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TR, FEEHICMAM OB A OBRBIIE Y 2 7 IZBET 5 &0
9, IDevelopmental Origins of Health and Disease (DOHaD) i) 232"E ST\ 5
LBl E U CHAENOREIIRED - OITRIRE THA L2+ & i AMlIic
B DLEEEBRORIEY A7 BEmEDLLVIMEDRDH D, S HIZZOEEN
HAREZEZ TSR N D ATREMEN B D 2. TRAEM ORI Z, KRB
REZEx5 LT, RE/ATWE S DOHaD #illEiT 5 U A7 KT & 72 2% alaEtE
P D, ZIVETICHAEMREIC X 2BBIEENBRE SN TV DR
B L LTAF KR (methylmercury: MeHg) 738 % . MeHg 1%, 7KK DKWY
BHThY, PTRMRREZEETLIRELCTWE TH L. BUEOBARTIE, KE
Ao EE T X9 7% MeHg OEiREIGIITZE 2T W, L LR HARR
TIHEIRE L TIETIEH 208 MeHg IIfFEL TEY, b b ~DBRERITAY)E
FAIZ LV MeHg NER SN ABEOBIUC KD, HE BRI EEEREE 3 K 5
D M T ETIZ, MeHg 2MEEECIMIE MBI 4 5 5 (@il 5~ 5 2 & 03
B 520272 > T D 37 F£72, MeHg ORERY & 72 5 AR 1L, B
BWT MeHg AR 5T, R VB E 7 = = EOFWEITR L TR
A& i U CIEFICHERS CTH L7208, & 2 IRBEETH->TH, MeHg DI
B L DMREBHEIIKETIRAIBDHDLBZZ6ND. TD X RBLEND,
INE TR O/ANEOER LB OMRER ERE L OB W TO S &
SFERIEFRNITONTE T, BRI T IRENREFIEE LT, 7
cr—EOMAEaR— ML AL 2 VO RERENERH L. 7Txu—F
DA R — MFZETIE, KD MeHg 23/NEOMIRIEEICBIT 555, &
B, FUEOMRITEIREE L SR Rt RS ML, B v e
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VD IR EIEEEMIZETIE, (KIBE D MeHg MR & IREORE L OF B 2 BE LR
Do hol N Zo LI —EB LEMmEIE o THhRng, BfEICEW
TH MeHg OIREA~DOEBEORKEN G, EFHRIIITOATWD. AARDHEIL
RIS 5 adk— MIFETIE, BAEMICKIT 2IKEE MeHg BEICE > T
EENFGE AN E L DR s S 28 S 6220 END, 2005
EIZEAEFBE DD G ~OHRN OB R L KRBT 2ERFE] BER
SN, I E > TEDEEE TO MeHg #HEMBIRICEETH D0 E T &
MUASAPRED LI U Fie, EROIFEICE VT, EFEENRD bR
VWMEJRE T MeHg 2N FEZEP OMMRCRICER B L KT T Z LaVRShTngd >
T ZRUCH b b, MR ORI DK E MeHg DD 5
HIA T = A LIZONWTITIEE A S I T RWn. UL, BERZREREL
FWVERE AR CAET L EIIRNETH Y, U AT EREO T OIZE DM
AN = ALERIIEHE THD.

e R DL FE ~DIEEZ S, DNA A F /LR A M AR Oy =
2T 4 I IRBGICER L TS 2 & AR TR S S FET D B ey
T RT 4 7 A &L, DNABSNCZE b2 Z &3, MildnR e TnEshoE
LA DOEAREDOHMATHD Y. 7 ) AOTE Y =X T 4 7 ADREETE
FIAESH. REN LT E D = RXT 4 7 AMEffi L L TDNA A F /L R b
NEHTR ENET HRD.
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Figure 1: Transcription system by epigenetics

DNA X F/UkiE, DNA OO Fv v (C) 77 =2 (G) Nif5 CG El4
(CpG B 12 DY T U B ATF ML SN AILHERM ThH 5. B T-FEL %
W B (e T—F —fHR) A F/UbEND L, BETRENAMH S S
(Figure 1). & A FfEffilX, B A MO 7HEBICE 720 N K » C K
IOk TH L A N T =BT 57 8Tk, X Fafble & Ok~ 7o H
RBREMTHD. ZNLDEMILY v T U fBEL2 B LEE, V-7 4
7 ARBIETREREICED> TS, B A R rOT7 B F /LT8G ORI
AIRET S H @ <. ZUXT7 B FLENE X b T —icfiinEh G &,
B L2 X 7 VA Y — DHEED RS, BRERF R 7 0T — 2 — IS L
TL2BDTH D (Figure 1). —FH DA F AL, BIETHIOMRER X O
HHmEOELSIZHE< Z &N BTV D (Figure 1) 2,

APEICBWTHRIC, MEADRII KRB F ) 2o ) TFu I I
PITOND T2, SNRPEDORECTFME ORELZZIToT v 22 LieRno- T,



PRI DO FEEIZI T D MeHg OFMHIBL A =X L2, =5 7 28 L
MEIE L TWDA[REMED B 5 .

Z ZTCARMFRICEB N T, H 1 ETiXinvivo 38X Win vitro FERR A VT
AN 31 D IRIRE O MeHg BREE D HPRRIEREIC 52 D2, BLOEDS
FTARNZALETE Y 2 R T 4 7 RAESEHTTRIT L2, S 61Tk
#] MeHg WR#EIC L 2 PR REIEE (CBhE 3 2 BI5 F DB 21T o7, 2 =R
F O 3 W TIIERROMIR MeHg BREEIZ L - THEHBDNRBO 6N TH &

NR4A1 O aF— & —FEIRIZ BT A EF ) AN 1T 1=,



B 1E  Invivo EFRFRE LW invitro FERR 2 WL T2 #8016 1] MeHg #5112 &
HAFRZEEME~DREEL LT ) LET

U4, AEMIRIEIC L > T MeHg &R L72ANMEAEIRT 2 2 LI L 2KE
~OIKRE MeHg BBERENBREINTWS. LLeRns, MAEW MeHg i3
BB O A B = X NFEH S LTV,

FABMBRIZBW IR RS ) MEMDO ) 7u 7 Z A3fTbh, Z0
V7a 7T I ZIIEEREEZ EFICGE T IEHEHICARAIRTHD 2. Zh
FCICRAEMICE T 2L FWERBICL > TS ) AEEREL D Z L
HEEINTND B Lz -> T, MeHg 72 E DLW ERBZEICL D87 ) LK
EDRRICBET D REME S R S 5.

INETIE, WEEHSEEILR £ T MeHg 2 BB ~DOR D& 52/ L ClgiE
SHIATFT v MTBWT, A% 40 BORRRITE), RIkiCE, ZEH¥EO
NEEINDLZENHREINTND V. IHIZHER 14 HEMS 16 HEE T
MeHg % # 0 #%5- L7k~ 7 ZADAFIZEBW T, A% 6 5 16 Minicis T
TERRZ T & 25, ZEHRESCEELIBEORNICEENROOND Z L
L SN o7z B 72, HARTO MeHg BB LV, {1~ 7 2D Bdnf Eix
TO7aT—%—fERICBIT 5 DNA OF A F /UL A R H3 U XA F 14k
A LT RBUAIC LD 5 DIREROITEIEENAE L D 2 L BAWRE S .

ARETIE, EE~ 7 AZRMEEFEMENEO DRV, [~ 7 A OFLEKERED
KTFT25ZLBRESNTODHIERED MeHg 285 L Y, ML KIET
BIZOWTZES ) JMIER LB EITo72. =85 AETIEIAREN 2=
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7 LMERITE D DNA A F U k& B 2 R AERICOWTHT L2, B A R
BRI DWW TR BEIE PR EER CH D T BT {b e A b (AcH3) & B A |
YH3ID9OEHY U OT7vF AL (AcH3K9), B AR H3D 14FHD Y ¥
> DT B F VAL (AcH3K14) L ERGIHIEEEM TH L A P H3 D 9FKA Y
DR AF AL (H3KIMeI) BL O A N H3ID2THZHDOU VD Y

A F AL (H3K27me3) (22U THiET L 7= (Table 1).

Table 1 Histone H3 modifications

Modification Amino acid site Possible function
Acetylation All
Transcriptional
K9
activation
K14
(Tri-) methylation K9 Transcriptional
K27 repression




28 RS L OUE

2-1 FMds LUK

AREBRTIL, DT OHEYEB LUREL .

Tubastatin A (£ Cayman Chemical, Cell Countinig Kit-8 {5 DOJINDO MOLECULAR
TECHNOLOGIES, INC., 5-Methylcitosine DNA ELISA kit (& Enzo Life Sciences,

FD Rapid GolgiStain™ Kit {% FD NeuroTechnologies, 10% " H#EfEH /L~ VU ik
(10% formalin neutral buffer solution) , fibronectin solution from human plasma, v 3~
MiFH 7 /L7 2 > (albumin from bovine serum: BSA), < X AFR—/KFi¥y (citric
acid monohydrate: CsHsO7 + H,0), < X AW =7 ~ U 7 A KF¥) (trisodium
citrate dihydrate: C¢HsNa3O7 + 2H0), 27 U 7 fll ik B etk e 28 K1~ (glial cell
line-derived neurotrophic factor, human, recombinant, animal-derived-free: rhGDNF),

IE% ¥ X Mi% (normal goat serum), K U =A% F > A (trichostatin A: TSA), 7 =
=)V AFIVA)VR=)L="T )L A U R (phenylmethylsulfonyl fluoride: PMSF), 7'z
T4 7 v&A BCA F v b (Protein Assay BCA Kit), ~LA XY “ffifg 7 > &
=17 2 (ammonium peroxodisulphate: APS), RU A F T =F L F 7 F N7 =
JL=—7 )L (polyoxyethylene octylphenyl ether: Triton-X), VA Rt =—™M7 1 2
TA T AAEY A XA~ —%— (WIDE-VIEW™ prestained protein size marker)|
FUJIFILM Wako Pure Chemical, ECL™ prime western blotting detection reagent |
GE Healthcare UK, advanced DMEM/F12, GlutaMAX™, N-2 supplement (100x) |
Life Technologies, Entellen® new X Merck KGaA, 0.25%-trypsin/l mM-EDTA
solution, 2-A /L5 7 k>4 /—/L (2-mercaptoethanol), 4%-/X7 K/ LT LTt

K« O AUBRKETERR (4%-paraformaldehyde phosphate buffer solution), N,N-AF L >/



B A7 7 Y L7 I K (N,N-methylene-bisacrylamide: BIS), N,N,N'N-7 kZ A F /L
TF L2 TVT IV (NNN'N'- tetramethylethylenediamine: TEMED), 7 7 U /L7
X K (acrylamide), =% / —/L (ethanol), ¥E{t77 U 7 2 (potassium chloride: KCI),
¥i{k7F b U v A (sodium chloride: NaCl), #if% (hydrochloric acid: HCI), ¥ L >
(xylene), 7'V I v (glycine), 7' V&Y  (glycerol), Z/VHZ /LT ILT & RKIEK
(glutaraldehyde, 25% in water), ¥ A F /L ALK ¥ T K (dimethyl sulfoxide: DMSO),
KEE{EF kU 7 A (sodium hydroxide: NaOH), A A I/ (skim milk), A7 1

— A (sucrose), 7 A ¥ a—/LfEF kU v A (deoxycholic acid sodium salt), kU

At RrF T AF /LT I ) AKX (tris hydroxymethyl aminomethane), / =7

K P-40 (Nonidet® P-40: NP-40), /XZ /L AT /LT B R(H3K) (paraformaldehyde,
powder), 7' @&~ = /—/,L 7 /L — (bromophenol blue: BPB), "V A ¥ =F L
YYIVEHE T T L— b (polyoxyethlene sorbitan monolaurate: Tween), A %

/ —)V (methanol), 7 7 U /LEiifEF ~ U 7 A (sodium lauryl sulfate: SDS), V) Az
K#E ZF b VU 7 L - 12 /K (di-sodium hydrogenphosphate 12-water: Na,HPOy *

12H,0), YV ABE /K3 77 U 7 L (potassium dihydrogenphosphate: KH,PO4)l3
NACALAI TESQUE, Dneasy Blood & Tissue Kit (£ QIAGEN, basic fibroblast
growth factor: bFGF X ReproCELL, NG6,2'-O-dibutyryladenosine 3',5'-cyclic
monophosphate sodium salt: dbcAMP, 7" 7't F = (aprotinin), 7~ Y -L-A/L=F
VWK (poly-L-ornithine solution), = ~~7"F > (leupeptin)lL SIGMA-ALDRICH,
doxycycline hyclate, CH3HgCl (methylmercuric chloride), N-(2-aminophenyl)-4-[1-
[2-(3-thienyl)ethyl]-1H-1,2,3-triazol-4-yl]benzamide: T247 (X TOKYO CHEMICAL
INDUSTRY, VECTORSHIELD mounting medium ¥ VECTOR LABORATORIES K&

DTl A L.



2-2  EBRHIE

2-2-1 FEEREh
EBREITHIIZHT-V, BRIERKFEMEET - i FRE S S8 FERK
SBHFELITY, B 2272 ECFEM L7-. HIECS7BL/6] ~ v A%, AART R

T — KRS L VA LT-. REIRE 24°C, HEMWE 55%, ARG 12 K

B

RNZHEREF SN2 BIER KRBT R CEE L. ~ T AIT 4 AR—% 7
IV T ATy 78— (Innocage® Mouse Base, 4V =2 ¥ )V T ¥R S
) 2, 74 AR—F T KRN A (Innocage® Mouse Base, 4 U = % /L

HbF T3k A 4h) 12 TR, [ETEETE (CE-2, CREA Japan) 2 HWCHHE L7z,

2-2-2 MeHg #45-

MBAE12 AH2S 14 HH £ T, Mk~ v ZIZ MeHg (CH3HgCl) 3 mg/kg/day %
ROEE L. XPRRBEICIE, MeHg BGREE R U AT ¥ o — LTI K & #20
BhH L. BAET9RBICREL, WRIr2EY L7z (5 2 % & 3 Hi Figure 2A).

2-2-3  flfakEEE

b MR YN B SR AN SE LA (LUHMES #ifld, ATCC® CRL-2927TM)% fu 7=,
LUHMES A3 E K CHR L7ZAR Y -L-A v =F> S0 ug / ml) BXO7 47
nx7F (1ug/mL) Ta—7 (7 L dish Z VT, GlutaMAX (1x), N-2
supplement (1x) 35 & UV bFGF (40 ng / mL) % & ¢¢ Advanced DMEM / F12 22572 %

HEFEEZ T 37°C, 5% COr A > F 2 _X—F — I T LT-.

2-2-4 R LEEEE
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LUHMES #faIE v-mye BA 1T OT N 7% A 7 U UHlfENC X 5 Tet-off & A7 A
IR0 RIS SN TV D #R M BITSEATIRG ISTEV 3 BFEDFNET
Tor= 2. EPHEOERD-HIZ, 10 cm dish ([CHIKEZFERE L, HIHEES Hid
T 24 BEIEEEE L7, RIZ, GlutaMAX (1x), N-2 supplement (1x), Doxycycline (1
pg/mL), dbcAMP (1 mM), 35 L O8N thGDNF (2 ng/ml) % &1 Advanced DMEM /
F12 22672 200 R T 5 Z L IC K-> Tk 2t L. Z 05t
TT, vemyc IFRRICAA v FF7 30, MRSEPMEETSH. £2LT, 2HM
AbREEE U7z LUHMES #ifia % kU 7" U WuEff%, Multi-well plate (ZFEFEL, 2-

6 AL CRE#E L7- (4 B BICE A H 21T - 72) (55 2 3 55 3 & Figure SA).

2-2-5  Invitro EER (BT D MeHg Wiz

2 HEOMILsbD%, LUHMES iz~ F U /b7 L— MIEME L, |
nM MeHg (CH3;HgCl) C 6 HREJALEE L 7-. MeHg MLEH& THIZHIIEZ Y 7Y o~
7L, IR EIToT. BEAEZHWZERTIL, 1 uM 5-Azacytidine,
0.5 nM Trichostatin A, 0.5 nM T247 and 1 nM Tubastatin A % MeHg & [FIRFIZZ

AVALEE U 72 (55 2 & %5 3 fi Figure 6).

2-2-6  FLUYE

FEAFRM D =L Y42 1% FD Rapid GolgiStain™ Kit & V>, it ~7 1 ha—
VB X OITHE 21TVt 21T o 72, MBI E R Tl L, 4%
NRIKRIWVET VTR R, 2% FAVZ AT IVT e Regie ) »EERENRIC SRR
FTC 1R RRE S8, BEE L. @BH/KTHE%E, KitOfERETHD AE
FOBiEZ 1:1 TIREG LICEIRICSEIERT AT © 3 MHKE L7z, £ D%, Kitd C
W2 AZHA L, 4°CHEFFC 1 MGE Lz, T, CiRiICk > Tz EEL, V

11



~Z b—.2 REM-710 (YAMATO) % U T-20°CT/E & 100 um DI Z/ERL L 7-.
UIF % 0.5% €7 F 2 a— AT A K7 A (FD NeuroTechnologies) [Z#it, =
JLC 48 B S =, £, Kit D71 b3 —/UZhEw, YT T, Y,
ik, BAEIT- 7. £ AL Entellan® new (2 X Y {T-o 7. &1L BZ-9000

(KEYENCE) Z HW\ T T 7.

2-2-7 Hg EFEEDOHIE

~ U AfHEAE 1g $H72 0 SNNaOH 19 mL TIAEfE%, 60°CT 30 /A >3 =X
— kL, BEDERNZ SN HCl Z HWWCHFI L7=. LUHMES #if@i% RIPA buffer
T LT, WL 7V TZiE TOHE & [AFRIZ, oxygen combustion-
gold amalgamation {EIZ CTRIE L7230 fHRkH O Hg IEEIE, FAMREEIC L0 Y
fbL7z. F7z, WM L7 LUHMES Ml DWW TIiE, Z Uo7 REZHEL,
Hg 5 OFEHEIAE T L7z,

2-2-8 ELISA £

FfRF LUV LUHMES #ila > 5 @ DNA OfhHi#E %13 DNeasy Blood & Tissue Kit
ZHAWT, o7 e ha— it > Ti{To7=. DNA H® 5-methylcytosine (5-
mc) EDOHIEIX 5-Methylcitosine DNA ELISA kit Z W T7' 1 b 22— L2Vl

EL7=. HIEIX GloMax®-multi detection system (Promega) % H\ 7=,

2-2-9 2B ok
~ U AR D KIMECE 2 3B L, Z 37 Ol &£ T-80°CIZRIE L 72
& X7 B ORHIZIE, RIPA buffer [25 mM Tris HC1 (pH 7.5), 150 mM NaCl, 1%

NP-40, 0.1% SDS, 1% T4 F v 2— Lz ~ U 7 A]% H\ /2. RIPA buffer %

12



300 uL iM%, 7€ F A #— (Psycotron, Microtec) & HVNTARE R — MLEE L
7. LUHMES filfidi3fifaoft 8 A HICT L — b2 OilldZ & Hi L, RIPA
buffer [25 mM Tris-HCI (pH7.5), 0.15 M NaCl, 1% NP-40, 0.1% 7 4 % 3 = — /LR
KU 7 2, 0.1 mM phenylmethylsulfonyl fluoride, 2 pg / mL leupeptin, 2 pg / mL

aprotin] C{EfE S H 7.

2:2-10 VxAZ T my ME

SDSAR YT 7 UNT I R NVEKEEEEICE » L, 45 running buffer (25
mM Tris, 190 mM Glycine, 3.5 mM SDS) % AL, VKENZEEICEY F1T727 V%
BLE. SDSAHYUTZIUAT I RTFALD 1 well 4720, pfE&~—I—%2 uL,
KRR TEY T NNEIN0ug T 774 1L, 200V, 555 O5MTkEh L. #x
BRIEA X 2 —Z 1 iR L, EHKIZ 2 2R L7, transfer buffer (25
mM Tris, 192 mM glysine, 20% (v/v) A%/ —/) 2R LTz, GG, A,
transfer buffer (Zi L7#850%, SDS KU 727 Y7 I Ko, AHONAIZHE A,
100 V, 60 7 DORMFTHEG LIz, 5%, BERE 5% AF A5 IV7 X 5%
BSA IZ1R L, =R T 60 M7 1 v¥ 7417572, 0.1% Tween-TBS TH4%,
5% AF L IVT AL 5% BSA T 1 RAUKZFHIRNL, 4°CTBUS SETZ.
0.1% Tween-TBS TUL#E, 3% AF L I/b7 Xid 3% BSA T2 RFUAZ AR L
T, =R T30 RIS &7, 0.1% Tween-TBS TPEF% ECL™ prime western
blotting detection reagent |Z 5 77 ff{R L7=. & D%, LAS-3000 UV mini (Fyjifilm) £
721% FUSION SOLO S (Vilber Lourmat) % AV CHH L 7=.

1 RPLIRIZIE, mouse anti-B-actin antibody (1:2000, Sigma-Aldrich), rabbit anti-
Histone H3 antibody (1:1000, Cell Signaling Technology, Danvers, MA USA), rabbit

anti-AcH3 (acetyl-histone H3) antibody (1:1000, Cell Signaling Technology), rabbit

13



anti-AcH3K14 [acetyl-histone H3 (Lysl4) ] antibody (1:1000, Cell Signaling
Technology), rabbit anti-AcH3K9 [acetyl-histone H3 (Lys9) ] antibody (1:1000, Cell
Signaling Technology), rabbit anti-H3K27me3 [tri-methyl-histone H3 (Lys27) ]
antibody (1:1000, Cell Signaling Technology), rabbit anti-H3K9me3 [tri-methyl-
histone H3 (Lys9) ] antibody (1:1000, Cell Signaling Technology), mouse anti-
HDACT (histone deacetylase 1) antibody (1:1000, Cell Signaling Technology), mouse
anti-HDAC?2 (histone deacetylase 2) antibody (1:1000, Cell Signaling Technology),

mouse anti-HDAC3 (histone deacetylase 3) antibody (1:1000, Cell Signaling
Technology), rabbit anti-HDAC4 (histone deacetylase 4) antibody (1:1000, Cell
Signaling Technology), rabbit anti-HDACS6 (histone deacetylase 6) antibody (1:1000,

Cell Signaling Technology) , mouse anti-DNMT1 (GENETEX, Inc., USA) (1:1000
dilution), rabbit anti-DNMT3A (Cell Signaling Technology) (1:1000 dilution), rabbit
anti-DNMT3B (Novus biologicals, LLC, USA) (1:1000 dilution) % FHV 7=. 2 IRPLiR
(2 1&, goat anti-mouse IgG antibody, peroxidase conjugated, H+L (1:2500, Merck
KGaA), goat anti-rabbit IgG antibody, peroxidase conjugated, H+L (1:2500, Merck

KGaA) %z 7z,

2-2-11  Alfasa duts

Bide L7oMifld % 1 x PBS TUEH L7, 4%-/"T RV LT VT e R - D ARG
R Z AT, |IRT 15 pMEE L. £D% 1xPBS THMRLZ 02%
TritonX-100 Z AW T, =R T 10 MR ZBAH 21T 7. £D%, 1xPBS T
7R L 72 2% normal goat serum % WV CEB T IR 7 r vy o V& To72. 7
2y X 71%, 1xPBS TIRGUAZAIRNL, 49°CTBifon Sz, 3H, Ix
PBS TWEHH%, 1xPBS T2KkFUAZMINL, =R T 1IRFMOGSE2. BE,

14



1 xPBS TUEf L, Utz =i T 15T > 721, 1xPBS THF L, HOGEA
%85 (LSM700, ZEISS X I IN Cell Analyzer 2200, GE Healthcare Life Sciences) THi
®Li.

1 RBLRIZIE, mouse anti-TUJI (B-tubulin IIT) antibody (1:2000, Sigma-Aldrich),
2 WRPLIKIT AlexaFluor®488 goat anti-mouse IgG H&L (1:200, Thermo Fisher
Scientific), %% %% (2% DAPI (4’,6-diamidino-2-phenylindole, 1:2000, Thermo

Fisher Scientific) z V> 7=.

2-2-12 Real-time RT-PCR

1548 L7z Mk 5> & PureLink™ RNA Mini Kit Z W CIlifF O 7 1 b 20— 2 f¢
V) total RNA ZfiliH L7=. 15 54172 total RNA DR £ % SimpliNano (GE Healthcare
Life Sciences) TH|E L7244, total RNA 1 ug {Z%f L C, ReverTra Ace® qPCR RT
Master Mix % H N TR G S &2 4TVVFEAR) DNA (LLF cDNA) Bk L7z, 1
P 74720, THUNDERBIRD® SYBR® qPCR Mix % 10 uL, Forward 7°7 A
~— (10 uM) % 0.6 pL, Reverse 77 A ~— (10 uM) % 0.6 pL, HHZE TH O
72 cDNA D 105/ R Z 2 LIRS L, BEKT20uLIiZ A A7 » 7%, StepOne
Real Time PCR System (Thermo Fisher Scientific) T/ z1T->72. HWl7 74~
—I% Table 2 1T/R LTe. BUSSHITAIMIEVEM: (95°C, 60s) D%, EZEME (95°C,
30s), fHEIG (60°C, 30s) & 40 A 7 VDR LT, ZRENDOFRELL L
%, GAPDH ZWIBHEHE & L THE CT i (AACHE) 12 K 0 g L7z,

15



Table2 mRNA JEHUi#ATH PCR 7' 7 A ~—

Gene Primer sequences (5’ to 3°)
h-GAPDH Forward TGGTGAAGACGCCAGTGGA
h-GAPDH Reverse GCACCGTCAAGGCTGAGAAC
h-Sox2 Forward GAAGGATAAGTACACGCTGCCCG
h-Sox2 Reverse GCTGGTCATGGAGTTGTACTGC
h-0CcT4 Forward GACAGGGGGAGGGGAG
h-OCT4 Reverse CTTCCCTCCAACCAGT
h-S¥YNI Forward CGAGCCGCACACCGACT
h-S¥YNI Reverse AACTTCCATATCCACAGAGAATCCA
h-TUJI Forward CGCCCCAGTATGAGGGAGAT
h-TUJ1 Reverse AGTCGCCCACGTAGTTGC
h-TH Forward TCATCACCTGGTCACCAAGTT
h-TH Reverse GGTCGCCGTGCCTGTACT
h-NR4A41 Forward AAGTGAAGGCCGCTGTGCT
h-NR4A41 Reverse AGGCAGATGTACTTGGCGTTTT
h-NURRI Forward CGAAACCGAAGAGCCCACAGGA
h-NURRI Reverse GGTCATAGCCGGGTTGGAGTCG
h-DAT Forward GAGCCATAGACGGCATCAGAG
h-DAT Reverse TGAACTTGTTGTAGCTGGAGAAGG
h-DRD?2 Forward GCAGACCACCACCAACTACC
h-DRD?2 Reverse GCTGAATTTCCACTCACCTACC
h-NESTIN Forward AACTCCCGGCTGCAAACA
h-NESTIN Reverse GCTCAGGACTGGGAGCAAAG
h-PBX1 Forward TCCTGCGTITCCCGATTTC
h-PBX1 Reverse CTAACTCCTCTTTGGCTTCCTCAC
h-ATCAY Forward GGAATGGCAACGAACTGGA
h-ATCAY Reverse CGTGCCGTCCCCAAATAGA
h-DCX Forward AGGAAGATCGGAAGCATGGA
h-DCX Reverse GTITGACAGACCAGTTGGGATTG
h-CNTN Forward GCTCTTTGCACCCAGCATC
h-CNTN Reverse ACAGGGAGCCGTCCACTTTG
h-STMN2 Forward CCCCACGAACTTTAGCTTCTCC
h-STMN?2 Reverse GCACCTCAGTCACAGTCTCGTT
h-NEFM Forward GGATATAGAAATCGCTGCGTACA
h-NEFM Reverse GAGCTTCCACCTTGGGTTTC

2-2-13 MR AEAFER
A A 171X Cell Counting Kit-8 (CCK-8) & FWT, Rt 71 b a—izht

> THITE K Ot 2147 > 72
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2-2-14  HURTEHEMRNT
FRREAMAE O JEHEAZHT 1T IN Cell Analyzer 2200 THREE AT\, 13 5 AU 7= Ml i {4

% IN Cell investigator % F\ N CHEHT L 7-.

2-2-15 Rt FERIMET

FBRPLAT PFEIMELSE T/ L7z, HEt 7R/ (T StatView £ 7213 IBM
SPSS Statistics ver.19 T, 2 BERIZ DUV TIX Student’s #-test, LEERIIZ DU
Tl E 5o #HT1%, Bonferroni/Dunn test (Z X DT> 72, fEBRIEEDN 5% AT 2 A 522

Ho L.
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5 3HET FEBRKR

3-1 B MeHg MR FEIZ L » TRANZEICTEH T DR 22 &3 i S vz

IR~ D AT, MRGROIEICEE LRI THOMAES 12 FEAD 14 B H
IZ MeHg 3 mg/kg) # 1 H 1 BICROFEL Lz, ZOEBRSKMITE, FE#%6~16
I H O~ U 2BV TTEIREFE CRLIE R T OMERIEE S |RE STV D
220419 BRIZY 7Y 7 UTTT 21T o 72 (Figure 2A). IR{FOIKER
KOO E X, MeHg MR IZ X 221 k1727~ 7= (Figure 2B, C). KIMFEEIZ
BT % Hg OFEFEEIL 1.39+0.04 ng Hg/mg tissue Td> > 7273, Vehicle #f Tl
EN7enodz (Table3). F£72, MBAEMOKRMEE TlX, MeHglREIZ X % mifkse
R OA ERBUY 3Bl S 1u7- (Figure 2D).
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Figure 2. Body weight, brain weight and neuronal fiber length were measured in
mice experiment. (A) Schematic diagram for MeHg exposure experiments in an in vivo
mouse model. Pregnant mice were exposed to MeHg (3 mg/kg/day) once daily from
embryonic day 12 to day 14 by oral administration. Mice were sacrificed at embryonic
day 19 and brains were dissected for analysis. (B, C) Body weight (Vehicle; n = 68,
MeHg; n = 25) and brain weight (Vehicle; n = 27, MeHg; n = 22) of the fetuses were
measured at embryonic day 19. (D) Golgi-stained brain sections in cerebral cortex were
imaged with an all-in-one microscope. Scale bar = 100 pm. Fiber length was measured (n
= 52/group) using IN Cell Investigator (analysis software for IN Cell Analyzer). All data
were normalized to control levels and presented as means + standard error. Statistical

significance was determined by Student’s #-test (*p < 0.05).
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Table 3 Mercury accumulation in the cerebral cortex of mouse fetuses

Experimental group Hg concentration (ng Hg/mg tissue)
Vehicle ND
MeHg (3 mg/kg) 1.39 £ 0.04

Data were represented as means £ standard error (n = 3/group). ND = not detected (<

0.01 ng Hg/mg tissue).
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3-2 MEAEH] MeHg WEE~ 7 A DO KM EIZHBWT DNA O A F bl LW
DNA X F VAR SR DO S B INNGED Sz

PRI, LB TP EREIC L D2 =T 1 v 7 B b E %
FRT NI ERMBINLTND . 22T, RENRTES ) MEMITH D DNA
AF e B 2 R AERIZE R LT 24T > 72 . DNA A F/U{klE, —imic
BIGFRBOYA Ly 7 EEE LTV (Figure 1), IRFEACHI LI
2272 DNA 2 F /U bR % — 0%, HEFRF DNA A FOLVREEBEESE Th 5 DNMTI X2,
de novo DNA X F/V LR %S CTd 5 DNMT3A 3 L O DNMT3B (T K o THERF
STV 32 A F L4k DNA (Figure 3A) 35 XUV DNMT1 O 38L& (Figure 3B,
C) %, MeHgMg#fZIZ LV #NL7=. DNMT3A & DNMT3B O 5l &%, MeHg

2T Lo TEIL L7en>> 7= (Figure 3B, C).

21



(A) (B)
Vehicle MeHg

*
4 1 DNMT1 . —— — —
] DNMT3A| " s s e o ——
DNMT3B| “o s o m s s
1-
0 . B-actin | s s s s —— —

w

%5-mC

[

Vehicle MeHg
C
(© DNMT1 DNMT3A DNMT3B
5 * 15 - 1.5
=) 2 2
B4 © ®
o = -
£ £ 11 £ 14
T3 o @
i A A
“Q — —
~2 4 < o
s /0.5 1 0.5
= = =
= = =
[a] o [a]
0 - o J 0
Vehicle MeHg Vehicle MeHg Vehicle MeHg

Figure 3. Determination of DNA methylation was performed in mice experiment.
(A) Global DNA methylation in fetal cerebral cortex at embryonic day 19. %5-mC is the
percentage of methylated DNA (5-methylcytosine). Each value represents the mean &
standard error (n=10/group). (B-C) Protein levels of DNMT1, DNMT3A, DNMT3B
and f -actin in the fetal cerebral cortex of 3 individual mice at embryonic day 19. Data
were all normalized to vehicle levels and presented as mean + standard error (n = 3/group).

Statistical significance was determined by Student’s ¢-test (*p < 0.05).
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3-3 A MeHg 2~ 7 A DKM EIZBNT T B F ke 2 M3 d L,
b A NPT FOAEESE NN LT

RIZ, DNA A F /AL O =5 ) LMERTE LTl R b AERE LA BT L
72. BEA RO NKMRZHD D VUBERIEOEMIL, BETRBOHEICEG L
T 5% (Figure 1, Table ). JRAE#IO KIKEE TlE, MeHg MEFR 1% ICIE GRS
B9 %5 AcH3 & AcH3K14 O 3@ S 417z (Figure 4A). £ 2 TE A h D
T F L ERIET D e A R BT & FVEEESE (HDAC) O3B L& fifh L
7. HDAC Il R Mo DX X TEN LT B F VI A I bR A3 2 B
FThD 3. ZORESE, MeHgl##ZIZ X Y HDAC3 & HDAC6 O HFEH H AL

7= (Figure 4B).
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Figure 4. Determination of histone modification was performed in mice experiment.
(A) Protein levels of AcH3, AcH3K 14, AcH3K9, H3K9me3, H3K27me3 and Histone H3
in the fetal cerebral cortex of 3 individual mice at embryonic day 19. Data were
normalized to control levels and presented as mean + standard error (n = 3/group).
Statistical significance was determined by Student’s #-test (*p < 0.05: vs control). (B)
Protein levels of HDAC1, HDAC2, HDAC3, HDAC4, HDAC6 and B-actin in the fetal
cerebral cortex of 3 individual mice at embryonic day 19. Data were all normalized to
control levels and presented as mean + standard error (n = 3/group). Statistical

significance was determined by Student’s #-test (*p < 0.05).
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3-4 LUHMES fifaZ F W TSR A RS LT

BEHR O3 b7 v b a— Ui ien 2, LUHMES a2 10 A 3k & 7= (Figure
5A). PRI~ ME L TV D Z L 2R T 572018, Kok~ — I —B LV
PRI~ —h — OB E MR L=, ZO/REE, 23k 2 BH TRME~—
71— (OCT4 & SOX2) DRIV NANHEREIIKTT 52 ERH LN
(Figure 5B). F7=, #HMLREE~— b — (TUJI, SYNI) L T 2—L7 2 B
-~ —71— (TH, AADC) OFBLE (T ITftt> T L=, TUJI, TH, AADC
OFRBEII M6 HBE THRAL 72D, SYNIIIHME 8 H B Tk & 72— 7= (Figure
5C, D). #4r{b7e LUHMES #lifid & 53{k 8 H B © LUHMES fifaz A C, &
MR YR (24T o 72 & 2 AR ZE M R 78 & OBIE RTE BRI AL FE O b iz
(Figure 5E). LA EL D, MiHla~— 0 —N4 T —27IZEL/E8 HALL

I 2 PR BRI & L7z,
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Figure 5. In vitro neural differentiation system using LUHMES cells. (A) Schematic
diagram of the differentiation procedure for LUHMES cells. (B-D) The mRNA levels of
(B) pluripotency markers; OCT4, SOX2, (C) neuronal markers; TUJI, SYNI, (D)
catecholamine markers; TH, AADC, during differentiation were determined by using real
time RT-PCR. Data were normalized to undifferentiated mRNA levels and presented as

means + SE (n = 4/group). Statistical significance was determined by a one-way ANOVA
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followed by Bonferroni’s post hoc test (*p» < 0.05: vs. undifferentiated). (E)
Immunocytochemistry was performed in undifferentiated and day 8 differentiated

LUHMES cells. Images of TUJ1 (Green) and DAPI (Blue) staining are shown.
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3-5 MRS EH MeHg #5212 L D Ala A AR O &AL

WIZ, MRS 2 ERF D MeHg IR82 (2 L 2 Milas s 231 ~7-. MeHg IZX %
AR FEME D FEERIT, Figure 6A IR T X 912, 43k 2 HE B 6 HIH MeHg (2%
#ZL, MME3IHENL8HEETI HI LI CCK-8 & HWTHRHT L7z, =Dk
F, B8 HHEIZBWTH 1nM O MeHg BR#EIE, MfAEFRICEE LW &

D3 5 72 72 - 7= (Figure 6B-G).
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Figure 6. Cell viability by MeHg exposure in an in vitro experimental system. (A)
Schematic diagram for MeHg exposure experiments. (B-G) LUHMES cells were treated
with MeHg at different concentrations for 6 days, and cell viability at each time point was
measured. Data were normalized to control levels and presented as means + SE (n =
8/group). Statistical significance was determined by a one-way ANOVA followed by

Bonferroni’s post hoc test (*p < 0.05: vs. control).
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3-6  FER LI MeHg B FZ 12 L 2 AR 22 (i £ o #ii)

LUHMES #§a 2 s TRl fbo 2 A A5 8 A H £ To 6 BB, MeHg
(1 nM) |ZHREZ UAAT L 7= (Figure 7A). MIfEN Hg IREZHE L7 & 2 A, MeHg
BRFERE Tl 0.68 + 0.04 pg Hg/ng protein T ¥, control A Tl Hg FENMH X
L7277z (Table 4). 72 invivo FEER & [FIERIC (GB 1 FREE 3-1), MR EIRRIC
MeHg Z g2 95 &, MRS R FHE Sz (Figure 7B).
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Figure 7. Neuronal fiber length was determined in LUHMES cells exposed to MeHg.
(A) Schematic diagram of MeHg exposure experiments in LUHMES cells. LUHMES
cells were exposed to MeHg (1 nM) for 6 days, from day 2 to day 8 of neuronal
differentiation. (B) Immunostaining was performed with neuronal-specific f-tubulin III
antibody (green) to visualize neuronal processes in day 8 differentiated LUHMES cells
exposed to MeHg (1 nM) for 6 days. Following staining, images were captured with an
imaging cytometer (IN Cell Analyzer 2200). Scale bar = 50 um. Fiber length was
measured by using IN Cell investigator (analysis software for IN Cell Analyzer). Data
were normalized to control levels and presented as means + standard error (n = 36/group).

Statistical significance was determined by Student’s #-test (*p < 0.05).]
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Table 4 Mercury accumulation in LUHMES cells

Experimental group Hg concentration (pg Hg/ng protein)
Control ND
MeHg (1 nM) 0.58 £ 0.05

Data were represented as means £ standard error (n = 3/group). ND = not detected (<

0.5 ppb; detection limit of instrument).

34



3-7 b MeHg BRER|IZ X > T A F/1{L DNA 3 X O DNMT 2E3 L 7=

LUHMES #ifa & T, kb 2 B H2vDH MeHg #2217\, 3L 8 HH
IR 2 AT o 72, ZDORER in vivo EEBRORR (F 1 BRI R 3-2) L —E L T,
MeHg M52 12 > T A F/1{k DNA 23800 L 72 (Figure 8A). & 512, MeHg MEEz

12 & > T4 ToO DNMT OFRBHEINAFRD 7= (Figure 8B, C).
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Figure 8. Determination of DNA methylation was performed in LUHMES cells
exposed to MeHg. (A) Global DNA methylation in differentiated LUHMES cells after
exposure to MeHg (1 nM) for 6 days. %5-mC is the percentage of methylated DNA (5-
methylcytosine). Each value represents the mean * standard error (n=4/group).
Statistical significance was determined by Student’s #-test (*p < 0.05). (B) Protein levels
of DNMT1, DNMT3A, DNMT3B and B-actin in differentiated LUHMES cells exposed
to MeHg (1 nM) for 6 days. Data were all normalized to control levels and presented as
mean =+ standard error (n = 3/group). Statistical significance was determined by Student’s

t-test (*p < 0.05).
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3-8 HRRr L) MeHg #2212 & - T AcH3 O 38 L O HDAC O FE BN

B BT

LUHMES #fifaz VT, #itsr{k 2 B B2 5 MeHg I8 41T\, 40k 8 HAIZ
FENT 2 AT o 72, ZDFER in vivo EBROFER (5 1 R 3-2) & —FH LT, 4f
e b MeHg MR 1 & > THEAGYHMERSEEAM Tdh 5 AcH3 & AcH3K14 23R
L 7= (Figure 9A). & 5|2 LUHMES HAEIZ BT DA H3K27me3 DN FED 5
A7z (Figure 9A). % Z T, MeHg MEFEIC L5 HDAC ORI E(LE =L 2 5,
ZH b in vivo EBRARORR (5 1 B 3-2) &L —E L T, HDAC3 & HDAC6

DOFREHEINDFRO HAL7- (Figure 9B).
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Figure 9. Determination of histone modification was performed in LUHMES cells
exposed to MeHg. (A) Protein levels of AcH3, AcH3K14, AcH3K9, H3K9me3,
H3K27me3 and Histone H3 in differentiated LUHMES cells exposed to MeHg (1 nM)
for 6 days. Data were normalized to control levels and presented as mean + standard error
(n = 3/group). Statistical significance was determined by Student’s #-test (*p < 0.05: vs
control). (B) Protein levels of HDAC1, HDAC2, HDAC3, HDAC4, HDAC6 and B-actin
in differentiated LUHMES cells exposed to MeHg (1 nM) for 6 days. Data were
normalized to control levels and presented as mean + standard error (n = 3/group).

Statistical significance was determined by Student’s z-test (*p < 0.05).
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3-9 MeHg M# I L AR EOMHIT=e s ) 28 (bZ /L TAHELD

MeHg 7% (2 KX 2 k22 E 073, HDACIZL D E A R H3DHT &
F LAk & DNMT IZ L5 DNA A F LD &5 SRR T 50 &2 05 7-0H12,
N DOREFEDERITH 5 5-Aza (5-Azacytidine: a non-selective DNMT inhibitor)
¥ L Y TSA (Trichostatin A: a non-selective HDAC inhibitor), T247 (a selective
HDACS3 inhibitor), Tubastatin A (a selective HDAC 6 inhibitor)Z F CTHiET L 7-.
LUHMES #Hif@IZ Figure 11A TR X 912, MeHg & HDAC PHEAIE 7213 DNMT
PREH 2 AL E L, MRk OMREEMEZIE L. ZORMFIZBNT
MeHg l&i#& 1 K D A F /Lt DNA OHEINE 721 AcH3 DIFA X, 5-Aza £721L TSA
MERZ K-> TlHIET D Z & 2R LT\ 5 (Figure 10). fEHE & LC, HDAC B
EHF L O DMNT FLEFNL E 12, MeHg BEFEIC L 2 kg2t if & ol 24

] L 7= (Figure 11B, C).
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Figure 10. Epigenetic changes induced by inhibitor exposure in LUHMES cells
exposed to MeHg. (A) Determination of DNA methylation was performed inLUHMES
cells co-treated with MeHg (1 nM) and a DNMT inhibitor 1 uM 5-Aza (5-Azacytidine)
for 6 days. Data were normalized to control levels and presented as means + standard
error (n = 4-6 /group). Statistical significance was determined by two-way ANOVA,
followed by post hoc Bonferroni’s test (*p < 0.05). (B) Determination of AcH3 was
performed in LUHMES cells co-treated with MeHg (1 nM) and an HDAC inhibitor 0.5
nM TSA (Trichostatin A) for 6 days. Data were normalized to control levels and presented
as means =+ standard error (n = 4/group). Statistical significance was determined by two-

way ANOVA, followed by post hoc Bonferroni’s test (*p < 0.05).
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Figure 11. Determination of relationship between neurite extension and epigenetic
alteration was performed in LUHMES cells exposed to MeHg. (A) Immunostaining
was performed with neuronal-specific B-tubulin III antibody to visualize neuronal
processes in differentiated LUHMES cells co-treated with MeHg (1 nM) and a
nonselective DNMT inhibitor 5-Aza (5-Azacytidine) (I uM), HDAC inhibitors TSA
(Trichostatin A) (0.5 nM), T247 (0.5 nM), or Tubastatin A (1 nM) for 6 days. Following
staining, the images were captured with an imaging cytometer IN Cell Analyzer 2200.
(B-C) Fiber length was measured using IN Cell Investigator. Data were normalized to
control levels and presented as means =+ standard error (n = 27/group). Statistical
significance was determined by two-way ANOVA, followed by post hoc Bonferroni’s test

(*p < 0.05).
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3-10 MeHgME#Z (2 & » T TH 3 LU NR4AI DFEBL D L=

INETOMELD, MeHg BEFEIC X D MREEMBEMGIIC= S ) A1k
MBI G2 Z L AVRB SN, EBEICD S ) MBI K 0 REEE LT
LB THAPTH o772, LUHMES fifdz AT VU 7 /v 4 A 2 RT-PCR (Z
XV fENT A2 4T o 72, LUHMES fifidt MEIEFMERTH D720, R8I A4f
I B9 2 8= (TH, DAT, NURRI, PBX1, DRD2) , ¥ X UM% o B8
W5 (NESTIN, TUJ1, SYNI, NEFM, NR4AI, DCX, ATCAY, CNTN2, STMN) {Z-D\>

THEt LT, T OfE %, TH & NR4A1 O HIEHITD 73F8 57z (Figure 12).
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Figure 12. Expression changes of genes related to neural functions by MeHg
exposure in LUHMES cells. mRNA levels of various neural function-related genes were
determined in day eight differentiated LUHMES cells exposed to MeHg (1nM) for six
days. Data were expressed as mean = SE (n = 4/group). Statistics were calculated by

Student’s #-test (*p < 0.05: vs. control).
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At B

ARETIE, BAH MeHg IR IC L 2 FREEME~DREL =7 ) DL
IZOWTHET L7z, BRI, ZHE TOMIE T~ 7 A THREM, ik
FH R BB BMEITGER D b T, A% 6l D 16 BEIC BV TS B
FOGREHEDIK TARD LND Z ENHMEINTWDAEMTIT-722. MeHg
BRiEE 12 OB ORER I OINERICITAERL(MITH b2 h - 7= (Figure 2B,
C). MA T, KMEE~D Hg HREIT, MRIEROFEI L ELRIEREE 10
ng Hg/mg tissue (ppm) LA F CT& o 7= (Table 3)*734. In vitro TR\ CIE, #faE
fFRICHBEE 272> 1| nM 2 EBRRE & L THWZ. MeHg I##E L 7=
LUHMES IO/ He #EEIXIEF I, 1ZIERHRAMITTH Y (Table
4), ZNETOHE LI LT, KIEED MeHg BFERMETHDH Z LR
ENb. BIZIZLIRTOBFETIE, 10~25 nM @ MeHg BEFEIZ L > TT v MR
PRERHIRIC 3 1T DM MU ENR S E R EIND Z EBRH LN o7 10 26
12, & B ES#iEIZ W TR B TIZ 1~100 nM O MeHg (2 23 HFIRZES 5
E, MRERMEENSHEIND L HWEINTND ¥ LarL, MeHg B
ICEDTEY 2 RT 4 7 ANDEBIONTORITHREITIFE AL 2. JRE
HIIREEMETH Y, MRERNREATILEWE IR L THESI TH 5. MeHg
IR AR S BT 5 9 2, BIIE MeHg 2 A~ 2 2 & asHskZ
TeDIKIRE T > THRERH L ATREMENH D *. X 51T, MBARIT AL
TS LDV T I I INELLDREHTHLTO, (LFWEICE D BE
DL 2 ATREMEN B D 223738 2 2 CAMIETIE, KIREE D MeHg WE#R 1 & 24
RISRE~ DB L = v ) AL O BE & i~

9, MRR~ORBEL T T E TITESHIECE MR ATERAR L O

P LIEFEICI1T D MeHg BRERIC LY, #RZEEMENIEFESIND Z &3 HE
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ENTWD 39 RIFEOFERE LT, ZhE TOREE—F L THERSEH
MeHg W% 1Z X 2 ik 28kl fif & o i 23R8 L 7= (Figure 2D, 7B).

WIARE =B ) MERTITH 2 DNA A T L L b R R AT S5 Y
TTHHTZ4T>7-. DNA A F L blE, DNA O b U A F VL AN
LTS AF ALY oy mC) 2T AR THDH. UL - T, BT
FNZBAES 2 2 X7 B OEE ORESS, B[RO DNA~OFEEHEN AL
TEIETREANFHE SN D 2. F72 DNA I DNMT ([Z X > TAF b Eh, #E
FEans 9 DNMTI 1, FEIXAF AL ARE = OHFFICEEL TRY,
DNMT3A 35 L O'DNMT3B (%, #iHD DNA X FAARICBIET 5 Z L s T
WD O FER L LT, RSB MeHg IR EEIC K - T, M4k DNA A F /L
L L~V in vivo 38 KON in vitro FEBRR O T THEINT 2 Z L AL NI -
7z (Figure 3A, 8A). ZME TIC IR~ U A ~D MeHg "R (2 LV, Bdnf&ix
FOTrE—X —FEKIZEIIT S DNA OF A TR, 14 » Ao~ AT
P BT T ERRAN MeHg BRFRIZ K 5 DNA A T IUALDZEALIZ DWW T O
HDH20, Fiz, MeHghEFEIZ L > TDNMT OHEIMHERD Hil, AT /L{LDNA D
HAN2Y DNMT OHEINZEIK T 5 Z & 2387 5200272~ 7= (Figure 3, 8). MM T,
DNMT [LEH] & MeHg & dLALE L7 & 2 AR ISR H O SE N8 H i
772, DNMT OFEEIIIZ E S A F /L bt DNA OHINH #hfR2E kL R il
B~ 5 Z & 23 /RIE S 4U7- (Figure 10A, 11B).

F7z, B R MUEMIZOWTHME L. BAMBRICKBIT e R N AEMiD
AN, MRS EIC A TH D LB X b TWD . L7e > T, MeHg
BRERIC L > THE SN D b X b EMOZ(GIT, MM DR AT E KT
FTHRMERHD. XA DT EFIRIZE AT EFLEET AT =T —

£ (HAT) 3 LUV HDAC (2L - TH b D 42 Z o7 v F A kiL, mikeec

46



BT 22 HOBIETORBEEENIELZ ENMLNATND ®. RIFETIE
MeHg MEFZ 12 X 0 AcH3 D L UL in vivo 3 X OV in vitro 52 O )5 Tl L
TH Y, HDAC3 @ HDAC6 FHELA T 5 Z & &7~ L7z (Figure 4B, 9B).

Nz T, HDAC3 ¥721% HDAC6 OFBUEMZIr LIzt A F T B F/ALDIK
T3 MeHg WR#EIZ K DR ERMEDIKT L EEST 2 Z ERH LN ko7
(Figure 11C). HDAC3 35 X TN HDAC6 O filf#lix, Méthftis L OV F 7 2 Dbl
FEIEIZHETH Y, HDAC3 1 LN HDAC6 D Fs BLHEMN A3 Fh % 5 52 0 5 | 2 BEsE 5
LATREMER & D 445 LvL7e 5, MeHgBEFEIZ X Y HDAC <° DNMT 23 H#40
THNFHEBIIHAL ISR TWRWY., 20 A =X LOfEIZIE, MeHg ©
BETHENEETHDL EBZEXOND. MeHg IFWVBIETEEZ RS> TWH 79,
B UNTEDFT A= NVER EOREMEME L ARG IIRINTHZENTE S, —
Blé LT, HIRALERICHEL 5 2 VMR MeHg MEFZICZ X > C, MeHg 2
Akt =X° CREB 72 E OB R L IARA L, P17 R b— A Z 37 Bel-2 D
WA TRAZIHT L 2 ENME SN TS % X552 CREB I, HAT &M%
Ff> CBP I3 5a7 7 F_X—4—LLTMLNATND Y. LER-T,
MeHg 7% CREB [CE#EAE S L CE OHREZ AE L, £l X > T HAT & HDAC
DINT U ANEINTODA[EEERH D ¥, 51T, NGF IZL > TIEHELE LS
TrkA S F R D FHilZ & % CREB/ERK ¥ 7 F /L A3 iR 28 fil i & & HilH 9~ 5 = & 3
WEXNTED *, MeHg © CREB ~D LA FEAIT L 2 HEREFASE & ik 22 6 (i
EIHIOER O 1 21270 5 r[eeEN H 5.

LLEX D, LRI EE MeHg MR K 2 MR ZEE R DR 72 & Ot
RFRRET, HDAC OHENZ I L7z AcH3 L~ LD, DNMT OEAN1% i
L7ZAFALDNA DN E, DT e r ) A RIZEvslsiIEsns
EDREINTZ. LILRR S, EEEIZTE S ) AEMIZ Lo THRILEMH,T
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ONTEETITA L N> T, 22T, £TI13MEMEBETFOBREDOT-
D12, LUHMES #ifid &2 N CHoiiine 12 B 2 B AR - EEIC % L T mRNA FELfE
WraiTo7-. ZOFER TH & NR4AI DFBIRD 035580 STz,

ARG B RERIE, MeHg BREEDMEIRE Th > THREMIT IV TITRRE
PERERE E OIETER 72 fEIRIR - & 72 D ATREME 2 7RIE LT 5.
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B 2E  Invitro EFRE W EE] MeHg BRFE 2K D TH OB /) L

fi T

F1H S

FEORERLD, MRFEEMICIIT D MeHg BEZD invivo 38 X WY in vitro
FERICBWCREBRO =5 7 A8 kA I L THREERBEZ T2 2 & %
FLH U720 Z AU BB IS M O i O R S (R B MeH g B iR %
ZFHZ LTS ) DEMBELT, RREVE OMRIERRIC B L 52 5 FTReE
HRELTWDS. F, =5 LAZ8KIZ L0 EBRIZHEELE(EAAE T TV D4
B S T 2R To L 25, TH & NR4AI DRBRO 08O L. £ T
FTARETIE, F1ETEPIRD LN THIZERZ Y TTES ) AR

2{To 7.

Frnyre Fonxys—+¥ Jj’ﬁiij]}//:]/_ﬂ&k FRIpE P T—F
(TH) (AADC) (DBH)
L-Fryy —» LDOPA —3 FRIY —3 JATFKRLFUY
e Y (Y ) SR
COOH COOH
HzN_(‘:_H HN—[lj—H H,N — CH, H,N — CH;
2 | |
<‘:H2 'CHZ CH, HO —cCH
D | Q.| Q.
OH HO HO HO
__/ ./ ./ -~/
Figure 13. Catecholamine synthesis system

TH(FrY b Faxy 77—, I7a—17 I U ARROHREESRE T
Ho S, ELICTHOMSEE LT AADC & DBH 2341 640 CU5 (Figure 13).
ZHETIS, BREHO MeHg & & T a2 — 7 2 2O WTUIER OGN
o, TobxE, HIRT v MR 7 A O 7 B B £ T MeHg & 5

L7oiiR, A% 21 HRIC RN &2 LI EEBEEOFERETARD i
49



ez EnHE SN 2 Fe, BRAM MeHg 882 7 ~ MZBWTII/MKTD
VT RLF U RBERENNHRE SN TND 3, LER-T, IT7a—L7Iv
X MeHg #tEZE 2 5 FTHEREN TH L Z EDREIND.

% Z°C, LUHMES #ifiadZ H\\ 7z in vitro FEFCRIZE W THRRMEIIZEIT 5

MeHg MEFZ8 717 a— VT IV RITH 2 BT OV TRET LT,
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28 RS L OUE

2-1 FEWk O

ARERTIE, DITOEYE LOWEZ V.

A % ) — L (Methanol), 7'V > (Glycine), NNN'- AF L ERXT7 7 U/LT I K
(N,N'-Methylene-bisacrylamide : BIS), {7 kU 7 2 (Sodium Chloride : NaCl),

FUAE FaF I AFI)LT I/ AH 2 (Tris hydroxymethyl) aminomethane, Z v
U URRES T kU 7 2 (Sodium Lauryl Sulfate : SDS), ##% (Hydrochloric Acid : HCI),
2- A)NVH T hx= & J— ) (2 - Mercaptoethanol), “ =E 7 =/ — )L 7 )L —
(Bromophenol Blue : BPB), N,N.N'N'-7 K7 X FL=F L > P7 I 2 (N,NN',N'
- Tetramethylethylenediamine : TEMED), T 4 % v a2 — i+ b U U A
(Deoxycholic Acid Sodium Salt), A% A I/L7 (Skim Milk), /=7 ks P-4 0
(Nonidet® P-40 : NP-40), RU A F v =FL VL€ /771 —F
(Polyoxyethlene Sorbitan Monolaurate : Tween), M1t U 7 2 (potassium chloride :
KCI), © AMg/KsE _—F FVU 724 - 12 7K (di-Sodium Hydrogenphosphate 12-Water :
NazHPOs4 + 12H,0), Y AEE k3% » U © A (Potassium Dihydrogenphosphate :
KH:POs, 7KEE{LF + U ™ 2 (Sodium Hydroxide : NaOH), 0.25%-Trypsin / 1mM-
EDTA Solution, EDTA, #i{k VY F @ A (LiCl), proteinaseK, RNaseA |
NACALAI TESQUE, INC., bFGF | ReproCELL Inc., 77 & F = (Aprotinin),

1 A X 7"F > (Leupeptin), N6, 2'-O-Dibutyryladenosine 3',5'-cyclic monophosphate
sodium salt : docAMP, R U -L-A /v =F & # (Poly-L-ornithine solution) i&
SIGMA-ALDRICH, Co., Doxycycline Hyclate, Methylmercuric Chloride X TOKYO

CHEMICAL INDUSTRY CO., LTD., THUNDERBIRD® SYBR® gPCR Mix,
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ReverTra Ace® qPCR RT Master Mix {& TOYOBO CO.,LTD., <~V Y " fiifig 7
> & =7 A (Ammonium Peroxodisulphate : APS), 7 v IfiiEHR KT LT I v~
(Albumin from Bovine Serum : BSA), 7 = =)V A F )V A)NNFK=)L =T 1L F U R
(Phenylmethylsulfonyl Fluoride : PMSF), 7w 71 > 7 v &1 BCA % K (Protein
Assay BCA Kit), "R UV A vz F L 47 F L7 == )T —T )b
(Polyoxyethylene Octylphenyl Ether : Triton-X), 1E% ¥ Ii%F (Normal Goat Serum),
IEH 7 X1MiE (Normal Goat Serum), 2 U 7 fli ik B etk 22 (K - (Glial Cell
Line-derived Neurotrophic Factor, Human, recombinant, Animal-derived-free

rhGDNF), Fibronectin Solution from Human Plasma % Wako Pure Chemical Industries,

Ltd. TV Zhn Tl A L.
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2-2 EBRITIA

2-2-1 LUHMES #3538 & 431k

B 13 2-2-3 & 2-2-4 LRKRICAT o 72 2 HE oMK b0, flnz k) 7
UMBL, Yl a— SR 100mm T 4 v Yo (Ix107Hlf) BEOV6 U = b
7' L— b Qx10°HII/ 7 = W) ICH T L—T 7 Uiz, Ml fbssic 6 |

fAIRERT L 7.

2-2-2 Real-time RT-PCR

951 2-2-12 RERICAT o 72, LI I A ~—ZLLF D@ Y : Aromatic
L-amino-acid decarboxylase (44DC) (forward: 5~ AGGAAGCCCTGGAGAGAGACA-
3’; reverse: 5°- CTTGTTGCAGATAGGACCGACTT-3’), Dopamine beta-hydroxylase
(DBH) (forward: 5’-CCACAACCCACTGGTGATAGAA-3’, reverse: 5’-
TGATCCCCGCGTTGAAG-3’), and Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (forward: 5’-TGGTGAAGACGCCAGTGGA-3’; reverse: 5’-

GCACCGTCAAGGCTGAGAAC-3’) .

223 V= AL T 0y ME

15 2-2-10 L[RIERICAT > 72, #lfEsr{b 8 H B IZ 1xRIPA buffer TYA7» L7z,
1 WHUARIZIL, mouse anti-B-actin antibody (1:2000, Sigma-Aldrich)# & TY rabbit
anti-TH antibody (1:1000, Millipore)Z i/l L7z. 2 IKFLIAIZIZ, goat anti-mouse
IgG antibody, peroxidase conjugated, H+L (1:2500, Merck KGaA), goat anti-rabbit

IgG antibody, peroxidase conjugated, H+L (1:2500, Merck KGaA)Z H 7.
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2-2-4 7 = F U PEERE (ChIP) 7 v & A

RIVET AT E R (0.5%) 2 HWT 10 soFIRCiazEE Lz, Mia~r
> b % Cell lysis buffer [0.5 mM PIPES (pH 8.0), 85 mM KCl, 0.5% NP-40, 200 mM
PMSF] |Z 38 # S B 72, L v b % Nuclei lysis buffer [50 mM Tris-HCI1 (pH
8.0), 10 mM EDTA, 1% SDS, 200 mM PMSF] (249 2.67 x 10° nuclei/mL “C FF i <
o, BEMHRIE, PukL L bic4°C T v FaX— L7 ChP7 vt
A TIZLL F OB % H V7= : rabbit anti-acetylated histone H3 (Cell Signaling
Technology, Danvers, MA USA), rabbit anti-acetylated histone H3 lysine9 (Cell
Signaling Technology), rabbit anti-tri-methyl histone H3 lysine9 (Cell Signaling
Technology) and rabbit anti-tri-methyl histone H3 lysine27 (Cell Signaling Technology).
FEVAMRRIZ 10 pL @ dynabeads Z 1%, 4°CT 3 BEfElA > F =2 _X— KL, ZoX
JE-E— AEAEERELL T O NNy 7 7 — Ty L7z @ {low salt immune complex
wash buffer [0.1% SDS, 0.1% triton-X, 2 mM EDTA, 20 mM Tris-HCI (pH 8.0), 0.15M
NacCl]J; high salt immune complex wash buffer [0.1% SDS, 0.1% Triton-X, 2 mM EDTA,
20 mM Tris-HCI (pH 8.0), 0.5M NacCl]; LiCl wash buffer [0.1% NP-40, 0.25 M LiCl,
0.01 g/mL deoxycholic acid, 1 mM EDTA, 10 mM Tris-HCI (pH 8.0)], TE buffer) % {#
A L7, 120 uL @ IP ffR N 7 7 — [0.01% SDS, 1.1% Triton-X, 1.2 mM EDTA,
16.7 mM Tris-HCI (pH 8.0), 167 mM NaCl] Z Nz 7=%, V> 7% 15 AT
v 7 A L7=. Eif% RNaseA (Nacalai) & 0.2 MNaCl & & {2 65°C T—WeA1 > %
aX— kL7, ZDO%, 10 mM EDTA, 40 mM Tris-HCI (pH 6.5), 0.25 mg/mL
proteinase K (Nacalai) T 45 °C, 2 KfffliH{t. L7=. ChIP-DNA (X7 = /—/L 7/ nn
RV BB KO & ) — L CREL L, Real-time RT-PCR Tt L7z. TH
IRE—L —DOEBICHWE T T A~ —IZLLFDEY :-0.3 kb (forward: 5’-

CCCTCCCTGTGTGCTCTCTT-3’; reverse: 5 -TGGAATCTAATTGCCTTCACTCC-
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3’), -0.5 kb (forward: 5’-TATGAGACACACGGCCTGGAA-3’; reverse: 5’-
GGCACACTTTTAATGAACACCAGA-3’), -2.5 kb (forward: 5’-
TTCCCATCGGGCTTCCA-3’; reverse: 5’-CAGGCCAGGAGGAGAGACAT-3’).

ChIP-DNA O3, &£ DNAIZxTT5%E L TCEE L.

2-2-5 HEEHEMT
T RTCOFERIL, FEHELSE TE L. X TOMEFHENTIL, StatView
(Abacus, Baltimore, MD USA) & W\ TIT o 70, fERED 5% A\ A B EZ2H D &

L.
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5 3HET B

3-1 RS bH MeHg BRFEIZ X > T TH ORI L7

FEBRITH | B THRE MO MeHg BRERIC L > T T 2 — 7 I U EHGRO
HHEESR T D TH ORBUBD MR iz, LUHMES filEiZ X % in vitro B
FEMHNWTITo 72, (Figure 12). ZiVE TIZEMERME O 72 L HIRIR E O R
AH] MeHg MR, FEF OMOBEHRIEREINZ TR <, MRMREDE
ThONTa—NT I UERICHET D RIERHRE S TWD 293 0 Fiz,
in vitro DFFEIZEB N T HIKEE D MeHg BEEN I 7 2 — /L7 I VR ERET S
AREMEN DD Z ERFEINTNDE S, ZZCTHUANDO AT a—LT I &
¥R BRI DWW T BT 29T o 72. LUHMES #ifE 2 B TR HIIE 21k
D2HHAMNS8HHAETOD 6 HM, MeHg (1 nM) ([ZBEFE L, 44ADC & DBH D%
Bl 2 J5E L7z (Figure 14A, B). Z D5, MeHg Mg 1L AADC 3 XN DBH ©
mRNA LU A 5 2 720 o 7= (Figure 14A). —J7, TH O3B EILX, MeHg

WL THUNRITH L)L THAEIE T Lz (Figure 14C).
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Figure 14. Changes in the expression of TH by MeHg exposure. (A) mRNA levels of

AADC and DBH were determined on day 8 differentiated LUHMES cells exposed to

MeHg (1 nM) for 6 days. Data were normalized to control mRNA levels and presented

as means + SE (n = 4/group). Statistical significance was determined by Student’s #-test

(*p < 0.05: vs. control). (B) Pathway of catecholamine synthesis. (C) The protein levels

of TH and B-actin were determined in day 8 differentiated LUHMES cells exposed to

MeHg (1 nM) for 6 days. Data were normalized to control levels and presented as means

+ SE (n = 3/group). Statistical significance was determined by Student’s #-test (*p < 0.05:

vs. control).
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3-2 MeHg#FIZ L > T TH O 7 v —& —fHIkITI 1T 5 H3K27me3 2345/ L
7z

MeHg #5212 X > T TH ORBFD BRO b2, TH DT T —4—
BIZ BT 5 e & b AERIZ LA ChIP assay THENT L7=. TH D7 1 ®&—% —|%,
PR i DT BN I L > TR & <l &4 TH Y, NBRE (NGFI-B response
element), BBE (bicoid-type element), AP-1 (AP-1 response element) 72 & DU < D
DOER BN F DFEAENL A B 5 (Figure 15A)7. Bx53HENC BEE# 4 2 Aild O b

AHEIIC BT, BEREICBE T 5 AcH3 X° AcH3K9, #55HlicBE3 %
H3K9 me3 K> H3K27 me3 D L~V &G ~72. ZOfER, MeHgg&#ZIZ LY THD
7aE— X —fEIIC BT, H3K27 me3 WA EIZHEMNT 5 2 E R L MR o

7= (Figure 15B).
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Figure 15. Histone modification changes in the promoter region of 7H by MeHg
exposure. (A) Regulatory elements in the human 7TH promoter (NBRE: NGFI-B response
element, BBE: bicoid-type element, AP-1: AP-1 response element) for primer sets. (B)
ChIP assays of AcH3, AcH3K9, H3K27 me3, and H3K9 me3 levels at the human TH
promoter in differentiated LUHMES cells were performed. Data were normalized to
control levels and presented as means + SE (n = 5/group). Statistical significance was

determined by Student’s #-test (*p < 0.05: vs. control).
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At B

AETIE MeHg #8212 X - T TH OFIURD 1780 b /-7, MeHg IR
DATa—=NLT7 IVRICHETLIEGFORBEEZAE L. £ORE,
MeHg (= 6 H IR L 7= #hfmiiasto> 8 H BIC THRHN Z LR 7 B L~LT
HAHBICED Lz (Figure 14). 2 ORERIE, JeATeE O~ v 2 ik b ki
(MNOD Hifi) 123 T MeHg BREEA I TH OFRBNMET T2 LWV ) HiE L —%
95 M ZhE TIZEFER MeHg BRER 23 7- 1281 5 ADHD D FAEZR DO HE NI B
T HRREEK D 1 D Th L AlREtEnNfE SN TnD % £72, MeHg~DHAE
RRBEN AT a— AT I URE2ZBESEDL T EMERINTEY, THORD MR
AT a—NT IVROBRE LGSR T ARERHDH. F/3I % ADHD DY
REAPRICEE R LR AR L TNDHEEEILNTNDSTED ¥, MeHg ICX5H
T a— /T I ROEEN ADHD ORRIZEL- L TW D AREEMENRZ X b b.
L2sL72RN 6, FEERO ADHD FEJEIZ DV Tl MeHg HADBRFTE DA TR & 5 Z
EIEBEZITL L, BLEICITHFEL REREERZEE L WD ATRERH Y, £0D
F1CMeHg 12V 227 D 1212725700 L/,

WRIZ, THORB BT ) DEERBEE L TWD et Lz, A F b
RT BT E D A N ML, 7 a~TF UEREOE L A N B
FOT T —F —fHBR~OEBBIC L > TEIz FREZHIET L 2 &b T
W5 P MeHg BBFEIC LV, TH &7 0E—X —fEIcB T, EHMHNIC
BRI 32 Z &V 5TV % H3K27 me3 A BEICHEIN L 7= (Figure 15). ZiU 5
DFER LD, #EREHIC MeHg MR S5 &, TH 7 v — 4% —fElk CER G4
HNZBET 5 & X b AT 2 Z &Ik D, THREAME N5 Z &R
B X7z, MeHg 3Bl FHEOE&BETHH D, FA—NEZ LRI EREDR
Al R OGT 5. LRETOHIZETIE, MRAETFRICEEL 5 2 W KRE

60



® MeHg 1%, Akt X° CREB 72 E OB+ L ARG L, HL7 R h— A Z
NTE Bel-2 DFRBLEZMEITH T ENRINTND . L7 - T, MeHg Id#x
BRFLE X M AEMICED MR ICHEG L, AETRO bNe TH OFRE
PEIORFE N ECTWEER S S, MATINETIEYy T AZHWZRFHIE
W, BAZAEH MeHg BREE DN AEAEIC H3K27 me3 DI & AcH3 DD £ 9
Bdnf 7' 0 — X —fHIR O 7 0~ F UMEEO RGN 2 S 5 Z L
WEIHTWD O 20z &25, MeHg BBENEROEETFTIE Y ) LA
{28452 RIS ND.

ABFFEL Y, FEEHNTIR T DIRRED MeHg B#EIC L %5 TH O LT
PRRHEHEIC BLR 28 U QD ATHEPEANRIR S U7z oL
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F3E Invitro FERRIZE T DR MeHg BR#R 12 & % NR4AI D=7

J LB L OMRE A S A 7 (G AT

FH1EDORRND, KA MeHg DBRHRIZ L 2 M Z2E MK O T 1L, HDAC
DI X % AcH3 DIEY, DNMTIL L UL DN X 5 A F 11k DNA O
728, W OO ) AL S THELD Z EBRHLMNE /o7 0 F
72, MeHg BRFEIC L » T TH B LY NR44AI NNHEBD T2 Z LWL MR-
7= (Figure 12). = Z T 2ETIE, THORHRE D & 7 ) 2B OBHEEZH
Rz L 25, MeHgWg#EIZ L > C TH O 7' 1 & — X —fHi 2 35 1) D a5 4miE] 2 BY
H9™ % H3K27me3 DO MAFRD Hivi-.

VT, ARETIE NRAAL ITHEREZ Y TTHNT 21T 572, NR4Al L, orphan
nuclear receptors (NR4A1, NR4A2, NR4A3) 77 I U —I(Z@ L, HMIALHESHCRIE,
TR BP=RZEGT 5 2 OB L D &, NR4AL X, MRROIEE L W]
IAPE, 3 X O & RIEMARICEE S LT D S F7=, PCI2 Mifgicis T
HDAC BRFEH TSAIZ L 0 #FE S L2 ik (kls, AcH3K14 Z 41 L TR BN
% NRAAI BETHH Z L RHE SN TS S, 5§ 1 FICBW T, HDAC [i5E
AR E ] MeHg BREEIC K 2 PRSSEMRILE 2 88T 2 2 L 3B 6702
725> THY, MeHg IEERIZ X 2GR EMHICIHB VTS, NR4AL G- L
TWAHEEERS D, IR ETIE, vUAERIZE D, Nrdal 2SFLIEMHE
VST FT T AMBEO—FETH LM (LTP) OFRifRfM A2 s w5
ZEMHESH TG 97 X 5|2 Nrdal 1%, HBICBIT DA, oy T
ADBEELMERE L TND Z EbMEINTND 8,
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ZIBHOWEND, NRAAL RO ZEE AR RO A A 7 1572 £ O il
WCBWTHEHEREEZ R LTSI ERREBINS.
% 2T, LUHMES a4 AU TR MeHg BREEIT & 2 it 2 /< ¢

T IEMEIRENT 35 SOV NR4AL D= B4 ) WM %247 - 1=
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28 RS L OUE

21 FEBEPER O

RSB TIELL T O BB R B OREEA Rl 7=

Matrigel®/% CORNING, INC., Cytotoxicity LDH Assay Kit-WST /% DOJINDO
MOLECULAR TECHNOLOGIES, INC., # # / — /L (Methanol), 2 U v
(Glycine), NN'- A F L > vx7 7 U /L7 I K (N,N'-Methylene-bisacrylamide :
BIS), ik kU & A (Sodium Chloride: NaCl), hU Ak Raefxo AF L7 3 )/
A & (Tris hydroxymethyl) aminomethane, Z 7 U /A fiiifgF U 7 & (Sodium
Lauryl Sulfate : SDS), &% (Hydrochloric Acid : HCI), 2- A /v 7 hx & 7 —)L (2
- Mercaptoethanol), 7 v & 7 = / — /L 7 /L— (Bromophenol Blue : BPB),
NNNNN - 5 b 7 X F b= F L Y7 I ¥ (NNNN -
Tetramethylethylenediamine : TEMED), T 4 % v a2 — L&+ ~ U 7 A
(Deoxycholic Acid Sodium Salt), A A /L7 (Skim Milk), / =5 v~ k P-40
(Nonidet® P-40 : NP-40), R U A F v =F L VL€ /7L —F
(Polyoxyethlene Sorbitan Monolaurate : Tween), ¥E{t.% U 7 2 (potassium chloride :
KCI), Y ABEKFE—F FU 7 A - 12K (di-Sodium Hydrogenphosphate 12-Water :
Na;HPOs - 12H,0), ¥V AME /K3 7 U © L (Potassium Dihydrogenphosphate :
KH2PO4), 7Kf2{tF kYU 7 A (Sodium Hydroxide : NaOH), 4 % - /XZ KL AT L
T b K D ARSI (4%-Paraformaldehyde Phosphate Buffer Solution), 0.25%-
Trypsin/ ImM-EDTA Solution, Phosphatase Inhibitor Cocktail, EDTA, &bV F >

2 (LiCl), proteinaseK, RNaseA X NACALAI TESQUE, INC., DNeasy Blood &
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Tissue Kit, EpiTect Bisulfite Kit /% QIAGEN, bFGF (% ReproCELL Inc., 77 w1
= (Aprotinin), w A -~ > (Leupeptin), N6, 2'-O-Dibutyryladenosine 3'5'-
cyclic monophosphate sodium salt : dbcAMP, 7RV -L-A /v =F ¥ #& (Poly-L-
ornithine solution)/% SIGMA-ALDRICH, Co., Doxycycline Hyclate, Methylmercuric
Chloride X TOKYO CHEMICAL INDUSTRY CO., LTD., THUNDERBIRD®
SYBR® gPCR Mix, ReverTra Ace® gPCR RT Master Mix, KOD SYBR® gPCR Mix
I¥ TOYOBO CO., LTD., XV A % Y " i 7 > F = v & (Ammonium
Peroxodisulphate : APS), 7 “IfLi&EH &7 /L7 2 > (Albumin from Bovine Serum :
BSA), 7 ==L AF /L ALK =)L =" ,L4 U K (Phenylmethylsulfonyl Fluoride :
PMSF), 7u7 A 7 ¥4 BCA * > k (Protein Assay BCA Kit), &Y A F
=F v A7 FI)vT7 = =)L=—7 )L (Polyoxyethylene Octylphenyl Ether : Triton-X),
IEH 7 ¥ 1MiE (Normal Goat Serum), 1E# -7 ¥ 1iE (Normal Goat Serum), 2V 7
MR KR R skt iR S #2 K 1~ (Glial Cell Line-derived Neurotrophic Factor, Human,
recombinant, Animal-derived-free : rhGDNF), Fibronectin Solution from Human

Plasma |'& Wako Pure Chemical Industries, Ltd. XV =L ZF 1A LT-.

2-2  FEER L

2-2-1 LUHMES #flaksas 5ik

AMFFETHE M L 72 LUHMES il D558 3 KL Vb d 2 b DERE1T 5 729
A L2 5B, RIS STV S 350 2 B oM botk, Mz
KTV, La—kLl72100mmT ¢ v = (Ix107Hf0) B8 L6 ¥
/L7 L— R~ 2x10° Hlfa/ 7 = v ICHERR L7-. MR, b HERHIZ T 6 A
MeRF L7,
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2-2-2  MeHg 1% # O FEZER G

2 HHoMaMbo, Mildz~LF 77 L— MIEERE L, 1 nM MeHg
(CH3HgCl) C 6 HRJALEE L7=. LUHMES fifaix, #h#ofbo 2 BB S 16 A H
FC, 6 HfE MeHg (1 nM) (ZFEFZ L7=. MeHg (InM) % 6 H[#IEEZ L7731k 8 H
H® LUHMES fif@iZ 2\ T, Real-time RT-PCR, V= A X7y MMk, 7 &
~F UHETERE (ChIP) 7 vt A 2 %Eli L7=. F7=, MeHg (1 nM) % 6 H [HjigE
L7z 16 H H %3k LUHMES M@ D\ C, A1 716 4, 10, 16 HH)
B L O EEE (16 B B)Z2 M@ L7,

223 Uz ARZrTmy bk

51 E2-2-10 L FRRICAT o 72, MR k8 A HICHIe Z R L, 1xRIPA buffer
TS, 1| WHARIZLL T O Y : mouse anti-B-actin antibody (1:2000,
Sigma Aldrich) and rabbit anti-NR4A1 antibody (1:1000, invitrogen). 2 IXRHLIRILLL
%A L7 : goat anti-mouse IgG antibody, peroxidase conjugated, H+L (1:2500,
Merck KGaA), goat anti-rabbit IgG antibody, peroxidase conjugated, H+L (1:2500,
Merck KGaA). #f%\Z, A7 L % ECL prime & A > % =-<— k L, FUSION

SOLO S (Vilber Lourmat) % W TILER A R L 7=,

2-2-4 Real-time RT-PCR

PureLink RNA Mini Kit % FHV T RNA Z fifith L 72. ReverTra Ace gPCR RT Master
Mix Z MW C, total RNA (1 > 7 vH7=0 1 pg) % cDNA ([ZHHRG S H 7.
THUNDERBIRD® SYBR® gPCR Mix % 7213 KOD SYBR® gqPCR Mix % H\ TV

7 V% A A RT-PCR f#HT % 17\, StepOne Real Time PCR System F 7= |
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QuantStudio 1 Real Time PCR System (Thermo Fisher Scientific) (Z CHE 21T > 7=.

U T VA L RT-PCR EHTICHA W7 T A~ —1ZLL RO Y TH %: Nuclear
Receptor Subfamily 4 Group A Member 1 (NR441) (forward: 5°-
AAGTGAAGGCCGCTGTGCT-3’, reverse: 5’-AGGCAGATGTACTTGGCGTTTT-3"),
and  glyceraldehyde-3-phosphate  dehydrogenase @ (GAPDH)  (forward: 5°-
TGGTGAAGACGCCAGTGGA-3’; reverse: 5’-GCACCGTCAAGGCTGAGAAC-3’).
YT GAPDH ¢DNA #1%, 9XT? PCR WESIGSOWNER = > b m—/L

ELTHERALE.

225 N"AY LT A =T R

DNeasy Blood & Tissue Kit CfIED 7' 1 b 2—/ L2 > C LUHMES #ifid i o &
J 1 DNA ZHiH L7=. ~/ 2 DNA (300 ng) % EpiTect Bisulfite Kit 2 iV T/3A
YT 7 A4 MBIz, SAHNT 7 A NEHASL/Z DNA 1X, NR4AI DERE.
BRAGERAL AN B 620~263bp LIEIZEIT 5 2 fHi A PCR CHE L7=. TS 71~
— & LU FIZ/R9: NR4AI -620~-434bp (forward: 5’-GGATTCGAGTTCGGTGCGGG-
3°, reverse: 5’-CGAAAAACCCGAAAAAACGA-3"), NR4AI -414~-263bp (forward:
5-GTTTTTCGTCGGAATCGTAT-3’, reverse: 5’-CTCCGCCACTAAAACTCCCC-3").
PCR E¥) % T-Vector pMD20 (Takara Bio Inc., Japan) (Z7 v —=>27L, &H#
TIANSEED 7 v— 2 EFIR L Tan =—PCR {77z, X7 X —~DifiA
EHERT AT, b E 2% T Hu— AL TESIUKE L. PCR EWIT
AV TaR) =BT L. BRLULEY T A2 N, MI3 79 A4~

— ALY =B LAy — 7 R L.

2-2-6 7 u~F LR (ChIP) 7 v & A
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52 B ERERIZIT o 72, PURIZLL T O Y ; rabbit anti-acetylated histone H3
lysinel4 (Cell Signaling Technology, Danvers, MA USA), rabbit anti-acetylated histone
H3 lysine9 (Cell Signaling Technology), rabbit anti-tri-methyl histone H3 lysine9 (Cell
Signaling Technology), and rabbit anti-tri-methyl histone H3 lysine27 (Cell Signaling
Technology), rabbit anti-CREB (48H2) (Cell Signaling Technology), rabbit anti-CBP
(Cell Signaling Technology). NR4Al 7' v & — X —OHEIEIZ AW 7T A ~—ILLL
T o Y: -04 kb (forward: 5’-CCCTTGTATGGCCAAAGCTC-3’; reverse: 5’-
TTTCGTAGCCTCCGCCACT-3’), -0.5 kb (forward: 5’-
GATCAAACAATCCGCGCTCCC-3’; reverse: 5’- GTCGAGCTTTGGCCATACAA -
37), -0.6 kb (forward: 5’-CCAGCTGGGACCCGAGTCCG-3’; reverse: 5’-
GGGTTCCATTGACGCAGGGA-3’). ChIP-DNA O &, &2 DNAIZXT D5%E L

TR L7-.

2-2-7 LDH Assay

NI, Cytotoxicity LDH Assay Kit-WST & W, #&E o7 o ha—
JNAZHES THIE L7z, LUHMES e & S m O fR R ICHE » TRUNEMR T LA (2
16 AL 72, &V 7NV OEEERIK 100 uL ZH LW 96 7 = /L7 L— b
\Z# L7-. Vrioskan LUX (Thermo Fisher Scientific) # J\\T, +XToOH 7

D 490 nm (2331 F 2 WG 2 HIE LT-.

2-2-8 SU/INEMRT LA (MEA)
Axion BioSystems ft> 7' 1 k= — L& LT, LUHMES #fifid 2 FvCTivh
BT LA DL % 1T - 7. LUHMES #1#% Matrigel = — K L 7=

CytoView MEA 24-well plate (Axion Biosystems) (Z EFRO X 912 (2-2-1) o {bEGH
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THEFE L, 3 AfgICEizc#a24T - 7-. MEA itéklE, Maestro MEA ' A7 L%
JWAXIS V7 F 7 =7 (Axion Biosystems) Z HW\NTiTo72. A/3A 7 ORI,

BEMOHETE ) A XADOIERRZED 6 FFITERE L 7S BIE 2 VT3 L 7.

2-2-9  HOGSHERLE L AR ISR R

INDHDERZITI ORI L TEE, fiEICREEINL TS, [
IR B L, HifE 4% /8T RV AT VT e RCHEEL, 2%IEH Y FijE T
27 L, 1 &PUA [rabbit anti-TUJ1 antibody (Sigma Aldrich)] & —WiA > F =
~N— N L7z, 1 IRPUERKSE, 2 IRTTIK[goat anti-rabbit Alexia 488 (Thermo Fisher
Scientific, Waltham, MA USA)|Z #&/J1 L7=. #%13% DAPI (Thermo Fisher Scientific) C
Yufa L7=. EVOS Auto 2 Imaging System (Invitrogen) F 7213 IN Cell Analyzer 2200
imaging system (GE Healthcare Japan Corporation, Japan) % VT > 7L Z li{4
b L7-. #%E L7=|i{8 )5 IN Cell investigator (GE Healthcare) % T, HfRIK

H1= 0 OB DR X Zfifr L7-.

2-2-10 R EHENT

T RTORGERITL, FELSE TER LTz, T X TOREHENT I StatView (Abacus,

Baltimore, MD USA)%Z W TiT o 72, fEfREN 5% Az A EEZHD & LTz,
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5 3HET B

3-1  MRMEHNC 1T HAKIRFE MeHg 25212 & - T, Mg D 231 7 iEME
KT L7

MR L MeHg BREE DS HRBSRRIC RIT T B L MRFT L. FEBRRE LT,
LUHMES fifaZ i L, ##&53{k%1T>7-. LUHMESflifais, #h#srfbo 2 A
/5 6 HIE, MeHg (1 nM) (2R L 7= (Figure 16A). ##%43fk 8 B B LIRRIX
MeHg % BrE L7 HICREER 2170, 16 H MBI R 21T - 7-.

EPHRRMIR Y F U — 7 OIEEZ &KRE TRET 572012, T LA kicH
BOE LB —DEE L TEE I, MEA Z W TRk [a] BEE o7& 4 2 7 F
fii L7-=. LUHMES #ifd% MEA 7L — k ETE:# L, A4 7 O E b
4HHEE10HH, 16 B BICHMT L7z (Figure 16B). Figure 16C 1%, &A1 &
A2 7 ey b CTAHEL7ZH 0 THD. TORER, MeHg 1240k 16 HHIZK
Wi, control Ff & Fhi LT MeHg BREEFEIZ 35U THR L S 4L72 AR A 27 B003
DL TV, FTZOANAL ZIEEORDPMIEIZ LD DTN &%
LDH assay |2 & > CTHEZZ L7z (Figure 16D). ZiL5H DfEHIL, (KB D MeHg 12

WEET B T LT, RO A 2 TR T 5 T AR LTS,
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Figure 16. Effects of MeHg exposure on neural spike activity and neurite extension.
(A) Schematic diagram of MeHg exposure experiment of LUHMES cells. LUHMES cells
were exposed to MeHg (1 nM) for six days from day two to day eight of neuronal
differentiation. Real-time RT-PCR, Western blot, and ChIP assay were performed after
six days of exposure to MeHg (1 nM). Neural spike activity (Day 4, 10, and 16) and
cytotoxicity were measured on day 16 differentiated LUHMES cells exposed to MeHg (1
nM) for six days. (B) The average number of spikes was analyzed in Neural Metric Tool.
Data were expressed as mean + SE (n = 6-8/group). Statistics were calculated by Student's
t-test (*p < 0.05: vs. control). (C) Raster plot representative of neural spiking activity
visualized by the Neural Metric Tool. Black ticks indicate individual spikes. (D)
Cytotoxicity was measured on day 16 differentiated LUHMES cells exposed to MeHg (1
nM) for six days. Data were expressed as mean = SE (n = 7-8/group). Statistics were

calculated by Student's #-test (*p < 0.05: vs. control).
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3-2 MR MeHg BRERIZ K - T, NR4A1 ODFREHEMMET L7-

% 1 FT, HDAC BHEAID MR {b ] MeHg BREEIZ X 2 ik S i R fHL%5 %
ETDHZEEHALNT LY, LRTOMZETIE, PCI2 #ifiZ3V T HDAC fH
EHI TSA I L 08 S 583612 AcH3K 14 27 L CR BN 5 NR4AL
METH D Z EPHRESILTND O 5 1 BTV T NRAAT OF B 2378
DO, FRRRZEE MR IHIC NRAAT OFEELED 3B 25 fREMEN H 5 .
T, MR E MeHg BREZIZ X D NR4AT EHELIZHOWTH 7 L
IVTHIENT LTz, ZORES, MeHg IRFEIZL YD, mRNA BLUF X7 H 1L~

VDT T NRAAL DREBNFEITIET T 5 Z L3RS 7 (Figure 17).
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Figure 17. Analysis of expression of NR4A1 by MeHg exposure. (A) mRNA level of
NR4A1 was determined in day eight differentiated LUHMES cells exposed to MeHg (1
nM) for six days. Data were expressed as mean = SE (n = 4/group). Statistics were
calculated by Student’s #-test (*p < 0.05: vs. control). (B) The protein levels of NR4A1
and B-actin were determined in day eight differentiated LUHMES cells exposed to MeHg
(1 nM) for six days. Data were expressed as mean + SE (n = 3/group). Statistics were

calculated by Student’s #-test (*p < 0.05: vs. control).
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3.3 MR Ei MeHg 2812 K > C, NR44l 7' v E—%— LD A F )11k DNA

REEIL 7=

MeHg BEFE I L U NRAAL OFRBIME T L7272, NR4AI 7 v E— % —FERIC
BT D DNA A F AL ZRIE L=, NR4AI Eis T ORBUL, WRERNTTHD
cAMP response element-binding protein (CREB) & myocyte enhancer factor-2 (MEF2)
BT 5 2 DORllx D DNA Hil#EfEk & B LT\ 5 . MEF2 regulatory
element (MRE) ¥AZJE30 D CpG (2B TIiE, MeHg BEFRIZ L W A Ffb&hiz
VRV EN ol BT, ATFMEY MU U E T cAMP
response element (CRE) #{iZ CTOMMTH#E R Z 7~ L7z, Figure 18 1%, & h NR4AI
B DR G BIAA S 5-514, -494, -344, -322bp DNLEIZEH 5 450 CRE &7 L
726 DT, CRE DALiEIL, NRIAI BIE T DTG R & BT 5. NRI4I 7'm
F— & —fHIkD DNA X FIUALDOFEEE Z G5 7212, MeHg (1 nM) (2 6 H [
#% L7247t 8 H H® LUHMES flifdd> %7 7 I DNA Z /31 L7 7 A MESi L,
NR4AI 70— —FIRIZ 1T 5 CpG D > — 7 = U A& AT o7z, £ DRER
Figure 18 (27~ 9 XL 912, MeHg HEFEH#E TIE, CpG 28 control #f & Hhik L THI7HY

WZAF SN TND Z E DRSS NTZ.
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Figure 18. DNA methylation analysis of the NR4A1 promoter region by MeHg

exposure. By extracting genomic DNA from differentiated LUHMES cells, bisulfite

sequencing analysis of 9 or 10 CpG sites (around CRE) located upstream of the

transcription start site of NR4A41 was performed; unmethylated (open circles) versus

methylated (closed circles). Each row represents the analysis of a single clone.
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3.4 FRRMEH MeHg MEFZIZ K > C, NR44Al O7 v —X —fEikick T 5t

A b AN R LT

NR4AI DFEBUT T 0 & — X —FEIKD 2 5D MRE & 4 -5® CRE HRAL Tl <
nTwnb ¥ ZZ T, Figure 19A 2R K 912, NR4AI Bl 7 rE—F—IC
BIFHE A N AEMENE, 3 OO/ T ChIP 7 vt A Z1To7. 55
fEEIZBE -5 AcH3K9 3 L O AcH3K 14, #x 5N BE#E 95 H3K9me3 5 &
O H3K27me3 O L~UL & it L7z, MeHg BEEEIZ LV, NR4AI 7o E—X —D
H3K9me3 L~UIZZARIZZ2 - 7273, AcH3K14 & AcH3K9 [T E 2/ L,

H3K27me3 O L ~UIEA EIZHEIN L 72 (Figure 19B).
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Figure 19. Changes in histone modifications in the NR4A41 promoter region by MeHg
exposure. (A) Regulatory elements in the human NR441 promoter (MRE: MEF2
regulatory element, CRE: cAMP response element) for primer sets. (B) ChIP assays for
AcH3K9, AcH3K 14, H3K9me3, and H3K27me3 levels in the human NR4A41 promoter
were performed using differentiated LUHMES cells. Data were expressed as mean = SE

(n = 4-6/group). Statistics were calculated by Student’s #-test (*p < 0.05: vs. control).
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3.5 MeHgBgFEIZ L > C, NR44l 7' 0 &— X —fEIKIZ 1T 5 CREB & CBP ®

FE N LT

MeHg BREEIZ KLV NR4IAI 70 &—Z —fEOD AcH3K14 A EICHEAD Liz7-
b, H3K14 D7 v F b E2FE TS5 X b7 ®F 5 —¥ Th% CREB binding
protein (CBP) 5L T* CBP LA LT XA T v F 7 —ViEtE2iFE T %
CREB 7% CRE Be¥ICENB SN2 0t L7c. ZDOfEE MeHg #EIZ L - T
NR4A1 7' v & — X —fEIRIZF 17 5 CREB & CBP O A& L 7= (Figure 20B).
F72 H3K27me3 HbAEEICHEML T\ = Z & D, NR4AI 7 vt — X —FEI~D
enhancer of zeste homolog 2 (EZH2) DFEGIZDOWTHEMNT L7 & 2 A, MeHg i
280 -0.4kb 2BV T DA EZH2 OfEA =B L7z (Figure 20B). EZH2 I3k
ARNSAFNINT AT 27 —BTHY, H3K2Tme3 Z il L CHEIE -3 %
HET RN TND 0 ZnHOfEF KD, MeHg BRI X - T,
NR4AI 7' v %€—X —f810> CRE 21T 5 CREB 3 X O CBP M@l B A3 HE

SINDZ EPRENIZ.
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Figure 20. Analysis of transcription factor binding in the promoter region of NR4A1
by MeHg exposure. (A) Regulatory elements in the human NR4A41 promoter (MRE:
MEF?2 regulatory element, CRE: cAMP response element) for primer sets. (B) ChIP
assays for CREB, CBP, and EZH2 levels in the human NR4A1 promoter were performed
using differentiated LUHMES cells. Data were expressed as mean + SE (n = 4-6/group).

Statistics were calculated by Student’s #-test (*p < 0.05: vs. control).
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ABFFEIZ L, I (LI OKIRE MeHg BREEDS, =& 7 LELZEAT
L TNR4AL OFBLAHAE L, #RSHIaOELZHET 5 2 LALLM R T,
1 BT, MR ORI MeHg MRS AR ZSEME A ET 2 2
EERLE . ZNETORETH MeHg BERIE, b MEMESRMEE I Oe b
AR RIS AL DR L O BR IR SE M R A PLET 2 Z L B It/ > T
W5 0 RETIE, MR~ DR EE X GICHRFTT 2729, BRVEBTFHIE
Wr 24T W ARSI IREI~DE L T= L 2 A, MeHg BRFRIC X » TR
D ASA 7 DIEEEDME T L7= (Figure 16B, C). £/ 1 ETHLAMC L LD
|2, HDAC BHEFNIFMIE L DOBRIZ MeHg BEFRIC L > Tl &L Z &5
BRI E G ET S, £72, HDAC FHLEH] (TSA) /1 L7= NR4A1 DFEH]
HN2s PC12 MR ORI HEATH D Z LR LTElmERH D ©. I HIC
NR4AL 1%, AL R0V T T ZADRERERI3 A0 2 il § 2 G Bk SRR G 7w 7
FLDEBERBRERTHLZLBHOBNLTND & ZnbDOHEND,
NR4A1 DR DI RRC A3 A 7 {72 E OB O MK S5 L T s
ZENREEING. THEEY, MeHg REZIZ LY NRAAL OFRBNE T T 52 &
DI BN o 72 (Figure 17). L2 LAFREEREIZ IS 1T D NR4AL D Ty 7 F b
DFEMMIR A T = X LE, REBHAINATE LT, WO OMR#RICE D S
B TORBEZHE T HHEZHTWH BN TWS. FlZiX, 7v b
DRSS DIEEMN T Nrdal ZIBFIRBLIED &, A OHEBERAIEF K
N CHDF-T 7 FOflENZE > 5 Polo-like kinase 2 <° RhoA/Racl ¥ 7 /L%
BOBIRFRELL ODBBFICHBEZANAEL D Z ERRESNTND 8 X
512, PKA-CREB-Nur77-Synapsinl > 7"} /VARFERR KIS 7 4 /L A 23 U U ALE 2

X5 PCI2 Ml DM ICMNETHDHZ ELHLMNZR>TWE L Lz
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N> T, REFFETIIMFTTERD TN, 5HIX NRIAI O X DI F OIS T
IZOWTHIBITTHMERDH D LEZOND.

F7-, MeHg 5212 L VY NR4Al O 7 & — & —fEE T AcH3K14 23 L,
H3K27me3 23480 L 7= (Figure 19). I 2 CHABK 1 OFFEIT R 5 A LT~ 7
FER, NR4AI O 7 1€ — & —fEIC 51T 5 CREB & CBP OfE & &M A LT
%2 E NS MM o 7= (Figure 20). CBP X HAT THY, Zu~F L UE5
VIRBETREOGEICEE R EEZH S TR, REEEICEETHE R
N H3K14 O 7 B F /AL BT 5 2. ZAE TORETIE, vV A
OATENFRERCMMAARL 2 W7o #ATIZ L 0 HDAC FHEANC L o5tE L &7 & 7]
YEDHFRIZIL, CREB & CBP OAHAMEM AT L7 NR4AL OFBLBLHATH
HZEDRENTND 2B U= 5T, MeHg BgRFEIZ L DR A SA 7 {EME
DTt CREB & CBP O AAEH Z 41 L7z NR4AT OFEELD A3 BEE L Tu
B AREMEDNRIB XD . F 7z H3K27me3 Zfillit 9~ % EZH2 122\ T H NR4AI D
TuE— =R B T D E B AT L2RER, PRI L TR RRD 5
iz, L LABERRGE L7l L v & Bz T EZH2 OFEA &8N LT
WHRREME S B 2 DL D728, H3K2Tme3 DIEIND 53 A 71 = X LMZDOW T
SORDLIMANDOMENRDHD.

F72 MeHg IXBETFHETHLTD, XU _XTEOFF—)VH il L OREH &
BAHIETHZ ENTE S, LRTOWE TIE, KR D MeHg 7% Akt <° CREB
7 EOERER T EARATHI LT, FLTR b RAX L8 E Bel2 Ol
GPRBZIHIT 2 Z LR E N7 . CBP 1L CREB & HRBEHEAREZIZA L
T, HAT {EMEIC RV, BERFIHEG LT WA =T s n~F U EExE
5 7 L7z -o T, MeHg 78 CREB LA HMA L2 Licky, Yox—

—fHEIT?D CREB OfE &M PAEF S 41, ZOfER CBP OB E &[RRI L7z
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AREMEN D D, TN D DORERN S, MeHg X NR441 7' 01— X —fHIB~D
CREB-CBP A MRDOFEA ZE L, AcH3KI4 LUV DL %I LT NR4AL D
FREMFIL TNDZ EDORIBENS.

9 —DDONRENRT S ) MEMHIIEIDNA A F UL TH Y, ZHIUILETE
BHERH Y, =5 AOMEEFZ THSH . MeHg BEFEH DNA O X F )L
bl E5 2 L1E, WS OPORETHLNZESNTWD. BIxIE, Bdnf
BIG O 7 0E— X —fEETlX, MeHg ~DHEFTOBREICLY, 14 » Ao
F~ U AT DNA DA TFIALRBIE STz . 61, MRz - €L
EDO MeHg ([ZIREET HE, 70— LR DNA A TFIUUEL~ABKTT 562 8%
WS TWD P B 1 ETRLULEMRIZEN TS, MeHg BREEDS in vivo & in
vitro DI JFDOFEERFR T 1 —r3L7e DNA A F /UL L~ L2 HINEE 5 Z &7
HOMNZR o720 FI2LIRINZ, NR4AI 7 0 —H —IZ81F 5 DNA O A F )b
{b23 NR441 mRNA OFBZ IR TFEE5 Z L G SN TN D 5. S RIOHASET
I%, MeHg W#FEICZ LY NR4AI 7' & — X —fEIBIZ IS 1T 5 A F/U{k DNA 2330
T 5 EMPRE T (Figure 18). 55 1 FIZEWT, Mk bH MeHg 1#8212 X
- T DNMT ORBUEMNZAEN X F /U L DNA 2T 5 Z E BB 52725 T
BV N, NR4AIl 7w E—F —fHIICIK T H A F/L{LDNA DOHANZ H, DNMT D
FEHIHMAB G- LT D AREMEN H 5. Loy L MeHg #5212 X % DNMT O %8
MR EDL IR A D= ALTHER I INDNIEH LN > TV RN D,
S ZDA T = A NRAZAT O BN DD

LLED Z 20D, AWFZEER e 0 MeHg BREE DS LB HRIRE Th > T
HASREREE 25| S 242 b, 2 OBREREEIL NR4AI 7' 1 T — X —FEIT~
7 CREB -CBP &1 OFEGBLE 2 L= NRIAI DEGIHINBE T2 Z & &

BN LTz,
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S

I
N

MeHg |35 R E LB LR 72 & Ofk 2 2 ik R E 4 5 & i 2 3k aE
Thn. W, LW L > T MeHg 2 ZiRg L =AM E 2 TR NMEERT 5
LI LR~ DBEENREINTWD. RIRITRERETHD, FEF
DI R E I L CRICHESI Th B, iz, BRAEMIT KR
T LEENE DB TH Y, BEEREWTZDIEEIC LSV
XT 4 7 ABEBEZ VLTV, LavL, ZHE TSRS o MeHg 1%
BB LIE 2T 47 A LOBEEARTRETIZEALE RN, FITA
WIFEITIEIR~ & A % AV in vivo ERGR & LUHMES fifid 2 N7z in vitro 32
BRSRIC K o TR IR /0L ] MeHg MR ERIZ X DR RE~ D L — &

7 DAL & OBIENE A R LT,

%1 FETIX, Invivo EBRFRI LW in vitro EBRFR % O TH#R 5L MeHg
RIS L DR EEME~ORBB IO ) AT 21T 7. LLTICE
OINIZHREE LD S.

1) invivo FEEFRIS L in vitro FEBRRITIS U THIRE /L] MeHg BREEIZ -
THRRRZE R R 3 il S iz

2) invivo EERI LW in vitro FEFRIZI W THIRE ML MeHg BRERIZ X -
T A F (k. DNA OFINE LT DNMTI1 OHNAFERD b 7.

3) invivo BRI LW in vitro FEFCRIZIS WD THIRE (L] MeHg BRERIZ & -
T AcH3 D435 L OV HDAC3 3 LU HDAC6 DFBUBMATE D b7,

4) LUHMES Hifidz F N7z in vitro EBRSRICI W T, HDAC BEHIZHWTE
AN AEMZEAL LRI E OREA MR L7 L 25, MeHgB#EIZ LD
PR ZE L R OMBNIZSE R D b,
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PLE X 0 AR O S MeHg MEFEAY HDAC ORIBEIMAZ N Lzt A b
H3 O 7 & F /LD 3 LT DNMT1 OB Z ) L7- A F /L1 DNA O
M X, mREffEomilzsl g+t aP\oMnI L. £
NHOTET ) LEGIC L HEEB A 52T 2 aREEO & D857 & LT TH
BELONRIAI ZH N LT, £ TH 2ETIL TH, 55 3 8 TIL NR4AL D

TS LM EAT o T2

552 B TIX, invitro FEERR A WD THER L MeHg BB IC L 5 TH O &
) DEACICOWTIRT 21T - 72, IFICEONTEREE LD D,
1)  #R53EH MeHg BR8E1Z X - T TH OFEE BB L7,
2) MM EE MeHg BEEEIC L » C TH O 7' 0 & — X —fEIC BT 5
H3K27me3 75481 L 7.

PbXv, FEEHICEIT D IKEE O MeHg %12 X - TS| 12 B9
L A R AEMITH D H3K27me3 O¥NZ > T, TH DWW TW S Af

REME RIE S LT,

%3 ETIL, invitro FEFRRIZBWTHEE MU MeHg B2 #5112 X D NR4AI O~
B BEALE L OMR A A Z I OfRNT 24T o 72, BL RIS S ALkl R
xR DD,

1) MR B MeHg BRFEIZ K - C, #EHIED A3 A 7 1M K Ok 2e
BRI Sz

2) AR E MeHg BRFEIZ X > C NR4A1 OR BB L.

3) b MeHg BRFEIC K > C NR44I D7 0 & — X —FEIC BIT 5 A F

JUAL DNA 238800 L 7=.
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4) MRS MeHg BRFE 12 & > C NR44I O 7 b — X —fEIRIZBIT 5
AcH3K14 2350 L, CBP 3 X N CREB OfEA M LE S L7z,

PLEX D, #ifo b MeHg 212 L » THE 7 AIEMEN A L, =
DOHEBEREZEZ NRAAT 7 1 F— & —fFlk~? CREB -CBP i &Kk O AP E %

A L7= NR4A1 OEREHNHINEIHE T B afgEEn H D Z E #H BN LTz,

PLEOFR X 0 AW RIS, b3 1T D IRIRE MeHg P2 34K

DT ) DB EI L THREREIC B 52 0 LW TV =T 4 v 7

A B =X LD A A LT,
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A

AREKRZDICHTZY, AMROEZEZHY, FIHKIGHEZRE 2 5 1EE,
TEMERE 2 B9 V) L 7o BB R B PRt AN 7 KT L S TR 3“2 8 B R %
AELV B TIRER D EZ R LET.

ABFFEICER U CRAREIERE) 22 2 HIF6E, ZBIS &MV £ L7 EMIa IR A
SRR MRS, FEAT S RS AR L DN SRR IR AT T S R IR R
- LET

AWFZEDBATIZE 720, Hg OMINEEEOREICE L TIHEZH ) %
B0 £ Uiz, ENTKRRAEHFTEE v & —EBEFIei R AR e
o= LET.

AL DOFEIZHT= 0 FIR TS 250 £ U7l RIER R A 37 oKq
VEAAL RS R, By T OGEEEIAERdR e

SR, AR IR LR/ I VR L E

AWFF21%, ISPS BHFE 19715480 DB 252 1F 7= 6 D T .
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ADHD: Attention-Deficit Hyperactivity Disorder
AADC: Aromatic L-amino acid decarboxylase
ATCAY: Cerebellar ataxia, cayman type

Bcl-2: B-cell/CLL lymphoma 2

BDNF: Brain-Derived Neurotrophic Factor
CNTN2: Contactin 2

DAT: D-alanine aminotransferase

DBH: Dopamine beta-hydroxylase

DCX: Neuronal migration protein doublecortin
DNA: Deoxyribonucleic Acid

ERK: Extracellular signal-regulated kinase

LTP: Long-term potentiation

mRNA: Messenger Ribonucleic Acid

NEFM: Neurofilament medium polypeptide
NGF: Nerve growth factor

NR4A1: Nuclear receptor subfamily 4 group A member 1
NURRI1: Nuclear receptor subfamily 4 group A member 2
OCT4: organic cation/carnitine transporter4
PBS: Phosphate Buffered Saline

PBX1: Pre-B-cell leukemia transcription factor 1
PCR: Polymerase Chain Reaction

RNA: Ribonucleic Acid

RT-PCR: Reverse Transcription-Polymerase Chain Reaction
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SOX2: SRY (sex determining region Y)-box 2
STMN2: Stathmin-2

SYNI1: Synapsin-1

TBS: Tris Buffered Saline

TH: Tyrosine hydroxylase

TrkA: Tropomyosin receptor kinase A
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