGETIIIERICEESENML, 2> ha—LThH D IEM~&
HwoALtoERIIRON2»-72 (K1),

50

40

30 j}":”‘- —4—Control

=—2mg Hg/kg

ki (g)
-

4mg He/kg

() I I I I I I I I
90 97 924 101 1048 104156 10/22 10429 11/5

1 A F VIR 5% DIREHER
4 WERICRIE~ 7 212, 9H10H £V A F/LKER, &7 IXIABED 7 (Control) %
WH3EE G Uiz, $GRHCHE LR EZRd, ARl B AT,

m—1—-2 F—=7r74—LRTAK
F—=TT7 4= FT A MT, AFEEBE, FRERTHELLE, 72 FofE (XF
KSR G-HT) DOHRLRLBENINERE ThH o T2 A FNAIKBRGOE, BH%ORRF)IRZ
IR LN roT2 (K2),

200 L
160 P A 5t}
75} ?\,'—"'"—_.L__ y = T L = .
8120 |
© B == Control
2 80
E ol ——2mg Hg/kg
10 | 4mg He/'kg
() | | | | | | | | |

9/8 9/15 9/22 9/29 10/6 10/1310/2010/27 11/3 11/10

X2 F—7F2 74— KT A NOREE
60cm X 60cm DA —7 > 7 4 —/)L K& 9 XD IEFIZXEI Y 2 DX U] 0 #1 4 8
L7z[E% % 10 A HE L=, W@, @ 1 [EFEBELZ, 9 A 8 HiXAFILKERS
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<AV AFNVKREFIEOZENRONIZ (K3),
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¥
e 300
i
[] *x
200 -
(s)
100 -
0

Control 2mg Hgl/kg 4mg Hglkg

3 AFKERE O —Z —m y BT X MR

[R5 4 - 40rpm @ 5 43 F DIEHREHENNSEAT T % £ TORH (Frgilefi]) 2 5HH L7z,
HERNE ., 8 T £ TOFRRE (7)) | BililI A FAKROBLGETH D, FREAILDO~ 7 A,
% p<0.05, vs IR 58 (Control)

m—1—4 MRI 4

T1 FREHmEE (X 4), T2 s@EGg (K5), IErEfmEg (K6) 1, 1mm ET, RS
1.2mm XIATIL KRB L7, K4, 5. 6 TlE, AF /KR 4 mg Helkg % 6 HREE L
e~ U A, ENE 12 K ERT,

ay br—b (FEEE) BEe AT AKBEGHEO MRI B4 T 5 &, 8 3 IHEL LW
B OmFE, T EAZERO > 7 TS IC R E RMES A Oz, K7, 912, JEK L7-H{E
oL, fRER A EEITTRT,
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m—1—-5 TAIIM=R . 55 3 IM=E DAt i

MLER7N O 4.8mm, 6mm ONLED T2 i@FHEER (X5, E. Figbizs) MV, fiKE, F
3 (X7, KH) OmEEMEEROHE CH-72E%, IMEOMxmE L L,

AFILKER 4 mg Hglkg 5~ D ATiE, 2ENDMENERIZIENY , WHEE2ES L2
YRR U RO 2 G ol B 6B, AEEN Lo T,

Peh5- 8B Tld, AT LKER 2, 4 mg Helkg $¢ 5T, MMEEABEOBEINZEEKRFEN R SN
7= (8),

At 2 5~ X (2> hr—)L) AFVKER 4 mg Hg/kg 2 BRI 5~ 7 A
0.025 ~
%k

E“ﬁl, 0.02 - %« %«
=

0.015 -
*H e Control
ij‘ 0.01 == 4mg Hg/kg
f — —
f&  0.005 -

0
2 weeks 4 weeks 6 weeks 8 weeks

AF KRB ()
7 MIBME., 5 3 MR ORI ORI
At E7213 A FLKER 4 mg Hglkg # %5 Lic~ w7 A T2 f@FH % O RNE 57
DS E ., RO EFE TE - 7o FxHE, S 4EO~ T A
% p<0.05, vs WL~ 7 2 (Control)

0.03
4
= 0.02
#H
A 0.01
i
&

0

Control 2mg Hg/kg 4mg Hg/kg

8 MNN=E, % 3 MM ORI HERE D A F /LK R KA
VRIE,. F7213 A TFAKEE 8 BEHKE L=~ v AD T2 58FH W5 O M= 4y O HifE
., MEEOmEECH > 72MHxHE, AR 4EO~ T X
*  p<0.05, vs &5~ D A (Control)
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m—1-—6 T Rz O R

MREKE D 9.6 mm OALED T1 MFAEE (X4, 1IZH7225) 2BV T, AF/AKIER 4 mg Hg/kg
Z 2, 4 WG Lc~ U 20N i, BE R 7 A Aonse (K9), Ziid,
TEBEICEENREENEE TV EREBEL TS, 72720, 4mg Hekg #5 6, 8i#HHT
E. YT AOHEINEEEY ., ar he— (BEKRE) v REDOEPAE TR hoTe (¥
4, 1), 2mgHg/kg %5 Tl, BAER T 7 FAOEINTA N> T,

TR

100 1

80 +

60 +

40 1

TE#STFIVEE (AV)

0 t
Vehicle 4mg/kg MeHg

M9 AFIKRIZLD FEEOREE
A (Vehicle), F 7213 A F/L/K4ER 4 mg Helkg % 4 &S5 L=~ v 2D T1 &8 HE 4,
T EEMESICBW T, AT NAKBEE~ T 2OV 7 F LV OBEIMNEE SR,

M—1—7 HRY="AEEANCES, MMM OB

RV = AERAZ AV T, Mg MBEFE 7= A FT O &k e, AEl, A FLKER 4 mg
Hg/kg %56 MH O~ U A TOWRBEAT 7205, H RV =0 5O 7 F T MR MBI N O 58
Wi R ong . BMO AEITIIRE S hvenolz (K1 0),

T, AU AF KB ESLMETHb~ U A 285 LT T1 s@iAEiGE2RGE Li-, ~>H
X, NMDA ZEAERRLEDOH N T AT v 3V L THBHIBENICE D A Z ., oG - Bk
HEAENTZ D T1 FRFHEER T~ o T OMANSAAZRET D Z LI L0 | MRIGEN O TTHE, P
HAIAFRETE 5, LovL, SEIOFEMGTIE, BEER Y 7T A B Snied o (F—%
TR LTV,
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10 HRY=LEEAZ AW, (kRSP 7= A& T O H

AF VKSR 4 mg Hglkg ¥ 5-6 B H D~ 7 20 T1 MilEi4 2 k4%, TR =7 L5%1
— Al (a2 (HRTY F=A)) &, BFFREVERH L, 10 SRICFE LY —7
ATt L7z, F L— MR 5% 0O T1 BB O > 7 F AN EEGRIO Y 77 a7 1|
KZETHRIV =T LDV T FABERFH L, 507 —TF L, XTI T 5EHmE 5
CERORLTH D, MMM OFEEAT 2N HAUE, MNICT R =0 50> 7 F L (h
T —THER)BRHEEND,
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m—2
EFr2 carbr— T ZAOMANATEA RELVECDOER

SR A A~ T ADERGHALD AT v A RF/VE L RELZERE LIEREER TITRT,
F£1 ~URAWPHNATEA RARLEEE

TARNTIVA—/, E2; T R T ReXxFay, DHEA; 7o FuxF o UF v,
A-dione; TA ATV, T; Y FasTAMATar, DHT; a7 A7a ., P4

No. oy E2 DHEA | A-dione T DHT P4

pg/g pg/g pg/g ng/g pg/g pg/g
1 1~ A KA 13.8 56.4 89.4 1.79 470.9 104.6
2 2: <7 A/ 32.9 110.2 60.2 1.21 261.7 168.2
3 3~ AU 14.8 162.8 81.4 1.76 401.3 142.1
4 | 4:=UATF AT 19.1 213.0 86.1 1.27 343.3 119.4
m— 3

EER S T AADOEAED A FIUKEE 5T L ATEIEE O/
F 2= A (8i#n) 1Z 10 mg Hg/kg A F/LKERZ @ AR OEKE L, 1T88I8421T-7-, 4
1% MRI 81347 > TV 720,

M—3—1 {KELH
AF KR~ A (1008) (3% 520 BURAEENAREICED L, &5 6BH. 7THH. 10
HEH. 12HH., 13HH. UHBIZENZENILT DT, & LIEE L EBENMET L0 TE
Bliz, 2vbr— (BERS) BRCEERBITR O b7z (K1 1),
40
35
30 A

o5 - sk ok %k ok ok ok ok ok ok %
—#—Control

20 1 ——10 mg Me/kg
15 -

10

hE(g)

5 .

T
6 7 8 9 10 11 12 13 14

BE5HE  (H)
BI1 1 ATFAIKEREG% OIREHER
SHERICRIE~ 7 A2, AT VKR, F 72 IZFRBED Z(Control) Z 45 H % 5- L 7=
(BEELOVCT D), BEHRRCHIE LR E L2 RS, BTG B2,
*  p<0.05, vs EEHEGEE(Control)

o
=
]
(4]
s
ot
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M—3—2 A—F274—/LFFRAK

=TT 4=V RTARNT, BEE, FHERITHEZHELE, SEHE L/~ T AT
I, B br— L (EEERS) BRI CTHERERETRD N7 (F—ZFRLTW
720N,

M—3—3 n—%—py RFAL

[Al#535 4 - 40rpm D 5 53 O EHREHE IS T o~ U AR R —F =0 b T3 2% £ TOREH (K
) ZEHI L7z (1 2), 10 mg Hglkg O A FAKEEZE G TS L, 3 HALOAEICE
e < 720 . 6 HEUREITEY TS50 BLAT, 11 HBURIZ, 10T THE T LT,
IR 5RECIR, FRREIC A B R BT R oo 7z,

iy

bl

350 -

300

== Control
=—10 mg Hg/kg

* %k ok ok ok ok ok ok Xk

O 1T 1T 1T T
01 2 3 4 5 6 7 8 9 10 11 12 13 14

BE5HE  (H)

(12 w—%—ny 72 MERORIFZEL
SHERICREE~ 7 A2, A FIKER, FI2IXIEMBED 7 (Control) % 4 H £ 5- L 7=
(BHEL0 VT D), [FIHEEL 4 - 40rpm @ 5 53 D[RRI IS T, % T £ CORF Z
WL 7=, fedhiE, % T £ Cofrgk () Al 2 F Ko G TH D, 0%,
BERNZHIE Lz, % p<0.05, vs A 57 (Control)
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V &£

EBR1IICKY | HEAEAED A FAKRRE TO~ T A~ mErEss . MRIFRIEIZ X
VR TR S h T,

Aok b5ED 5> H, 2mg He/kg @3RG Tk, n—¥—a vy KT A, A—707 4—
VT A NREEICESHN A SNT, EESESCET ~ORBIIRB I N2l Z0EE
BTh . MRIFHE TRIMEOH S/t RSB S L7, Sk, MRIASEEIE 22 A F L ks
HOMHPFETHLZ LERLTWS,

A F KR 4 mg Hglkg MBENE LTI, n—%—n v RF A N CHEANRD D | EBHAE
~OEBRA LN, COR5ETIE, MRIFRIC L2 MEOIHKIZ L VEEICAY, S61C
T EMEEO S 7 LN ST,

M DR DRI IL, MOZEHEL, MEBROEMR ENEZ NS, BIET> TW 5K A
T A A DRREERE R A RN LTI IR O SRR 2 0= A F IV KERE M & OB# A B K& LT <,
£72. TEETOMRIY 7L O, RGO HFEAZER & Lo X 5 ICBEERM T bh
000 BEIT > TVWAMA T A4 ADRBIOFERZ TN T 5, T ILITHERMHREZETH Y |
AR RBL, B N TOEHFSHEORMAR EOREREMELZ ONS ELEMTH D, A FILKIEE
HRIIEREELZSISEZ TN TEY, BEMEKRFEEES, 7o —5FEar—
MFZE, ~F = A THEB TOREFNERE T, AFAKBIZLD FTEEZEDERTEERE~D
WRERENTWD (CCHERT —4), FEE TOMRIY 7L OZEEIA, BER R &0 5 &Rk
IS RE DIEE L BEM T N A FEM L H VY 4% S T OB & AIRE Rl TiERk L T <,

4l 4 mg Heglkg 3R G- &0 ) HCATENC RENBRSNTRGETH, RV =0 A
AN & 2 MR MBI ORGFE I TR S g o 7z, B FOFETIE, A F/AKERITMmHENE
M2 EETICHNICEAT 5 & SN TWDHO T, S%ITMIEKBEM O X TR T E T
D,

FEE 2 TlX, EEHFEO~ T ZAMNAT oA RELEVEBELZERLE, 5% 2 DOHIZESH
T, A7 84 NOEBERICKLERY T VEEZREL, A FAKEBERE~ T2 DMEERNCE
DEDDOAT v A FREEAZREL TN,

2Bk 3 TiX. 10 mg Hg/kg O A5 &V ) & G8TIX, K531 B LIREICITEAZE /2 TE) %
HABE SN, ~ U A 3RETHRE6H B TEREN R A —U &%, 120 B £ TIZ6HEINE
CLl7, A%, ZoRGEEZRREGEL LT MRIFTR SATENRE OB M2 BRK L T <,

V 5

MRI #2112 L 0 | {TECHEESIEO BE N A O NRWERED X F OV KRBBESRME T, AR
IRMEOPERNBIE STz, 2k, MRI S, JEE O @ A FILKBOMREE OB Tk
THH EERLTWD,

MRIIZE Y, ATFKEBN T ERICREN R EEZ 525 Z LR E Tz, 2k, MRI
AT RAZE D A F VKRN E| E i Z 9 @ RN RERE E (BERPEE) 2 X TV D AREER B D,

Zokoic, FREALREBEZWETH D MRI 1E, A FIAKEENEIC K 2 ESEESOK
RREE & W o TR 2 EREOMME G O B LA T 5 Z L AR RRIC L, 2o R#lIk, £
L CTHRRED A B = X AR ~OIEHNHHTE 5,
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VI REELIEDETE
Rk 25 - EE DOBFFEIC Lo T, A F/LKERIEEIC L D Mo FEE 28 MRLIC K > T UMEILKR,
TEEOY 7 IV RE L L TEBEETRESINZ, LALESENEKRNEHETH-T=D
TATEOE B AERE = N BEE Clx /e <. MRI AT & OBIEVE DT B IS IAT 2 2o 72,
Flo, EZEOMHT HIT > TR,
F T, WAEELKIL, O0EmTAED A F VKRG L DB AT L., DUV THEESD
JEIEME A FOLKERBEE DOAFFE~ E BB STV,

Wik 26 4
TR 1., v U ASOEHED A FLKEEE

PEpkEE (8 M) @ ICR A A~ A (1#f 8 VLfR/E) |2 6-8 mg Hg/kg FRED A F /LK
RemAROEE L, 1TEICEESAEREE 2 W TR B S ¥ C MRI Fr i & OREMEAB K
T 5,

(A) TEVEE, EEEERE K QU R RRREE OFEM (A &K% THHE)

TECEBEREREE DLW . e—¥—ny RTA N A =77 4— /L 7R MIINZ,
BE~OBIERZFTT 277 2 —T A NEE L, KIEMEAREEZHET 5, KA
PR~ OIFEL R T, MR EHIRT D 2 L THITT 5, TOBR, OB, FFIR.
RO KRR EE 2 E L, KEBOEFIREAHE L7222 0 EREIT O,

(B) MRI Z X 2 MBE5E DRl (F8 5 SCHELK 27 ) || K25 C o AR 924 08 F i)

AF VKRB EE Lo~ D 20 T1 i, T2 sRFmE ., L8R E G i o2 b
(ME DR L) 28T 5, S5, MOEA Z EICEGESE L TCENETho v T
FOVREZBMEL L CRELSMAT L, FETEEINZ X D 2y 7 F ViR EEL A O EAL
TRLNZRVD, KBET D,

(C) MWlEE ORI FHImA (8K CEM)

AT NKBEGEH DO~ T APWERTEEE L CTHA AT A AZER L, MEOJELR, T EE
O MRI ¥ 7 FNVOEEN EO X D oW FOZ L EBhE L TW D, ez T 5,
FFe (B) CTHLOMHBAICESZE N L SN 25EE1E. £ OEA O B 72 b & o Bl
HiERT 5,

(D) AFNKBTHEE SN DITEEBEE, MRI > 7L OZH), £ L THKE R
DR BRARGR AL O BE & | RAGARREBR E & R B O K BINZ R 2 $A 722 03 O AT
T 5,

T2, MEEOKRHBLEMNAT oA ROER
YU ANSND AT VKRR TIX, KBOPEMHERRICHEN R ONDHGERH Y | H~DE
FEBENAERDREERH D, FZ T, TTICR A A~ AT AFLKBEZEE L, EiEoK
REBET=F— LT, MANKIRENF R LREBEICRD XHICHRGEORMZHET D, A
FNKBEGHZ, A A~ 7 ZAOTHREBEE, MRIG 2L, KELHEENFRRE DA
A<D AOFTRE I LT, MEEZHTT 5,
AFNVKEEGRIHE DA A, A AT ADOMANEMPO{EATr A NEZERL, HEL
2T uA RO E T 5, 25 FEEICHE LR GRIOA A~ T ZAOMNAT o A REE
SZEIZLT, YTV TEN, BT T REERD D,

YRk 27 4R

EER 3. AFILKBEFMEICKTT HMN AT o A N
MRRE LA AERIEIAAST TR, ZA NI UA—NLNELIETTAMAT ROy
N DIAL, MHPBLIPMNAT oA REEZ AN ha—LT 5, [KATaA R
W, ABARE, SIREO 3 AL, Fk 26 FEOERRTHELREEN A ONTZH
BOATFNVIKBEZEE L, TECEEBEREES . MRI i, KON O/ 7RI 22 8) & ik
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WAT 1A RREDREEZ RN 5,
EhR4. RIRMEAFLKETEFED, MRIIC X SR
R~ U ZTIRIRI I DBERLIF £ TAF KB LK G L, RIEMEA F KB T~ 2%

B %, 2O~ 0 Z0TEHEEKERE . MRI pril 2810 L, RIEMEA F L KSRENE
D & £ ORERFINZAL DR 217 5,

51 A SRR

1) Grandjean, P. et al.: Cognitive deficit in 7-year-old children with prenatal exposure to
methylmercury. Neurotoxicol. Teratol. 1997;19: 417-428

2) Grandjean, P. et al.: Cardiac autonomic activity in methylmercury neurotoxicity: 14-year follow-up
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3) Murata, K. et al.: Delayed brainstem auditory evoked potential latencies in 14-year-old children
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Correlation of magnetic resonance imaging of brain with
behavioral disorder in neurotoxicity of methylmercury

Takeshi Yamazaki™, Kouichi Itoh™, Yasuhiro Ishihara™, Ryohei Takahashi™, Noriko
Fujitani™*, Takuya Takemoto™*

*1 Laboratory of Molecular Brain Sciences, Graduate School of Integrated Arts and Sciences,
Hiroshima University
*2 Laboratory for Brain Sciences, Department of Pharmacy,

Faculty of Pharmaceutical Sciences at Kagawa Campus, Tokushima Bunri University,
Keywords: neurotoxicity of methylmercury; magnetic resonance imaging, behavioral disorder
Abstract

Methylmercury is a neurotoxin that induces neuronal damage in the central nervous system and
various behavioral disorders. Relationship between time dependent changes in neuroanatomical
lesion and behavioral disorders induced by methylmercury has not been clarified yet. Magnetic
resonance imaging (MRI) is a noninvasive method that can analyze anatomical change of brain in
living animals. In this project, the time dependent changes of anatomical lesions in brain and the
behavioral disorders of mice exposed to methylmercury were investigated for 8 weeks.

Male ICR mice (4 weeks old) were orally given 2 or 4 mg Hg/kg of methylmercury chloride for
3 days per week. Spontaneous locomotor activities were determined by open field test once a week.
Once a fortnight, MRI measurements of T1-, T2- and diffusion-weighted images were performed
using a MRmini-SA device consisting of 1.5-Tesla permanent magnet on isoflurane anesthetized
mice. The motor coordination in mice exposed to methylmercury for 8 weeks was analyzed by
rotarod test.

Body weight and spontaneous locomotor activities of mice were not significantly changed
regardless of dose of methylmercury for 8 weeks. Abnormality of motor coordination was
observed in mice given 4 mg Hg/kg of methylmercury but not in 2 mg Hg/kg. According to their
MR images, volume of lateral ventricles and the third ventricle were enlarged both in 2 and 4 mg
Hg/kg methylmercury-treated mice in a dose-dependent manner. The T1-weighted signal on the
area of nucleus of inferior colliculus was significantly increased in mice given 4 mg Hg/kg of
methylmercury.

These results indicate that MR imaging is a sensitive method for detecting toxicity of
methylmercury, since the signal change of MRI was observed even in 2 mg Hg/kg of
methylmercury-administrated mice, in which no significant changes on behavioral disorders were
detected.
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Effects of MeHg on rotating rod test (coordinated
movement) in rat pups

100

. BO

2

—

@

+ 60

2 = »

w

n

» 40

5]

3
Data represent the mean = SEM (n = 12 for v
males or/and females). =, Significantly dif ferent 20
from the untreated group (p < 0.08).
Motor  coordination  (refating red test): for the o

evaluation of coordination and balonce. the retating rod

test was performed with 3 triols per day for 2 0o 1 5 0 1 5
consecutive days. The rotating red consistad

of a bar (diamater, B cm: length, 10 cm) that rotated ot Males Females
15 rpm. Tha duratize time, that iz, the time from when

the pup was placed on the rod until it fall off, was MeHg exposure

recorded in seconds. The individual performance was cut

off at 60 sec. (ppm in drinking water)

B 1A A F Lok R oo fi VR I BR R 1 2 1
i S )~ D 5
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U AL AL 2 B 72 FRAT 2 AT o T2 03 PRI A (3
RAISE RS L N7 ) A — v A %D —fREY 72 1
PRI BRI N2 o7z (K 2),

L L7enb, e sr o
7AMERKE A HE PI.RI,
PSD95 %5) DFLERIZ L > T.6 HEIZR W TH
3 B [ O FATENL T & D /MK O BB i
(CGCs) v T AEFHMER L (v F 7 AR
K ¥ T& % Synaptophysin OFEALT) 2n/4E
CTWsZ xR L7 (3),

iR =

(Synaptophysin,

Effects of MeHg on histopathology
in rat pups of cerebellum
Control

MeHg 1 ppm MeHg 5 ppm
C&Cs layer

H&E
PCs layer

Molecular layer

C&Cs layer
TUNEL

PCs layer
Molecular layer

1N

C&Cs layer

PCs layer E b
Molecular layer : i ;
Histopathelogical analysis of the ccrebellum i male rats af PND 3{: Bar = 50 um.
Carebellum are consist of 3 |

GFAP

s including cerebellar granule calls (C6Cs), Purkinje cells (PCs) and melecular layer. On

HAE shaining, neuropathological changes. inclading sosinaphilc cytoplosm and loss f mauscns. mare net shearved in the

cerebello of 1 ond 5 ppm MeHg-tr

Hy-treated male rats. Furthermore, we did not observe TUNEL-positive nuclei o an indicator

of apoptotic call death or GFAP-positive astrocytes as an indicator of narvous inflanmation with neuropatholegical changes.
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Effects of MeHg on synaptic proteins
in rat pups of cerebellum -Histological analysis-
Control

MeHg 1 ppm MeHg 5 ppm

CGCs Iayer'
Synaptophysin
(SPP) PCs layer
Mcleculcr
expnnsmn
CGCs layer
1P, Receptor 1
(IP4R1) PCs layer
Molecular
layer

Phetograph of SPP-pasitive cells and IP3R1-positive cells in cerebellum. Bar = BO um.
Arrows indicate SPP-positive cerebellar granule and IP3R1-positive Purkinje cells.

Effects of MeHg on synaptic proteins
in rat pups of cerebellum -Histological analysis-

Nasgga 8
888838

0 1 5 0 1 137

SPP positive cells in cerebellar
grarule layer / 1 mm?®

Males ~ Females
MeHg exposure (ppm in drinking water)

The bar graph shows the number of cells per 1 mm?. Data represent the mean + SEM (n = & for males
or/and females). *Significantly different from the untreated group (p < 0.05, respectively).
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Effects of MeHg exposure on expression levels of
neurotrophic factors and their receptors in cerebellum

Males Females

NGF [ w | [ 5 S|« 13KkDa

BONF [ e s | [ e s | <= 13.5 kDo

NT-3 [= =] |« 14 kDa

Trka [ == | [B8 S8 S8 « 140KDa

TrkE [ o s mom | [ o woe ww | < 140kDa

TrkC [ = v | [ e o | <= 140kDa

0 1 & o 1 5

MeHg exposure
(ppm in drinking water)

4 4 {3 A F KRR R HIBRER (2 X 5/

M OFRRF R I L O OZREFEIA~O
b2

Effects of MeHg exposure on expression levels of
unknown protein in cerebellum

[BDINF [BDINF
(Mouse monoclonal antibody)] (Rabbit pelyclonal antibody)]

— — — Unknown —»

~50 kD

" B W [«—BONF —
13.5kD

(Abcam data)

o] 1 5
MeHg exposure
(ppm in drinking water)
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Effects of MeHg exposure on expression levels of
estimated proteins using Mass spectrometry in cerebellum

Unknown protein E{—

Maspin — — |-¢— 42 kDa
Candidate protein by
mass spectrometry BLNK EI‘_ 50 kDa
eEF1A I— - I-c— 50 kDa

eEF2 [~ e 95kba
practin [=— —— ——]< 42kDa

0 1 5
MeHg exposure (ppm)

~50 kDa

Maspin controls early embryonic development including cell migration, metastasis
and angiogenesis etc.

BLMNK is essential for normal B-cell development,

Elongation factors are a set of proteins that are used in protein synthesis in the cell.
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Effects of eEF1A siRNA on expression levels of
eEFs and synaptic proteins in PC12 cells

eEFIA  _ . eEF1A .

siRNA siRNA

eEF1A eEF1A

Megative - + Megative - - +

siRNA siRNA

eEF1A op

protein | e @]<—50ka 5> [ © T S| < 34 kbo

eEF2

e [ e]esskoe oy [ ]2 k00
120

s m|eEF1A| §

2 - 2 100

e | eEF2 ne

g g ¢ g 80

o o

5“-2 5:; &0

= = 40

‘@ 3¢ ‘@ 3¢

£ 8% 20

& &

0

The relative signal intensity for the untreated brain tissue was considered to be 100%. Each value is
the mean+ SEM (n = & for males and females). **Significantly different from the untreated group (p
+ 0.01, respectively).

X 7 AP BT D eEF1A Z8 L3I
XDV F T RAEAORBIKT

Effects of MeHg on expression levels of
eEFs and synaptic proteins in PC12 cells

50 kDa 34 kDa
95 kDa 268 kDa
0 10 100 1000 o] 10 100 1000
MeHg exposure MeHg exposure
(nM) (nhh)

eEF1A
eEF2

=x
L

Protein expression
(% of basal)
(% of basal)

Protein expression

o]

The relative signal intensity for the untreated brain tissue was considered to be 100%. Each value is
the mean+ SEM (n = & for males and females). ™, and ™ Significantly different from the untreated
group (o« 0.06 and p « 0.01, respectively).
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ZZ T, (Mellg) S &V EEFEENRE L O~ 7 A
A O — MR & BUS ST, R AR
WO R ERRT LT, TOREE, TR

B ORUKIREIISOSH 7 A B £ TR ELBIET,

BABHRICEELE L TS, (MeHg) oS 13BN
IIRIOGHHEST LC, U U EERRENR D CIIsOs 4
5 HH CTxIED 40%, ~ v AfHEARETR— b
TR TIE 100%D3HK LTz, F72, ARG DE
R & U TR 0 SRR ER DY T, 5 407223 MeHg ~
DT BES NI -T2, SHIT, v T A
23Melg 54 24 BTS2 X o 2 HE LR
E/LED Mellg) S #HEGT 2L, BEZIHHAT
30%, #5447 HET70% BLOBE% 14 HE
T 100%DBFENR ML S T2, LLEL Y | MeHg
ETEMEA A D51 & DIOGTH Uz (MeHg) oS 1358T
TEAEZ R U CEERICHS Sk, fhalc
SITRBOGIEAT L, AEMEC AR D RFEERESII
FHAS, —ERIT R/ BRI S D &
EMH LN E ol (FHL, RERT—H),
ZOZ EE, ERT DR EFL T Melg Off
HIZ—HD. (MeHg) oS 23FfEfA & LCRIG- LT
D EETELTND,
4-3. (MeHg) ,S MAERKIZE TS MeHg &5EMEA A
DFORIEHR

X 4 12k 9 &80 MeHg 1% NalS 721 T72 <,
Na,S, 3 %\ GSH-SH & Melg Z i S® 5 & | fi]
NOEE S (Melg) S 2VER Sz, NaS, & DG
(28D . MeHg-S-S-S-S-HgMe DPEAIIMH Sz
W2 EMD 4 DDA T TFEA-Offiun & Melg 73
FOSLUTLRFDOA AT Z2G|EHRNTND Z &M
EZ B, BN L2, Mellg 13 GS-S-SG &
DT (MeHg) .S ZAERNT D Z &% GC/MS D
fEA L D e STz, UL EORERIE, IS OfEEE
LS 721572 <, MeHg 23 6GS-S-SG @ (kiR
T) S OFEFHELEN LA A VR TF25 &k
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&, (Melg),S ZARR L7-AlREM: 2RI LT D,

4

1. MeHg + NaHS (MeHg),S
2. MeHg + NaS-S-S-SNa (MeHqg),S
MeHg-S-95-S-HgMe
3. MeHg + GS-SH (MeHg),S
4. MeHg + GS-5-SG (MeHg),S
- N
L
5. MeHg + @»S—S---R (MeHg),S

4-4. (MeHg),S T vt4A #FALIEEA A
DNFEREL VNV EDRE

DEIZ, Melg) S ARUIZEET DS FH L
B R EHROIENEA R D B
T, ~ U A AT A 2 O TR L2 (M
5), Mellg & ARy F-Z BRV N A ATERMERI ) & OB
TROND MeHg) S ERLEIL, B T ZBRDRN
RFD 42%72 5722 Lt AR OEAIZIHK
DR IOY T BHEIEMA 4T 51 D3]
FRERIH-3 25 2 LAVRIB STz, DIITARRENM:
B4y % Cibacron Blue 3GA hZ7 LV v~ K757
4 —EATHTRER, REERESy, KC1 S F
J O NADH & H 53 DA U S EEEDTEMEA A7
NYEATDHE L RIE (4 OJR 5 #5H)
DFAET 5 2 LRI STz, BRRNZ &2,
NADH YAHE 3 FRIZIXT 7T A Uiz~ v AJFlg ]
RPEBEI S 1FRE D & L 37 B L & T
WRWZBE ST, (Mellg) S AR EITEARD 51%
7eolz (K5 HDFK), HAEAIZ NADH s HEI 53 2
TIVHIETT T I THBERAT o TSR, SDS-PAGE |
T 25 kDa Z g H—Z LR ORI L
7o MG K NI B A LCNS TRRAT L 7= 55, GST
Pi THDHZ EBHLMNE RS Tz, KIGE TOEZ
BIR TR L 7=~ A GST Pi & Mellg % [iis &1
Tb. (Mellg),S DA ERIIMER SN, FT-, H¢
7’r—7" SSP4 B LN “Tag—Switch-Tag” 7 v A
IZL D, GST PIDOSFHIZHRY 2T ¢ RAMELE
T5HZ & bR I,



B-I ~e-Protein
12 4 B-ll B (MeHg),S
=10 1 B-lll
£
E’ L 10 mM
“-:' 6 - NADH
§
0 4 -
a L
u I

Fraction number

1 9 18 27 36 45 54 63 72 81

0

(MeHg),S formed (ng/fraction)

CBB stain
B-l Bl B-ll
(KDa) Cyt B-IB-1IB-11 6 18 24 36 42 48 63 69
114 et “s | 117kDa
61 -
47 | 47kDa
37 = . | 42kDa
29
Wee s 95 kDa
21
io
- et

B-1, Fr. 3-32; B-ll, Fr. 35-53; B-lll, Fr. 60-80.

Mice liver cytosol (4 g of protein) was applied onto a Cibacron Blue 3GA column (10 x 1.5 cm, i.d.) and proteins were eluted
with 50 mM Tris-HCI (pH 7.2)-0.25 M sucrose (Buffer A), followed by Buffer A-0.5 M KCI and Buffer A-0.5 M KCI-10 mM NADH.

Fraction Volume Protein (MeHg).S formed Yield
(mL) (mg) (ng/fraction) (ng/mg of protein) (%)
Mouse liver cytosol 36 4200 7360 (100) 4
Dialysis 35 3990 3085 ( 42) 2 100
B-l 105 1266 327 0.3 1
B-ll 72 908 224 0.2 7
B-lll 60 33 1598 48 51

5. ERBIUSEHNDEE

Mellg & GSH 23SZhts L C MeHg—SG A1 % ARk 4
% & MeHg OBLEFHENEILT H721F Tl <  MRP
A U CHlas ARt S n Z & 0vh, i <n
MeHg D EE/offmmtit & L ORI T2, —
55 Fkex DMeHg-SGE / = 27 /LKIZ L 5 SH-SY5Y
FHIESEERFS O Mellg 12 X DA & > X7 H D
SKEMbLERMET 27 v A OB% ik,
MeHg—SG ML S— b 7 > A KEUL A L THER:
HIIZ MeHg D& 37 EAHIME (K1) ZERCT 5
ToOICHlR 2 A9 2 2 &NV yinotz, 2D
1%, MRP ZFHET 5 & MeHg-SG {AIMAD KA
TR OHININAE S Z R BD S-AEY bR L
FMlREED ERIZ X 0 ZRfsn/-, UL, GSH
AR OHEERESE GCL 38 L ONMRP O BLFHE A il {H
L CWBERERA Nref2 O/ v 7 T 7 b~ 2B
L OOl CORGT L 0 | Nrf2 &2 K487
% & | MR KRR EE DYEIN AV, MeHg (12X
HZAEEMITHEREIND Z EDNHLNE 2> T
%o LLEOHRNGTH L Nef2 (12X % MeHg @
U A 7 BRI INEER K ER DO B E 2 B35
ZEDTRRIND B DD, MeHg-SG FEAIRDAERL
MRS 2 L1335 2120y,

—J5, CSE /v 77 b~ A% HW kgt &
0 AEEZEDMEAR LI T (MeHg) SRRl
(CLBEIRIE A A0 53 O EEHHEIR TH 572
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FT72<  MeHg DU A 78K 1T D Z & bR
WENz, /R=ZLT7 4 K (RYALT 4 K) O

£ 0 RIEMA AU 11X LT B ORRR%E
72T T, MW KIEEEZ AT 5 2 &0 b,
EERNO LV Ry 7 ZHIEIC EE e F 2 U T

WD, U, MeHg 2SRRI A LT GS-SH =2
BUNTBERRN—ZANT 4 R (RY AT 4

R) ERUSL, BUE %2 TEA L7z (MeHg) .S 242

s H— T AEEMERERHMZHDTEMEA A D 53
SR D Z LD Mellg DFEMEO—RIZ7

DAHEMENH D, £l GS-SH BIORHF /37

BHRAN—2L T 4 R GRY AVT ¢ R) BEAEIC

1% CSE 7217 T2 < L GSH DR AT LT Nrf2 23%F

HLTWAZ EHLEZBNDHDOT Nrf2 & CSE &

TN I T R UATOERE IS HT

ETHD,

5| AT

1. Shinyashiki M, Kumagai Y, Homma-Takeda S, Nagafune J,
Suzuki J, Matsuzaki I, Satoh S, Sagai M, Shimojo N.

Selective inhibition of the mouse brain Mn -SOD by

methy Imercury. Environmental Toxicology and Pharmaco/ogy

2: 359-366, 1996.

2. Kanda H, Sumi D, Endo E, Toyama T, Chen CL, Kikushima M,

Kumagai Y. Reduction of arginase I activity and manganese

levels in the liver during exposure of rats to



methyImercury: a possible mechanism.  Archives of
Toxicology 82: 803-808, 2008.

Toyama T, Sumi D, Shinkai Y, Yasutake A, Taguchi K, Tong
KI, Yamamoto M, Kumagai Y. Cytoprotective role of
Nrf2/Keapl system in methylmercury toxicity. Biochemical
and Biophysical Research Communications 363: 645650,
2007.

Kumagai Y, Kanda H, Shinkai Y, Toyama T. The role of the
Keap1/Nrf2 pathway in the cellular response to
methyImercury.  Oxidative Medicine and Cellular
Longevity; Article ID 84827, 2013.

Toyama T, Shinkai Y, Yasutake A, Uchida K, Yamamoto M, Kumagai
Y. Isothiocyanates reduce mercury accumulation via an
Nrf2-dependent mechanism during exposure of mice to
methy Imercury. Environmental Health Perspectives 119:
1117-1121, 2011,

Yoshida E, Toyama T, Shinkai Y, Sawa T, Akaike T, Kumagai Y.
Detoxification of methylmercury by hydrogen sulfide
producing enzyme in mammalian Cells. Chemical Research in
Toxicology 24: 1633-1635, 2011.

Nishida M, Sawa T, Kitajima N, Ono K, Inoue H, Ihara H,
Motohashi H, Yamamoto M, Suematsu M, Kurose H, Van der Vliet
A, Freeman BA, Shibata T, Uchida K, Kumagai Y, Akaike T.
Hydrogen sulfide anion regulates redox signaling via
electrophile sulfhydration. Nature Chemical Biology 8:
T14-724, 2012.

Toyama T, Shinkai Y, Kaji T, Kumagai Y. A convenient method
to assess chemical modification of protein thiols by
electrophilic metals. Journal of Toxicological Sciences 38:

477-484, 2013.
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EERITE BICHRIBTIE AR TS50, &
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DlZxt L, $hOVER L t-PA AR D LE TH
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MEFEEOERE LHET TV,
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(1) 1fn. & PN Al B ds 2 OVJE B2 A L2 e 37 %
A F VKB OMILENE, XV (2) AN
~OKRSHFRICE D 2R Y A — LRI %)
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T AAY R Py

3-2. M FMEVFIEIZE D 25 A FLKERD 7=
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1L 0D 3 38 P U o A i v T D AR LT B
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VEGFR-1 ¥ X 0" VEGFR-1 (23R
95 PIGF OB %# LH IE 5012 L,
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w5 (K2,
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PR RRIE O
iR OTUE

Rt 0

Endothelial cells

X2 AFNKEEIZED VEGF v AT LD
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EHIT, AFUKERE, NEMIEE LW
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2 Phagocymsis
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BMAECD
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7 — VkEHI N Raw 264.7 flRIC% L CTZ D
TNF-a O¥B 2 LR SEDL 22 RHL
T2e TD AN =X LTI ARHTH 55, MAPK
FREEANBE 5 LT\ 2 AIRE M & T A L Bl 42
LTWb, £, HrxTMREENE T-Mia
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DIN—=T V2 /T T A LDHEELH A
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1)Eto K, Yasutake A, Kuwana T, Korogi Y, Akima M,
Shimozeki T, Tokunaga H, Kaneko Y. (2001) Toxicol.
Pathol., 29, 565-573.

2) Hirooka T, Fujiwara Y, Minami Y, Ishii A, Ishigooka M,
Shinkai Y, Yamamoto C, Satoh M, Yasutake A, Eto K,
Kaji T. (2010) Toxicol. In Vitro, 24: 835-841.

3) Hirooka T, Fujiwara Y, Shinkai Y, Yamamoto C, Yasutake
A, Satoh M, Eto K, Kaji, T. (2010) J. Toxicol. Sci., 35:
287-294.

4) Hirooka T, Fujiwara Y, Yamamoto C, Yasutake A, Kaji T.
(2007) J. Health. Sci., 53: 450-456.

5)Hirooka T, Fujiwara Y, Inoue S, Shinkai Y, Yamamoto C,
Satoh M, Yasutake A, Eto K, Kaji T. (2010) J. Toxicol.
Sci., 34: 433-439.

6) Hirooka T, Yamamoto C, Yasutake A, Eto K, Kaji T.
(2013) J. Toxicol. Sci., 38: 837-845.
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imazeki
テキストボックス
講演５


EZ T, FARICET D AFAKEILI A
Y@ SH 1 FA—VIICEN L CHEETHZ &
IC&k o T, AFAKEHEMTOBRMENMET T D
LHEE ST,

IR MR IR R R SRR S D 2 &
B, IFHHESMIL, A TFNAVKBE ML, &
LT 2ERZA LTV 5, GEO P,
E ppm b OE L ALKERFEL TN D 9,
I, BV ISR DREN TH D EEZD
No, RROEE, KIEOIZE L ENATF LK
HTHHN, 7 rhTXHOLA TR
LTAFNAKRER DL, BEKEEZZEA

Tz (X1),

1003 1003

sahdFx

AHUHE

Hg (mg/kg)

—e— HKIR
S AFILKIE

0.0

T T 1
100 150 200

RLRAEE (kg)

T T T T
60 80 100 50

RLZEE (kg)

T
40

1 AATVFBLOY a0 PR HAICE ENDHKERE
BILOAF KBS &

fAE T T A F—F K WF L0 LREY
Zim DA EECEIN T D & KR & 2 L U D iR
HENEY, ZoZEnb, 7ahPFHRTO
AERIZ, AT KERIZT TR, BL oAbk
RELTHIET DI ENbhole, 85T,

154

PEMHFLIA & [FARRICAREIC b E L T KD ATV
KDL GFIEST D BN, &
VAT R D AF VKRB, AR Ol
WX TERLZBDLEZZDND,

2. BANEREEL U OEEMEY S HEett

iR CITE L L, BEETRIG A D
LA URITBICEEND Z EBALR T
Do LIAN, BLrEaENEmWVY S o
DOEFERELIL, A IF T —bEMOE L
J FA v (2-selenyl-Ng,Ng,N,-trimethyl-L-histidine)
ThbHZEBRRAMENTY, ~ 7o, J3,
T UVHEEORIEEAICE IS EFENDD,

FEIE T TR WIS AN A A BT HIEL 4y

fMLTnsd (F1) .

= ) /|\ Ny L RESLFATL NN
L sAA ESAEL
FLLHERNE
o
a o
1 L
Se. S OH
0/ \'0 . OH
Bl NH NH,
LI ATAY L /AFA =
EEMR
L LD R, L UBE, YTUALME
K2 fmcHAShsELALEY

YL )R, NI AT a e RN ES B,
WEEDONDIFEET D Z D, ~L0 BB

FCICE G5 Z &

fERTIIC/ERI L, R

SR
HoE S iz, v~ 7 EE@HOT TIEIA

EUEBOEWVANFHRICE S S, —



b, T hrBOYFRARLIEATIIANR
W, WEMEOT AL Dol HEIEZ W
s, B EEWMIID R oTe, BT T T 4y
IRICHEKREROH Y L o e Rk G5B L X
A UBEEREINTZ, ZhbDZ b, L
J XA L, WEARRR TORYEEME AT L
TEKHEFICAEDBERFEISND &L b, ftho
BLUENOBAEGRIND EHEE ST,
BRM7p N7 2K — % — (organic
cation/carnitine transporter 1, OCTN1) (2L »> Tk
L A ORI ~DEY IATr & A F VKD
P - MR S NS, oz s, &
HHRDOEL ) A 1L, OCTNIZA L CHER

WIZIRVIAEh, v Ry 7 AEIEE@®RIEL, T
CANATI R Ty — & U TCEMBRERE O R E
2T 5L EA BN S, OCTNIEZ v — 90
DFRRBLETO—2E LTHEINTWVD, £
T, 7 u—IREEERBR L RZ D
BEMEZ s oW bbb, ARICKDEL
J A REBUT Z A S OFRIF O FIE T B5 I BR
LTWa0vh Ly,

BARFEOBVEESERORMEL S L
FA R En GRiLkokE L & &
0.51 ug /g, B/ A G 0.21 ug Se/g)
O, MIE»HITHRE S heno e (igkt Lo
G 0.174 g /g) SARDBEDEWHAIZ,

RIMERE L ) XA VEBEREHWN NG, &

155

LR A AR R LORFICL ST, A&
BRIV IAEN, & ITHRIMERITHEHNE L T
BT L EBERAONT, RiLEkE L 2 A U1,
AFIVKERE L OMMIED w3-PUFA L & b1, f
BONRLA~v—h—L LTHATES, AR
LotV R OEEIT, BIEA L%
WL, FERAPERIEY A7 2B T SE2
D, FTo, FERP Y R 7120 5 6PxIG TR
L /TR TA VPEFEETLINE I NES

BREET D2 LENDH D,

3. 2L UITk B AFILKIBDMBEE
LT L D ATV KR BRI R T,
Ganther & (1972 4F) Ik > THE &Y, R
FNKBEBIM LI E S AERERZ 7 X T I2H
HLlEZ A, FEAEORENEEE ST,
Z D%, %< DERN/2 Sz, Ralston BT,
Ty MZAFUKREF LU BEREL, &
L U RERDE VLD 0. 2 BLEOfREHZ BV T,
AF VKU LD MRE~DBIEPTHIT H 2 &
EROMCLE O 2oz Ehin, AFAKER
DREFEY A7 L DRERT v hEEEL
PR 2R LT D M A E Ny

CIHHDORWIT AT IKBIZK LT, BB

-
—

RWRTREY 2R NEmnWZ ERfEES LD

(3),



Hg/SeE /L

27 \’\ﬂ NGO AR AN D E KR ) K3 D
AN A{}_)x)r\%\\x\)ﬁ))re_)%,}v%\%)%xs\ﬁ_)v
SRR TN AN ) A YA
n N K ) 0K DN R =) %
s 1) 2
/),\—) 3 <

X3 Al - BHAOKEE - BL U DELE

SCHk 12 ICENEEfR O T — & BN %w%#l(ﬁﬁ)
KLY REL 2D L, HEY AT NELDAHEE (XY
x, TAV R, H/%J*f}‘:&‘inEI/ﬂ‘ia:/FWﬁ)
) NEZBND.

ZDOE IR LT KD A TF VKD FEMERR
WO HE L ) A U BRBEE L TW5,
VYL ) RA LV EATFNAKBEEET T 7 v va

IG5 &, AFILKEEM CIIx b5 &I

Wi UC, RICAF VKRB ERE L, WEIZ2 T R
N =Y ARFEINTD, BV KA UBFE

THE, TARM=ARMEIE, ATFAIKER
DERIET L7 " W BIE A FAKEE &
ICHERKERA R S iz D, 'L 3 A
NI AFNKBO MR A RS D ER 269
SEREINDINENIT A

LTRSS
WA

LT EDBRABMNEIRST,
ERUZIN AN

WCHRE S e, Bk & iR
Rz B L,

DATHEEL TH
OTUMERLIZ B E L DT R Gy %
ETDHE, KBITY VY — AHKOSWERL =
¥V Y —AZEER TV,

YL RA v T AR—F—20CTNL OFHER
P Lo T, RS D A FILKEBOHEH ASH

EINED, INHDOIEND, BL XA UIC
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KD ATFIVIKEROHEH & HERE(L 121, OCTNT A3BE
HE4zzZ LR ENnT-,
IRz 6 LC, hOCTIN1 Z 5 S H-7-4

b b B s Sk HEK293
Al
HEL ) FA LD AT IVKBOPEH & B
LMt S iz 7,

I DOFERND, ATFAKEE, HIFAT
L RA U EEAERETEA L,  OCTNL sk

N
73

W SN DR MR &
T D0 A FILKERIRTE T

LTy RY —ARNIZEVIAENTH,
WKL & L Cfifa s ~4
L Db A R LALLM
IZEoT, B I FBAERL, =0 RY— A
DO DT UWERIAERPMEE SN D LB X B D,
ST

T, KRB L UnFEIRBHEN AL 2 %A

A A VI g ) > LC-1CP-MS 7

Y= AFOVKEAIMED R S dviz, A F VKR
DEHEACIL, =2 K — AN E 72T/ WHERN
TR S
T, BUVAMEKEBLEL 272D THLEEZD

T L RA - AFIKEEEERNS

i e,
SEOFERMETIE, Kkl ) x4 055
& AF KRG &L OMICIEDOHBABERN RS
iz ¥, 2L 24 TARILERIC
RO -

BRI L KA 2 L TR MER i DT

BIFDHAF LK
EREBERT LD, ATk
kS NDAREEREZE L DND, ZDLE, R
MERDE L2/ AFNKEEENIL, 3.5 5005
81 % CE¥IK) 42 %) Th o7z, A FNIKEBOERE

IZRFL TRV A R AR ETH D &

ER BN, AFNIKBOMBHRPEMN T 5 &



HE N5, ZOEM (FRifEK A F/L7KER 87 ppb)
1T, AT XD A FILIRERIRER A3 i AR (2
D) bl enEsnTng

ARBIZEDIEL VDA F VKO R HIREE

Xt LT, L RA KD ATV R

PEDFRFVE MBI Tk

R, WEBRNRORERENECLLIBDLEXD

10 PUFA |2 & % ik 7

iz,

REDAFNIKEITEDOS B OREL L TLL
TOHEHA ZMRAT L 0ERDH D,

1) AFVKERIEREAL O 5 1A

2) AFINVIKROMEEPEY T D1 L AEKER
KTV Y — MO

3 EBMETNERBIOEFHREICLIEL
J 3 A L PUFAIZ & B A FVKEREME DR
FAF F oMk

4)  REIZ XD ATEEERN TR R O

5) A TFIVIKER % i i i B

WZET AT,
TR, NIV ITHAREDEREIZONT,
BEREME RS D A FVKERFBIEREFITE R & 5
JE L7 Y 2 7 OHEE

SCHER

D BREZEEBRR. ANEFICEEND A TFAKBEION
T. 2004

2)  Arima S, Umemoto S. Bull. Japan. Soc. Sci. Fish. 1976; 42:
931-937.

3)  FFiF 5248841 &

4)  NgP-S, Ji H, Matsumoto K, Yamazaki S, Kogure T, Takagi T,
Nagasawa H. Proc. Japan. Acad. 2001; 77: 178-183.

5)  Yamashita Y, Yamashita M. J. Biol. Chem. 2010; 285: 18134—

18138.

Yamashita Y, Amlund H, Suzuki T, Hara T, Hossain MA, Yabu T,

Touhata K, Yamashita M. Fish. Sci. 2011; 77: 679-686.

7)  Yamashita M, Yamashita Y, Suzuki T, Kani K, Mizusawa N,
Imamura S, Takemoto T, Hara T, Hossain MA, Yabu T,
Touhata K. Marine Biotech. 2013: 15: 559-570.
8)  Yamashita M, Yamashita Y, Ando T, Wakamiya J, Akiba S.
Biol. Trace Elem. Res. 2013; 156: 36-44.
9)  Ganther HE, Goudie C, Sunde ML, Kopecky MJ, Wagner P.
Science 1972; 175: 1122-1124.
10) Ralston NV, Ralston CR, Blackwell JL 3rd, Raymond LJ.
Dietary and tissue selenium in relation to methylmercury
toxicity. Neurotoxicology 2008; 29: 802-811.
11) Ralston NV. Selenium health benefit values as seafood
safety criteria. Fcohealth. 2008; 5: 442-455.
12) Kaneko JJ, Ralston NV. Selenium and mercury in
pelagic fish in the central north pacific near Hawaii.
Biol. Trace Elem. Res. 2007; 119: 242-254.
13) WNEE, AAHEORE, 1 NEREF. (FEEEY 2012; 50:
807-817.
F1 IPHMRICBTIS2EL ) XA v BIORELVGR
ot LR Ly
Sybraket iz, me Se/ke mg/ke n
[
A (@& sr~sn 150£0.6 172 +1.1 3
Ll (8 5H) su~sn 1.18 £0.12 100 +12 3
U 1T AHT¥ 0.22 +0.05 0.53+0.12 3
WS ANF 0.20+0.14 1.13+0.52 3
WS su~sn 0.18 £ 0.01 0.60 % 0.09 3
T v 0.13 +0.04 0.76 £ 0.31 3
Wz 317 S 0.13+0.03 1.50 + 0.66 3
W 3 f753 A 0.08 +0.05 0.49+0.27 3
A TN 0.20 £ 0.07 0.54+0.12 26
i FAEH LA 0.18+0.01 0.32+0.06 8
W 3 f753 ~A T 0.11£0.04 0.33+0.07 3
W 3 f753 TAATY 0.11+0.04 0.37+0.10 3
S A FUALAL 0.10 + 0.04 1.43+1.02 3
W 1T ~TY 0.04 +0.02 0.40+0.11 3
T <~ 0.04 +0.01 0.27 +0.04 3
1T ~ A 0.03 +0.01 0.29 +0.06 3
M S 1775 Y hhwR 0.01+0.01 0.14 +0.01 3
A v 0.01+0.01 0.20 +0.03 10
A SE A P~ ND 0.21+0.00 3
W SE A s ND 030 + 0.02 3
W 1T AT ND 0.28 +0.06 3
A S 1T HETFA T ND 0.25+0.14 3
A ~ X7 ND 0.23 +0.04 10
LRul] <7 ND 0.20 +0.09 3
S A ~afLA ND 0.11£0.00 3
Al AN AA T 0.01 +0.00 0.21+0.01 10
Ll =7 kKU ND 3
5 =U kY ND 3
Jiikl:3
mER (FBIH) sua~sn 51.6+5.7 3
A (F85H) Va=a /A= 34.0+ 6.5 3
2 (REK) sua~sn 6.55+2.29 12.0+3.1 3
ﬁn’n ~ P 345+12.6 3
A (F85H) TA4TET 0.07 +0.05 3
MmEk S8 0.21+0.36 0.510+0.389 167
1L E b ND 0.174+0.038 167
Pl ‘
ol (%) sm=n 3.24+1.26 208 £2.9 3
fEEg (#85) s m~vsn 3.08+0.59 13.0 +3.0 3
PN AN AA T 0.73 +0.28 3
JTHiEL =7 Ky 0.02 +0.01 3
NIl 7 H ND 3
S e 75 0.03 £0.01 3

Hflix, FEMEHREREE LHT.ND
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WA LLT (0.004 mg Se/kg) .



REHABSIURE

OfF B fe OVFZEBEERT) ., EEHEEZ (BmEbRE) ., Eimk CGRRRE), &

#

(R KT . R (BT

(# El

INBE AL LN 381 B AERAR I Kk, B
TT. T 7V R ED S0 HELEORER
ETITodv, EERIT BRI N e L )
<HERIT 1, 100~1,300 T AT, 9 BHLMEM 250
TN, D25 TAEGENTWD EHEEL T
%o < OFBUIFEEDOF R L BT 5 -0 il
E SR TN D T &0 DAKERFRA (He®) BRR I
LD EN I TV D,

WA, ANEBUBLEEE Lo/ EREE L CIEFHE D 12
& D A0/ SRERHE A3 8 0 I D K ERVE Yk % 5|k
LTW5, ELICEBEOKIRERIIEIE~DIK
REFEZFIE L, BYPITEEED A F LK
(MeHg) RS TW 5, ZOoHIROFERITK
KD DOKIRFETIREE TN Z T, BN H D A
FKSIREIC L 5 ESRENSHER I TE
TWn5

— AR AW/ NN B 1T B KRS T 5
MR, BRAICHRE N ERH G TN S,
L L7t IRAHSHENICKIT 2EAK
SRR TR DR BT D M ITFE K, RS
ETIEA 7o B A 80 1L S0 /K SR 111 JE 2 s THE
o/ N DMK EE O G KSR EE 2 2 1 T\ D
EEZLND, AFIIBEMBLORE - 3
BN 31T DRI EE AR S & ARIREE A F 4K
$RIT K 2 HEA KRG DS A TENERE ~ & D &
VIR 5 2 D0 ERE LT,

[=E&7%]

1) BAEHICEITHEEKIRBEERR
-1 @

C57BL/6 o~ D AZ HARZ LT (BF) LA
L. 10 BE#sICE L & &1 & 2 —%F—ClRJE
XTIV, BT T 7 OfR%E b > TR 0
AR& LIz, ZOM, % CE-2 (AAZ LT)
fAkta 52, fE L7,

- REHICETLERE
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BKBBEICIIARITHEMEICONT

E

i

1-2 WRFEHIE

KRR (Hg") MR : iR L7~ U X 3E S
KRR GBI IEE IS A, MR IR 1
0.030 mg/m* (#iPH 0. 017~0.038 mg/m*) T1 H 6
BEfE], WEAR 18 HE £ CE HBRE AT 72,

AFVIKER (Melg) BREE : IR L7z~ 7 A1
EHIZAF VK bppm HAEE A E 2, BH
Lz, ATFNKBEGEEHIMFE 10 HH ETH
Z. FORIT, ATFNKBEGERNATF LK
SRAERINEREL CEF L7,

IKERFRT A F VK ER (Hg'+Mellg) B « AR L
To~ U ALE IS KA TR B EE NI AN,
W YR L 145 0. 030m g /m ® (&iPH 0. 017~0. 038
mg/m?)T1H 6K, 44k 18 HH £ T#HA
WREE 21T > 72, [RIREZ, A FILIKER Sppm & 4 £
Bt2HE 10 HEE THEXME L, TO®KIZAT
JVIKER % G F 720 A TV KER TR EL C Al &
L7,

HEERS . (FO¥cE MERE 3 PLICHiz 72, HIFE 10
A BICH RS 2 T2 =—7 LRI N C/E
L. M- Bl - AR L. - 80°C T
R1F L7, HIPE 28 B BICHESL S, 723 8 M
LT & &, ATERT 21T o 72, 1TEMRITIC
VIREBLON B HPE U 7o MERERS 1~2 DB v, FEBR
BEIX—HES~6PC L L, 8l CIHME L7,

2) INREIZE T HEEKIRRTEREER
2-1 B

P 2 D C57BL/6] ~ TV A% HAZ LT
(k) L0 60 PLEMEAL, B E=ENTER
BAthE CEIE Lz, Z DR, fckbKiZKiEK T,
fRAEHI MF (U = 2 VEERE) &2V, BHILC
BRI, HE 21 HBITREE, He® R,
MeHg 7, Hg'+MeHg PREZIZ/31F. REBLO O HPE L


imazeki
テキストボックス
講演６


7= 2~3 VLMt~ 7 2 & v, —RE 22 Pt L
77
2-2 BREESIE

RERNRTR L 3 ks (HPE21 B) 2D 7 HlmE
To 4 (28 HFH) 1T7-o7,

Hg R - ~ U A & KRR SRR 2L NI A,
DR TR 2 FE A5 0. 096 (#iPH 0. 055~0. 143) mg/m’
T1H 8K HRE AT -7,

MeHg B#Z : HEfb A T KER  (Feilisk T.3%)

% 77K T Sppm AKIEIRICHHTE L, ok S ¥ 72,

Hg®+MeHg WFZ : KRR MR TE SEE N C He VRER
Z4T 9 L IIZ Sppm Melg & 78R /K % A HIFEHR
SH7,

WREEM T2, —ARERE & AKEKIZE L., 1THE)
ﬁ%%%lo i HE CE L7, 1TERERIT 10

ME (BE&T3ME) LVBHE LT,

3. ATEhRABR

~ U ADHFERE GEEEBIM:, TRREITHE)
A =727 4= K (0PF) RERTITo7, H
R B B 1T B Ay ] EE ) JS (Passive
avoidance) FRERTIT-7z, ZEMERANC X 55
RESNZ DWW TIEE U AKKERER E /21T 8 Fin)
SRR RS (RM) 3R & AW TTT o 7,

4. FEEHPKERIE BE O RIE

FEAR K ERIR R E IS IX, Mk E =2 —
IRV IR (A AT VB (2 AN, BERYER A
3ml AN %, 140°C T 90 Z3 ) INBE PR L 72 %%
KERIR L A iR e b - SO OREEVE THIE L
72

5 HRILER

BHEF OEEEDOAE AR E T, —JohdiE s
BT, D0, BOIRLDOH 5 JehdiE sy
BT 21T > 72D HIZ Holm=Sidak 1 T L
776

G|

1) BRERICEITHES
HHiPE 8 i

r.
(R
o

ﬁt\r

JKERBRFE EER

BT 2 M~ 7 A D%t FREE & Hg®
WREEAE, MeHg MREZHE, He'+tMeHg # A MEEZHE D OPF
RERICEBT 2 B ER &4 R TREEIREZ R

/g 2500 Male
[o] -
S 2000
[av]
@ 1500
s
.g 1000
S
g 500
g
— Cont He° MeHg H +M H
(n=6) (n=g5) (n=6) % e
%2500 Female
\ézooo -
[« * %
[av]
+ 1500
2
g 1000
g 500
3 0 Cont Hg’ MeHg Hg’+MeHg
(n=6) (n=5) (n=6) (n=6)
X1 ~ v AOHE8 kD OPF FRBRIZI 1T Dk
HEERHE, *p<0. 05 THIREE L OMICAEZED Y
#kp<0. 01 T L OMICHEZES Y
50
3 Male
& 40
g .
2 30 o
8 sk
3 " I
=7 N
7
0 0
Cont H MeHg Hg"+MeH
@2 ) =) =) ©
50 [
o Female
2 40 [
[av]
L‘ b
L 30
3
52| T
X I I
10 e
Cont H MeHg Hg +MeHg
0=6) (@)  (=6) (n=6)

X 2.  WERE~ T A O HIPE 8 Hin D OPF 73k T D
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¢@_mfbt% A, ®xp<0.01 TXIPREE L O/’

HAEDY

B~ A Tid MeHg BREERE & Hg™+MeHg BRERHE D
SR ENERRE I RIS & < BRER RO
JUEN R B0, M~ o A Tl MeHg IRETERE &
Hg"+MeHg MREEHEDOMBBENRHEIIIN< | B FES)
EITETFTLTW=(X 1),

;f\’.&

[X] 2 |Z OPF #BR CORKRITEIOILENE 2 3
FCMIHE L CW A 27, He® BEEERE T,

MR~ & R & BT IREE L ORICH B/ 2R
O LNE)oT-, LU, MeHg BREEEE CIX
W~ v AT b\fxfﬁgﬁii@ﬁi"n%ﬁﬁ

(p<0.01) ZIR L7223, M~ 7 A TITRFHEE &
DN B/ =R TR0 Hiv7e - 7=, Hg'+MeHg
BAMBBEECIL, Melg BREERE & AR, M~ X
IZBWNWTOHIREEL W AEICEE (p<0.01)
oLz (X2),

SZEHERE OSBRI~ 7 2 & b AIH
(AT 2 T2 FIRHERA T O [BIBER S RF R 1, Sk B
& Hg’, MeHg, Hg"+MeHg 45 HE Eick@Fﬁ ICHE
ZHITFBO LNRhoTe, T LTEBI T2
BEEARBR DGR S VTV D B R D R FFAT
D EEEOGFER T H . XFHEE L Hg®. MeHg,
Hg'+MeHg #-MEEEFE & O] CREEERLR A &
TpEEIIEO 5720 o 7= (Data not shown),

F U AKREEFRER Tld He® BRERAE CIE. IR

TICRBWT, M~ T 2 & HIZ BHW&% %t
FRAE L He® WREEHE & O RIBERSREE I A B
REERITRO e o T, Melg BBEREOE~
U AT, 5 H AN B G RE XA , A
4 HHEE S5 B HEICKIREE S ORI B ST
ORI B 222058 B vz (p<0. 05) (X1 3),

izt L, M~ o A3 REE S O 5 HE
E B ICEBRES SR RIC A B 2R ITR O b

73577, He'+MeHg #H A MRETEHEClL. MeHg NREERE
E AR, MERE~ o 2 CIEFIRR A2 B4 T 6 IR
ISR OIS ITER D B o e, Ly,
4 H B Tl BEE L He'+MeHg A IREERE L O
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BIChE IS RBICABERENRD LN

(p<0. 05) , M~ ™7 A CIIXFHERE & He'+MeHg A
W R AE & O [ CRlBE SR RE IS A B e 22 BT ER
O oo (K 4),

120
3 Male O Control
2 100 | ® MeHg
> =
S 80 . .
)
< 60
q) -
% 40
< 20}
> 0
< 0 1 2 3 4 5
120 |
o Female
2100
9
& 80
8
< 60
D]
S 40
<
-§ 20
< L L L L L
0 0 1 2 3 4 5
Trial
[X] 3 MeHg BEFEREDE V) A /KK IERER T D [EHE
IRFfA], *: p<0. 05 TxIHEHEE ORICAEEDH Y
5120 O Control
2 100 Mal 0
3 I ale @® Hg +MeHg
g 80 .
=
— 60
8
g 40
=
'S 20
ol . . .
0 1 2 3 4 5
120
"8 100 Female
wn
= 80
Q
<
3 60
S
:_c;G 20 f
g 0 1 1 L 1 1
< 0 1 2 3 4 5
Trial

X 4 Hg'+MeHg MEBREDE U A KKK HAER TOE



WESCIERE], %2 p<0. 05 TRIFREE L DREIC
U

EAED

F 1 HEE 10 B BICBT 208k OKEREE
Male (ng Hg/g wet wt.)

Brain Liver Kidney

Control 1.7£0.4 5.3£2.5 19.5+£0.9
Hg® 3.0+£0.3* 6.7+0.6 23.74¢5.5
MeHg 340+91** | 308+45** | 397450**
Hg°+MeHg 652+£33** 425+81** 356£76**

Female (ng Hg/g wet wt.)

Brain Liver Kidney

Control 2.07+0.4 6.0£1.0 18.0£1.6
Hg® 3.2+0.6* 8.0+1.7 18.2+1.5
MeHg 380+89** 444+39** 267+£28**
Hg’+MeHg | 341+69** | 588+62** | 425+99%*

*xp <0.05, %xp <0.01 THHEEEL DR THEE
»HY

F1IZIX HPE 10 B B O O KERIRE %
R, He' BEERRECIE, M~ T X & BT TIE

KHRBEIC R, AERERNED O, Mellg
W AR %%??Xk%LMfﬁwoﬁﬁﬁ
anlic, FEBTIIMN 20 EEMEERL, HFT
1% 60 f5mfiEZ R L7z, Hg'+MeHg #GIREEREIX
vaX®%Tm3mﬁ$&@7?X?ﬁ1mﬁf
EflEZ/R LT, £728 Tl Melg BREERE & R,
MERE~ ™7 A THY 20 fFEEZ 7~ L, JIF ClatRtE~
U AL HITHK 80 fFEE AR LTz,

I) /NREICE T HEEKIBREER
tHPE 3 Wil ~7 HEIIRE LT o7~ T AD
OPF #RBR DOFE R A X 5, X6 1277, X 5121 10
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1. ARE®

KRB Y DR R DAL T IEEL T, 15 Y
THEEREAIL, BTL<E L& T oMl FHF
ERHWONTEN, ZRREMNEETHIL
E N L7275 LB OREFELFOR ER L
DR DD, ZOXI7RI T L BRE IR
ENTEEEBORENOSHE N REAL T EDR
BIRARNPHLLEEINTND, ITFE, 774 2
T4 —arEIENAMEY & A R
FIENEH SN TS, O I, Ko
ANTARIR L CTIRFPH 2G5 4 2R L THZI T
Zb%.’)k?%iﬁﬂ%fb\é LinL7Rin G, B A O fE
WaE WSS BRI ER R 23303555 D R 5
ﬁ%%omﬁﬁﬂwgﬁﬁéﬁm3ﬁtﬁna
Py 7R ORI AL P I A A
HIENTEDEE Z DI,

ZI T, EPICEeRREHEELMN 5T D
KLU T, MEHRDAF LK T o AR —
Z— MerE |Z{F H L7z, MerE 3 B oDl e 5
’%ﬁb%%wﬂﬁ(ﬂﬂgﬁ%i@ﬁ%m
R (Hg™) ZHIM A O/ ~% 587
VARN—H—Td5bH, MerE %%\é%%éﬁf: ~Z
VAV xzomvriud X FAFEEHL, B
B S LT KL B DR FE D B i
LEOBRBEEZ R E LT,

2. AEAE
Tn21 MK D merE &is 1 & Fl ¥ £5 2 Hl i

A7 22—z, a4 XX FEEM
flz e Els# L7, MerE Z /X7 B DB
MmANICRB T2 REIZa Yy 73—V L —

P—2F v = ZHMEEZ M TBE L,
merE &fx 1 Z X7 ¥ — pMATI37 |Z
R 2 BYEI
aA XFRF) |

#Ev~ Arabidopsis thaliana (3~
TR L, T, M1 A L
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B—%FALE=KEBILEYD I 7A FLATAIT—23 Y

OFHIET. BRAE (JEERRFITH)

LTc, Z0%, T, BELW T; RO 1%L
oL lblo, HFEBOHEMEZHWT,
= R A ANENIOE G Wb ST R O)
mRNA ORBEZF]~7, 7/ L PCR IZLY

merE &

merE Efx+ D% /) L~D#H %, RT-PCR
2L D merE Bz ® mRNA FH, Western
blotting 2L Y merE Bz T OEMETHZ
h%%btoé%ﬁ\ﬂmg+%i@Hﬁ+K
xF 9 2 M PR RS AV UM@+£iU
Hi*ﬁ*g T8 Jo KA TR OGOt EEIE ST
WRE LT

3. ARMER

merE & gfp ZHEEEEMAHE N7 ¥ —
R 2. v u A X X EE R T s
#a L. MerE ORI RTEIZ DWW TRRE L 72
R, YA XTI TFTEEMENIZENT
GFP-MerE (3l Ji i 35 X OV i iR 12 5% 831
% &oRME St (Fig. 1),

pE18

promoter

Fig.1 Construction of gfp-merE fusion plasmid (A) and
cellular localization of GFP-MerE in suspension-cultured plant
cells (B). GFP-tagged fusion proteins were expressed in
suspension-cultured plant cells and viewed by confocal laser
scanning microscopy. GFP fluorescence images are shown for

GFP-MerE (B). Bars = 20 um.
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T Eraxhr~A gt o@EKRLE L
ZA 1 BROBEERHIRZ S Lo, fFHL
THRIZEB W T merE BB FOWW YT ) L~D
A Z D S merE @ mRNA AFEH L
7= %% 6 ¥k (E2, E3, E4, E5, E6, E7) 45
L72 (Fig. 2), 245 ORITEHAR & RO
¥4 - pfb - EEER L, 6 BROKRBAE
LY mRNA OFEBLEITZNENIZIERSET
ol UIBEORFHTIE E2 BRE AW,

A. pMAE2 B. Genome PCR

E2 E3  E4 ES E6  E7

C. RT-PCR

E2 E3 E4
-

6ab term

Tandem 35S
promoter

NOS-NPTII ES E6

pMAT137
Tet

Fig.2 Characterization of merE in transgenic plant lines.

E7

merE

ACT

The structure of the DNA region transferred using the plant
expression plasmids pMAE2 (A). Confirmation of the
expression of merE (E2, E3, E4, ES, E6, and E7) in transgenic
plants based on genomic PCR expression analysis (B).
Expression analyses of merE (E2, E3, E4, ES, E6, and E7) in
transgenic plants, which were determined by reverse

transcription PCR (C).

E2 BRIZE T D MerE D3 Bl % i MerE
PUIK %2 v T Western blotting L 7= & % |
MerE (3Ll H 43 35 L OV I 43 12 38 W) TR
H S 7= (Fig. 3).

anti-MerE 1 2 3
Wild <«— 8kDa
E2 — q <«— 8kDa

Fig.3 Immunoblot of MerE protein in transgenic plants.
Immunoblot analysis of the crude cell extracts (lane 1), soluble
fractions (lane 2), and membrane fractions (lane 3) obtained
from wild type (Wild) and merE (E2) transgenic plants, which
were performed using anti-MerE polyclonal antibodies. The
amount of protein applied in each lane was 25 pg. The arrow

indicates MerE (8 kDa).
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W12, E2 ¥R CH3Hg 3 L O Hg* 2%t
T HMMER X OEREIC OV THRE LR
F. B2 BRIZEFAERRICH X, CH;Hg B X O
Hg™™ (o LMt % 7% L7= (Fig. 4A), & B2,
E2 ®RIZBFAERRICHE X THEICHE VW CH3Hg'

ERBERS IO HE $MEZ2 7L (Fig
4B),
210
g * *
a 100
oM >
£
% | ’J_I d
g 50
=}
[=2]
I
0 0
wild E2 wild E2
0.3 uM
z
w
g 10 75
>
£ 50
[}
5uM s 5
Hg?* % 25
o
I
0 0

Wild E2 Wild E2

* P <0.05vs. wild

Fig.4 Susceptibility and accumulation of transgenic plants to
CH;Hg" and Hg?". Sterilized seeds of wild-type (Wild) and
transgenic (E2) plants were germinated and grown on MS
gellan gum plates in the presence or absence of 5 pM HgCl,
and 0.3 uM CH;HgCl (A). The amounts of mercury (B;
ng/plant, C; ng/fresh weight) that accumulated in wild-type
plants (Wild; empty bar) and merE-transgenic plants (black
bar) were determined after culture for 2 weeks on MS gellan
gum plates with various concentrations of HgCl, or CH;HgCl,
as described in the Materials and Methods. The data are
expressed as the means £ S.E.M. based on four determinations
from three independent experiments. *P < 0.05 vs. the wild

type.

4, EER

WA E RO CHsHg B3 L Hg” F T~
AR—%— MerE % @3B S 7-MY (E2)
ZEH U7z, E2 HRITEFARE & RBARINTIE
L, TOMPIKIZIB W T MerE NEEE |



FIRR SN D Z & R S iz (Fig.2 & Fig.3).
$72. MerE FEEMITHEMIR D /AR T L OV
JulIZH B4 5 LR S iv7e (Fig.l & Fig.3),
X 51T, E2 #72% CH3Hg" 8 X O Hg* 1oxf L
Tay br— LA EICEWELS ZO
LA L (Figd) Z& L0, MertE %
HAWleZ 74 b AT g x=— = 0%, KR
WO RIICHE L-HIFTh D L ELBR
7.

5. #EiR

MetE N7 VAV x=y ZHWIZEBWT,
CH;Hg" 3 L O Hg™" 1oxt4 2t L O
KBPEZERHEN EH L2205, MerE %Al
ALE77 A4 ML AT 4= —3 a3 ix,
CH;Hg" 3 L O Hg*" O¥ALICBh B TH %
ATREMEN R S LT, ARFRIC LV LT
R, X0 AKBIEEMEILD T D
D757 A ML AF = —3 3 OZICEN
LEMEEIND,

6. BIEREX

1) Kiyono M, Sone Y, Nakamura R, Pan-Hou H,
Sakabe K. The MerE protein encoded by
transposon Tn21 is a novel, broad mercury
transporter in Escherichia coli. FEBS let 583:
1127-1131 2009

2) Sone Y, Nakamura R, Pan-Hou H, Sato MH,
Itoh T, Kiyono M. Increase methylmercury
accumulation in Arabidopsis thaliana
expressing bacterial broad-spectrum mercury

transporter MerE. AMB express 3: 52 2013
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b O FLENY TIE IR D A F LK ERIR R
(2 & o T ICF 1T 2 R sHEr, R HE R
FOUNHEERI I 2T 2 7 v Z A — ==
—n TR FERE S, BREEENRELD
TENMBATND VB LT B A TF KR
DO FEBIRVEFIL Ganther et al. 12X > T
Sh?, F<AHRBERDOE L ALAEMIZE B AF
JVIKER D iR B AR DAFTED R S T,

BT T 7 4y 3IRAFLRIBTFOBYE
TNTHY, REGREDECALTEWEIIST S

MEREA LRI ST b, OECD o Btk 47
A R4 TlE, BEROBEERBRPRE SN
TWV5 Y, RIFFETIL, RO AT v A R
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DT AT =X LE T LT,

2. B EAE

2-1. €T3 74 v af~DAFILKERES
YT I77 4 v vafi B3 AT 40 A (5 mM
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THiAE Lo, R 8 R HE KT A F kK

SR> A5 A % 5-500 ng Hg/ml OPETHRIML,

AF IV IREROBRFRIT T 5 AW B A 24 BefH] 2

O T2 WEf £ TEIZR LT,

2-2. A FILKEBDEYMEZEDERE

WHoEt > &7 — P RKEEMFIE
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AT

TNHA—=R=a—a  FNDA L7 ¥ —IC
%3 % HUIR (Anti-NMDAR2B, ab65875, Abcam) &

AT L, B8 L7, ML TIX
TV F LV E s LU TUNEL {2 HIv
77
2-3. A FILIKER D& H
BT T7 4 vy 2 |TEE L TKEBIEMARIR
TRAIEIC Lo THIE Lz, MO MmHEKER & 2
F RO E
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60°C T 10 ppUt S, 7 =T /K TH LT
#%, CI8 Wifi# 7 A (Inertsil SulfaCl18, 150 X
4.6 mm: GL Sciences) T LC-ICP-MS %\ TH
HL~EY,
2-4. F\BKPOI XYY —LOFERE K U
AF VKRS AT A ¥ (100 pg Hg/ml)
KGR 6 IFRIIRDOINEFEIZ b nl ~ A 7 1A
Vxgva ikl Lo THEAL, 22 KERGER,
PR A BRE L, fBEKAEE L7, #8050 HE
%

(100, 000g X 3 BERE) 12k v =% v vV — AE LY

Ble, XYY —LEGOH T H - R

KRG B2 i LT,

S HRPIUEE
3. EITZ T4y alRIzwd DA FILKEED
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ZHE% 8 Wi 7T 7 4 v L 2 RO EFRIR
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[ZAFIVIKERY AT A V¥R E 5 75 200 ng
Hg/ml JRFE TG Lz, SRt 24 BefHIZIE, 100
ng Hg/ml D A F )L /K G FE C I3 rhit ki sk D ZEi%,
{AE D7 ith A3 2%

FARROEIS B HM LT,

DlEids & OM A o F8 A L,
Sh, REMIFAIC
100 ng Hg/ml PALTH, i, HisiiEs O
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DBINH A= =ma—arBNEdb Lz, 20X

BWTHE LWHIIRZEER AT, Mz

912 10-100 ngHg/ml FLEE D A F /L KERIRFEIC &
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S TSR TORERE NBEIND
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A4%1%, v bOJRIER FaL LT+
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3-2. ZL UIZ&k B A FILKIRDEESVER DR
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L RAE, ATFVKBEERET D L L
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FA VBB S EHES DA, it
Lo & A F VKR DO T T OREEE T R <
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DB v AKX T ay NMEEFRHW:E, &
I3 TIVH A L PCRIEICTHRE LT,
ARE OERGIEM L VY 7 = 7 —BEEZH W
7o MU S-(h 7 v 2) KEML OB : B4
Fr=wlb A RRBEEYEZ AW, S=(hT v~
A)IKEBAL D [FIFE : = 7 A Keapl FEHL & > o3
BEMNT, EFFor~ A I FE#RE VL
E OV LC-MSF\Z THEHT L 7=,

3. WRBLUEE
3-1. MeHg IZ & % Keapl1/Nrf2 2D iEMHIE
MeHg DR IZ L v MILN Keapl @ S-/KER
L BLEE ST EHITE - T Nef2 OFEMAL A
AU T, RS TFIZB W T, Melg 1% ARE D s
BiEMALESIXEZ L, FiRO~NLFFUT
F—F¥-1 H0-1) BIOIALE IV AT A
U H—F (GCL) @ mRNA B L O /878
DODRBEFLE L, VarveFrhivux
Keapl % J/IV T MeHg & X % Keapl OEARERAT
EREAT L7 & 2 AL Cyslbl MFEE S iz 2,
D LD Melg IX Keapl OS2 T
A UEEETH D Cyslsl @ S—KELEM LT
Nrf2 Z3EMEE LT\ 5 2 EDNRIB I T,
MeHg (2595 Nrf2 o B85 2 M4
DTN 2% ) w7 X7 LTInd T A,
MeHg DA HEMITABEICHB LA Y, BT,
Nrf2 R~ 7 A3 AR <7 2 Ll LT,
Melg BRFES:1F TIZHB W TEWKERE R MR
L@ EE R LY,
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3-2. MeHg-SG [Z &k % Keapl/Nrf2 2 DE M
1t
MeHg-SG A G ITHIIMAN A~V IAEH D72
1T MeHg-SGEt % &k L 7=, MeHg-SGEt (Z
SH-SY5Y ML Z Mgz 3 5 & ARG WL/
N T 5T MeHg-SG IZ KRS u7-, ERE L 7=
MeHg-SG I1THEFMHEAZHERILL TWDHIZHED
DR EKRFN MR EEE A U e
WHOEHDO L R EE SRS LT, £
7. MeHg—SGEt (Z X 2 #M il 7 14 1% MRP PH.FE A
Toh D MK-571 OFTLERICZ LA EICHTR L
T2o T LUE. MeHg—SG ol N s 5\ F
W, SIKERAE & v X T O BN S R P
FICEHELTWDZEaRB LTS, #H
N Keapl 1Z%) 9" 5 MeHg—-SG @ S—- ~ T > A K
SRALREZ MR L7= & 2 A, Mellg-SGEt DHREE
2 X VN Keapl 0 S—/KER(LA VR H S 1,
IZfE 5 Nrf2/ARE R BE OTE AL AN B 42 &
iz, R TIZBWT, MeHg-SGEt |E ARE
THE D HO-1 3 X OV GCL @ mRNA 35 K OV o %
JEORBEFE L, BRENZ LI,
MeHg-SG % MeHg & &2 VarvF v b~
7 A Keapl @ Cys319 % S- bk 7 > A KER(LX

JEI LT S-KEIL LTz, 2D &b,

MeHg 35 X OV @ GSH f A KIZ L 5 Nrf2 OF
PEAbIZIE, Keapl OEL D AT 4 VKD
EfiNE G52 ERRmBIn,

LIl 0| MeHg=SG 1L S- k7 v AKX
ISEN LT, VAT A VEREZAET RN
BRI B BRI S-KE(ET D 2 &
REFl STz, SV 2 VI, MelHg-SG 13 MRP
THEPICHI A PR S D 2 & MR IS
VETHDHZEERBLTWVD,

4. #Eim

FAMNIZE Y IAE L7 MeHg 1% Keapl O
Cysl1b1 & S—/K# b L 7 VERG NI B 2 A 5
R THR BN Nrf2 ZiEME b+ 25— T,
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Z O GSHIA KR TH D MelHg-SG & S-h 7 > &
KEUYLEGEZ A LT Cys319 & S—/KER L L.
Nrf2 Z{EMHLESE 2B 2L L0806
meieol, T b, Keapl/Nrf2 ¥ A7 A
I MeHg 721 T < .2 D GSHAEAIRIZHK L T
LR - INEHeEE A L., MeHg O mIEGENIE)
WTWDLH Z EBnRSINT,

51 A SCER

1) Toyama T. et al., J Toxicol Sci, 38, 477-484, 2013.

2) Kumagai Y. et al.,
2013.

3) Toyama T. et al.,
645-650, 2007.

4) Toyama T. et al.,
1117-1122, 2011.

Oxid Med Cell Longev, 848279,

Biochem Biophys Res Commun, 363,

Environ Health Perspect, 119,



AFILKEBIC K DU NIERNZMES & VR EMIBD PGlL/PGE, B DHEE

s

1. B#
AFIVKEEFETH D KEHIT N H

« 7w R VIEERE & PRI AL D HOAR A R B
EEMET DN, TOFRBITIIAH S
MWEL > TWD, FFIZ, RIKBEEERERN
BIEDFDICIR L CTHRAEL TWDH Z &N
AR PR R b EERMED 1 D& LT
Fois,

ZDORRITDOWNT, A FIKEBIZ X 5K
FIETERL &, EAUISHE O TE R B O A0
JRRTH D ET D NEERHL PRBIH
TS Y, T I L IR/ 1 A8 L oD 3
R A7 X D M E & %
WPE D TUHEIS K D ML RV IE & SRS
%2,

vruatxv st —8 (COX) 17 7%
RUBRNOBDOT AL 7502 (PG) &
IR D LR TH Y, EFHICHEBE L T
W5 COX-1 &% A M A 7 ElIT I
BTSN, RIEKISICES 3 5 COX-2
D2 ODTA YA LRNDD Y, T,
COX-2 IZk vl vrrrs v
Ty (PGl) BLOTwRrE 77 vv
E» (PGEy) (T FHiatEZ Tl S, RIE
PREZ SR T Y22 n, AFK
SRIC X 2 & PR IE T AR B o T
WD HREMEN B 5,

AWFIEO BB, B 8 PN R R 3
FOEBEMO T aRAE 7T 0D DEK
IR 2 A FOLKBOEREZRF L, AF
JVKERIZ K B i A MR VR B 0 4y 1 BEAR R B
ICHBKTHZ &L Th D,

—

2. RBRAE
B v bR A N B S OV B

B OOGORHER) ., WA FE GUFR). #ia
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M= GRORTELR)

i A2 A F L KERTHLEL L, PGIl, (6-keto
PGF,, & L T) BXU PGE, Ot &%
ELISAIEIC XV MIE L7z, £7z, COX-2 #
VRUERB AT AX T 0y MEICK
v, mRNA %8l % Real-Time RT-PCR {12 &
DI, NEMIEIZIB W TIE, A F LK
$R1C X 5 ERK1/2, p38 MAPK, JNK O
fbz vz A% 7 ay METHART,

3. #ER
WHEMIZEB W TIT A FILKRIZL D
PGl, D& AR HE NSRS S iz, PGE, 13
MEnmnoic, —Fh, MR TIE, PG,
& PGE; oM Gt sk, & HITATF I
KRBT KD ERUEENRFTE O b7,

ok X, NEMREE X OEEMEICE
WTATFILKERIZ L D COX-2 DI HLHE N
D, XU N7 ER L OYmRNA L UL O il 5
IZB W THERR S 7, COX-2 DI BLFHEH
& LT MAPK B B TWD T2,
AFNKEBIZED MAPK ¥ X7 B DG
YL 2R LTz, TOREER, WNEMEE X
OVE B AR Tk A F L KERIC K 5 ERKL/2
BEOINK OIEMHEITRD 5419, p38
MAPK U VLD B3R I LTz, £ 2
T, WNEHIE % p38 MAPK OFLEHRITH 5
SB203580 THIMEL L7- & Z A, A FILKER
2k % COX-2 & 2 87 g o3 Bk 1T bl
Exniz,

p38 MAPK o ¥ M1k 1T 1%,
Growth Factor Receptor (EGFR) 23BH 5 L 15
HEENTWVWDHDOT, AFIKBIZED
EGFR DIEMEAL 2 N EGHIEIZ 38 W THREES L
Tl ZhH, AFNKEBIZED EGFRD Y
AR BO N, Z0& X, NEZME%E

Epidermal
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EGFR O[5 A SB153035 CRIALHE T 5 L,
A FIVIKERIZ K D p38 MAPK D U > Fg{k A3
sl &,

—J, PGl BX O PGE, 1X7 7 = )V~
7 7 —REIEEL L, cAMP O FEA % (i
THZERNMOENTWD, £ZT, WNEM
T T2V 7 T —EORERTH D
SQ22536 #HIALEL L7 & 2 A, A F KR
I2& D COX-2 # /R B DIEBLFHEHNH
il 4z,

4, ER

IHRHORERNG, A FILKEBIXN LM
i ds & OVE Rl o EGFR @ U v gk % i
U T p38 MAPK % IE Pk L, i Mk L 7= p38
MAPK % COX-2 FHLOFHE 4 U TH KL
A TIE PGl, D&k %, 8 B2 iR T ik PG,
BLO PGE, DEREMAET 5 Z & DR
Si b, EGFR D& 1% Protein Tyrosine
Phosphatase 1B (PTP1B) (Z & - Tzl
INTWDZ EnHEI N TS, PTPIB
X2 B FIERILKEX 7 K 1,2-F77 b
¥/ U EOREBEHEE L OLFEMEICK
STHESALIZERMBATNS 3 L
Tes > T, AF KL PTBIB ##EHI & L
TZOEMEZREL, L LTEGFR %
EHETsEE2x615,

PGl, 35 L Y PGE, 11 & i i M & T =
TAHEREETHZENALN TS, A
TV IKER DS I /)N 1L 2 R B3 2 PN R
B L OJEBEMIIZEHB VT PGl 8 XY PGE,
DEMREFEST D Z E1X, AT VKB
AMEICRB T T 0 A E T TP ARk
FE AT DT D BRI L - Tl
EHBMEETEI L2 L2 RBT L0
Thsd, MEFZBMEOTLHEL, RIEMFE
ODEBERBER LR VEDL NG, AT
RERIT & 2 W) ifn A8 N B2 A B ds 2 OV 12
AR D PGIIPGE, & DFEEIL, A F LK
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SR FEIC K o THRAET D I E O 45 1 Fa
ERERTHA D=0 15THDHLE-D
N5,

PGl, 35 & O PGE; I cAMP #% I % 15141k
THLEENTVD Y, cAMP R IT COX-2
DRBPEFES L7720, AFILKBIZLD
PGI,/PGE; A DB HEIIRT T 4 77 4 —
RNy 7 —F Ik o THESNS Z &N
RMEEND, TToNLiEY 7 7 —Y A LE
L7cE W AFAKBIZED COX-2 #
7B OFEBFEE RIS SRR IT, 2
D LHIFLTWD,

PLELZ Y, AFILIKRERD MM i N R
OSSO S ) e SEANGE TR G
COX-2 OFE#E L, PGl B X O PGE, DA Ak
TRHELT K 2 18 J M v e 2 3 U C R i B 5
Dy ENRBEIND,

5| A 3Rk
1)Eto K, Yasutake A, Kuwana T, Korogi Y, Akima M,
Shimozeki T, Tokunaga H, Kaneko Y. (2001)

Methylmercury poisoning in common marmosets- a study
of selective vulnerability within the cerebral cortex.
Toxicol. Pathol., 29, 565-573.

2)Klatzo 1. (1967) Neuropathological aspects of brain
edema. J. Neuropathol. Exp. Neurol., 26, 1-14.

3) Seibert K, Zhang Y, Leahy K, Hauser S, Masferrer J,
Perkins W, Lee L, Isakson P (1994) Pharmacological and

the
cyclooxygenase-2 in inflammation and pain. Proc Natl
Acad Sci USA, 91, 12013-12017

4) Williams TJ. (1979) Prostaglandin E2, prostaglandin 12

Br J

biochemical demonstration of role of

and the vascular changes of inflammation.
Pharmacol., 65, 517-24.

5) Iwamoto N, Sumi D, Ishii T, Uchida K, Cho AK, Froines
JR, Kumagai Y. (2007) Chemical knockdown of
protein-tyrosine phosphatase 1B by 1,2-naphthoquinone
through covalent modification causes persistent
transactivation of epidermal growth factor receptor. J.
Biol. Chem., 282, 33396-33404.

6) Narumiya S, Sugimoto Y, Ushikubi F. (1990) Prostanoid
receptors: structures, properties, and functions. Physiol

Rev., 79, 1193-226.



AFILKEBICK HFEMT CCLA T EHA VFE

ji;lz

Omfs #' & Bs!

. F

e
1. 5

BLUHEM

AFVIKERIT AP RIS L CRIRAY 70 3
PEZRTN, ZOBRMERBEI IR i’ %
Vo A TFILIKERIZ L 2 AR Rk b S A L2 B o
LRI T2 S 2T D72, ABFZET
X, ATFNVKRERG Lo~ U A0/

D Bfn T ORBLE & it L7,

2. Ak
2-1. ATFNWVKRBEHRE Lo~ D AT
TIE B E)

8 i mIErED C57BL/6 ~ 7 A2 10 mg/kg/day
DAFNKEE 1A 1ET D7 BEERKES L.
AP G- 24 W2 ISR ERR VI, KM, &
ks & OWFIR) ZHH L, SBEETORB LN
V% DNA v~ A 7 a7 LA {ER X OESR PCR i
(2 K> TR L 72,

B 58

3. HRBLUEE
AFNVKBEREG Lo~ T ZAO/NRIZET 5
B FRBEEZ DNA ~A( 7 a7 LAk X
STHITLIZE Z A, AT IVKERIZ K - THEBL
VUL B 2 B R TA 21 R E Shus Y,
AFVKERIZ L o TRACTEE IR BL B R L@
BrOHRIZIETrEIA v 22— RTHBET
(CCL2,4,7 72 L) NMEEEZEN Wz, 7FED
A AT EITHRIE IR S U S D A ER AL
PV A S IA L O—FTRIEOEKICE G LT
W5, BUEETIZY U AD A 1% 37 FilA
EINTEY, ZOME LOREING 450
77733 U— (C, CC, CXC BLUCX3C) iz
FEIND, TR, TEIA D RIERRL D A
BT, M. B, R SRk 22l T b 4y

WOEE
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ST O E | WN TR SN Pk IV NEE )

WENHZEVRHLMIINTWS, AT K
R Ko TIHFr RAYICRBIFEEIN D T ENA
VOTREERHLNIIT LD, ATFIVKER S
IZ L DB CORITED T ENA Vo1
DB FRBEB ZMF LT E 2 A CCL3 B &
Y CCL4 73 A F/LKERIZ K o TR 21
FHFEEND Z EBHALNE R 2V, K
FiE, A FIVKERIT & o TR B I R B
ENHEAEDRESNIRYOBTH D,

L TEAA U FED 1T SO THD CCL2
%ﬁﬁ$:%%¢ék7y%@ﬁﬁ%¢%%ﬁ
HIREIZ 332 A FLKEROFMER B S LD Z
ERWEENT, UL, FAkRORGEZ~ 7 A
W KGN 2 -V T T o 7o & 2 A,
JarbEF b CCLA F7-1% CCLA ZAEIK
(CCRE)DT 4 F=A M & EHIAHFIZHINL ThH
[FHIAR D A F VKRBT & A B a =
F7eholc, 7B, AWFFEIZEBWTIX CCL2 @
W K D A FOLKEBFMERBIER b Bl S
RInoT2Z NS, FEAA L OERICEYTE
EZRHDLARE LB A DND, £, ATF LK
UKL D CCLA DREIFEIT, ~ v AHHEATHR
AfE (Cl7.2 fif) THIRO LD, BRI
BetLizt Z A, Z® CCL4 MRNA L1 |
FT A F KB K HMAEIER G & Z S b
LV RWRR TR b, L7en->T, CCL4
XA FIVKERIRFRITIGE LT A FILKEREMEN
HBT2 L0 b RINICEBFEIND EEZD

—Ji, C17.2 fifa % H\\WT CCL4 D7 uE
A —fElE VR— 2 —T v AKX VETL
7= & 2 A RERMG S5 _EE 50 bp F TOREIK
DAFILKEBIZ L D CCLA DOIRBFHEITHLET
HHZENHB L, 20 e E—Z R


imazeki
テキストボックス
発表４


(ARSI A FAE T DH G R - 10 FEIZ DU T A
FKINZ LD CCLA DB EAE~ DS
Z~7-& Z A, SRF (Serum Response Factor)
F 721X FOXAL (Forkhead box protein Al) @/ v
JHET AL S TAFNKBIZL D CCLEA FB
VAL D EARRENEES T2 2 EBHA LN E R
S, Flo, WRGRTO /) v 7 X7 NIAT
WVKERIZ K % CCL3 BELFE LM L7z, L7z
Mo T, AFILKERIT SRF 35 L OV FOXAL Oif
PE{EZ A LT CCL3 B LU CCLA DR BLEFE
LCWAHBEERE X DD, 5%, AFILK
$RIZ X 2 kiR 22 72 CCL3 B8 LU CCL4 @
FEEIE RS I3 D SRF B L TN FOXAL D%
ENZONWTHLNIZLTHERN,
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1) Hwang, G.W.,, Lee, J.Y., Ryoke, K., Matsuyama, F., Kim, J.M.,
Takahashi, T., Naganuma, A., Gene expression profiling using DNA
microarray analysis of the cerebellum of mice treated with
methylmercury J. Toxicol. Sci., 36, 528-583, (2011)

2) Lee J.Y., Hwang G.W., Kim M.S., Takahashi T., and Naganuma A.
Methylmercury induces brain-specific expression of CCL4
chemokine in mice. J. Toxicol. Sci., 37, 1279-1282 (2012).

3) Kim M.S., Takahashi T., Lee J.Y., Hwang G.W., and Naganuma A.
Global chemokine expression in methylmercury-treated mice:
methylmercury triggers brain-specific induction of expression of

CCL3 and CCL4. J. Toxicol. Sci., 38, 925-929 (2013).



EILE VEEATRYT A FILKIRSHIERER

Oz
1. &%
INFETHLIZT, AFAKBEEEIIKT S

it s L CatxFr - 7T Y —A
(UP) Y AT APEEREHZRTZLTND
TEEHOMNMILTER, IP VAT ATEH
AR RIF I N TV DRI E A
Rt <, 2 X F UoEMALEERE (B, =
FFUEBREE (E2) BLOX2beXF U H
—¥ (E3) L \W9H =ZoDfFEoEE L-#x
WX TN TEABIC X F o 2
95, £LT TavxFfbaniz®
HEIX. BN Ta 77T Y —AI2 Lo TR
WS TTH méhé R AE W ZNET
ORFHZ LV . MIEANIZIE A FIVKEBEFEMED
%%K%%#éﬂ BENFEL, UP ¥ AT L
Ko TZDORBEDMEESND Z &

E%

- >
N —

T, A FVKEEFME DB S LD Al REME 2SR
mEncTns v
ZEXFTF UALRISICE D DR F O F TR

P AT LTHMENDEEREAE & H &
&9 % F-box B HE M F(E L \E3 T& % SCF
(Skpl/Cdc53/F-box protein) EHAK D — A
ELTHAEREORMRICEHELTWD, B
DA FIVKBEMEICEE L H 2 5 F-box &
MEZMBBALILEZ A, 1THD D F-box B A
HOHRTHrt3 38 X ONY1r224w 2 E 3 HIC X
TEERFICHR W A FOLKERMME R 5 2 5 2 &M
M L7 Y, L2 -> T, i F-box EAEIC
FoTRMEInsIEEEREOHIZ, AT
KBHEMEDOH RIS T HEAENEZENT
WHABEMENR B Z BN D,

2. By
AWFZE I, Hrt3 BX O Yir224w 1T k-

TR SN2 EEEAE DY B, A TF KR

= 1,2 == 9

R bR oW IR L RN N ki E
QRS E S F N SN | PN )
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mHEOWBICE ST 2EAEEZRITL. £h
LEHAED A TFIVKBHEEREB I T 2 %E
WZOWTHRF LT,

3. R
3-1. AFILKIBESHRRICEET S Hrt3 F
=& YIr224w OB EBEDRE
Hrt3 F72i% Yir224w 58k 2 KHEEH
B % yeast two—hybrid  ETHELZL Z A,
Hrt3 1% D1d3 8 L OXGrsl, £ 72 Y1r224w % Eno2
EEBEELTHRBETHZIEDHONE ST,
Ihb=FoEABZENENEBI I T
BERRIZ A T A F VKR LT VW sz
oL, 2D EAENIC A F KB EM
DOHERIZED D Z ENHBA L, T/2bb,
D1d3, Grsl 3L T Eno2 72 & D A F /L KR #
PEHRE B O RAN UP v AT ADTLElC
Ko TREEZN, TORERE L TEERDO AT
VKRB HENBH I ND EEZEZ NS,

3-2. DId3 B8 &LV Eno2 EHIRIZK B A FILK

IREHIERIE DRI

5 D1d3 8 & OY Eno2 13 (2 figkE R o pE
MTHHLENE BOEAIZEEG T DBEHET
b5, £72, Eno2 ® FTiK+ToH 5 Cdel9 D
BB S BRI A F VKRB Z LY 5 2 7,
S ®Z &%, D1d3, Eno2 B LN Cdel9 D
BB K D A T L KR 75 M 8 58 4 A LS
NELE VL)L) FEENREES LTS
Rz R LTS, TI T, Hiith~o v
VB VRRIRINNEERED A F VKRR ZEIC G
ZDEBERMNLEEZA, EALEVBROR
TN FEICARTE L C A F A KBEMEN R SN
oo ZThUE., BB EEN A TFILKEBEED
BMICEE L TWD Z L2 RBTHH0HTO
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HMRTH 5,

3-3.EINE VERIC K B A FIL/KIBFHIERE

FA DR

MROMBE CEAINTZE L E UEIT
S ha RV TONEICHFET D T VAR
— & — (Yil006w) #/7 L CI havr R T~
Y w7 ZIZWMVIAEN, ELEVEBET E R
07 =PIl TT BTV CoAIZEH S
5. EDH%IZ, TCA ¥ A 7 )V (tricarboxylic
acid cycle) IZA>TATP EAICEET S,
Z Z T, Yil006w O RIBHMEERED A F LK ER
EZMEICG A DB M LILE 2 A,
Yi1006w /K #8 W RE 3 2P A2 R B% BRI < TaRu
AFOVKEBMMEZ R L, BAREERTRD L
NDHENEUVERIZE D AT L KEREVER R E
MixBleEsninoi, £z, TCA ¥4 7 v
%%&ﬁé%%%%%h%hk%éﬁf%%
FKEBHEEIZITIZEACEERBDO LN
Mol-N, ELrEUVETE Rl r—F¥oiE
PEA KT S 72 FBERRE R O A F LK RIS
ZaL, EALE VBRI E D A F VKRR
PG SR S B AT RE L0 B BEE ISR O B
N, ZhooZethb, I har R TH
WD IAENT-ENLE VX, 7EF L CoA
KRB S D Z L AT KO EHMEY
FIZEAbD > TWnWbH EFEZXLND,

T b RY T OEFIRERILATP FEAIC
HERAE R I, EERBREREOE
é%%%bﬁnbcmﬁm_;57mb~c
ZAFHEICHEEbo TS, 2T, B I6iE
RICEHDLLIKFEZa— NI LB ETEENT
R S EEERIZ OV T A F UK ME
ERELIEE A, BTHEERESH IO
RN+ CT®H 5 Ripl ZRIBSEZERO A
P AERERRIC LR T A F VKB EEZ R L7
9 F 72, Ripl - Yil006w —E/KBEFFD X F
IV SRS PR IXFE A TIiE 72 < Ripl 721X
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Yil006w B RBEER: L IZIZFFRE TH -
7oo EHIT, Ripl KR TIE Yil006w K17
BERE L RERICE L E UBRIZ K D A FILKERTE
PEHIBRIER 2MZ L A ERO Do Tz, =
D EDD, Ripl & Yil006w (X[F— DFEEE T
BV E VCRRIC K D A TV K ER RS R AE A T
BELTWALDEEXDLND, KRIZ, AF LK
RAEPEEE SR (ROS) FEAEIZH % 2 B L M
L& 2 A, BAERRTITIA T VKEREEK
TFHYIC ROS FEZAE BN L 72 DISxE Ly WX
HEERETIE A FLKERIZ K 5D ROS DFEA & D
BMBMIEE A ERDONRNo T2, BLEDRE
b AFIVIKERIZ L D ROS FEA & OGN
II b FUTHICEHEBEICRA S E L
EUVBIZL > ThlE R I STV D AR
BE2bhD,

-4 EEMBICE TSI LaY R TENL
FEILEEO A FILKIESHEEERE
A

b b ORI AL (IMR-32 fifE) (280
THEERELE VEICK D A F L KEFEM
WafER RO bz, vk, A TF LK
IMR-32 Mifgd> I b= RU T ~DOELE »
MOWVIALRELFAZICRESETZ, 20
FERIT. BEROSLEA L RBRICE RIS W
TH, %%wmﬁﬁihﬂyFU7m®Ew
BRIV A 2 A R ZOI haR
)7W@twt/MvAw®L%ﬁf%wm
SRFBYERIRICEA S L TV D AlhEtE 2 R L T
W5,

FERFIZBWT, EAEUVRBICK D A F K
SR|YEHRIENCE FBEROBAG PR S
N7z, IMR-32 flifld D E TR ZEREAKE 1
FITEFARERESWE TIT OE IS 23R
HBIZBIT DL E UERO A F Lk SR B
MIEMICE 2 D BLmE L., MEGKD
EHEFLERAELZ 2 — N H58EE 4% siRNA



TENEN v I X LIl A, ELE
VBRI KD A TFVKREIEH BN N A B
B S 72,

SRR TIFE, REMEHEREL T
ZOMREREST L8, AFAKPILI b=
YRUTEEMEZEKTIE, ZOFHEZE L
UMMM ST Z LB LE, B,
S b RUTOREIIHANN—E 3 DIEMH
b2FELTTHR b=y 2&5lcIT
MBI TNDDN, AFAKPII A A N—F
3EIEMALESE, BB URBICE Y F iGNk
{EERAEICHEB I, kD Z &b,
T hary R THICERERINZELE S
M, AT VKNI b= N THEEICE
2O RETHZ LITL > TAF LK
HBEAHBIEDL LB IOLND,
4. FLOH

BIETOLLBE M EOIFFLHE & e
FIZIE@ L, o FAEWTFRIICIR Y DB E S
MR AE AWML LY . e g
B R B D D BOE DWEFRE DY A F VKRB D
HRICB G L CWD 2 ERHL N E o Tz,
Flo, BERB L O b kAR 2R A0 i 1 3
WTHEHP~DO /L E L EEORIMC L - T A
FOKBHEMEDNEF LIHEBIND Z & T
Lz, EALEVEEIZI hay RU TNICEDY
AFEI, EORBRREE A LT ATP EAIZE
HBLTWBEN, AFNUVKRBIZI b U T
NADENLE VBT AR ZRESE, 20O
MRALDI Par RUTHEALEVEBEOIRE
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2. HHY
R KR RTEIC L DR SRR~ D
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3. HiE

Wister 7> ~ (o, 6 Hlin) ZHW, &
14 EETL D A FLKERE K (20ppm) D
BIOKPR 5% BAAG L. 10 38 fhHE 2 HLRk 2 B0 L
T2 WRIEEOKPEE-Z o N ETRREEE L2,

Kl |2 S8 Lo KERE IS beT <
JVIT DB THIE U, MR N RTE KSR YL
LD, RBEMICBHER LI, A TFILKEIC
K D IRBREI AT, BOKES- (3 ) BEOH
R A IV HE Yemic kv e L7, R

BRIZOW T, Bl E - BEHEE (TEM) &2 v,

I RE - HBLEL 24T o T2,

AKEREGEFR O ORI IL, in situ
hybridization #5, U 7 /L% A A PCR & CHEAT
U, VR, R RS, WEEI 2 iR E L
77

4. fER
4.1 KEHER =
RN« TR DB~ DBEZE 7R ERE AR
Sz, HRARMERO T T, IR, Kb
KIZZEBOEEPRD b, TOERHEIT
JFlig & RIFREE 72 > 7o, MO RARME (/4
B, ECE, M) . B XU CIX, &
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* 1. KPEHE

Control w 2w 3w 4w

Whole blood 0.5> 120.21 +15.25 158 +20.01 200.86 +37.92  228.34 +28.7
Plasma 0.01> 1.12+0.14 1.37£0.17 1.64£0.31 1.63+0.32
Liver 0.2> 24.5+296 33.14 £ 4.46 22.99 +27.62 68.23 + 26.01
Kidney 0.2> 134.82+14.39 138.27+23.37 122.12+19.02 100.96 +7.24
Heart muscle 0.2> 18.77 £1.98 28.46 +1.41 33.11+547 78.39 £ 41.65
Cerebral cortex

Frontal 0.2> 5.33+0.69 9.73+1.91 11.84 +3.53 18.77 £ 4.43

Parietal 0.2> 5.32+0.21 8.85+219 15.03 +3.21 16.83 £ 6.07

Occipital 0.2> 5.29 + 0.56 8.31+1.56 14.54 +3.52 17.87 £5.25
Hippocampus 0.2> 5.18 + 0.66 8.91+1.65 15.7 £2.69 17.68 £5.07
Striatum 0.2> 5.64+0.75 10.16 +1.81 17.02 +3.08 21.25+7.95
Cerebellum 0.2> 6.27 £ 0.44 10.41+1.54 13.46 +3.35 19.77 £5.19
Eye

Cornea 0.2> 2707 518+1.21 6.01+17 9.1+0.65

Iris 0.2> 4.44 +2.05 5.34+1.36 7.01+231 11.61+3.13

Retina 0.2> 4.42+274 6.68 +2.74 8.14+3.34 86+27

Crystalline lens 0.2> 6.88 £ 2.55 19.78 £ 4.05 34.92 +11.85 53.56 £9.74
Lacrimal gland 0.2> 27.18+4.46 36.51+5.43 41.26 £9.01 52.11+4.82
Salivary gland 0.2> 10.43 £3.23 14.14 +2.88 16.21 +3.96 20.05+3.54

Mean = SE, n=19-21.

4.2 KERY(,

)Y NS T B URAZS I KEg tab S
W, KRERDRTED TR S 725, T,
MR i TR PE RIS L 72 2 o 72,

Laérimal © -

“" ™

A FIVKEREROKBE - 3 W 1% D
2. JKERYL{n,

- - .
SIS Kidnef*y £
- - - “ ‘ ’
- ‘ ..'. - - r
K"’ b L ]
% s
MW
- o Ll
¥ Te o N -
o - L e L iy ‘@ y
4 ., il
. .--'.- e
-. » ‘— :1--
Salivary, . * «
" ' ht. _' _.'
L f (] " b=
;'-u\ - ": i ’_
O Py . >
? e # & o
[ . .u o .
- L
- & ; . ] -
a5 E o w1 2


imazeki
テキストボックス
発表６


4.3 PR RARE 0 9 PR A% 2 AR
IRERHHRE (AR, W, KR, HERE,
BLAPREFLER) Tk, A FAKERREGICE D
ZACITRED bivia o T,

Cornea

e e Tk vt | e TEM 8122 Cld, xHIRBE & bl L, %%zwkfﬁ
FGRETIE, MmO BE O R
BRI O INNEHE TH Y . WS
VIginoT,

Control

'fi e -,-z' <4
a5k )s'. Wiy
-:fi:i. 51 AN R TR (L) . 4y UsHER: (SV)

3. TRHE TEM 14

4.4 FKEREMIEFRAR D& A5 - T BT
T I 2T v AR—2— (LATL, 2,
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1. AFILKERDIRERHE AR~ 0D 2 7co OATL, MRP2 [ZBIL TiL, VMR & g
L. Hligk, FEcEznEnAEICHEI L

RARIZ BT, RFRREE & il L, EHAEE TWe (F—#mRET),
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1. ARE®

BHARSFUC I3 HE 2 D AEYIT & > TRV EE M
o KREALA I RE U T 2 7% 37 B 2
FIET 2. £ OME DRI KM
plasmid & % V% transposon L IZ{EFET %
BERE O 72 B B O KR M BR 712 &L 0 %
B S AL B K R 4 A~ = > (mer operon) (Z
X0 XEE D, Shigella flexneri H3k @ NR1
(R100) transposon Tn2l LICTE(ET D mer
operon (% .
merD-merE 7 HAEK S D (Fig. 1), ZOH
T, merD BB T O FIRICALE T 2 merE &
5F OEIKNIZE T 2 FBL L BRI DUV T
TR DO E FHRI LTV,

AHFFETIE merE EAR T PEEW O[] E  MerE
DEERNITI T D R ek O 2 A i &
L7z,

merR-o/p-merT-merP-merC-merA-

[ merD [merE}

Hg°

Fig. 1 Tn21 @ mer operon 3 & UM oD 7k SR i f B 4
merR, merD: KERIEZERE G ST, merT, merC: 7K SR
EBAE T merP: KERAE GBS T, merA: KERECEESR (L

Xy x—t) #is+F

2. IEAE
2-1. In21 ¥ 2FIZH TS merE BIEFEY
D [ E

KIGE LD MerE PEMZRKER L. 2w
BV FCHEL B MerE RNU 7 o
—FVHUREZERL L 7=, RIT. ZDOH MerE

-
—
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a—rFrah 3

merE O FIFUR PL K Y MerE FE 9 O B R N

BT 2REZY = AZ 7 ry MEIZK

D RRE LT,

2-2. merE BinFHMA KIBEIZEH (+ HMerE
DRES LV KBEEMICX T Stk
RUERBRMEORE

Pseudomonas K-62 Hi2k@ plasmid pMR26
o kR E EASZ T (merR-0/p) @ T it I
Shigella flexneri 3 Tn21 E @ merE %
HeEIEE#ERB T
pKF19k vector (Z#i#t % | plasmid pE4 % 1% 5L
L7z, Z® plasmid % KiHE XL1-Blue 12/
B L 72 MerE ML RAER L. merE
iR FEDOBEENICE T 5 REICSNT
L7z,

F 72, MerE M # 2 kD A F KR
(CH3Hg") K OMMERE KSR (Hg®) (2%t 2 ffif
PER O Y A B 2 FF L7z, pKF19k vector
FRBHEICEEEBER L krar br—
& LTHWE, CH3Hg" &Y Ho* itk iR
IEF R £ 0 . CHaHg® BV 5A Z 03 Jik &
“CHzHg" Z MW Tiliky v FL—v a7
7 U H—IZ LY HEP BV GAZ TR TRAL
JR R R L0 lE LT,

merC-merA-merD-merE)

(merR-o/p-merE) %

3. MR
3-1.Tn21 %2 D2FIZH TS merEBILFEY
D [EE

Tn21 (merR-o/p-merT-merP-merC-merA-
merD-merE)% & D IZF\W\ T, Hg™" JETELE
T MerE EMIIMEICRIT ST, —FH.
Ho®" 174E T MerE FEM IRl H I 0y f OV
HIZB W TR Sz (Fig. 2A),
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3-2. merE BFHBA KIBEIZEH T HMerE
DRESE L VKIBLEWICH T 5t
BUHRYAHDEE

pE4 (merR-o/p-merE) % Fff-OH (MerE #i#t

ZKR) 12BWT, Hg* F/EF MerE EWIX

FL il T 5 K OV A3 12 B W TR S v Tz

(Fig. 2B),

MerE f# 2z HRiZ =2 b o — LERICH A~

CHsHg" %O Hg* 12 L AL A E 0 Eh
SICE K L7, £72. MerE M 2 kI

7 %5 CHsHg" & Y Hg? D HLY A 7 &% =

v he—ARRICHS ERENAEEICHEIL

- (Fig. 3).

4, EE

Tn21 E® merE X @ HE AN CTHEIC

FHELTODH, BHENT HE 1oL v s

S, BE - FRINTVWDEZERP LN E

72 o7z (Fig. 2A), F7-. MK 53 & 53 8 L

k?x%&/7ﬂy74/7®#%i@

MerE [TMIREIZREST 22 "7 ETh D

L& 2507 (Fig. 2B), MerE % Fio K5

® CH3Hg" KT Hg* OBV AL EIZFNZ

LAy be— il FEICER L (Fig.

3), LLLEOFERENS, MerE (X Hg? 1Tk -

THAE - PRSI, BEX R ELE LT

CHsHg* &Y Hg®" v iAte b T o AR —

A —=ThHHIZ ERHDTHLNERS T,

5. &

Tn21 HED MerE 13 K5 E O Hlfu g i
JRTET 2 HH O CHHg" KT Hg®* kT v
AR—=Z—=ThHHZ EEH LN LT, MEA
NETHRNTVAR—=F—DOHT MerE 2
CHsHg" kiG22I O ToOWE TH 5,
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CCE SF MF

Hg?* + + + M
A.NRL e <€ 8kDa
B. pE4 — @R @P| < skDa

Fig. 2 Western blot analyses of the crude cell extracts (CCE),
soluble fractions (SF), and membrane fractions (MF) of the
transformant strain with plasmid NR1 (Tn21) (A) or plasmid
pE4 (B) were performed using the anti-MerE polyclonal
antibodies. E. coli JE5525 with plasmid NR1 and E. coli
XL1-Blue with plasmid pE4 were prepared and grown with
Hg?*. The arrow indicates purified MerE (8 kDa). Lane M
represents the purified MerE (8 kDa).
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E
'é' 15 20
8 50
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Z s
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308 . 's
% 06
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o
i o 0
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Fig. 3 the bacterial susceptibility to CHsHg" (A) or Hg*" (B)

and the bacterial uptake of **CH;3Hg" (C) or Hg?* (D). E. coli
XL1-Blue with vector (2) or pE4 (®) was grown, prepared and
assayed. All values represent the means of triplicate
determinations from three experiments. Values are expressed
as means * S.D. The asterisk indicates means that were
significantly different from the control value at the same time
point (*P < 0.05, **P < 0.01, t-test).

6. HEFEX

Kiyono M, Sone Y, Nakamura R, Pan-Hou H,
Sakabe K. The MerE protein encoded by
transposon Tn21 is a novel, broad mercury
transporter in Escherichia coli. FEBS let 583:
1127-1131 2009
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Bl BT GRS ) K0 T Lz, #t
2. Ak FHALPRIZ 1L, SPSS version 19. 0% ffi I L |
2-1. }& & At TR EAKREIL % E L,
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3. HR

— X DO i > 7= 526 # D BEF & fiEHT O %F
BLll, EBTOERBEEZE 1,
CBCL/2-3 OB A AR 2, BMBEL NJLER 3
(2R,

E 1 MG RET O IEAKRME

Mean SD Min Max %
fERREE GE) 397 12 363 421
HAERHAE (g) 3134 354.0 2282 4322
FEHOMER (% B 49.8
B o HH E e AR i 296 47 16 41
HAENENL (% 55 1 LARE) 60.3
Stk (% B SRS HE) 70.9
IR OPEOH I (% H) 15.8
TR OBEDOAE (% 4) 13.7
RO (% 1390 F) 44.1
BRI D15 A1 270 37 16 36

PEHRP OB DU T, AEIRT R L TV 72356 L IEIR AR
RO A IR, B L TR0 oS A IFERE L L
72,

% 2 CBCL/2-3 D454

Mean SD Min Max

B (GhARE) 8.8 5.5 0 29
FlEZHY (NRRE) 1.1 1.5 0 11
g (S mRE) 4.7 34 0 15
SHEERZ (NI RE) 33 2.5 0 14
RLARRE (NARE) 1.8 2.1 0 13
FE 5 0.5 0.9 0 9
HEIR Ao g 3.1 2.3 0 11
EEES GhmRE) 2.6 1.9 0 8
T DA, 2.7 22 0 11
IR E 46.1 8.9 32 80
S R 48.7 9.8 29 91
AR 47.6 9.6 25 91

=3 BRI~

Median 5%tile 95%tile

JEsy A MR K ER (ng/g) 15.7 5.9 37.5
fEs g vy (ng/g) 66.3 51.0 83.4
FHAIMIMAEDHA (mg/ml) 168.5 100.4 257.2

3-1. A% 30y ARDITHLEERR
CBCL/2-3 D55 L MEEfEHE & o B
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# 4 CBCL/2-3 L BRI (HFHBY)

HIAE R P EE I A
RS A5 i 4 i A K SR -0.058 -0.026 -0.045
i i B L 0.049 -0.015 -0.002
B ML 4 DHA -0.089 * -0.067 0.075
Pearson's r & 7<7 ",
* p<0.05

5 MM RE FLRE & RERE ()

gl b b Var. ZNS R
I 6 1 4 pf A K SR -0.060 -0.043 -0.047
i i i B L 0.000 0.049 0.082
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* p<0.05
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LB 2 R T,

B L UC, fERRIEEL, HIAEREE, 20 OMR, RO HE
gﬁgﬁn#ﬁﬁﬁaﬁiﬁ SEIRER O BRIEIE B & ORI, [HEOFIE, B
IS i

#£ 7 B —F® CBCL/2-3 &L Mg isE

BT I R E FlEZHY REZFRE
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A i 4 i R Ak B -0.046 -0.054 0.012
i o i 4 L 0.008 0.007 0.041
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* p<0.001

BEHEAL B AT,

HZER L U, fEMRIEER, HERKRE, 7L b oMl RO HER
Filin, ok IR ORGE R X OWERE, REBLOSAE, Hidriy
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F8 T LD CBCL/2-3 L IR@ e

% LA AR EE FlEZHY NLERFHEE
Adjusted R -0.021 -0.010 0.002
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