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Abstract

Cutaneous two-point discrimination is known to be impaired in patients with Minamata
disease and therefore is expected to be useful as one of the biological markers for
methyl-mercury intoxication. Previously, we have established an automatic two-point
discrimination measurement system which consisted of; 1) automated examination machines,
which can control physical features of the stimuli, 2) a measurement protocol which enables
subjective and reliable measurements, and 3) analytic methods that can automatically
estimates the reliable two-point thresholds. Using this system, we measured two-point
thresholds at the index finger, lower lip and tongue in 210 healthy volunteers aged 20 to 80 yrs.
and determined normal ranges in elderly people.

From this year, we are trying to couple these results with functional brain imaging in order
to establish further objective measurements. At first, we developed a new tactile two-point
stimulator which is applicable for magnetoencephalography (MEG) measurements. The probes
were made of non-magnetic parts only and were driven by air pressure via air tubes connected
to the controller outside the magnetic shield room. We also developed a software which can
control the probes to give either one- or two-point tactile stimulation to the skin at designed
timing. We confirmed that the probe motion is controlled with very accurate timing (less than 1
ms of jittering). Using this stimulator, we then measured somatosensory evoked magnetic
fields to tactile Oddball paradigm (standard: 80% one-point stimuli, deviant: 20% two-point
stimuli) in 6 healthy volunteers. The MEG data demonstrated that the tactile mismatch
responses (MMR), which are though to reflect the brain processes for automatic discrimination
between one- and two-point stimuli, were elicited in all 6 subjects. We also found that the

magnitudes of MMR were changed in association with the two-point distances. If a two-point
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distance was larger than the individual two-point discrimination threshold, the MMN
amplitude was the largest. On the other hand, if a two-point distance was smaller than the
individual two-point threshold, the MMN amplitudes become smaller or vanished. These
results suggested that MEG is useful for objective measurements of two-point discrimination
and that our new challenge to couple functional brain imaging with previously established

automatic two-point discrimination measurement system should be promising.
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Abstract

More than fifty years have passed since the outbreak of Minamata disease and methylmercury
poisoning disasters like the Minamata disease due to industrial effluents or methylmercury-containing
fungicide intoxication have scarcely happened in developed countries. Nevertheless, health issues of
low-level exposure to methylmercury in humans can exist and environmental and health issues of
widespread mercury contamination have occurred in gold and mercury mining areas of developing
countries. In this article, we provide an overview of studies addressing these health effects of
methylmercury and mercury, by using the PubMed of the US National Library of Medicine.

The following suggestions were obtained concerning low-level methylmercury exposure: (1) In recent
years, the proportion of human studies among methylmercury- or mercury-related reports tends to decrease.
(2) In reviewing birth cohort studies in the world, low-level exposure to lead and n-3 polyunsaturated fatty
acids, as well as methylmercury exposure, seem to affect child development. Therefore, a research model
with concomitant exposures is necessary for the risk assessment of methylmercury. (3) Daily mercury
intake estimated using a food frequency questionnaire can explain approximately 30% of the exposure level
determined from hair/blood samples and seems to overestimate the actual level. (4) Selenium has been
suggested to modify the adverse effect of methylmercury since 1970s, but such protective effects of
selenium on coronary heart diseases were not observed in recent studies. (5) Recent mining is converting
primary forest at a non-linear rate alongside increasing gold prices. As the result, there seem to be both
environmental impacts such as deforestation and many small-scale gold miners with signs/symptoms

involved in chronic mercury poisoning in developing countries.

Keywords: Methylmercury; Selenium; Child development; Gold and mercury mining
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100°C, 5 min QLB L, 5,000X g, 5 min Tils LT SDS-PAGE fl > 7L %157,

(fiiy BRI~ DB RE)

PR OSBRI DR F R 2 AR %2 AW TZBFZEIT AR 2 DNA EBRE B2 O7KGR
REMED—BRE L THEMLIEBDOTH Y | BT E O HFE OB L 5 4EmD
SHRIEDOTERICRE T DI BT L, P2 SEERETIEEZIT o T,

I WFERE R & B 5

(1) WBY—T 4 UF L RTLIZK S AFILKIREEERIEEDREN

IR U72 Kol BERIEMNICIE, Ubid ITIRMEL, D WB Y —F 4 VTV AT L% LT
ATFNVKRHME LIRS ELBEAE XCCEAE) PWMAETLEERLND, FaITFR 22
FEFEIC, X-EAEOBAM & LT Rps3 BLDSisl ZRIET D Z LTkt Lz, BEENZ &,
Rps3 (T A FAKPRFEIEZ RS EDEM 2 A L, W2 Sisl 13 A F VKR EMEORIRICE 595
ZEMNHBIL TS, Rps3IEIMVB Y —F 4 V7 VAT A EN L CRIIGEEZND Z 1L > T
DT AT KR FMEIERIERA 25T 2 X 512700 | Sisl 1Tl F X A TV KER BRI 7- & L
THEREL T DM Sisl O—FIEIMVB Y —F 1 ' 7V AT A& L CHRIBICE IR T2 OREREZ &
I (BREND ?) T2, WB Y —F 4 7V AT MBI S5 & Rps3 1T A F Lk ERFMEHI R
TERZRETE T, E7o. SisLIEA FVKBEERBIERE 2 MEFF T2 L 512257, fiRE L
TAFNVKBEENERSIND ETPRTHZENTE D,

MVB VAT ML TRBINDIEEEAEITE / 28X F L3N TEY, FxixZoikE
BHEOE /28X F LIS EFPHRINIEAE L L TRV 2R T UERETH D
Ubid ZRELTNWDZ LD, AFEEIX Rps3 BL Sisl OF /28X F (b ZNICBIT 5
Ubid OHFFEIRB LRV 2 8FF > L LTO Ubid DEFRITHOWVTHE LT,

(1-1) Rps3 BLUVSisl DF/ 2 FF Ak Ubid DEE :

FEAEEE, Rps3 B LW Sisl BE /2 X F MbIhb Z &, £ L TEN% Ubid OKIEMEF
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DL, BT 5 FEBREE RS LI TWIER ZN 6O Z & BAREE OFEMRRFHT XV iR

ENT, 2B, Rps3 X212 /BHDY Vo N2 X F ALEND EORERHDLOT, ZOU T
BT T NER LT ERKR RN SEE A, el b E /2 X F 1L Rps3
EEZ 55 35kDa (RPS3 = 26.5kDa, - ' F > = 8.5kDa) D/ N> NREEIXEELZ T 2o
7oo L2 o T Rps3 I 212 B HUN DY U BE ) 2 X F U ALEZ T L AREENREZ DD,
Flo. WB VY —7 ¢ 7V AT LAOHED Rps3 38 LU Sisl ORI E 2 5 B4Rt L
Tl R L A EEBIIRO SN oT, WB V=T 4 V7 U AT A EHELEBEICB O THM
JANIZRD HNDHE /) 2B F AL S 72 Rps3 BE O Sisl 13 2 <ﬁET%5 EMND, Rps3 B
FOSislZ T —EULDMB Y —TF 4 7V AT K K o TERIBIGEIZN W ATREENRE 2 b
A X8
(1-2) ARVavexF L ToDUbid DEZE :

Ubid ITFAN T B v VP ENTHEKDZE R F L L LTHET S EZ2 5 TVS, L
L. Ubid KIBEEREDS R A FVKERMHETHEAO 2 B F U 2 @mBEH ST THLREEI RV &
B, Ubid BARV 28X F o & LT L 0NOMREERIZ L TV D HEERZE X bND, £ T,
Sisl D/ 2EXTFUALIZBITHRY 2% F L LTO Ubid ODEEIZKRFT LTz, £ OREE.,
Ubid KIBICE WK TFLE /28X F 1L Sisl &iT, Ubid Ea T 2BRHCEATLZ LICk-
THM L7225, Ubid OROVICTHEDO X F o 2 mBHR I G THEBITRO Lo Tz, Z
D EMB, Ubid 2L > TSisl BE X T UALEIN DI, Ubid TRV 2E8FF & LT
T DMNEND DL EBEZ BND, 7ok, N KIGIC FLAG Z A S 872 Ubid ZFERIAICREL S
THEITLIZRER, 27K &b Ubid DN KO EXF 0L Sisl DF /) 2 X F AklTfEbi
W2 &V LT,

(2) £ MEEHROA FILKIBRZHICEEEE5Z H5EGTHOBRER E T OIERBIBRENT

AFNVIKEBEEDORBUEE L 525 MEETEZPALNCT 57291, siRNA Z#F]H L&
G RREZPIRE Li-, A¥EIT e bk HEK293 A2 v, 922,000 & &bt MlEfsfod
THEBEDHIFA L TV 55 17, 000 DA 7% siRNA I K-> T 1T 2/ w7 Z o LizDbIZ
AU HMINE (K9 17,000 fE) D A F VKBTI T DML THRD D TH D, ZOHEZH WA
7V == I E o THEEL DO MNBETFBFRE SN, ZOHRIZEGRER BN OhEER
T\, 22T, TRHEERFIZOWTE O/ R LT,

(2-1) HSF1IZ XD AF/VIKEREFNERE

HSFL @ 7 w77 #7723, HEK293 Mifa % A F/LKERICx U CRESEZMEIC T 56 2 E VI L 7=,
HSFL X, B = v 7 BAER EOREFGFEICEAD S A ML AREMIETRFTHY , Blva v
FEOA ML AAMIZE > TER&EEZBE L TENICBITT S Z ERMbN TS, £ T, AF
JVIKERDS HSF1 OMRIN I ARIZ -2 D B A at LTz & 2 A A FLKEIT HSFL ORI L~ 1

WCHBE B2 ERBENLLVERINESES ZERHLNE o7, F2, fildz A F LK
FULFLS 2 Z & Lo T, BB OYE &[RRI, &5 T8O HSF1 A RO S S iz, 72
BUHSFLIFA RI VAR BRI Lo THBBITHMEES LD Z &M BN TWD A, HSFL D/
THET T FI T LAB LN BT DO T EE 5 272 Tc, BERICBATL
72 HSF1 1Z, Z< OBEB T OIGAEE ST 5, USFLICL > TEHEMEEI NS Z NN T
Mé@h%@lO?%éH@N@mMAVmwi%%_%?wmﬁﬂiofﬁﬁb\%m%/y
IED DI LI Ko TEDORRITEAE (I S 7z, HSFLIZ K » TG MEtE S D 2 &7
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HHNTWD 25 FOE RO H Tk, HSP90 & HSCT0 73/ w7 X7 2 K - THliE &2 A F Lk ER
W% U CEssz Ml Lz, M s F 0 mRNA L~ULS A FLKERIC K » T ER L, HSFL J v 7 &
AR o TEDONEBIH S D Z & SRR S 4v72, HSFL I3HIAa N CZE MR VB AR L D | <0
EWEABEDOY 74 —NT 4 VRO EAEEZREGFET L2 LI Lo Tlilan A kL
AHEBEF L TNDEEZEZLNTND, BAEOEMEZSEEZTHEHRD | DICTEIERRR L O
MBRH Y . AFNKBNTEVEREEREZ PR SED LoWELH D, LovL, HEK293 flliaz A F
JVIKERTHLER U 7= BRIZERD DT IEERR R IR L - OFRET HSF1 /) v 7 X 7 Nl K B E %
Fieolo, —h, EHEEAEITEE LT L, @%LKEBW®%<iiH%%/m3nTm
L2 EBMBENTWD, £ 2T, RETEMES (NP-40) ICREE T X F o 2 e EEE E
LAV ERRET LT & 2 A, BRI CTIEA FIVKEBOEEITITE A ERD LI 73, HSFL
)y 7 BT CRIRTCIE A FOKBOREERFICZ B X F ALBEEAE O L~V RN S
Nice LEDFERNS ATFNVKBITEAERE L RESE D5 2 LI 8-> TllamEo—i 2 %8
FE L, HSF1 (X A F/L/KERIC X o TREICEAT LT HSPI0 <° HSC70 DIEHL & IEifE S HHHEER HE D U
TH—NT 4 T EART 2 LI R o TAFAKBOMIAFEEMEIT I L CHIBIC/ERA L T &
AREMENE 2 B LD,

(2-2) ZOMOEERFHHMALD A F NV IKEIEZ VI G- 2 555

HSF1 ERIRIC v 7 B &D Z LT K - T HEK293 #ilfid & A FLKERIC % L C sz ikic
T4 Z L AVHIEH L7 E A TEX2T 23 5, TEX2T 1ZZFDREREICHOWTIZ L A ERBEI STV
WA, AEETIZ zine—finger RAA V2B THIEMNOEERTFTHLEEZOBND, £ T,
AFIVIKERDS TEX2T DAIIN AN G- 2 DB Gt LIz & 2 A ATFIVKERD TEX2T OEBAT
RESE DL ZERHALNERoT, 2D LD, TEX2T [X HSFL & [FIARIZHIRL D A TV 7K R 5
T IE L TER T 2B IR+ CTh 2 rTREMENR B 2 b D,

TEX27 <2 HSF1 &idiflc, /w7 X o &b Z L2 L - T HEK293 fllfia 2 A T VKRR M (2
HERENF & LT HOXB13 23 [AE &7z, HOXB13 |E TNF-a DA KFEICED D Z ENmbh T
HH, AREFZEIZ LD AF LKA INF-a @D mRNA UL A BEEIC R ESED 2 &AL
(HOXB13 %/ v 7 X7 § 2% Z LIk o TEOMRITIHI S Tz), INF- o [HEHTH L WPIQY
DEEHA~DUINN A FIVKERFEZ R L 722 &S AT ILKERAD HOXB13 % {5k L C TNF-
a DEREZRET D Z LI Lo THIREEO —HAREL T DL HREEAEZADL L HTE D,

IV & &
WBV~?4VﬁVZ?A%WmLTW@’%Léné’k’iof%%wmﬁ%@%ﬁﬁ
SHALEAE @@@&LrsmlkiURwSﬂﬂméﬂhﬂiﬁEET T —HER LA MVB

V=T 4 T VAT AL o THRAIZEIXIL 72 W ATH %ﬂrwéﬂtoit Ubi4 |2 X % Sisl
DF ) 2EXFF AL U4 NRY 2 EXF U OFEE L > TVWHILEDHDHZ EHREB I
=, Atk T VL ORERE N OB ZEE) & X FOLKERENME & OB ZFEICHRETT 5 2 L i
Eo T MB Y —F 4 T VAT KD HIEIA~OE ARSI O A FOLKRFEERBUC BT 5
TR ESND LIRS D,

—J7. b FHORHMIO A FAKREZ I B A G2 5 MRIsTZ siRNA ZFIH L7 A7
U—=U ZhERER L TRRLEZE Z A, SHEOBERNTRIFRE SN, ZHUOIRERTIEAF
JVKERIZ K » TIRMAL SN D ATHEME N B D Z LD B MIED 2 F VKR BRI 5 I
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ESNAZLIFHFTHY ., SHBOFEDIEN IV TX 5,

v

URAEJE LU 0D ey

Sisl 35 L U8 Rsp3 OMRE R OHIIAPZED) & A FLKERFENE & OBIRE BICIRAT 5 2 &1 &
5T, HLVAFAAROBEFIRMBI I 52D bO LI SND, Fho, FECAES
NI A FAKSEEED € MEFRFICOVNT Y, TORE - HHELHS £ O FREF o RjE
REETTH Sk T, ZOBEREWICT 5 TETH S,
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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; Protein transport to vacuole; MVB sorting pathway; Yeast
Abstract

We have searched the genes that affected sensitivity of yeast cells to methylmercury to elucidate the
mechanism of methylmercury toxicity. We have found that the protein transport pathway into vacuole
through MVB sorting pathway from Golgi strongly involved in mechanism of enhancement of
methylmercury toxicity. Proteins (X-proteins) that are transported from Golgi to vacuole and enhance
methyl mercury toxicity might be included in yeast cells. We identified Sisland Rsp3 as candidates for
X-proteins. In the present study, we found that Sisland Rsp3 were transported into vacuole through MVB
sorting pathway, but the amounts of both protein transported were very limited. On the other hand, we also
found that Sisland Rsp3 might be monoubiquitinated by Ubi4, a polyprotein containing 5 repeats of
ubiquitin.  In this reaction, Ubi4 might monoubiquitinate Sisl as polyubiquitin without conversion to
monoubiquitin.
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(IR A TV K ERERER 7> D O AP R L2 BE 9 2 AFF 7
ANRIE— (UBLRZEFESEEY:  202)

T s

JEERE « IR BIC RT3 27 ) 7RI OZFIZNER SN TS, ZHET, AFAKER (Melg)
WNT A Mo MCESER LT, 1L-6 24 - IHICERT 2 MREGEFER 227528, &
HIZh ) —FEOZ U THIR (R 7 a7 U7 | BNEDIKEED Mellg 2md 5k ¥ —& LTH
BET DL a2RWE Lz, AL, 27870 7HMEKRE A FOLKRE BT 288 T0%O
TAIOYA ReDaAIa=lr—a AND=R0, S SITHREHE L OBEMEIC OV THRE %
Lz, 2270270 7%, KB MeHg 2 L CTATP 2 Lz, ZOAPIE, 2270270 7-7
Z haH A NETERGEDE L LTHEEEL, 7T X hadA RO P2Vl ZRMKIEMAL, MIAAN Ca
W LA BRI KD ATP O 625 aER L, ZAUTE Y 7 A hat A b IL-6 FEA
DEHIEEZINDZENHLNE ST, 2OXHIT, 2727 Y T MeHg DEEEE Y — &
LCHERE L. ATP 20 L TIMOfEREE®Z 7 A et A b, S SICIIMRMRICEX TWD 2 b
2D, IMHERE A R L TV D ATHEMED RIB S LTz,

F—U—R: AF LK EMelg), S/ 77 TAMaY A F ATP. £ ' Z—1a A F > 6 (IL-6)

WHIEH T 08 A - IR G — (AR E SR | Fefiihin (1E 57 =38 on & dn i B SE T -
Bs A HIEES)

P

I WHEEM

7' T HURRIEER 2 2 IS RE O I BN BB A B A RS V) Rl A ORI I X IESMENE,
RAENE, PPRERE M, S DICHIRZEMEERES 2 Clk, 20 OFEEBMILIZEE L2V |
WICREERZZE LD T 52 6PN EINOOHD, ZOL DT, MOAPE - e
AE & HHEICBIRT 2 7 ) Tl T 5725, £ OMRBICKT LT~ OERES, (WFWHE. BREIG YW
BENEOKICEET LI L TURIZEAEMBN TR, REFFRIEL, A F KR (Melg)
ICE Y BRSNS MEREREICSIT S, 7Y THROEEEZHALNE T2 2BNETHHD
Thd, IFEETO RN T R7 VT F— LTI LD | MeHg IZBFE SN72T A ba¥ A MIA
YA =A% 6 (IL-6) ZIEFWICHMS BT LI L, TORA =X LOMAIN ATP REZETH
52 &, STOD IL-6 23 MeHg 12 L 2 MM G E I L TIREDRZE L TWDH Z E R LT,
I, 27TV TRT A A FED GIRRED Mellg ZEH L, £DIFEHEZT A b ot A
R, S BHITIFMRHIRIC AR 2 TV D ATREME 2 NS Uiz, AEE OB, (1) (KR Melg
B L7270 7 ) 7 OIREEROMA, (2) 7 A hat A S~OFERIBEA =X LOfEH,
EBIZ (3) 27uZ YT EEREZFE LET A had A bOISEHERE, ThEnn 1L
SOLTHANCHAL N ET DL, THD,

11 W5k

MRT A badA b 27077 RO RMEOR#EIL, BEW VIcito 7z, FMAEMTHT
I RPN Ca® R E ([Ca® ] 1) JUE ik, & IS Mifaye )ik b BEM V125t 5 72, Cell viability
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X, WST-1 7wk AICk v iEE Lz, Miash ATP OHIE HEIZIE, luciferin-luciferase % H
VN AR ATP A3 fiRB% 241 ARL6739 T7(E F T A F /L KERFINL 21TV IR AR 2 Al L 7= 14
luciferin-luciferase V512 X 5 ATP AL RS E VS ) A — X —TEEMNT LT,

(i B i ~ DO BLRE)
ABFFERTENE B ML OB 2 B b, £ TTOEMFERIT, IIRREFR
BMEEXTEEEEZRE L. IR FEZROKRBZETOHOBIT L,

I KOV IV BFZERE R R OB 42

INETT A bt Ag MEOT A hathA b= HIfE B IC i H LT MeHg OYEH Z G L T
X7, WEFEEOWISET, 7 A bat A hoSEE IR eV MR O MeHg Zfthod 77U 7 X 2
gz U7 BEEL, ZOMEHRET A hat A MBET AR R L7, KFEIEL, BLTO
FMiE RO A MW 27l Y T-TA YA MO a 2=/ — g VOFEMLOE
Doy AT = X LDFFHT 54T > 72,

SHMEE D A ko
AFOVKEICT L D7) THIBROISENE GHiE) 2 tho ik okt s 2 & <, Hittod 5
MZEED BP0 ) O, EIARBELTE WS, LA, 277U TICLAERAEA
FIKBORE, 7 A bt A b ~DIRIE, [ZHOWT REDOFEMOHRE & Z D A T =X 4
EBIC [ZORMY 7 FIVDOT A hat A b~DRERROERIGFEILE Z DA =K L) i}
HET5HZ LICEREBRE,

< SR E I, ARIEEE A FAKERORB L e 52 L,

- WFIERTD VT U AT E D,

(1) 27 a7V 7HiEM Melg & &3 2 ko fiR i

AKETET, 27070V 7-72A A hala=r—TaroprEEEZHREHLE, 78
70 TN S IR T H 0 N Z T IR L Y BRI (b2 W BRI L URE T D,
77 ) T ARRE Mellg Z 0B REMTH VAT LZHLT0NL LD EEZILND, KR
FEMeHg (0.1uM) X, 70707 KOT A et A SDRBEMTHEEL THWAEAIZIZIL-6 D
FEAICEBE L2V (K1), 27877 +7 2 hado b3F GHERR) LTV HAI
%, BHER IL-6 EEAZTHR LI (EREEORE), I/ T7-TA et A MilOoaIa=>
— g UNET AR E LT A0, TIES Y TR O RER RGBS E Y
Td D, ATP EAITH T DB A RE LTz, RIRE MeHg (0.01-0.5u M) (X, 7 & bw¥o FEM
Zxt U CIX ATP Iz s L TREB L 20, 27 a7 ) 7 BIdHERIFH 72 ATP O % &
L7 27), MEEOHRED X 512, MelHg IREZEL LI2HGEIKIE GuM), 7A rH A b
NHHEORHITBERINE (KM24), KEEMelg X, 2707 U7 +7 A ha¥o L%
FRTIE, SHICRERATP 25 &2 Lz (X 3), P2 ZRFEFEHIFD suramin (30 u M) 1%,
7 a7 T HEMIEO ATP I ITEE L 20l 2 7r 707+ 7 A ket A MEEERICE
% ATP it 20858 SE o, £z, KRE MeHg 12X 7 17 U 7D [Ca*]i ERAZRE LR, 7
A bt A NEMOZIITITEBE Lol L L, HEEER TIHRRE Mellg (2722707
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1 BREEMeHg A= 05 )7®D IL-6 mRNA D
ZkIC5Z H5E

£ MeHg (0.01-1uM) (XS04 7HHmIEE
100 R TIZ IL-6 mRNA DERETTE S AL,

a0 - EOXT7T 2 et A holCca*]i LRAZEREL.#%E
D H suramin THIH 47z, MeHg I L VW BE S
HI7w 7 VT O AP L, Ca* % L— MAIT

60+ % % BAPTA Z HINIPNIC AL % = & 12 & 0 #iihl &
L7z (BAPTA-AM & L T#eE), £72. MeHg 2k D
40 4 FEREND[Ca]i EFH RO ATP FhiZ, #ilask
Ca”BREICE VIR LI &b, Mlasnn»so
20 = Ca® AP ZN O DINEEZHREL L TND Z &3

bk pote, Db, KR MeHg g L7 2 7

07U 7RSS Ca® A A S, [Ca*]i |k

0.01 0.1 1 FIEATP i ZERTH 2 L, S HIZZ 0 ATP
MeHg (uM, 2 hr} WINT T TA T T NE LTT A budA b
By, ZhARTArd A b DSHRD

IL-6 expression (% of control)

ATP Bl &R T2 L LN E 5T,

KR Mellg lIC X VR EIND I 707 Y 760 ATP i I iEst Ca* ARG & &L 7o T
W, ZENUBEDO A=A LR R ThoTe, ZTOAN=ALERGNTTLEMNG, fEix
DI ONER %G LTz, EOHT, p38MAP ¥ J-—E i 3K SB2033580 (20 1« M) 23, MeHg (0.1 u
WiICEvEEEND2I 707 U 7000 ATP i Z2fl Lz (M4), SHIMellgiZIrz a2l
7 @ p38MAP F S —E DiEMAL (U ERfk) ZFEIE LI, ATP 28I 7 127U 7 @ p38MAP FF—F
EEMEALT 22 ENR<MBNTND Z &G, SEFRD bz p38MAP ¥ —E DR,
MeHg (2 X DEAHEEMA 2O h, i Sz ATP IZ X5 “IRERIER 2R ORI ARHTH - 72, P2 2R
{ABH5ESE (suramin, PPADS, Brilliant Blue G(BBG)) i% MeHg (0. 1uM) (X W & &5 p38MAP
X —B U UBMICFR S LR oo, IMNREH S TH L I 7 e s ) TIiE, EEIC X
D &Fl reactive oxygen species (ROS) ZpEAT 5, ROS PHEFTH 5 NAC (100 M) 1%, MeHg (2
X0 A A5 p38MAP F - —BIE ML M OV ATP fiHH 2 i L 72 (12. 246. 1 % of MeHg alone, n=4),
AR OEBRTIE, MeHg & AN DM ITIH S T k2 s> 7228, (RIREE MeHg A8 L7z 2 7
o7 U 7k, Ca®fi A, ROS FEAE. p38MAP 3 —F DiEtE bz LT, ATP it & W 5 I Tl %
FHIET DI ENHLNERoT,
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Abstract

Glial cells are highly involved in various brain diseases. Thus, changes in their characteristic
features affect brain functions. However, effects of chemicals or other hazardous
environmental molecules including methylmercury (MeHg) on glial functions/dysfunctions
remain largely unknown. Previously, we showed that MeHg (~3 pM)-induced release of ATP,
followed by production of IL-6 in astrocytes, which in turn protected neuronal cell death
against MeHg. Here we showed that microglia, another types of glial cells in the CNS, sense
much lower MeHg and transfer the information to astrocytes. Microglia but not astrocytes
sensed lower MeHg (0.01-0.1 pM) and released ATP. The microglial release of ATP was
dependent on activation of p38 MAPkinase. Stimulation of MeHg (0.1uM) with astrocytes or
microglia alone had not produce IL-6. However, when incubated with co-culture of microglia
plus astrocytes, MeHg (0.1uM) stimulated IL-6 production. The low MeHg-evoked IL-6
production in the co-culture was inhibited by the selective P2Y1 antagonist MRS2179 or
disappeared when stimulated with co-culture of normal microglia plus P2Y1-konckout
astrocytes. The activation of astrocytic P2Y1 receptors by microglial ATP resulted in further
release of ATP, which in turn acted on activated astrocytic P2Y1 receptors as an autocrine
signal, thereby leading to IL-6 production. As for mechanisms underlying ATP release from
astrocytes, Ca2*-dependent exocytotic events appeared to be involved. These findings suggest
that microglia, as a high sensitivity sensor for MeHg, sense low concentration of MeHg, and
transmit the information to astrocytes as a chemical signal of ATP. Such
microglia-astrocytes-neurons communications would be important to maintain homeostasis in

the brain.
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Abstract

Background: Since the discovery of Niigata Minamata disease in 1965, there have been
few therapeutic approaches to its neurological signs and symptoms, especially to severe
sensory disturbance and/or neuropathic pain. We are now able to use pregabalin, which
binds to the a28 subunit of the voltage-dependent calcium channel in the central
nervous system and decreases the release of neurotransmitters such as
glutamate, noradrenaline, and substance P, and duloxetine, which is a serotonin-
noradrenaline reuptake inhibitor, for intractable neuropathic pain of peripheral origin.
Objective: To confirm therapeutic efficacy of these new drugs in the neuropathic pain of
Niigata Minamata disease.

Methods: For the above purpose, a total of 57 patients with Niigata Minamata disease
have been enrolled, and their neurological symptoms and signs have been assessed.
Results and discussion: We have almost finished the initial evaluation of the present
neurological symptoms and sings in these patients, and prepared for inclusion criteria
to recruit them to a new therapeutic study using pregabalin and duloxetine.
Conclusion: A clinical study has been launched to investigate the therapeutic effect of
pregabalin and duloxetine in amelioration of sensory disturbance and/or neuropathic

pain of Niigata Minamata disease.
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*h

X BT, AFAKERIE, NEMEE X OV
B o Gz VW, Mjast~ Y v 7 X
ICBWTKGEIET 27 v DA K
ERIELZENTREINTE, EDODA =X
LELT, eT7AaFrARICHEET LS
BED D B, WEHIE CiX UGDH o3& B3, J8 R
AL Tl HAS-2 DI BN, A FILKRIZ L -
TERFTDZ LD ERNRENT,

4. e
A F VK ER R TE O B I 75 28 1 <
BboTWAZ ENRIBINS,

5| A 3k

1) Hirooka, T., Fujiwara, Y., Minami, Y., Ishii, A.,
Ishigooka, M., Shinkai, Y., Yamamoto, C., Satoh,
M., Yasutake, A., Eto, K. and Kaji, T. (2010)

Toxicol. In Vitro, 24: 835-841.

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

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

4) Hirooka, T., Fujiwara, Y., Inoue, S., Shinkai, Y.,

Yamamoto, C., Satoh, M., Yasutake, A., Eto, K. and

Kaji, T. (2010) J. Toxicol. Sci., 34: 433-439.
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A FIVKRIZ K S HIEMAREEOMZMBIE~DEHS &
Rho/ROCK #2E% D 1! 1< & % =482 iR /E A

ORERTEII ([E LR |

FIFFERAE A (B NLKARAE) |

William Rostene ({A[E « A ¥ —A),

0>q3 \iﬂu$$fzq4%ffmﬁﬁ””ii<k LCHE
%ﬁ@%% FEGIZEZTLOR DD, £
®ﬁﬁﬂki%%wmﬁ,%%*ﬁ,ﬁ,
XY AR FRC RS v T ) VETH
%o %®¢T%%’%%wmﬁiiMﬁoKﬁ
W SRR E A b 72 D7, A FILKERD
f@ﬁ%“ﬁf%é%%ﬁ%i fl O & 2
720 PRI (PR SR B KL OBHIRZE ) & A
T DRI BRI TH 5,

IN—

Dendrite

\ﬂﬁﬂié

Cell body

X1 I O

F 7o, BRSNSV T A FAKERITES
TR~ DU E D) 50 555> 5 100 {5 25K
ICERET D2 EnHEINTEY 1), AFLK
R EE OFR R LA FKRPEET
VBN DN KERIBEE N DB 2 5 & HEEE
EBRIZBIT S in vivo L7 X FILKERD
WIREIXL - MU T CORFLMETHD L5
2 bbb,

AN TIE, A FAKERIT K 5

JAZEIZ BN TIZZNETHER I TW o7z
MRS AEMVEIZE B L, & DICEEEMEMIaIC

X9 AF VKB OBEEPEITIBNTH 1 - M2
T COMFZIT -7, KR (100 nM) DA F /b
KERIE, MRREEEELGIE R L%, A
NW—=BREEZITT 2T K b— 205 %
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David Godefroy ({A[E « A > Hh—24) .
JIF SR (IR, MEEZ (BREBXR)

HR LT, Fio, MREIROIEIE CTH D Tau [
PERRR SIS D 2SS BIRZEAL DFRIE T d 5 MAP2
BRSSO EMEIZ AT LI 2 e D, AT
JVIREROVEF AR ZEIE 0 H C & AR HH SR 1T
ﬁ%@;&ﬁﬂﬁbkoé6uwﬁ%£%%%
KTOT A= 2 RMIAE 2 HLE L TV 5D
Rho B FIZDOWTIRNT 21T o 70, A FVIKERIX
RhoA (% 22 B UINAEIK 1) DOFB AL SED
Z L 72< | Racl & Cded2 (FRfRZEEAMIRINF) @
AT ., KFIZ Racl DIETNREEFECTH -
Too 2D OFEFRIN G AKFREE A F/LKERN Racl
FEBUE TS K 2w ek o 2 o Ji / WU oD R 24 7l %
glE k2 U, APk 2R 28 M 38 L O M 4E %
FBRLTVWDZ LR SN,

UL EDOFERIZ, # L A FILKERIC K 5 phifk
FHEERA T =L EZRALNCTHE LI
Rho/ROCK #%i# (RhoA 3 X OV D FHtICHFET D
ROCK D#%#%) ¥ DA A FLIKERIZ K 2 fifiiek il
RORLIM % R IE L, MR A SE 2 B9~ 5 7]
BEMEZRTLOTHoT, T T, 9, HE
FREHIAEIZ 331 T Rho BRESK (C3 toxin) B LY
ROCK PH#E %K (Y-27632, Fasudil)® > © O&hH %5
Liz& A, IEIEEE (100 nM) A F AKX D
PR i SRR B 5 s L OV E 2 i 9= 5 = & 23 HH
DINTI o Tz, IRITKRIEE 51T K - THFSRIC
BAT7T % Fasudil 12OV T A FILKERTEEY)
ET /L (20 ppm A FILKERKD 4 K EE )
W ka 24T - 7=, Fasudil (3 mg/kg/day,
FR#EYS) X, AFVKBHEESWET VIZE
(T D RN A (RARFRRR)  F6 K UM RRIE IR
(Blize%) Zm Lz 7,

LB ARV T, B L A F L KERIC
LR BEHIERA A =X LW LML, &



DIZZEDAN = ALIZTESWTRANC L D AF 51 R

/]/7K§E@%;l~$%vﬁ7))ﬂﬁgfg§)é z k % in vitro 1)  Meacham C.A. et al., Toxicol. Appl. Pharmacol., 2005.
2) Fujimura M et al., Neurotoxicology, 2009.

BEY in vivo AFAKIRFFETT LV TRET  5)  lepata W, et al., Nature, 1997

%) z k 753—(% f:o 4)  Lehmann M. et al., J. Neurosci., 1999.
5) Bito H. et al., Neuron, 2000.
6) Yamashita K. et al., Brain Res., 2007.

7) Fujimura M et al., Toxicol. Appl. Pharmacol., 2011.
MeHg

&%\ Rac1, Cdcd2 Extasstaoh
Mr
Rho/ROCK

Retraction

\
MeHg

?:: 1 Extension
Rac1, Cdc42
—-

Retraction Rhe/ROCK

Rho/ROCK inhibitors

2 FREEAINEIZ 31T 5 Rho/ROCK #2385 D FH
FIZ K D A F VKB EMEOEILE
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AFILKEBOHFVRARIBRFERFELTOHS EERBR

'I :lbi
- AR

B/

A FVAKER (MeHg) 13 ifn 7 ix BE FH % 358 L
THRMRESELZ 2T 28HEFHETH D,
ZOERBFOOESE LT, X7 ED
VAT A UFRIEE A LT AL RS i (S-KERAE)
DRBENTWD, Fhx 1E MeHg 28 7 v & F 7
Y(GSH) A SN THEFHELZIHE L&
Z AR & o X7 (MRP) kT v AR —
H—Z A LRI ICHE i S D Z L ICE R
L., —#HOMEHE - JpticBl S 354 78
BEA SR OIS HIEE 9~ 2 25 K - Nrf2 2% MeHg
DEMEEICHEE R ER ZH > TWnWDL 2 L%
M L~ L de K OMEIR L~ T & 722
i Y, Zo kS I e OMRRICIZ TV H
F A (GSH) D@ EFEL CHETWE
g BRI E LTV D08, MR ML C I o> H
fia & b UC GSH MRV, — 7, bk
F(HS) M EMEENELAT DT AR
TN FTHY, YAEFF = -l
%Umnkioyx&%ﬁ:yrﬂﬁﬁﬁ
(CSE) b EEA SN D, MR ITILIT &K

(ZIR < 43 A 3 2 A3, BN TIXRRIC CBS D3 8L
BERE W, Fx 13X H,S D phka s 6.76 TH S
L, AEBSEE T TIZED 81%A% HS
DO THEET D=, Mellg D F A — L F At
INBCIG % At U C 2 O fif 7 - B 2 4B 2 6 -
TWbEEzT-,

2. HWREEE

H,S D3 AAZ v bk 3F SH-SYSY #
(CBS Z ¢ BHYIZFEBL) ICHITALE T 5 & | MeHg
Wk 55 |2 X 2 IR FEAR A1 73 A0 i = M VR B R S
7o CBS Z AMIIZ =3B T 5 & MeHg Dl
VI L, WC GBS B v AT 5
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OREAB N (HIERFEFERR)

FIXABISEN LTz, MeHg & H,S & DX
JETAR LI E X, EI-MS (28 W THLA 4
=2 & LT w464, TG T AL E—
7L LT m/z248 B LN 449 2R L, JLHB 5
M oOfEREN»S Melg),S TH D Z ENHL D &
72572, B b CBS & W72 B UG R 12 MeHg
ZIRMM L TH (Melg) ,S WAL L7z, — 5 Mellg
ZUREE Lo Mia s K OVMEREE 2. MeHg
% O GSH f A 1K LLA D K o R O 71
RO HivTe, T ORI HPLC | TH AR
i T 5 (Melg),S &R CARFFREM 2 A L,
EI-MS IZBWTHBA A L E—TBLOT Z
A hE— 7 WITAREM E BRI B LT,
MeHg % SH-SY5Y MifRIZMEER 3 5 & | #HE DM
JaN & X7 B O SRR LB, £l
£ 9 W BE K A7 B9 7o M B 3 ME 28 AR U 72 A8
(MeHg) ,S DE 1L SAKELIT R ST, Ak
EHLIEEFICEK T L, MeHg (0.1 mmol/kg)
YU ACIEENR ST 5 & 24 RERILINIC
ZD 8ORMIHLT HDITHR LT, RIFED
(MeHg),S Z## 5 L TH MeHg MR L LD 672
WRERN KRB E CTH D ICHLBEb LT, &
BB RII RIS o ic, LEXDY
SH-SY5Y ffa @ #1238 T, CBS (& B Wik
CSE) M BEAT D H,S ORI HSITE#H =
AU, IS Mellg Z R IMK BT 5 Z & T
BT (MeHg) S IZRB S D Z LR S
7= (K 1), (MeHg),S X MeHg & X #E/2 b0 %
YRITED SKBAARHEEEZTA SR I 2
ZLnb MelHg OFr AR m M TH D Z L
MWEZ LY,



“REGHF"

CBS MeH - -
g—SH . MeHg—S
CSE
\  REHT R
‘H,S | T2 HS MeHg Meky—5=hable
o “HEFWE"

1. HSIZR DT A—VEMIEISE AT LTz A F VKRR

3. EIRSOHTIRR

K9 30 FERNZHR B OBIIES —7" X 0 A
FUNTH,S 23 Melg O FEEAFH] L TN D Z & 03
HINTWD Y, FURIC, SEEOME S L —7
ISR WS AT DI SRS 5 2
LICHER LT, BB TO Mellg & H,S DRSS
HL TS (Nature REICHEHY) O, ZIUTHIFRDD
T RO COMGEH IR E LY, EH]
Frut, FEFEEICE > THS OFH AL LTOR
AR DR AT T TR B D, ZAUTKT
L C. 1998 FEn—f{lzEd (No) OEFER DR,
X% ) — VRS - AR EHS B AT, N
TEMEAT ZRE ORFZE—BR(LIRE (C0) . &BIC
I HS ~EFRLTERY . ARTE B LUHIAY
FHIZESTRY N8 ch b, FE, PubMed 1
TIEHS O 7 I N FACBET 25T 10 4
[H17C 654 HHBH ST D, K CIIARIR B0
PREIZ HyS DEFRICH BIEE > TRV | HS OFEME
IXERE~EEFL D,

4. XHAEDOHFE - WA=

ZINETOMFETIE, ZOWER L OSERER D
B HS 1IN AR 7T E VNI Z FNTIRE S Z
%o AT, YD CHIFLEOMIRN CREAE
L 72 H,S 23MeHg OEMERHEN@I< = & 2SN L
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TV, (MeHg),S ARDFE I MeHg DAEIRNZSHL
DIRTHA D7 NN D15 DT HFFERERI,
CBS B L TRCSE D L 5 72 H,S PEAEEDS Mellg DT
U A 7RI Cdh D Z & A LT\ 5, GSH 23
BUE T OB < 2 L I3mmE Rz 72\ 3 GSH
& H UC S OOAEBAHRRIC K D AIaPS O E)
P, OB EITERT 5RO, @I ARREEMEDS
ROVEND, Fx ITHIEANT GSH 20 AR— 9%

B2 OREAN Yy T 7= TERVEEL
TWD, ABFEIE, Melg 7213 T2 < HS I L 28E
FWWE D> 7T IAIE & D T T 72 R B O BEER
CHEBNT D Z LIRS,

5. 5IR>ER

1) Toyama T et al. Biochem Biophys Res Commun 363: 645-650, 2007.
2) Toyama T et al. Toxicol Appl Pharmacol 249: 86-90, 2010.

3) Toyama T et al. Environ Health Perspect 119: 1117-1123, 2011.
4) Yoshida E et al. Chem Res Toxicol 24: 1633-1635, 2011.

5) Pan-Hou HS, Imura N. Arch Microbiol 129: 49-52, 1981.

6) Craig PJ, Bartlett PD. Nature 275: 635-637, 1978.
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AFILKBIZE DL U EENBRIEEBROEEREILERIER FLAHEE

{:IBE

INETARBERAFAKETT R F—T AR
BIHET AL R R 2R L T AT LKER
FME A T = X LDV THRFET L, A FLKERTEN:
DIFEICIIEA ML AMEEOBEGNEETH D
TEMEBHLMNMILTE R, AT KBEIER
BUZBT LA LV ADOREEX, A TFILKEH
HETNLT v MIBOWTbHHERSNTY, AFL
RERJFEIZ LV ERTIISEIERA N LA
BINBZ Do AT IVKERDFHER LTERA R LR
NEDIHENT R v — AT DD, AT ILKER
DHEFEIZ L > TA LAY T FIURER DN
L&, D> 7 F VDL EE L CGRIB D%
BB Z D B OAEFENEIRIND EE 2
BHALD, cDNA~Y A 7 a7 LA & - #8507
IR T a7 7 A L OfENTCcaspaselFfh D2
BTN 5, A T NVKERIZ K D TR b — o Rk
TIIBHNT/MafR (ER) 2 RV AREELTWD
ZEBWLNIRSTEY, LLRRL, ATV
KEBIZ K DEREA NV RFAED 1 A T =K I
DFENT 2 BRI L\,

(B8]
A FIVKEREEFEIZ L DL A N L ARAEDS
F A= AN DNTHLENIT 5,

(%]

A FVKERIRTE 24 PR E TICT R F—3 X
DB DT ENRHLMNT > TV DR R
D BB E Uiz, AT IVKERREZER O RN L
IRIGR DOEERRE ORI E) % real-time PCR (2T

WA % & & bIT, IRVERRSETE (ROS) OZEH), 7
Nh—vRAET7r—YA hA R —IZTTRETL
. FE 2. mRNA BEH KM T bH D

nonsense—mediated mRNA decay (NMD) ® o X F /L
KERIRZE L Db A b L ZARE~DREIZON

100

OHfFRIET (ERNLKBRREITE L2 —)

T, WD OEELRFERS T ThHD SMG-1,
ZAER) L U7z siRNA 2 W TR L7,

SMG-7

(#5R]

sEMEREBLO R DR L A b L ARG B G-
T 52 < OFEFEF O nRNA BB 5 —J7, i
BALKFHEEERAT 2LV EAEETHD
glutathione peroxidase 1 (GPx1) mRNA DI
IR T L7z, 20 A FLKEREFES O GPx1 mRNA
FHHEOMK T, B L EINITHEIE L7z, \MD 0 F
K+ T D SMG-1, SMG-7 % siRNA (T &
Wy & LT NI IS ENE LT
L, A FIVIKERIGEFZ 1% D GPx1 mRNA FEHLE T 1340
HEniz, FAL RFT U RICBIT A TEARAEL
VEAEEFE TH D thioredoxin reductase 1
(TrxR1) (. mRNA FEIHIT A F /L 7K SRR FE 1% 55 N
L7=ld, ZEOEMHIFE T LD,

(&%)

GPx1 1%, #&IlE= R LFIT UGA Ta—Rai
LRRIT I VR ThHDHEL S VAT A L (Sec)
4 PIZ 1l H-D selenoprotein Td 5, GPxl
? Sec &#a— RKF5HUGA 22 KT, —fHH DA v
kD 105 M FRICAAET D, A T LKERNRE
# 1% D GPx1 mRNA DK 23 L o OFRINZ &L 0[]
WLz L, &5 N iHFHEOIHENIC XY
GPxImRNA DFEIUL T H SNz Z b, A
F VK ERIEFZ % D GPx1 mRNA DK T, A F /oK
SRIRFEIC L DM L > ORI R AR EIC &
Y Sec 22— R34 5HUGA =2 K2 23PTC (premature
translation termination codon) & L CERHNE
AU, GPx1 mRNA %3 mRNA BEAEFEAE CH 2 NMD (2 X
DRIz EIck B EBE BRIz, GPxl &
[FIEEIZ Sec ZiEMEI L L TH D selenoprotein
ThD TrxRl X, GPxl LHE72Y Sec #a— K7



% UGA codon 7% NMD D HEZh 72 & exon | ZIEAET
%72 TrxR1 mRNA DFEBLIT A F /LK IR TR 1Y
ML7zEEZEZABND, LMLRA b, TrxRl O
FIEMHITIE T L TE Y, UGA codon 23 Sec & LT
FER S 7272 aberrant TrxRl1 NEU & #E
2 b, GPxl, TrxRl OZ& @I, Ok A b
L AP B 59 D EERFEDOE L L 0 B Bk
AR VAFBAELENCA T TEY | AFAKENS
72 O AIRPNTE R L 2 OB A NMD O fEd)
Zl L CRR IR G4 ORBL 2 2 b S8, I b A
NUAREIZFHEGT DL LRI,

(><@k]

1) Usuki F and Ishiura S: Expanded CTG repeats in myotonin
protein kinase increases oxidative stress. NeuroReport
9: 2291-2296, 1998

Usuki F, Takahashi N, Sasagawa N et al.

2) : Differential
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3)

4)

5)

6)

7)

signaling pathways following oxidative stress in
mutant myotonin protein kinase ¢cDNA- transfected C2C12
cell lines. Biochem Biophys Res Comm 267: 739-743, 2000
FIRrgfe 1« AFKREUIZ L DA b LR &
Bt EEOH P Bt BAEA BV R Ver. 27U —7
T A IVIEFA O Beaiipk (G5 #w4E) p. 431- 4, 2006
Usuki F, FujitaE, Sasagawa N: Methyl- mercury activates
ASK1/JNK signaling pathways, leading to apoptosis due
to endoplasmic reticulum

both mitochondria— and

(ER) —generated processes in myogenic cell lines.

NeuroToxicology 29:22-30, 2008

Usuki F, Yasutake A, Unehara F et al. : In vivo protection
of a water-soluble derivative of vitamin E, Trolox,
against methylmercury— intoxication in the rats.

Neurosci Lett 304: 199-203, 2001

FIXFHAME . U FHERA: Nonsense—mediated mRNA decay
(NMD) 1C X 22858 mRNA BEBR & RE. Ml T2 29 ¢
155-160, 2010

Usuki F, Yamashita A, Fujimura M: Post—transcriptional
defects of antioxidant selenoenzymes cause oxidative
stress under methylmercury exposure. J Biol Chem 286:

6641-9, 2011
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AFIIKEBREELEAED/NLI FUBKE

HOR AR B 2 ESER & KRR I, A
F KN K D BRETG YR & g - THI &
SN EAERELTHEANICIB MbH
TWD, EFE, TaMEZNT L TATFLKREL
g2 < BB L Lt b AEEh 7k
HEEOR M OB EEENBDOOND ) Lok
FHREMENERINDG R E, AT ILIKEIZ
K DB EN RIS I TVnD, L
ML, AFIVKIBIZ L 2 EERBEEL LO
ZINCKET DR OB B ITRTEIT AL
R STV 7R,

Tz ix, AFVKEBIZ L D EIERBEME 2
T 5 7-0C, BEREZ H W T X FuK
ERMHEICBE D 5 AR T ORBEITV, 2 EF
FUBBERE77I) —D1>ThH 5 Cded4
WA FVKREBITKET D BHE F & L THRE
HTEEPDODTRHLEZ,D &k Cde34 2 &
b HCREE RIS BB ST T HEE R A
FIOVKERMPER RO 5D Z &6, Cded4
RN MCEDLIEZBEMEHKIZE N T
A F VKRN KT 2 PR+ & L CHEGE
LTWseEEXHND, 2

Cde34 IZMfaN CTEAE DO MRICED 5 =
XTIy - TurrT =L AT A (UP &
AT L) O—BTHD, UP VAT A2 b
XFUEMACEER, 2 X F UEBEEL X
VabexF U -l L-#IilcLo
T, BRELRLI2EABICZEXF U2 HEfE S
T, ZO2EXFUEHE T 0T TV — A0
ik U CHREERAE 2 o iR 2 M e N B
HmThd,

-
—

INETONF L)L TOEMRKEIC
L. MBaNICIE A T KEREMES B R X W
HEEENEEL, Cde34 545 UP &~
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w R GRAERS: - KRB 2 IER)

AT DT AFNIKPFRRIISELTZDOAT
VKR REAE O X F b a2 i
SHEDLZEICLEoTT T T Y — A TDHfR
ZRL, TORMEL L TATFKBEMEINR
WENnNDZ LML, 9 Lo T,
ZDAFINKPFEMEEZ RS EDLEAE % FH
ETHIEICE-T, AFIKBEEDOREDL
HREZ MR+ 2 ECOEERFHI»Y BNES
noboLBbnsd, BEEEELTXEKRT A
77V —%H\WT, UP Y AT ALIZL->ThH
fREND ATF VKM HEMEHREAEOREK %
Tolzt A, Whi2 (BEREREN) 3 AE S 1L
7.

Whi2 (3 A F KB EERRIEN 2 A L.
Cde34 KfFMIZ 2 B X F b anzgic 7 v
TTY—ALTHIND, 5T, Whi2z 2
NNV T UBEBEEFED 1 D ThHDH Akrl O
TER (X FKERBMEIIER) Zml+ 5
Z LT X o TAF VKB R AIE &
LTWDZE BB LE, Akrl [ TEEEH
BNV FUBEMNESE 20T 8
WEBHZE7 7Y —D1>5ThHDH, Akrl |
LHREEAE~DO/ VI FBOMMm (3
VI TFUE) X2 < OIFEEM S ITRRY
AR EMICTH Y . HOFEOELE % M
PBUZBEXIED DT o h—E LT@< Z i
Ko THfEE ECToFRiziEL =ML T
HLEEZLNTVD, » Fxidk, SLIF»
REZBEESE 7 7 2 U — DO F T Akrl OZD A
FOKREEREICEAS T 22 L, BXO,
Akrl BNV VY=L ETI /At — L7
7 V— OB D 5 Mehl /UL X F R
fEEHDZ LI Lo TAF KRR ERIC
BELTWAZEZHLMNILTND,

-
—



—J7. Akrl ot 7 ua s Thsb HIP14
TRV B D 1 D TH ATV R UE
DORKNELCFEY EMEERTAIEREZ L L

TWoLEZXBND,

THOLN TS O3 HIP14 # &8 S8 7=
b MRS EMIEIC b BEE 72 A F VKR

F VKR 7 M

5| FA XX @ik
1) Mol. Pharmacol., 61, 738-741 (2002)
2) FASEB J., 16, 709-711 (2002)

3) Annu. Rev. Biochem.,

MADHOENAZ D, R E FEEICE 4) J.Health Sci., 57, 129-133 (2011)
o - - R 5) J. Lipid Res., 47, 1118-1127 (2006)
4 - g2 3 S iR e
]\ﬂélﬂﬂfﬂﬁui\)b\f%)/\/l/\ ?‘/E&iﬁ%ﬁ%;ﬁﬁ))( 6) Nat. Neurosci., 9, 824-831 (2006)
W 2B NR - & L CiRe
Cde34: LEXFVEBESR
Akr1 @ /LS FUBEBEE
un D ABERF
AFILKSREE ub, :<)L..a=:&
MEEaR Cde3d)

( Cdcad)
:t FIILKEEME l
&ﬁﬁea
il ﬁ?»*ﬁk&ot
FEtieshs
A FILKEREM
Ren_ 223%?»*&&&

#&n

ﬂti%»*ﬁ%ﬁ%ﬁtﬁﬁ%%ﬁ%@ﬁ&
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P1

HPLC/AAS EIC K B fid 28 P BR/KTE A FIL KRB D 75 47

O #lE+ (i Kb,
1. ExLEW
AFILKER (MeHg) 1%, GSH I L D& %%
DT ETHAKRENRHEL, ATAURANLT
T — VEBIIMR 8 D 2 & RIS, RS~
EHEI S D, AT 40 FERRRT BB B T
ST E 72 Mellg O LAY 22 fif B AR K CTd
%o 2D X D R EIKYE MeHg (EM D45 I13 S
AT T I EJRFROEE (AAS) /A5 E
TALFTERER T A DIV T X 23, B4
Z LAZBUKMED MeHg RO HTIRIZE A E
TRV (N GAVAI AN

F % 1% CBS X° CSE 7> b A2 S 40 D NTERI 72 ik
bk (HS) 28, Fit?d 2 BEOKIGIZ LD
MeHg DBLE 12 H K W, £ DA FEMEZ M
THHMOMREN - TH D Z & fMian o ER
LUV TH BT LT 0,

1. MeHg" + H,S — MeHg-SH + H'
2. MeHg-SH + MeHg" — (MeHg),S + H'

ARG DIAEFED T 5 (Mellg) .S 1X, BiAKME
DA MeHg BRI CTH L Z LD R
A0 MeHg DAERFECREHRE 2 R+ % 72
WIZ MeHg OBUKMEAHM % 0T 5 EEM %
L7, & 2 CABFZETIL, HPLC/AAS I2X %
WA fESL L, (Mellg) .S Z ¥ & 3 % Bk
MeHg W) Dliigs 547 DR Z B & LTz,

2. FERLEER

BRKAE MeHg AW O 53T 1E 2 ML T D T2 8,
(MeHg) ,S #ET VWE & L TR E1T o 72, I
AT R— MG BRI X 5 BUK S
KSR D PR HE 15 2 BN AN BRI K- THRE L
ToAE R K T0%D (MeHg) ,S M EIIL T & 7=, 7=,

AR ) |

=+
=
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Hme 7 (B KRB . RERzE AN (BL KBL)
10% A% 7 — b 0.1%F a2 BaEiEIC Hv
HPLC/AAS Z3#r &4 2% Z & T, Mellg, (MeHg),S
BLORED MeHg R & 53 BESHTC & 72,
Z 2T, AROHTEIC L0 s Bk MeHg 1%
B OWNE % T,

HEME @ C57/BL6J ~ 7 A |2 MeHg (0.05
mmol/Kg) % JEWENFEES- L., 24 REfitk & 72 FRfH
BIgar 2 D Lo, SlfgdEREIR— b
. [ FE R T BRAKPE K ERIL &9 2 R4 L.
HPLC/ASS 1T L D b7 ReR i 2 L 7=, BBRTE
W2 & T s & i LT Tl (Melg) S
DSRFFURAFHNCERE T D Oloxk LT, TR
HOBKYE MeHg R OBRZE 72BN A 5
776

PR RF L UG ER %8 R 1E MeHg D FEMEFER) &
LTRBENDBa TH DI, 5% INLD
RABKYE MeHg R ORIEZHED, £ DA
REBIZEL TR LT, £Fkxid, &
FEESFE MG 22 FHVN T2 G 0 B DAl AR 2 Melg
CEWEZMEEZ R T Z 2 R L TWD, D
AR HoS PEAERESR OFBLE RO TRWZ &
N5 EE LTI DD E T O (MeHg) ,S
DR EFROMA Z BEa L 72,

3. SIAXHE

1) Yoshida E et al. Chem, Res, Toxicol, 23: 1633-1635, 2011.
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1. BW

TRAR P FBF (T RR FE 0 70 RN P 55 D R 0 L,
RO R DG ER RSN TNDHZ & T
b, TORKE LT [ AFILKEBNZIES
Gl & 2 LB ARS8 S AU CEBR R 3
AT DN, ZORBITIFREN BB ) O K
DI Z 009\ &3 D BRI AN
PR DB STV b, MR
VUL, RIS i A A AR A oD i i oD TUAHE L
X D IME RV & = OIER R BEFEIC X
LA FEIERIEN M STV D, %< DE
BIZB W THFILFRICHEAET D, YBiFE=
TIEA T KEEO MAEFHEOBLAND, &
PN RE R & JE Rz A oo ]l o 5 43 We i VEGE v
AT ADOTLHERE T v F oA R ORI
BIRVERIE Oy s Ch D alREMEE R L
oo LDL72N S, AIREIERIER RIZE S
DIEECOWTIEIAHOEFETH -T2, &K
U F— R L LB TR SR &, b
PRIGIZ I 1T 2 ME 7 E OB PHEZ 5 i Z
THER ORI TH D, AU A— VRO
TLEEIZ Lo TAERR S D YL E h—L D HBE
SRITMENIRBED 5, KSREICE D
FCREL S & 23, Ao BIE, &
U A — R T D A FILKEBOFEMEZ &
N A AN LS N R 36 K OVE R a8 R &
FAWTHE L, A FKEIT & DMz
JEIZ oy FIENGFIET AL 2R TZETH
Do

2. A%
a7y hOE AN I PN R R
BLOVE A XA FLkEE (1, 3, 5 M)

Bk CRELRE), JER & CREARE),
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WA T2 (dekEKE),
HBan FlsE GRELRE)

FoEEm s v a—A (25 mM) T 24 FRREALEE
L, ZORE%REZ R BIEE TR L
2o £lar 7z FOWNE X OVE B
Iz oW T, RY A=V ORHEHESR TH
L7 R—AETHEHE (AR) BLUYILE |
— VB K EBESE (SDH) O mRNA & & L 827
DRI E) % Real-time RT-PCRIEB L Xy =
AL T ay MEIZE DR Lz,

3. HRBLUEBR

A FILIKERICHRTE LN BV T,
FERE AR IR B D IS 28 0 RN ST
DHTHY, FT-AFNVAKBIZED ARBID
SDH ORBLOEALIZE D S7ehoT-, Zh
WXL, AFILRERICEREE L 78 B2 3
WL, FHEEE D AR~ DI RE DAL A3
Wb, ZoLE, AFAKBIZELDLE
JEARAFH 72 AR FEBL O 535 X OVSDH R HL DK
TA mRNA B E O X7 B L~ THERR
iz AR~ DIEREZ L & AR DR B E 51T,
7V a— AT LEESAICH BRI N,
PLEDOFERIL, A FUKERITHRTE L 7= i
M CHEE AR BW CHl R B MR IE DS 3
ELRT NI &, BIOZOFREMEOER
{ERRY A — VRIS AR O3B LS
L SDH OB BUK FIC L > TV E h— L A3
JaPNIC BN ERE L7 72 D IS NRSE T &
KGHTRE DN LR L2 LIcBRT 2 2 L 2R
L TW5b, 5%, JERMaE X OW Al
® AR & SDH DIEME DA ds X ORI v L v
N VEREBEOREEITV, AT KB ENE
&R Y A — UK D BRH M I OV TERRIIC B
RERSE
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BEEIATICEWTERIND

O M & (RBEKI),
1 g
1. [FC®HIC
AARIFNZ N T A FILAKER D KA DGR
JEIAE R~ OB 72 1L, RN
REFMTH DV, Z DA F LK D ERALRINAY
7R ETS BUREAE 1, KRR AR S T
5 50 FFELL LA RI-BIEIZB N THITE A LF
HEh TRy, —F, @RI, A FKE
IR S -aty - v—F &y hOKMOIH
HARRR 20 28 B, A FLKERIREEIC L D
BMVEIEIZ AR & 2 DEIBIC X 5 R 72 LAk B
PEE SRV IR IR S D Z itk b,
EALRINI) e KM E N B shb &1 5
MFRRE(RGL ] ZiRE L TWD Y, Z o,
KIKIZ I D A F VK EREEME O EBALIRIR A 70 58
BAHD =X N EBPICHA LTS, Lol
2D, [RIERGR ] D4 7RI 6 2Tl
|
FIEF RIS & D IR AR BRI 5 1L, =
DOk IKERRREE~ B LS EEX DR
% AREE SR K 2l aJE PR o i BR 5 0 AL,
Jibd A SRR 0D A T LK ERFEME ~ D IS ME - B K
IHEDEHRSND, 6o T, KEEE TIZBT
% AF KB OM R B A B 5 Z &1,
TP NEARGR | D5y 13l DFRIRIZ W CEE T
D, LNLeRD, KRN A FILKEOH
PEFEBUZ B 2 53 B A AT IR 1L 722 0,
F T, AT, ATFAKBICLAEEE
IS B . A5 PN B A g D AE AR PR L2 et A

WSRO E AT

2. RERAE
MBS E LIEEERIC & 5 N ML fE
B LR D Al B R L 7o N g %
TR, KERFR (1% 0,) 3 L ONEH 544 (20% 0,)
T, 37°CT 24 K, AFLKER (1, 2, 3 pM)

108

WA T2 (JdekEkE), L = (BKXAXRK),
e (ERIENEIR), G

Ml GRELRHE)

L

FHIBLZR IS

WEE U 7=, BEMILEOBEE 2 IERE
L0, ML IR B 7o 5 E 2 AR B B
A U 7= FLER I K SR % 58 (LDH) DI TEIZ L 0,
ZIVERURIM U7, AR, MRtk o
ZAIZ X0 FE L7z, B, FGF-2 v A7 AR
B mRNA 38 KL ONFGF-2 7 w3 7 B DOFBL L~ L %
Real-time RT-PCR & Western blot 43#TIZ LD
T,

3. R -ER

1% 0, & 20% 0, B33I2HBWT, A FILKEEIT
(S N B g D E1E & IR EE AR AR LSS L,
Z DILEMERIL 1% 0, B IZ B W T S vz,
LWL s, HBERBREOEIZILD ATV
IKERD N B HERL D53 F6 K O AR FH. 3 D 22 1 3 e
BCEhDote, —JF, EEMEREOEEICHR
TEH R E 24 5 FGF-2 2 2T AT 5 %
IGAFRHEDH B, FGF-2mRNA & F DX X7 D
FEHLDY, 1% 0, FC 20% 0, F &V Hil< pHES
M, ZORREMERIZA T VKRR ERTFHICHE
ENDZ LRI N, DL EORERIE, A
FOKBOEEE IR LAE N EHRL & o
WIHENMIEEE T BN L, 2001
D 1 5L L TIRBEIZTE D A FILKED
FGF-2 DFREBUK T OB R RIE I LD,

4. Bl

1) Eto, K. Pathology  of
Toxicol.Pathol., pp.614-623, 1997.

Eto, K., Yasutake, A., et al. : Methylmercury poisoning
of
vulnerability within the cerebral cortex.,
Pathol. pp.565-573, 2001.

Minamata  disease.,

2)

in common marmosets——a study selective

Toxicol.
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1. HE

A F VKRBT BT 2 B ERR Tk, b7
MBEELTOAFTIVKBEEGTDH LN
BT D, BIFMIIZ 1975 4 0lson & Boush 73,
A FIVIKERIRE D@ WA S 50 T A FLKER
UL 7o A A AT AR SRR L 72 RIS B W
T, HAEFORBFEHOBIENELRD LD #H
LTz, FOWETIE A FILKREEREDE VA
S 3i Q al S  D SN2 V2 sl D e O s G 127, 4 1=
DIEFELRIE %”%ﬁmﬁTﬁréﬂt” L
DU RFEOENE b7 O T RIKIIARHATSH Y |
ZOHOBRL I TR, 22T, AR
WZEH SN D A FIVKER L A FLKERD G

IR B OV T HERETT 2 2 L2 BB
L L7,

2. Hik
2-1.BREAHZE

10 3 ¢is D C57BL/6NCr (H A 2 L3 —Fk
Aath) ZIEBBEOM L R EET=, 77 Vi
Pk, BREERE A 52 . 1ERG 17 B BICEE RN
I R R T, MR R LTlRES LD
AIN93G (AT, LB L OWEM, £V = 21
BERF TR ) 2L, mEEAIND
BRI (BEBA > 20%) ZAICE X #z
7o A FVKEUTEEFIZ 1. 6mg/kg 12725 K H I
AL, I s v bigdoE, U
(P) OEHEND WD, ka2 7R
T BEBHZIIMLEEDP 2 FOIRMLIZB O
EREA Uiz, EBRBEIMATKEBOFELE XF L
RERTRIN . A B FnfE R O BAFR A 5 AIN9SG % 5-
Z 7= %EFRAEE (CL) . AIN93G (2 A F /L KER A2 RN L
ToBE(OMM) | & > X7 PR KERE T DD T A Y
~ 7 ER LI2EE (FCL), A Y~ 27 mipic
A FIVIKERZ WA LT 8E (FUM) , A T < 7 1)y
ICEHLLU7-BE(FHg) D5 BEARE LT, HE%

B BINEAT,
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== 8.
B& T2

]

2]

Hing D L
BEMAT. I F OKEREIIEE) .
e e (AL K e 72 BR 55 O (e 2 572

4 B BIZHGI&E 2170, A7 8% 4-6 PRIZHi R A
B Lz, 7B, B EROEE L OGFE IS
WL, TAERF L0 AR A5 T, TENRFE
ANHAL R AT BT 28 FZRE BT 2 #LE
ICHESEFEM L7 (fMEF2 2EH-354),
2-2. BEFLAT R ESA R

BEFLAT s Bk IL, 4% (postnatal day:
PND) 7, 10, 12, 14,16 H BIZ4T o7z, fAHE, IRig
BAZ. HITREBA., BRI, RFEA. BT,
& B2V RS, B0 K&, Wbl X O
HEME (45° ) OFRBRIE B 2 320 L 72,
2-3. IR ITEN A ER

A NSNS T2 5l A4 —7 v 7 4 —
b REBR (58 . AGKKRER (FHEER) B &
Wr—%—ny Nl (GESH) 21T7o7, 47—
T T =)L REkBRIT 11 B D 14 BRIz 1
B9 L7, KRB 1 B BHICHEK#E %
FhL, HFHAG5 HEIC1T H3EODO L —
VI ERERL, EOFEEMO L, n—HF—
7y RERBR T, 3 205 26rpm (2 180 0 Claldis
BN AT HEOICEREL, 300 METE 1 |
L—=y7tL,.1HA4ABODONr—=2T %A
V=L 10 4O LM L7, 7eds. BEL
W%Lﬁ% F—7 7 40— FRBRB L Ok

BB IZ DUV T L Sugawara & 2, @ — & —n
> ]\ﬁit%;ﬁf IZ Bellum & YOFEBR o ~a/L i
sEL LT,
2-4 LZ50HT

FAEHZ DWW THAR Sy (5 RRFEHR) . Bm,
T, IEVIEE. BEL 2 (Se) 7p L DEIT
F. BRLORAKESIT &2 EhE L7, HAFI
PND4, 21, 47 \Zff5] 24T\ M K OV % - HL
L7co E7RHIBERLRFICHESI L, ofricitd 5
F T80 CTHRE L7z, K (THg) HiELK
IR EEEIZ T, Se 1 Watkinson {£IZ T
WEZIT- T2,



2-5. fREHERHT
HEFL A% 2
BizonT,
ST, WMEHFHIA]

3. &R
3-1. fAR S A

ZIKBT‘ THREF U 72 iR D F AR ST |
R ER SN ENEED OB R

ARBR 0D il B 2 oA T B 2 BB
— AR E T v & FORT 217
EOKHEIL 5% & LT,

BB D
R a¥ %

ﬂﬂw@x®M)&i4ﬂ%~/&I/M@m)
IZDOWTHE 1 IZRE#HEH L7z, fEd THg B L O Se
IREEIIR 2 1CR#K LTz, AT RBZMER L
fHIZ, Se IRENMULOEE LY bR RoT,

F£ 1 ER U=k o FEA R 4y

mammm

ool 0 Geai/ind w00 e/iooe
AT 11.4 4,.4 1 8 28 105 N, KD,
"ﬂ';“’*‘f ¥ e es 11 23 0z 508 110
w*‘f’ﬂ 1’7 e L0 34 |1 2 [
7 2. {9 THg 35 KO Se R
HONE K4 TigiRi: SelREE
{ng/mg) (ng/mg)
ATNB3G a. ND. 0. 20+0.02
ATRSHGHlellp Gl 1.30E0.94 0,21320.02
AINSSGHEA () +432 FEL . I7+0.02  0.36%0.08
ANGHEAS Y () +AZ My FE 1.4040.02 0.3710.04
ATRB3GH B 3 (-} +AAF Fig 1. 4310.03 d4.p310.09

Bl L S O8¥# 4, MantS D

3-2.HE-B

9B

B2 48

Foa

RI
HER L OB RICETHHRER 3 IR,

& 3. HE - FERICET AR
T fET

EREE Rl AR AN AEE Froivh 109

(B 7 7 7 7.340.8 6.O0XL7  2.9+0.4

Qi 9 5 4 8420 T.0+L4  3.0+0.4

FCL 8 7 7 9.3+1.0 T.7iL§ 271012

Pl 8 [ B 9.4+05 7.6+L1 27402

Fiig 9 6 6 9.6XLG*r 9FIL1*x 24401
#p<0, 05, Mean =500

ERIE, PND4 (28 1T 5 A A 5k L OYREIC

DOWTHMICHERENBR SN, ZEHEK

DFER, X R TR E ANTF < 7kl

TIEM L

110

72 FHg BRI W CTHIRE L bl L, BFRIER L O
LB L REN/NE L 72572 (p<0.05),
3-2. BEELATHER R

AEAR I R O REBL O AR FE A ITE VT2 D
OO, HE LT~ T ZTAFIOVKBREN H
HHAICHEINESL oo 72 (p<0.01, X 1),
HEFLRTR R Tl A A EE L 728 TR
BNEL 22HE (BE BN KEHT) 2
bole, WLAFVKBIRTIZB TR X
S, FHR A TV KRB R T 330 TR R [R]58E
ORBIEE CEADNBIZ I N,

Mean=5.D., n-19-31

W

X 1. HAAF O R E Rl

RE X, FCL>CL>FMM, FHg>CMWM DIET/HhEL ooz,

[RD1O I'ND12 N4 [XD16

3-3. IR ITEI A ER

A =77 4= KRBT 2 B Eh R,
BEhEE S L OEROE & B ICKRERICAER 2
EXHB DN otz 1277, B HOWT, I
T CLZ g U CTiBERN U MEm Th - 72,
KEBEHAERTIZ, HEIZT 7y FAR—ALF T
DOENFERFE] 3 I OV BERE A IS J%Ltw
<0.01), BIZERFME . WOk EEREIC S BERIC
ZIXH NI o T, BRI
HECEERICH B ZPBE S (p<0.01),
wﬁbfm@@@@ﬁgﬂgw:k#%%wk
o,
n—#—nay KRBTl L —=r7%&EA
HZLETHTTDETCORMNEEICERE L
(p<0.01), FHHEIZBW B TOREEEN
H o (p<0.05), FCL & ke LT FMM O F
BER S R < 72 o 72, MECITRERIIC W T A
m & 72572 (p=0.068)
3-4. fix N THg iBE

BT,



N D THg IR 2 4 12077, IBIREOIRE
BEZNMT S EEZONDH4E% 4 HHEDOMKIX
AF VKRBT B 5 AT 1200ng/g Rtk C
Holm, MRITEYVFZRAERZ FEhtk IR L 7=
PNDA7 (ZOWTiE, 13 & ALY THe I3 Sz
WREIZIRT LT,

F 4. TR OFK IR EE (ng/g)

.13 PR PHD21 PNDA7
CL N. A N.D. N.D.
FCL 112(2) N.D. KD
ChM N. A, 8518 N.D.
Bl 1228+104 73+17 KD
FHg 1266330 86116 N.D.

Mean+S.D. t=2-11, Not detection (LD.),
Kot analysis (N.A.)

4, EE
AAFTEIX, FARICER SILD A TFILKER L
b A F VIR ER D iR VT B 52 282 DU T ER i AR
FHE SR Lo, WILHIF R OKEIX, A F K
RIFEDORADEZENBEI N b DD, fAfiK
SR L HEAL A F L AKERICARE T A B e o T,
F I BEAL TR ERER O S TIX, AT UK
ﬁ@%% Lo E~OEBNPBE SN, £

. W EGEECII A R KERDMREE IC X D38~
@Eﬂ#ﬁ REH, FFROKER &AL A F LK ER

DIRFFIZL Y, BL LTRSS 2RABRER
61/65&11\7\7))2\ &b 6“7‘:0

EEHNCAE Y 32 5 ) 5 BsE L= mhiRAT
R TlT A — 7 7 4 — L FREBR O,
KRR O EEKEERS L e —F—n1 v
REBRICH T D T3 2 £ TORFRIT, HEICHE
MTOREENEO b, U EORERND
JEIREA D A F LK SRR FE 1 ﬁ%%_mmT@

111

DEEAEBRHBENRZVICHLED LT, HEH%
2O E DB L, FFICHET A T LK~
DEZMENE N EEZ BTz,

Olson & Boush IZ., A F/LAKERIEE D& VAR
PER UL LHAE LEFTIE. 2EEDO
ﬁ?ki@ﬁﬁ%ﬁ@%éﬁ@%ﬁ%bfmé

o AREBAER T, AERBRBRICK T 55

HE ) DR I8l éﬂ@#ot%@® $ﬂ@
PG FE 1 3 Sk K R (FHg) © CL & bR LiE<
WEVKRE ST ~DFCHEE &\ S B CRER DS R D35
Hiv7=, —J7 T O0lson & Boush 28 L CT7Z2 W
HEENRE ) &2 T RBR I, Ak ERTIRe <,
RIS L A T VKR Z TSI L= RETIRIN L T
WERIZ el LY TR RV R 2R Lz, LU
Loz &t kKR E B A FLKERESN
’;55%%%@%@_owf\ﬁﬂmaﬁé
DRI DRZAFFENZ LY . ZO/RERIILT LD
—HLZbOTiHAnwEEz b, - T,
EhDOBBEODY R EXRXT 4 v NEBETD
BRI RHIR 2208 KR 2 & AR IC A
BEEIZHKEOMNEITOMLERH DL EZ XD
776

51 Ak

1) OlsonK.

exposed prenatally and postnatally to low doses of

, Boush GM. Decreased learning capacity in rats
mercury, Bulletin of Environmental Contamination &
Toxicology 13 (1975) 73-79.

Ohba T., et al.

co—exposure to methylmercury and polychlorinated

2) Sugawara N., Effects of perinatal
biphenyls on neurobehavioral development in mice.
Archives of Toxicology 82(2008) 387-397.

Bellum S., Thuett KA.,
induced in young adult mice treated with methylmercury.

International Journal of Toxicology 26 (2007) 115-121.

3) et al. Coordination deficits
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FEHICET2REHEREZFVERSCELEHERDOITHRE
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F) . BmHEESE, MNER. BIIMETT.
1. B8

RS KOV AR R T, TPARAR R R 3 R i
TOHRHITHY . FREMEAIG R E S LR
F VKR DAL & DI1E < BITH LT
ZHEDRE, T OEREEARIG R E B L O
AF VKBTI EICRNEL BT 5 2 & TAK
WZHDIAEN D0, WM EBT D AT &
D, EEMICE<EEZTCHELETFELD
REEITCHREEDK T ARG I TWD M2,
Fex i, BAEICBIT 2R EIE A E B
FORAFKERIE L BRITEF LT~ 2
O CT B A 2 A — R (Tohoku
Study of Child Development, TSCD) * % it
T 5, TSCD Tik, HALHiF 21T 5 HEzsl
Ll HIT, TR L NS EAEREN LD
AT OO 2 MUl CHA 2kt L T\ 5,

A TTIC BT AR Yick s, AT
WIKBA~DIZL BRENFEL D &, £E% 3 H
Bz U7 8 & RATEh 3F i (Brazelton
Neonatal Behavioral Assessment Scale, NBAS)
D Motor 7 7 A X —DfFRMET L1z, —F T,
RERENEZ D E, TOADEENRTHLIHES
D AREMED R S, AN FEICE EN D HE
FHIZRF R, B2 R o4 72 i D56 2 1 B
B4 pLEZS5N5 DHA, &5 WIEAFLKER
X< BT L@ s hse L
VEOBEBEENRIE SN,

ARfE I, TS CE LR R AR
ARG COEMIET 5720, A% 3 HE
(250 L7z NBAS & A T L KER O BHHE 2 it
T 5, £z, REFIRRIZOWVWTHH LN
THD. L BIODHAIZOW T HRRGEE L,
BNEEROY A7 BIORRT v b EHGE
T 5,

2. Hi&

112

firy MOERE ORAERZREE - BEREES) . A HBSE KR RFERE - RETHRE

Vepg  vE CRAERFPEE - REREET)
2-1. "R H

JEFERIC R T DB R b E N AR O
FRERHIZICB RFTHELHRL LA HM
E L, AL KRR PP E 7R SER CHi AL 2R
— ~iHZ& (Tohoku Study of Child Development,
TSCD) Z s> Tx7= ¥, TSCD TiE, HALH
AR THIZC 2001 45 1 A2v5 200349 H, F7-
BAERENRZ VW EZS 20NN EMTTICT
2002 4F 12 H 5 2006 4F 3 Aoz, 8T
1,348 #1 (FFA%ELHT 599 K. I FEEH 749 Hi)
ARGk LT,
2-2. AEAE

AR ORI & L C, A% 3 B HIZ NBAS
% Fiii L 7=, NBAS I, Brazelton 2% 1973 EIZ/E
B L 7o W AR RO TE 2l 2RI ChH D, 1
HEHEIX, RIGERZIZBT DM 27— (%
Mils) oo —2%2%Z#H L, BEEZIT -
b ORI LT, TTEIEME 28 THHE & K4 18 11
BNk Sh, 7 o0h 73 —I25Esn
%, Reflex 7 7 A 2 —LIAMIFF R @mW I E I
T ELDORENB N & E2RT,
2-3. AR H

INFEERTH I, HHPEREIC IR i, Y PERE O 5]
BANCRHAm, HES 4 B BICRBROBEZEZ
L7z, BERAKSBITR R (BRE
—3cm), FEHAMLE Lo EOE T, BRI DHA
L GCIETENENREEIT -T2,
2-4. THRER

ANT IO HARRE, ERER. 860
PERI, I PERF O REBUF . HAENAGL, 43 #kR=C
ZHRE L7, HER 4 B BICWERP OREO A
HECHE O, REFOEREEHRRXT v —
MZE VA Lz, ERELET 729012,
' W E I HEE R &
Questionnaire (FFQ)) % 3k L7-,
2-5. ¥ Ak

( Food Frequency



T EREIZOW TR, LB U THERE
Hatt OB Z MENTICER Lz, AT I L A
ST G R FIC 31T D B O 2R AT 2
BRZIE, ¢t REB L O 2 REZETT > 72, NBAS
EIFK BRIEOREME L R T 2 BRI,
Pearson OFEFAHBEREI L OEFRSHT (98
fil e ANTE) 2 vwiz, REEHAELIZ X, SPSS
version 13. 0 & 7o EHFRIA EKHEIX 5%
L7,

7B AT ALK PR B E TR SRR
LB ITHIERI I 22 L, KR E R/ TE
i L7z,

3. ¥R
1. h#m L RFHMTOER

AR T O 27— A I B gk S Av72 599 A
DFRT-H L OV T O 2k — N A I Bk &
NIz TA MDD 5 b | kMR KER, B2
TR ER B HLE O T — & D3l - 72 557 L & 730
MCARPMRFLZ(E D, PEATONSSE
DI HAERFOERE 8 | REBLO ) PERFAF i
NEL . BT OEENDIRL | TIES OE
FhE < R OBERE MK B E R
DFENENZ RS, X< EBEIZS
WL IR R TTIC T AR K R ds KL OV E &2
TRKER DR EE N HFFERICB BEITE W Z L3R

#F1 PERTAERT & HRERIAHR T OER

SN, LinLens, AMEREIZ OV TR
FFERICHERERITIAON RN ST,

3-2. REHHIZH TS NBAS LIE< ZRIRENE
E M

N FEER TR G/ NBAS & 1EL BFEEEDF
— 2 Do 7- 669 A (B 337 4, &I 332 44)
BT RE LT, ®MEBRTo7Tn 7 4 —L%
2R T, BERKER &I iR AR ER ORI
X r=0.86 (p<0.01) TEWHBENR G-
B AHFIE TILREE O BB AKERIEE & KR D
ESBIRIE L LCHWE,

NBAS D15 sl &1L < FEFEAE O B M & M3
57291, Pearson OFEFMBARHEZ B LT,
EEZKER L Regulation of State (I EDS
WRLE EITREZRESTD8) 77 A4
— 2R W THEH AR E R A DR (r=-0. 10,
p<0.01) RAE LN, Flo, FHmtEzLr &
Motor GEB)MERE & B X, AERIEDHE) (r=0. 08,
p<<0.05)F LN Autonomic Stability (HPAKAH
RAROEFEEERETDES) 7T A X —
(r=0.09, p<0.05) CZNZENHERIEDMHE
DI BT, RN DHA I DWW TlE, BB AHH
BN NI T AL —TMR IR NoT,

W, BRHEBACTAHAERBEENSZ LN
Regulation of State 7 7 A X —&HtEAEHK.
MNEAEEZIE < BHRIE R L OHARKREZ O

T

T

T x TR 2 tfil x
HAEmEE () 3073 336.2 3143 359.2 3.56 *
ek Es () 39.5 1.2 39.7 1.2 1.91
TYHOMER (% BRE) 52,1 50.6 0,29
HiEERER () 31.3 4.4 29.3 4.9 7.1 #*
H/ENER. (% B—7E4) 48,1 58.1 12,63 *
DR (% HARNHRLA) 26.8 28.2 0.34
EORE (% KAL) 31.4 16.2 41.3 *
EEOHE (% BoT) 7.7 12.5 7.76 *
REERE (% 134EEL L) 68.8 34.6 143.17 #
BN (% 13EDL ) 75.3 41.4 147,47 *
EHriaE kS (ng/g) 11.2 6.1 18.2 10.9 14.82 #
FRRASR (ueg/e) 2.2 1.1 2.9 1.7 8.15 =*
RERE (g/day) 51.8  35.4 58.5 44.5 1.01
® p<001
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&R 22 TeEE R ot aiT 72 (£3), £
2 KER1%. Regulation of State 7 7 A X —
EBIEORWHAERAESEOERALFHEL TH
At FHICABERAOMEZ /R LTz, Motor 7
T AL —=ITOWTIE, HAERHAE &Ry B
H o, HARMAE TS 2 & fmiit L
EDOEOREEMEIIIEA LTz, 72, Autonomic
Stability 7 7 A% —%, HAEREKEL I OT
ELOMRIEMBEELTED, s Tl
T 5 EERIIE U2 & O FRICHE B B
xR WEFZ i TcE ol

BE

ARl BEEMICB T HREH KLY
BIX<BER A% 3 HEOHARIZE KT8
ZAANTo, AHITEOR G & T > iR FER T T

4.

PRI LR 5 & BEOKER S JOEAT i

KEIBORENFEIE -T2, REBIELILFE
I TEZNEB X DT, HEHFIICHEER
ZERITIH NIRRTz, HBELTWDENED
M R DFOREMEN B 2 AL, EWdg
#2 WERTDF 27 —N (N669)

iy S0 EERK %

HARHEE 3146 351.2 2410-4322
TEHOMR « 5m 6. 4
FEREE o 38,7 1,2 36,3-42.4
HERREAS on 29.6 4.9 16-43
HAMRRE o 1 —7cum) 69,3
AR o paaREsy 2.9
M O TE « s 16.7
S DR ® gior) 12,8
SBMOFRE o 13vmLR) .3
BFR o gk 40.7
IS mIE

HEER o B8.0 438 0.0-8%5.7

PERAR (o0 29 1.7 0.311.0

BElt L o 66.7 0.7 42,5-103.%2

BHETMDHA (gem)) 173.3 49.2 66, 1-464. 7
NBASOH S

Hebitustion 7.4 1.4 L0490

Drientation 4.3 1.0 L3868

Motor 4.9 0.7 2386

Range of State 3.9 0.7 10563

Regulation of state 43 1.3 1.0-8.0

autonemic stability 6.1 0.9 077

Reflexes 5.4 1.8 0.0-12.0
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73 Regulation of State? FAY—r I EBE

(R (A2 Hr)

=FA1  TFALZ  TFAA
FEEFR 0.01 * 0.03 * 0. 02
ERRAR —0.10 = 0.09 = -0.10 =*
BEEfY Lo 0,05 —-0.04 -0, 04
ki DHA —-0.03 -0.03 —-0.02
AR E -0.09 =*
T 2% R 0.06 0. 05
HH R 0.06 0. 05
S P ORk —0.04 —0.04
P oM 0.01 0.01

# p<0.05, & p<0.01
ez, BPEs AT, TRAY—THIELE,

D EALICHR Y D RIS B LIt 25 4
gz b,

AKIFFEDOFEF NS, Regulation of State &
RREIZ S Db bR A F AKX < 82
WCEVEEBEZZTAZ ENRBEINT-, T,
Motor 3 X T8 Autonomic Stability ~l3xk& 1L~
RENEERL G 25 LI, AR
FHEEOMOER VM FLEL Ty, LR
DY FNTHRERIC—EMERE O b oT,
S B, DHA 1 FZMRIR DI DI IEICEE G+ 5 Z &

DHHND N, KL TIEIEDOREIIMRTE
ot
5| B3Rk

1) Grandjean P.,et al.: Cognitive deficit in 7-year-old
children with prenatal exposure to methylmercury.

1997.

et al. : Effects of prenatal and postnatal

Neurotoxicology and Teratology 19, 417-428,
Davidson PW.,
methylmercury

2)

exposure from fish consumption on
neurodevelopment: outcomes at 66 months of age in the
Seychelles child development study. JAMA 280, 701-707,
1998.

Nakai K., et al. : The Tohoku Study of Child Development:

A Cohort Study of Effects of Perinatal Exposures to

3)

Methylmercury and Environmentally Persistent Organic
Pollutants on Neurobehavioral Development in Japanese
Children. Tohoku Journal of Experimental Medicine 202,
227-237, 2004.
4) Suzuki K., et al.: Neurobehavioral effects of prenatal
exposure to methylmercury and PCBs, and seafood intake:
Neonatal behavioral assessment scale results of Tohoku
study of child development. Environmental Research 110,
699-704, 2010.
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ELEVEIZE DA FILKREUHEREREI PV P THERS EOBRK

O%

Hde 5
AR

A FVKERIT © M EEE 722 AR AR R i A
FIEEZTZENMBNTWDN, EDOEMER
BB Jo L OV ISk 2 AR O BB 13 R
PIIEE A EA S TR, Fox ik, BERE
FRHWIZBEEBEFAZ ) —= 72k
pyruvate & RIZ B D EAE DEEFR DY A F /LK
SREHEDOMIMICE DS Z EHHALNICL, &5
2. BEREB KO b SRR IR LI B T
BEHith~® pyruvate WINZ X - TAFILKER
FBHENFE LB IND ZEERH LTS,
Z ZTAIIE TR, A FUKEFEERIICBT
% pyruvate O&EE|ZRH LT,

1.

2. BBICETA2EILEVRICKEATF

JLIKER = 11854 1 F

B RE O ML CREA STz pyruvate (X3 b
2 FU 7 OWNBEIZHTET D transporter

(Yil006w) Z/r L CI har U7~ R v 2
AZHELY JAFE L, pyruvate dehydrogenase | &
D acetyl-CoA IZEHL I NT/=% 1T, TCA cycle IT
A>T AP EAICEET S, €Z2T0 £,
pyruvate DI ha > RUTH~OEY A&
KO by R THTOMREE A F VKR
PEE ORRE T Lz, ZORER. Yilo0w KX

R (CRAER - B

ABERR T A F KGRI KT L TRAE R Z R L

PRI RE TR BV D pyruvate [ZXK D AF
VKR EMEERIER 2R S 2o T, 72, TCA
cycle ZMRT HDHMEREZ LN LN ST
HAFIKBFMEITITIZEE A EEENBDO LN
2o 72705, pyruvate dehydrogenase DiE M %
KT S 7BERITE O A F KB EEZ R L
7=, Z @ pyruvate dehydrogenase DML T B
FECIE, BAERIEERHC . pyruvate BSANIC &
2 AF KM TRIEMN S K 0 BB 5
N, ZhonZ émb, 2 hary R 7dic
W iAENT- pyruvate 1%, acetyl—CoA [T
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)y, ¥ OEE, kE =
ENDZ L, AFAKBEMED BRI D
LHEBEZLND,

AFIVKEN I ha KU T7THO pyruvate
Lbze BERSHE, I hay FUT7HISERENIC
HRE L7 pyruvate 2MifaEEZ S & Z LT
WHRRBMENREZ BND, £Z T, AF/LKE
AN D pyruvate LUV H 2 BB AR
FLizEZ A, ATFAKBUHEIZE->TI F =
v KU T7H® pyruvate LI EH L . 2Dk
FAZLEW IIE D pyruvate LLEEA L
7oo —J7. Yil006w KRABEERETIZI F= K
T H@ pyruvate LoD X FILKERIZ L B
RO bR oz, LLEDORERIZ, AF L
KERZY Yil006w # 4 L7 b= KU T H~D
pyruvate BlUY IABLZEE L, ZDORERAEL S
F=a RUTH pyruvate JREO LRSS
[EEA G525 W) AREMEZRE LTV 5,

3. BEMMICETLIEILE VEEIZKD

AFILKBHHERERESI FOVF

1) 7 HSEEfEE & ORR

Pyruvate (2 X 5 A F L /KkERFE1E SR /E 1
BERE D Z 72 53, B b O IEEME (IMR-32
M) W THLHFELLRBOONT, 2,
IMR-32 MifEIZ BN TH, A FILRERIZI h= v
RU 7 HA~D pyruvate Y AL ZRESE D
T EDMER SN, £ 2T, IMR-32 Mifa A v
C. pyruvate (2 X B A F /LK T RIER &
I b RU THERE L DBIRICOWTHE LT,
AFIVKERIZI b2 KU T o OFEMHEREFETE
DEAZRET LI ENMOEN TSSO,
pyruvate (25 2B A FI/LKEEFEMEHEMRIEN & 1F
PEEAFFE & OBURICOWTRFT LTI 2 A, 2
F VKGR AL B TAR R TS MR SR R L~ L &
FH XS . ZO L~V pyruvate ORI L -
TEBIZEF Lz, 72, HibEH 2R3 N-
TEFNT AT A OFPLERIZ X o> TAF K



SRFIEITE L BB S AL, pyruvate ICX D AT
VKR IRIEH b B ICIfl Sz, 2
5O Z LIE, pyruvate I X 5 A FILKERFEMERY
SRIERICTE MR B E L T\ D 2 & AR
LTn5,

T b RY TR TOERRIFMEOEEICIT
FIZEF{nER complex I F721% complex 111
WEETZERMbNATVWD, £ T,
complex I DPLEH|ITH D rotenone F7-1%
complex T1T DOFHFEHITH 5 antimycin A T
IMR-32 MifuZz ENENLB L7z & 2 A, LT,
A F VKBV S 4L, pyruvate I8 D A
FVRB R RO E G WS BE IR T L7,
721, siRNA 2 H W Tl complex DIEMEIZ AT
REHEZa— NI 28FEENEN ) v 7
FooLizEZ A, EAEVERIZED AT LK
SRR S A RIS Sz, Yoz
LB | pyruvate (& D A FLKERFEIEHIRIC
EBFARIERD complex T F7-1X 111 BE5 L T
WHHAREMEN B 2 biD, I har RUTOE
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BALH A T /LIRS BAME I X > TR T L,
pyruvate ZIRMT A EICL -2 TEH I
IR A2 LT,

4. FEEm

AFNVIKBIZ > THEMLZZI b= R T
D pyruvate N E FAREER D complex I F 7213
complex TIT \Zff DL G % Z Of55H
LT, EHEBFEEOEAB LRI ha R
T BN DR T RAE T LD AREER B X Hivd,
INFETIE, =3 X —HOFRENTH D
pyruvate 2% A FILIKERD A7 & T HFEGEW D F
AR T D & OHREIT R, RFIETHDL
AT AT BRI S BIRIE NS D TH 5,
Lt ATFNVKBIZEL>TI b RUTHIZ
WEENZHE Y A E 7z pyruvate I b= KU
T OEREIZ G- 2 DB LMK T 52 &I
L oT, LW A FILKEREM BRSNS
MWD bDEMFEEND,
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AFILKEBEMEREDE TEX2T DA FILKEBIC K 5%B1T

O
. 288
Hoxlx, siRNA 7477V —Z i

screening LU . FIHMHEIZ L > THIZIZE W
A FIVIKERIESZ % 5 2 DR & LT TEX27 %
FE L7z, TEX27 X, £OMERO C Kimlc
AN1-like zinc finger domain (AN1-Znf) Z#i->
ZEmn, BBERTELTHET D E TSN
TWAHH, G HEREILFE E AR TH 5, TEX2T
Tl E . EDIEE A E D post nuclear B IZIF
TET DN, AFVKBUE|Z I - T nuclear [H
ZyH D TEX2T UL BRERAICHEING 5 2 &
5., TEX27 (I A FIVKEREIRIZ K > TE~BAT
L. i 52O T A F VK ERERNE DI B 5
LTCWDAMREMES RIE ST D, — 7, TEX27
T, 2B FUNZ T AIENR ST =T R
VavxF o &HAE (LK linear Ub) TH D
UBC EfEATHZENMOLNTWND, & RO
linear Ub |Z1% UBC LAIAMZ UBB HAFEL ., Z#L
o linear Ub MFEHL % [RIRFIZHNH] S 7= Hila i
S HEAIIZ EE T A FOL KSR M 2 R4
TEMHLNI R oTWSE, T2, b
linear Ub |% TEX27 & [Al—DFREE T A FI/LIKER
FEPE DB S LTV S HTREME bR S T
W5, &I TR TIE, AT NVKBIZK D
 TEX27 L XL MIC BT 5D TEX2T @
AN1-Znf B L X linear Ub & O EHIZ DWW TH
L7,

2. {ER-BE

Myc % 7 &=@h& Lo x4 7 « 7 TEX2T
(TEX27-myc) £721% ANI-Znf ZRESE-LR
TEX27T ¥ BT 2577 A FaEhThte Mi
IR ik Fh > HEK293 e L2 38 A L, TEX27 offifa
WA 2l ~_7z, EDOFEE, nuclear HE4H
TEX27 D L~ L% ANI-7Znf 2 RKET5HZ LIk
STHMUL7Z, 2D &6, TEX2T O AN1-Znf

IZ nuclear 4y H TEX27 L LD AN % 12 ]

!III
N
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OB CRAE KR - P -38) . 3% HJu, &K\ =
LTV AREENRE X biLD,

WA, AT IVIKERALER 2328 B TEX27 OHfE A
DI E R DB R, ZOER
TEX27 @ nuclear B4y D L~L§ A FILKER
FLERIC X TRIFIZEIM L= D0, Z 0
FEIXRA T 4 7 TEX2T 1T TE L&D o T2,
D EMB, TEX2T @ AN1-Znf (X A FLKER
2k DK TEX2T L ~UL OB MZE TiE A0
D AT SO T—EEE LTV 5 TN S
Zbivd,

—J7. TEX27-myc Z&ELAIIEIZ control siRNA
F 7213 UBBC siRNA (UBC 33 &L OVUBB % [A] KL 471l
T 5 siRNA) Z Z N EEA L, A FLKERILER
25 TEX27 OB AZ 5 2 2D 38 & ]~ 75
K. linear Ub ZEBLHNHIAAL CIiX A F L KERIZ
X A TEX27 L1 O HINN O R FE 73 st HE A i
WCHAR_RTIE o772, 2D Z ik, TEX27T @
AN1-Znf 1212 T linear Ub & * F/L/KERIC &
HIEH TEX2T LUV DI —HBBI 5 L T\ 5
ZEERLTVD,

St AFNTERIC K D8 TEX2T Lrod
AR 2 o A S RET T 5 2 LT
& o T TEX27 (2 & B #A F /L /K R B MR Jihe it /3
i XD &Iz, A FIOVKEREIE I B O
—H RSN LD EHIFEIND,

-
=~

3. BIAXHK

1) Fenner, B.]J., M. and Prehn, J.H. (2009):

Identification of polyubiquitin binding proteins

Scannell,

involved in NF-kappaB signaling using protein arrays.
1794(7) :1010-1016.
Lépez-Fernandez, L.A. and del Mazo, J.

Biochim Biophys Acta.,
de Luis, O.,
(1999) : Tex27, a gene containing a zinc—finger domain,
up—regulated during the haploid of
spermatogenesis. Exp Cell Res., 249(2):320-326.
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