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AMPA: a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid
Atp6v1lh: ATPase H+ transporting V1 subunit H
bHLH: basic helix-loop-helix

CLEAR: coordinated lysosomal expression and regulation

it

CNQX: 6-cyano-7-nitroquinoxaline-2,3-dione

COX: cytochrome c oxidase

ctsb: cathepsin B

ctsd: cathepsin D

Cyt.ct cytochrome c

DBT: dibutyltin

Dox: doxycycline

GABA: y-aminobutyric acid

gba: glucosylceramidase beta

GFP: green fluorescent protein

HA: human influenza hemagglutinin

HEK 293T: human embryonic kidney 293T

K.D.: knockdown

K.O.: knockout

LAMP1: lysosomal-associated membrane protein 1
mcoln1: mucolipin 1

MiT: microphthalmia transcription factor

MITF: melanogenesis associated transcription factor
NAS: 1-naphthylacetylspermine

NMDA: M-methyl-D-aspartate

NRE: nuclear respiratory factor-1 binding element
NRF-1: nuclear respiratory factor-1

PGC-1a: Peroxisome proliferator-activated receptor gamma coactivator 1-alpha
PPAR: proliferator-activated receptor

shRNA: small hairpin RNA

TBT: tributyltin

Tet: tetracycline

TFES3: transcription factor E3

TFEB: transcription factor EB

TMT: trimethyltin



REST: RE-1-silencing transcription factor
RXR: Retinoid X receptor



£ 1 E i

Fx OH OB D IITE KRR OCFEWEDFE L, EOEITFE A B Xl TW\Wb,
& LB & o THA OEFIIERN TRIELR DI > TEL—FH T, ZHD
—HiT e FROE AT L THEREEEZ 52D OBV IRINGTIHET 5, PEXEE
MR E o7 18 HREN LREMTWE DO b P ~ORFEHEITRE SN TWZH D
D, Nx D THERIND Z &3 7otz BEALFWE P TA B I NIED
7TeDi 20 HALLIRETH O . HIERIRBR L, FBRPERN. A AR — VDR LS BHEE I
DO, ANxOBREATFWEICHT2ELbbEm o TE, BAETS
Polychlorinated biphenyls (PCBs) |2 & 2 BgEaiHYLRE A 22 & L C 1973 42 Tk
FWE OFAE K OCHIEFOBHICET 2EME] (RFE) NHES L, W\ 7E S
UL E O 5> HEE MR, &ifErE, RSO H 5 b 02 RrE bW E I E L.
B - AR SND L bl oTo, TOX DBV AND, BETND O ERE
PRERIC K DR BIIUGE SN D L O Ro7ob DD, HHE/KEREETICEE LIk
W OARIR FE R IR R IZ L D IR~ D REIIKIR L LT > T 5, (L P E DO
PEA N = A LZH LT D2 LI, TS 2 ZRIMHEMT D7 OICHEFICEHETH D,

AHEA XM AT BB DA A& BT L D 72 D (2 PR O Bk & L TR < B
S TE 723, 1980 FRITHEDE FARIZHEDO TR E B S DA Rt v 7 28]
SR HRE ST LRE, AR XA O IZERRAICHIR ST b, HRDOXIR &
LCiE, 1989 FIIHEFEIC LY N U T FARAXAF v K (TBTO) 25— EL
FOEIE S, WG, WA EASFRE RS TS, E2, 1992 FIZIZ R 7T
NWAZX7m T4 R (TBTCD % 13 FEHOALEWAE _FFrE(L B IR E S,
HEICBEDAIHH OXGR E ST, L LR b, KR OBEKSHE T2k 2 A1 A
ZACE ORI EAAE & & < BERH S 7% b SO g v EHERE ) )
5OMHEAHE STV 5D (Viglino et al., 2004; Miki et al., 2011), Miki & 23 T7-7-
AETUIN D I D AR XA OBEYHAEIC KL D . #JHE)D 1.4 — 190 ng/ml
O TBT SN2 ERWALNE/R > TS (Miki et al., 2011; table 1),
Airaksinen HI37 4 7 v FAPRNEEZN L TEIT 5 - HbH7 0 OFEHHEAX
ft&wE { TBT., b)Y 7==LZAX (TPT) . ¥7F/LAX (DBT), VA7 FILAX
(DOT) } OAEFN 3.2 nglkg bw day! ThHH Z & w5 LT % (Airaksinen et al.,
2010), Z OfEIE. FRNAME BN ED TV LA — HERE X VIRVETIESH 2
D, BREA ZALEWARIREE 7223 & HABVERICIRE SN BROF EBIRR L LTHE
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BLRTNERS2WHETH D,

Fish species Blood Muscle Liver
N DBT TBT DBT TBT DBT TBT

Pufferfish (Tetraodontiformes)

Japanese puffer (Takifugu niphobles) 7 19+1.8a 130£73a 23%6.1a 13£14b 6.2 +4.5a 18+13Db
Panther puffer (T. pardalis) 4 20+23a 75 £ G9a 0.4 +£0.5a 7.3+9.0a 11£12a 12+14a
Finepatterned puffer (T. poecilonotits) 9 1.5+09a 30+8.1a NDb NDb 1.1£1.6b 1.3+£22b
Purple puffer (T. porphyreus) 8 1.2£0.8a 18 £ 8.6a NDb NDb 23x22a 3.9+44b
Green rough-backed puffer (Lagocephalus wheeleii) 5 NDa 16 +4.2a 0.5+1.0a 0.2 +0.5b 5.2 +5.5a NDb
Black scraper (Thamnaconus maodestus) 3 1.6 +0.6a 15+ 8.6a NDa 1.5+2.6a 4.9+ 22a NDa
Non-pufferfish

Japanese sea perch (Lateolabrax japonicus) 2 16 190 33 39 1320 140

Red sea bream (Pagrus major) 3 1.1+03a 82+3.1a NDa NDb 43+37a NDb
Japanese common goby (Acanthogobius flavimanus) 5 11£32a 26 +34a NDb NDa 52+ 18¢ NDa
Japanese flounder {Paralichthys olivaceus) 2 13 60 0.1 0.8 4.7 6.6
Rockfish (Sebastiscus marmoratus) 5 06+0.3a 11£49a 0.1+0.1b 06£0.2b 1.8 08¢ 33%1.2b
Conger eel (Conger myriaster) 5 03+04a 14+1.1a 0.4 +0.4a 3.7+£0.8b 23x7.1b 15+£3.7¢
Sea mullet (Mugil cephalus) 5 0.5 +0.4da 3.5+5.9a 2.1 £0.4b 4.0 £8.5a 43 £ 58¢ 19+37a

" Whole blood; ND <0.1 ng/g. Values followed by the same letter in each column are not significantly different at the 5% level.

Table 1. Mean DBT and TBT concentrations (mean = SD, ng/mL for blood and ng/g,
wet weight, for liver and muscle) in pufferfish and non-pufferfish samples (Miki et

al., 2011).

Retinoid X receptor (RXR) (%, VU # ¥ KNG R 1 & U TR~ 7o R BRBEREIC BY
B4 28T ORIME 248 5 BAZEZEDO—>TH D5, MU T AT AXTEE
RXR © U v FEGHEEBICHES L, BEEELZRET LI ZEAMbATVD
(Nakanishi et al., 2005), RXR (% proliferator-activated receptors (PPARs) D~7 11
FA~—DN— =L LTHEIET 2720, AHAXLEMIT RXR REX A ~—D
#7253 RXR/PPARy ~7 v ¥ A v — % 10-100 nM O j£ £ TIHEME T 5
(Kanayama et al., 2005), 7=, PPARs (212 C farnesoid X receptor (FXR). thyroid
hormone receptors (TRs). constitutive androstane receptor (CAR). pregnane X
receptor (PXR) & W o 72ENZHEDL RXR E~nTudf~—% T2 Linn,
FARAZNEWI NG OBNZEREZN LT TIEG FORBAELFETHLEZDL
ND, BRNZFEERITGT 27 T=2 MERIE, ABEA ZMEEMOTEEA T =X L %W 6
MZT 5 ETHETH L,

HALEM OIKIT— RG220 5 LIEENARARETH H 2 & D | lH 1T kKB

(L VEGFALEMOR~DOBATHIEE SN TR Y | #EMEN L TFoNTWD, Ln
L2 B AEA ZALEMIIM~DOBATIE | < ik mtE L sl s 252 e nmon T
Wo, il ziX, 10,20, 30 mgrkgbw ¢ TBT HUME G 1Lk BN A g L, TBT A3

MEE £ TRIET D, ZORE, BILA M VAL RIEVES N7 BOREE, 7R b—



VAT FNAOIEM LRSI I L, RIS A5 T 5 (Mitra et al.,
2013), %7- TBT ORMBREITIHEH RO 2 EOITEIRE 25 SR IT L0
(Ema et al,, 1991), =7 ZHRD PRI b L2 Z{bSELE bbb TV D
(Tsunoda et al., 2004), Mitra ©(3#E~x Z2AKOREI D> & BLEE L 72 g il
30-3000nM @ TBT Z W& Llle st 3l L7z & 2 5, ok & I~ TRREIR D
It TBT x4 2z MENEmW &2 R L7z (Mitra et al., 2014), Chang &
Dyer 135 v FMEBIZHT 2 B U AF L 2L (TMT) OFRAEEETICHOWTHE L.
BRRENZ I W TR OMRREMEN O Hivd 2 &R0, CA3 SO FTH NRID J7 234+
ML BREEZEREN & 2845 L TuW5 (Chang and Dyer, 1983), ZD Xk 22, H
A XA BT 2 MR DOFALCFEIUT Lo TRAR D Z LAVRIR S LTV D,

B A XA ORIREENE X 71 = X LD — DTG IEWE B L OF O /IR Kt
THRENETOND, v 7 2 /B (y-aminobutyric acid: GABA) (T ##E R I
BT 2 REH LA R ERE TH O | ARIEE, T 7 AN, bR 2 iiE
BB W CEBER&EE 2 K727, 30 nM TBT % KA EMRICIEEZET > LT
GABA 1> F 7 2L BB O 338D HAL D A, ARSI I W TIZ Z OFE
RIFRRD b, ZoZ b, TBT (X 7 ARAOHIMFER I E L KT
T2 LEAURER IS (Yamadaeta., 2010), TDJFEKE LT, TBT 1 C1 /OH 7 > F
RN—Hx—L L #< 728 (Tosteson and Wieth, 1979)., FDOIEMIZL Y ClT KA A A
G2 ADMHGE LSRN Cl IREERIFRYZ GABA RV AT MIEEE G 2T
WL ZEDREFOND, &I, TMT OFREIZEY ~ U AHIZEIT 5 GABAs ZAK
7=y b, GABA ZHEKY T 2=v I, GABA BHEERLR T (ME GABA F 7
AR—=H =T NVEI VBT AINEX YT —BhRE) OBRBAENEILT HZ &
(Nishimura et al., 2001; Kim et al., 2015) <°, 7 7 U # A /)L JIRHifa R 8% %
AW EERIZE Y, TMT X pM 4 —4% —T GABAxs AR T v xNVEHETHZ &
N SN Tnd (Kriiger et al., 2005),

TS I VBRI RIS T D R MR R EME TH Y IV F I VR
ZARRITAR R O A7 U B 5- L (Blandini et al., 1996; Monti et al., 2002;
Hirasawa et al., 2003), ¥ 50 LM %R EI 2 5 Z LN bitTung, BES
PESCIMIE ML EEIR 32 7V & X VR AR Z T L TR~ D Ja )V 2 0 DR ANIE T
IV DMRAFIE S 2R 7 B TR E OR & RN Y 7T v A — Rz i RS IEEE L
PRSI & A — U % 5 2 5 A[REMENE 2 57T % (Choi, 1988; Tymianski, 1996;



Ying et al., 1997), A A > F ¥ Fx AT TV 2 I RS RKRIZEIC, Nmethyl-D-
aspartate (NMDA) Z&{A & a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid
(AMPA) %KD 2 FEICKAI S5, NMDA XA KIZEY 72=> Fd NR1 &
gl 7 2=y h® NR2 KO NR3 ®7 7 I U =26k S, Gl ~7=2=>y hO
BRI DFEZEBRPEIC L > TR T 2, ENEh oY 7 2=y MIFRNEE %
Y, NMDA ZBEDOF ¥ 2L O ECHIEN JBTE 2 R ET 5 (Luoetal., 2011)7= 8,
NMDA =R DR CITHROTEERCAFICEE L EZ D B2 050, —H,
AMPA =Z%K1T GluR1 75 GluR4 @ 4 FEOYV 7 2=y hOKREEII~T 1
WEERICE VRSN IZHEETHY AMPA ZEEKOY 72=> h® > 5 GluR2
VLS SE RIS BRI (Hollmann and Heinemann, 1994) . KJiMEZE M (Kondo
et al., 1997) F(TIRIA< FEBL L TW5H, AMPA RO LU LG tElE GluR2
OFEIZ L Y PE S, GluR2 K4 AMPA Z &K% b OMEHIIIZE WA LS T A
B AR L, BERMICAH L CHRETHD LM SN TS (Liu and Zukin,
2007; Fig.1),

GluR1 GIuR3 (b) GluR1 GluR2
N Na+ Ca2?+/Zn2+ Nat Ca2+/Zn2+

Yoy Y

Ca®*-permeable AMPA receptors Ca?*-impermeable AMPA receptors
100 PA 1003 PA
) ] mVY
-60 -40 - il 20 40 60 50
- 100- mv
- 200 -60  -40  -20 20 40 60
4 -50
» 300_
Rectifying I/V curve Linear I/V curve

TRENDS in Neurosciences

Figure 1. Ca**-permeability of AMPA receptors depend on the subunit composition.

(Liu and Zukin, 2007)



Tex ORFFEETITLART L W 7V 2 I VIR KR Z I LTz TBT OMRENEA =X
LADRIENCAET LT D, 7 v b REMECEAARREAMIIRIC 500 nM © TBT ZHiE9
5 Z L THIIAMIIBRIE D 72 I R S, RSN FR SN D 2 & &
Nakatsu 57238 572 L7z (Nakatsu et al., 2006), Z O#FFSHIINMEILZ AMPA Z &K
DIREAR]TH D 6-cyano-T-nitroquinoxaline-2,3-dione (CNQX) ¥ L' NMDA Z&
ROEEATHD MK-801 IZXLVEHET D Z Lnn, TBT (2 XV FH3 I 4L 55
FBEIL 7 V2 L VB ARDREE LTV D ZERNRIB I NG, & HICFA L, BURTIE
MR Z S S Z S WRETH S 20nM @ TBT 23, Z ¥ I B HIEOY
7= s Tohsd NR1, NR2A, GluR1, GluR2 D¥El%H /) -+, NR2B, GluR3,
GluR4 O¥RH%AZ FH S22 2 A L7= (Nakatsu et al., 2009), 20 nM @ TBT
Z 9 HMHINREE L7 ARG 7 v 2 X BRI 2 N 2 Tk MR~ Caz+ JiiA
MEIR L, Z USROS IASE O B8 58 54172 (Nakatsu et al., 2009), GluR2
BT IE~ v Ak 5 TBT ORAMBREICL>Thil&Z 35 (Ishida et
al., 2017a), Fifi@EY | GluR2 ¥ 7 == & AMPA Z&KD Ca2 iz fiE
TAHYVTa=y b THY ., GluR2 BELENJHA L7z Z & T AMPA KD Ca %
WM B U72RESR. 702 I BRI R L TR 23 fgssfb L7z & TS D,
L7233 > T GluR2 OFEEEIK T, (KiRE TBT OfiEEiEA =X LZHEE595 L
EZ2obivh, 2T, A TIE TBT (2L 5 GluR2 BB A 1 = X L EWEHT 5
Z & T, ERRE TBT ICk28MEA D =X L ORFERAEZ IR LT,



52 KIMEZEYRESEIC 25 TBT OmE it

%1 HT RS

DLRT O T, BRI OB BRE & X TRWRETH S 20nM @ TBT BEEEIC
£V GluR2 FELE D L, M Mas81c72 5 2 & 27" L7- (Nakatsu et al.,
2009), % > /X7 EIBLEA A T = X BZIEH T B OERRBLE & EENE 2 5
N5, 20nM @ TBT 9 HREEFEIZL Y GluR2 mRNA OIETHAREDO LD Z & h
5, TBT I GluR2 DG AHEFE L TWAHA[EEMENE X bivd, & 2 TR TIX
TBT 78 GluR2 OB RFIZ5 2 5582 70 il L7z,

% 2 81 TBTRZIZ X DM EERA~D 2

#HHIZ, Nakatsu L2352 L7z 120 nM TBT BgFR 2 X 2 Rk e g 551k
(Nakatsu et al., 2009) ] BAFEFRIZBNTERD HLILODENEREELTZ, 7 v MK
WP EAMRAFRRAEAR L 20 nM TBT % 9 ARIRERR 7 L7 I ke 24 BRIRINL .
MIRAFER AT L7 & 2 A, 50 pM 7 /v & I VBIRINKFIZ =2 > b v — /L ORI
&l LT TBT & FrfcHuICiREE L 72 e I i W TRIIIAEFER O T 23080 b i
7o SDIT, ZOMIBAEFRIE T GluR2 & 700 AMPA A RERA T > 2 =2
= A FNToh % 1-naphthylacetylspermine (NAS) OHALELIZ L v M & 417z (Fig. 2),

L7ehy o TUARFEBRRIZE W T HURTOMHE & RIFRIC TBT ORHEHIBREEIC K 5k
AR D HEFH L AFE D B ATz,



120 - *ok ok
::" k%
S 100 -
Q
‘s
- 80 A
=
- W vehicle
£ 60 -
= OTBT
<
S 40 -
o
O 20 -
0 = T T T T ]
Glutamate (pM) 0 50 100 50 0

300 pM NAS

Figure 2. Effect of TBT exposure on glutamate toxicity in primary cortical neurons.
Cortical neurons were exposed to 50-100 pM glutamate for 24h with or without 300
pM 1-naphtyl acetyl spermine (NAS) after TBT exposure and cell viability was
measured. The data are expressed as the mean + S.E.M. (=4). ***P< 0.001 vs.
control (Tukey’s test).
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% 3 Hi TBT BRI L5 GluR2 RH B~

Nakatsu ©O#E TiE, 20 nM TBT @ 9 HFIEFHE T GluR2 O¥ > 7 EEB LW
mRNA OFRBFEMETT 52 L 2RIELTW5HA (Nakatsu et al., 2009). GluR2 %
B2 SEDOIC4ER TBT OBREREICE L TIEH 62T -> T, £ 2
T TBT OFRFUKAFII R B Z T T 572012, 7 v M R E AR LI 20
nM @ TBT ZkEx 7oFE ClggEs, % 37 EEB LN mRNA BEHELAFHME LT-, ©
DGR, Z o7 ERBlEIIgRE% 3 HEND (Fig. 3a). mRNA B &IIBHEE 3
[ % 70> D A =728 3389 bl (Fig. 3b),

(a) (b)

GIUR2  |ams S— o
B-actin [e— — —— a—
¥ 120 - 120 -
8 c
«w 100 S 100 -
2 ' @
< g0 o 2= 80 -
S SE
? 60 ¢S 60+
w <L Y o
b % )
g 404 £ 40 -
E 20 4 g 20 -
3 o
o0 - ; y y 0 - y
Cont. 6h 3d 9d Cont. 9d
20 nM TBT 20 nM TBT

Figure 3. TBT-induced changes in GluR2 whole cell protein and mRNA expression.

(a) Cortical neurons were exposed to DMSO (as a control) or 20 nM TBT for various
times, and then GluR2 protein expression was detected by western blotting.
Quantitative analysis was performed using Image J software, and the GluR2 protein
levels were corrected based on the B-actin protein levels. The data are expressed as
the mean + S.EM. (n=5). * p<0.05 vs. control, ** p< 0.01 vs. control (Student’s ¢
test). (b) Cortical neurons were exposed to DMSO or 20 nM TBT for various times,
and then GluR2 mRNA expression was measured by real-time PCR. The mRNA level
was normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The data
are expressed as the mean + S.E.M. (n = 3), * p < 0.05 vs. control, ** p < 0.01 vs.

control (Student’s ttest).
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GluR2 & C Khind AMPA ZZEEO#EIRXIZE S L TH Y | glutamate receptor
interacting protein (GRIP), protein interacting with C kinase 1 (PICK1) 72 XD ¥ >/
R LS L RIRO SN HE ST D (Dong et al., 1997; Wyszynski et al.,
2002; Xia et al., 1999), GRIP X° PICK1 ® GluR2 C K ~D#EE 1% protein
kinase C (PKC) (2L Vil sV, PKC 2LV 880 HFHDE U NV (kX
7= GluR2 1% GRIP & OFEAREIME T L, WEIB T35 & Z &5 (Chung et al.,
2000; Matsuda et al., 2000), = ® X 9 2L, FFEOEBFHICEE CTCHDH T
2O FEWH] (long-term depression; LTD) (ZRAIKTHD EEbNTNDE, &5
PKC 7 A V74 —ALTH% PKM{ 7 N-ethylmaleimide-sensitive factor (NSF)
& GluR2 OfEE &Rt S &, Mg £ T GluR2 RBBIAZLEIE 5 Z L TEMRE
FHEFFSHE D Z ERRBEEIN TS (Migues et al., 2010; Pastalkova et al., 2006;
Serrano et al., 2008) (Fig. 4),

GluR1

C Trafficking

PICK1

Figure 4. General mechanism of GluR2 trafficking.
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WHRAEIZ W T AMPA ZRMRITHIE S M ZEE L T e, EERIC
AMPA =R E LCTHRE L T 2l Eo GluR2 ZBLEITHIIRE IR T 2R BLE
AL TWD EBEZBRD, L7zdi-> T, Fig.3 TR® bz TBT IRE&IZ L DM
R0 GluR2 I EK TIL, Ml EICB W THRBRIZRD D & TEIND, £
T, MlEEICR TS GluR2 BEBlELZ V= AZ T uyT 4 7 THMiLz & 2 A,
TBT ME#EIZ LV BEBREOERTRRD b/ (Fig. 5a), S HITHERETEEZ W T
GluR2 & fiflafe % o X7 '8 Tdh 5 N-cadherin ORFEZFHEL/ZE Z A, TBT & N-
cadherin OILJFHIE L~V OIKF3F8® b7z (Fig. 5b), LLEOFER LY | TBT i
(XMl o GluR2 BEE LD T Z LB BNERoT,

(a) (b)

Surface GluR2
N-cadherin -q

Cont. TBT

GluR2

N-cadherin Merge

Cont.

TBT

Figure 5 TBT-induced changes in GluR2 membrane protein expression.

(a) Cortical neurons were exposed to DMSO or 20 nM TBT for 9 days. The cell surface
proteins were then biotinylated, and detected by western blotting; (b) Cortical
neurons were exposed to DMSO or 20 nM TBT for 9 days, and immunostaining was
performed using a mouse anti-GluR2 antibody that recognizes the MN-terminal
extracellular domain of GIuR2 (green), and a rabbit anti- N-cadherin antibody (red).

Yellow indicates co-localization of GluR2 and N-cadherin. Scale bar: 20 pm.
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% 4 fi TBT BRI X285 K1 DNA &R

GluR2 @ mRNA REE &[T % REEER I L > TR S TV D, K2, GluR2
O #E ALK 7 & L T nuclear respiratory factor-1 (NRF-1) &  Sp-family
transcription factor (Sp1), #55-#il[K 1 & LT RE-1-silencing transcription factor
(REST) (514 : neuron restrictive silencer factor (NRSF)) 23 X1 TH Y (Myers
et al., 1998; Dhar et al., 2009a), Z# 5 DGR T3 GluR2 7o —X —D-300~1
ORI FE TN TFAET D (Fig. 6), Spl 1INT AF— ' VBB T OG22 &
W2 D — RS EIRFTh 5 (Wierstra, 2008), £7-. REST IZiMEIN72 Sl X v
FHE I, GluR2 OB BIEMEDE#) 4 5 & Z 3 & 41TV % (Calderone
et al., 2003),

Rat GIuR2 promoter -301 to +479

—-301 GCTTCCCAGG CATAGCAACC GGAAATCAGT TTTGCAGCAT TTGGATCTGG CTGGAGCATC
REST

—-241 TCTGCAGCTA CCATAAACCC TGCAACCTCA GCCCAGAGCT CCGACTAA}'&G CGCTGTCCTC

—-181 | GGTGCTAAAA | TCGGATGCGC AAGACTGGAG GTCTCTAAGA GGCACCAGGC TGCCCGGCTC

-121 TGAGCTGAGC TTTCTCGGCA CCGTGCAGAA GCTGCCAGGG CTGTGCAGGG TGCAGGGCGC
Sp1 NRF-1
-61 TYIGCGGGG6 AGGGHTAGGT GCGCGAGCTC CCTGCCTGCC TTGAGTCGCG CACGCGCGCC|

+1
-1 CGAGACTGCC TGCCCCTCTC TGTGACTTITC CTGTGTGTGT GCGTGTGTGT GTATGIGTGT
+60 GTATGTGTGT GCGCGCTCGT e=vevvevs- IFARLARLRRE ATATTTTGTG GATGCTCTAC

+420 TTTTCTTGGA @EAMG ATTATGCATA TTTCTGTCCT CCTTTCTCCT GTTTTATGGG

Figure 6. Putative binding sites of transcription factors to rat GluR2 promoter.
Partial nucleotide sequences of the rat GluR2 promoter, and the binding sites of
NRF-1, Spl, and REST. The 5-most prominent initiation site is shown as the +1
transcription initiation site, located 430 bases 5' of the GluR2 AUG (bent arrow).
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TBT 12X % GluR2 I A T =X L ZHHNCT 572D, GluR2 '€ —#
—IZB T DA OAY X7 LAF Rigktd 5 NRF-1 (Fig. 7a), Spl (Fig. 7b).
REST (Fig. 7c) OB EAE 7NV 7 T vt A Z2 HW TRl L=,

F 9 NRF-1 (2B L Cid. specific competitor & L CTHE#k L TV 72wy NRF-1 #5&
A2z 5 &7 o3 RZE 2 (lane 3). non-specific competitor & L T, AP2 #&
BRHNZMA D &N RRBINTZZ &5 (laned), 2D 7 F/3 FH NRF-1 Th
HZENHERTE T, £/, 2 hr—/b (laneb) &_T TBT 1% 3 FFf (lane
6). 24 FfH (lane 7) T NRF-1 ® DNA FATEHEIR F 23530 Hiviz,

Spl 2B L TiE specific competitor & L TRk L T2y Spl #EEESAZ Nz 5
L7 FN KR4 (lane 3).  non-specific competitor & L C AP1 fEAEISZ N
Z25HLTT7 MRV RBHENTZZEND (laned), ZDT 7 bR KA Spl THDH I &
WHERTE 7z, £72, =2 hr—/L (laneb) Lit# L, TBT 1E#% (lane6) 2BV T
7 bRy RICBFE R ZAITRBO b o Tz,

REST (23 TlZ, specific competitor & L CTHEak L Tu eV REST #EAHECS 2 N
25 E 7 o3y RANEZ (lane 3). non-specific competitor & LT AP2 fE&EIS%
Mz 2 &7 bR RR3BINTzZ 55 (laned), ZDY 7 hANv KA REST Th oD
DR TE T, 2 hr—/L (lane 5) & TBT WE# (lane 6) Ak L7z & 25,
7 MY RICBEERBITRO o Tz,
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(a)

2P labeled oligonucleotide + + + o+ + o+

Specific competitor - - s - - -

Non-specific competitor - - - + - - -

Nuclear extract - + o+ o+ - - -

DMSO treated nuclear extract - - - - + - -

TBT treated nuclear extract - - - - - 3h 24h
1 2 3 4 5 6 7

NRF-1 EEp

(b)

32P |labeled oligonucleotide
Specific competitor -
Non-specific competitor -
Nuclear extract =
DMSO treated nuclear extract
TBT treated nuclear extract

+

sp1 mmp
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(c)

2P |abeled oligonucleotide + + + o+ +
Specific competitor - -+ - - -
Non-specific competitor - - -+ - -
Nuclear extract - + + o+ - -
DMSO treated nuclear extract - - - -+ -
TBT treated nuclear extract - - - - - +

1 2 3 4 5 6

REST mmp

Figure 7. Effect of TBT on the binding activity of NRF-1, Sp1, and REST to their
putative binding sites.

Nuclear proteins were extracted from DMSO- or TBT-exposed cortical neurons,
and the DNA binding activities of NRF-1 (a), Sp1 (b), and REST (c) were analyzed
by gel shift assay. An excess of specific (lane 3) or non-specific (lane 4)
oligonucleotides was added as a competitor. DMSO-treated nuclear extracts (lane 5)
and TBT-treated nuclear extracts (lane 6 and 7) were incubated with 32P-labelled
oligonucleotides containing the GIuR2 promoter region, and DNA—protein complexes
were separated from free DNA probes by gel electrophoresis. The arrows show

specific band shifts.
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wIZ, GluR2 7uaE—# —|Zxf7 5 NRF-1 OfEETEEZFHMET 272012, KK
BRI 20nM TBT 4 3 Wil 3 HfH. 9 HEEE L, HT NRF-1 HUk
R\ a~TF U nB AT o7, £ ORES. NRF-1 @ GluR2 7'rE—4 —IC
oG TBT W 3 Rfi%h o L (Fig. 8), 7Ly 7 F7 viA THDH
NlefER e —H L7z,
PLEORER LY TBT 1L NRF-1 OEGIEEEZFFRICIKRT IS5 Z EnH oM e
ol

120 -

100 - *
L
80 - *
60
40
20 -
0 y Y T
3h 3d 9d

Cont.

NRF-1 binding activity to
GIuR2 promoter (% of cont.)

20 nM TBT

Figure 8. Effect of TBT on NRF-1 binding activity to GluR2 promoter.

Cortical neurons were exposed to DMSO as a control or 20 nM TBT for various times,
and then the NRF-1 binding activity to the GluR2 promoter was examined by ChIP
assay using NRF-1 antibody. Purified DNA samples were subjected to quantitative
real-time PCR analyses, and the DNA levels were corrected relative to the input
sample. The data are expressed as the mean + S.EM. (n =5). * p< 0.05 vs. control

(Student’ s #test).
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% 5 Hi TBT I&#EIZ X% COX4, COX6e, cytochrome ¢ mRNA 35

F O ATP s~ 5%

5 4 ik TBT 1% NRF-1 28 RAICHET 22 & T GluR2 BEROIK T4
BlER T2 LR S 7z, NRF-1 (X GluR2 LISMZH X b= R Y 7 B {S 1
T& 5 cytochrome c (cyt.c) <° cytochrome c oxidase (COX) Dz B[R ¥ & L THi<
LR STV (Virbasius et al., 1994; Scarpulla, 2006; Dhar et al., 2008), %
ZC. TBT /% NRF-1 #[H#ET % Z & T GluR2 U NRF-1 FiiiEs iox LT
HERFIMH A 5] i 2T Em NSOV TRRGE L 7o, RIMBCE AR RMAZIZ 20 nM
TBT % % F:fiiE#E 1% . COX4. COX6e, cyt.c ® mRNA RIIE A L7 & = %, TBT
9 HRBZEICH W TZENS O mRNA HBELEOK FARD b7z (Fig. 9a),

F72. COX4, COX6e, cyt.c 1ZI by NUT ORI Y VLS E I LTz ATP
PEARIZBIS-T %, £ 2 Tl ATP &4l L7-& 2 A, 20 nM TBT 9 H IREE (T
kvarbro— LHERLT 88% T ATP &0 F235RH i/ (Fig. 9b),

LED#ER LY TBT 13 NRF-1 ZFH#HE 4252 & T cyt.e, COX4, COX6c DFEHL
BT I, ZOMEMIEN ATP 20K T25ZE T EnHALN o7,
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160 -
M coxd

140 4

[ cox6e
120 -
Oeyt.c

100 o ™

8

20

mRNA expression (% of cont.)
3

Cont. 3h 24 h 9d

20 nM TBT

I |
24 h 3d 6d 9d

20 nM TBT

(b)

120 4

100 | I

Cont. 3h

(=]
o

ATP content (% of cont.)
e [=2]
(=] (=)

]
o

o

Figure 9. TBT induced changes in COX4, COX6¢, and cyt.c mRNA expression, and
intracellular ATP content.

(a) Cortical neurons were exposed to DMSO or 20 nM TBT for various times, and
then the mRNA expression of cyt.c, COX4, and COX6¢c was measured by real-time
PCR. The data are expressed as the mean + S.E.M. (n = 3). * p < 0.05 vs. control
(Student’s #test). (b) Cortical neurons were exposed to 20 nM TBT for various times,
and the intracellular ATP content was measured. The data are expressed as the

mean + S.E.M. (n = 24-32). ** p< 0.01 vs. control (Student’s #test).
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# 6 #i TBT (Z X% NRF-1, PGC-la # > X7 EH L LV

mRNA FE &~ D2

Peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1a)
I NRF-1 Z & Tokkx RER TR F & fEA L IRG R ETNC B R EE A2 R 7o iR B AL A
FThD, LTz > T, PGC-la OHEELENZE( LIHE NRF-1 OIEMEG HELZ T
HEEBEZBND, EZ T, TBT I2L 5 NRF-1 [HEA =X LZHLENTT H7DIZ,
NRF-1 8L PGC-la ®# > /37 B & mRNA BB EZ M L7z, KMEE
&AL 20 nM TBT # &g, NRF-1 350 PGC-la O X /37 BB &
ZEHt L7z & 2 A PGC-1a # v /"7 BB BEOHELREMIIFRD SN >T72b DD,
NRF-1 # /37 B3 8E1X TBT9 HEMEFHEIZ L > CTHEIE T L7z (Fig. 10a-c), [A
FRIZ mRNA FELEICE L THIHMh L7z & 2 A, PGC-1la mRNA 8 &I B 72 A H)
TR B2 >72b 00, NRF-1 mRNA #8i&(T TBT9 HHEEICL Y AREIZK
T L7 (Fig. 10d, 10e),

LLEDORER G, TBT E#ZIZ L5 NRF-1 HFEIC NRF-1 ORBEK FARE LT
WHZEDBHLMNE ST,
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(a)

NRF-T | o o o———

PGC-1a N e W——

f-actin |EEED TN e SE—

(b)

120 1 NRF-1
100 -

G

£ 120 7 pGe-1a

100
80 -
60 -
40 A
20 +

Cont. 3h 24 h 9d Cont. 3h

80 1

60 1

40 -

20 1

Protein expression (% of cont.)
(=)

Protein expression (% of cont.)

0 4

24 h 9d

20 nM TBT 20 nM TBT

S 1209 Nrea £ 891 pgcia
] S 160 -
2100 - S 140
o -2 T
£ 80 9; 120 A
c .
5 4l % 100
0 > 80 -+
2 5
o 40 4 x 60
s c 40
p l
< 20 - F4
z & 20
E
E 0 4 . v . 0 - v ; v
Cont. 3h 24h 9d Cont. 3h 24 h 9d
20 nM TBT 20 nM TBT

Figure 10. Effect of TBT on NRF-1 and PGC-1a expression.

(a) Cortical neurons were exposed to DMSO or 20 nM TBT for various times, then
NRF-1 and PGC-la protein expression was detected by western blotting.
Quantitative analysis of the NRF-1 (b) and PGC-1a (c¢) protein expression was
performed using Image J software, and protein levels were corrected based on B-actin
protein levels. The data are expressed as the mean + S.E.M. (n=3). *** p<0.001 vs.
control (Student’s #test). Cortical neurons were exposed to DMSO or 20 nM TBT for
various times, and then NRF-1 (d) and PGC-1a (e) mRNA expression was measured
by real-time PCR. The data are expressed as the mean + S.EM. (n=4). *** p<0.001
vs. control (Student’s #test).
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% 7 # TBT (2X% NRF-1, PGC-la EZFREIEIIx 5

M E CHRR SN E R FIIENICEIT L TmBEFORBFEH 2175 720,
NRF-1 iR T O—RE L TEBITORTREZ biLd, £ 2 CRIMEEPIRE =M
AR 20 nM TBT 4 #&RFENREE L, Bl & M E |50 NRF-1 3 X0 PGC-
la BHELZMLIZE ZA, & - MRERBEOLITVTNS TBT BREICK->TE
g L7220~ 72 (Fig. 11a, 11b),

YU bofEF X v, TBT B#EIC L5 NRF-1 % A 7 =X 42 NRF-1 BX O PGC-
la OEBATEENIEE L TV RN Z AR I NT,

(a) (b)

NRF-1 | S s S NRF-1 | S S s a—
PGC-1a PGC-1a | Sl d . 4
— — . — -
p-tubulin | D — S — Lamin B | S e a— a—
140 1 wNRF-1 160 1 wNRF-1

s S 140 -

S 120 { OPGC-a S OPGC-1a

w w

£ 100 - g 1201

E X £100

c g 80 c$

% S 80

2 o 601 e

ag o 2. 60

.2 40 - E

- 3 ¥

3
& 201 Z 2
0 - : ; ' , 0 : ' '
Cont. 1 3 24 Cont. 1 3 24
20 nM TBT (hr) 20 nM TBT (hr)

Figure 11. Effect of TBT on NRF-1 and PGC-1_ nuclear translocation.

Cytosolic proteins (a) and nuclear proteins (b) were extracted from DMSO- or TBT-
treated cortical neurons, and then NRF-1 and PGC-la protein expression was
detected by western blotting. Quantitative analysis was performed using Image J
software, and the protein levels were corrected based on the B-tubulin and Lamin B

protein levels. The data are expressed as the mean + S.E.M (n = 3).
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% 8 #i TBT (2XL % NRF-1 “BKBICKT 5%

NRF-1 [37RE “BIEZEHT %5 Z & T DNA IZT 5484 b (Gugneja et
al., 1997), = Z T, TBT E#&IZ L5 NRF-1 8RS KIT 5 B AT 570
2, Bl FEAZEOE YV HEK293T Mgz H L7-, HEK293T #ifZlZ green
fluorescent protein (GFP)-hemagglutinin (HA) % 7 %#fl& L7 NRF-1 & HA %7
Z@A L7~ NRF-1 #L3H S8 7/-%, 20 nM TBT % 3 BEfiE#E#% D GFP-HA-
NRF-1 & HA-NRF-1 OEGEERREZ G L7z, 2 Of5%E., TBT B2 L5 NRF-
1 “EAREROENRD bz (Fig. 12),

Input IP:GFP IP:lgG
Cont. TBT Cont. BT Cont.
kDa kDa
- GFP-HA-NRF-1
100 — | - SS=see | GFP-HA-NRF-1 100 — (IB:HA)

76 — | cneme C— HA-NRF-1 75 — * ’| HA-NRF-1
ol (IB:HA)

120

100

=]
o

=
=]

NRF-1 dimer levels (% of cont.)
[ (=]
Qo o

o
M

Cont. TBT

Figure 12. Effect of TBT on NRF-1 homo-dimerization.

HEK 293T cells, co-expressing GFP-HAtagged NRF-1 (GFP-HA-NRF-1) and HA-
tagged NRF-1 (HA-NRF-1), were exposed to 20 nM TBT for 3 h, and total cell extracts
were prepared. Crude proteins were immunoprecipitated with anti-GFP antibody
and normal mouse IgG antibody (negative control), and western blotting was
performed using anti-HA antibody. The immunoprecipitated HA-NRF-1 levels were
corrected relative to the immunoprecipitated GFP-HA-NRF-1 levels. The data are
expressed as mean + S.E.M. (n=3). * < 0.05 vs. control (Student’s #test)
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9 Hi MERLUER

52 ETIIEICT v b ARBMBUER AR ARG 2 VO TR (20 nM) TBT 12
&% GluR2 BEERD A I =X LD Z AICHRE 21T -7, £, # 2 filck
WT TBT BRI & D lg ~Dmtg B e Mgt Lo & 24, TBT 2 RUIRE L
PR TlX = > b r— L OMIfE & Bl LT, 7V Z X EERINRE ARSI R AE O ¥E i
WD Do, ZiuTFrx O 7 N —T RIS L7z R (Nakatsu et al., 2009) & —
HTLHDTHD,

%5 3 HiTlL 20 nM TBT BE#EIZ LV GluR2 FELEX T ARSI 2 M faf
FlzbBnWTb@O LN, GluR2 25 72y AMPA & KITEV Cazt &t % s
TZENHBNTEY, TBT BFEIZLY GluR2 FEENME T L7 2 & TR
TN B X BRI D EsstE S TUE LT & E 2 bivd, o, GluR2 ¥ 3T E
FHEOKTIL TBT R 3 AENLBOLNL DI L, GluR2 mRNA JEHED
% TBT BgiE 3 BeH& 680 b7z, GluR2 # 7 BHON-pdliEls L% 5
7T HRERELWIHRENDHY (Kjeller et al., 2000), mRNA & % L7 BE TR EME
T DRHICERZD RO b D DI GluR2 # 7 E OO R S IZEKT 2 &
EZbND,

GluR2 HHUKTIC X 2 Mlaossibix, 2 v 27 ¥ vy (KD) £iE/ v 77
7~ (KO) OWIENLH LN >TWD, 7o FEr ALY GluR2 # KD. &
BTy MIMES CA1 KUY CA3 BEIKIZIH W THEH O T v MM~ FEAIR A K04
HTENMNA DTG LD MR EILTE Y (Oguro et al., 1999), X 5I2%
DOMIfESEIT NAS X CNQX O LTIV D32 Z &v6 ., GluR2K.D. (T X 58k
MifasElE Caz ZiEfE% &> GluR2 A& AMPA ZARICE Db O LHENTE 5,
SHIZ GluR2 %/ v 7 X0 UTc il I A =l (2 X Uik 7 4=
A R) g E TR A IR ST D 2 &0, BRI TR E L 5 2 VR
DOFWEMARIE T H MR LG SR T2 &N mbiL T 5 (Friedman and
Veliskova, 1998; Friedman et al., 2003; Oguro et al., 1999), & 5 (ZilHE DO~ 7 AT
~ GluR2 K.O. ~ 7 AT ar iR FATE QWD LB Wi O T 72 EofTE R E . A
FEEEOIKT, REREZ T I ENRHRE SN TS (Jia et al., 1996; Mead et al.,
2005; Mead et al., 2006), ZiLHD@#EH b GluR2 FEHLEK FITH L~ 170 5 fH
R~V E TR A=V 525 2 EI3H 60 TH D,

% 4 Hinxn TBT 28 NRF-1 @ GluR2 7 rE—X — T H/EEMET S 2

V’a
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EDNHLMNE 5T, —J7, Spl & REST @ DNA (2% 2 E4EME T TBT BEIC
KD EEZ T o Tz, Spl [ INTAXF—E V7 BIaOIREHRE 72 SicBlb s —
728G R 7T W (Wierstra, 2008), GluR2 DA OfMid AMPA 45 AY 7 o =
v FOFBELHREI T2 Z EN 5TV S (Borges et al., 2001; Borges et al., 2003),
%72, REST 1% GluR2 %Z &L < OAFRER: FAYIEIR T & AU 9 2 s S i K+
THY (Myers et al., 1998; Schoenherr et al., 1995). Il 7e iz L v iFE S,
GluR2 ORI E(N I BEIEEOE# 42 5| & Z 9 & STV % (Calderone et al.,
2003), NRF-1 % GluR2 (2% T cyt.c. COX, NMDA Z%k+#~7 ==+ k 1(NR1)
DFEBLZ EIHIHT 5 Z B3R ST % (Dhar et al., 2009b), % 5 HilZdW\ T
TBT BEFEIC LD cytc. COX4, COX6c DIEHEDEXRTREO LN L0, BED
WEIZHBWT TBT BREREICE DT > M RIMECEMRHINLO NR1 OFEBLER T 238
ENTNDHZ B (Nakatsu et al., 2009), TBT (% NRF-1 %[5 L T 2% alfE
HERFEmWEB X BND, £7o, TBT BFEIC X VRN ATP &3 Cixdb o0 F
BTN LZE, ZHETIC TBT XX har FU T OKEZAET 5 Z & THIlAN
ATP B2 K FEEL 2 ENRBEICTHE SN THDEN, ZRHOMETHO LTS
TBT OREIIHIEENS - SN DBEOEHWVIRETH S (Stridh et al,, 1999;
Von Ballmoos et al., 2004), —J5. ARHFZETHH 5T L= ffEE 2 £ 72 WK E O
TBT (X5~ A /L RpfjaN ATP DK L, £DJREKD—>L LT NRF-1 O
EREEL TS EEZLND,

%06 fHi, & 7 Hi, 5F 8 HiTIL TBT (2L 2% NRF-1 BAE A 7 =X AOFEM 72t
EiTolz, % 6 HiofER) S TBT9 HEEE#EIC LY NRF-1mRNA B L% 37
EORBIDBRO SNTZ, —J5, F 7 HOFENS NRF-1 OB111L TBT %%
WCEVEFBH Loz b 0D, 5 8 FiOR K216 HEK293T Bl A7 ATEWT
NRF-1 ® Z&{FF a2 TBT 8 REBRICL VAESNDL Z ERH LN ERoT, =
BRTE AR E 2N RIS W T RO LD DENIT OV THRFTT 2 LENH
ZH, NRF-1 [ 3RHI LI OHIBIZ 3BT b 3BT 5 7280 T OIEMALASHE D3 L =
CITENENEET D & ARG DA RITMRMIRIC S L THAMETE 5 L5 %
bivd, ko Z Lot TBT BEFEICL D NRF-1 fHE A 7 =X L3R TRl &
5 _BEEREORT &, BE#IZ NRF-1 BB E&OKTO®GAEEGLTnD Z &R
R XD, £72. NRF-1 OIEHALEEIC W IR ORI L VLN > T
W5, Izumi & XEEEET R U w7 408 p300/CBP BN 144 LC NRF-1 &7 &F /v
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it L L. NRF-1 BN BB &2 L5 &< N
acetylgalactosaminyltransferase-3 Bia D7 0T — X —Z{EMHALT 5 Z & #HE L
TW5 (Izumi et al.,, 2003), & 52 NRF-1 @ N Kl U o Eg{bix DNA fEATE
PEICEIETH D Z £ DNA & @ in vitro binding assay (X VA SLMNZR> TS
(Gugneja et al., 1997). —J7. 1427 UV D1 {KFEMESFFT—EiE, NRF-1 ® 47 Ft
U kB ) Uik U NRF-1 (REFRYRBERE 2 30135 2 L3 iliis Sh T b (Wang
et al., 2006), L7=23->T, TBT i&¥%+ 7 U D1 {KiFHEFF—E Dk —EIiC
EH LT NRF-1 ©U b L~ Ui Ba 5.2 %5 2 & ¢ NRF-1 ZfHEL TW5H Al
REMELEZOND, £7o, B 6 #i, 5 7 HiOFE TIX PGC-la OREIEL LOEHE
71X TBT MBI L D EEZ o722, PGC-1a IX NRF-1 &fET5H2 LT
A BN F & LT < 72, TBT 7% NRF-1 & PGC-la DEAIETERZHE L T
WHABEMEIIZE A HIvD, S 60282k v, TBT BEICEL S NRF-1 # 2 x7'F
DOFRZEMOEEL PGC-la 2 B DIRGEHEAGKRIEREDOEE LI LN TH I LT,
TBT (L A5l @A =X L EZH LN TE 500 LRV, £72, NRF-1 OIF
PRI EZ 52 2RFT EFRO X 5 IZ—5ITH SN > TV D OO0 BFUTI A7
FETHD, NRF-1 OIEEERAEST D AT LE2\ LT 5 Z LN TERIE, NRF-
1 HFAZI Lz TBT HEORFURFIOFERN0IZ3 5 2 ERHIFIS N5,

IHLIL

NRF-1 TBT

GluR2 promoter

Neuronal sensitivity to glutamate |

Figure 13. Schematic representation of the proposed mechanism by which TBT

induces neurotoxicity via NRF-1 inhibition in primary cortical neurons.
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% 3 ¥ NRF-1 O@mMEFAMReT

#1E KS

% 2 mEVIERED TBT 75 NRF-1 OREEMLHE L, GluR2 F B &2
T5HZ L TR OES b A B SR Z T2 LB LN E R o7, TBT OmMEFIt%
SHICHEISEDDICRICE Y T~ ZRELE LT, NRF-1 BRE2ME T L72ERIC
GluR2 #EBUR FLSMIFER SN HEEELZH LN T L2 enzxFond (Fig.
14), NRF-1 /X 503 ©7 X V@b ZORiEZMEGES (NRE) (%
(T/C)GCGCA(C/A)GCGCA/G) &9 b T GC-rich 7elISCESITH 5 (Fig. 15)
(Virbasius et al., 1993; Scarpulla, 2008), NRF-1 % cyt.c BLT COX D7 rE—#
— IR DEREHIEIN - & L ClRANICFAE &1 (Evans and Scarpulla, 1989; Evans
and Scarpulla, 1990; Chau et al., 1992)., =D & FEREE IIL IV, V OV T 2= %
a— T 2EBETFOLRL< EH—2LL EX mitochondrial transcription factor A
(TFAM) (Virbasius and Scarpulla, 1991) *\Wo 72 Ta—RKasnbI har K7
DOIERLR T D% D7 rE—4%—EZ NRE B35 Z ENREBIZHLNITR->Tn-o
72, Tong BT 11,000 FFEOE hFuE—X —%fifffi L7-& 2 A, 916 fED 7 1
TS —IZBWTHEA3T O NRE BAIBSFEL, €D O H -200~+100 OFO T v
TS —HBICFELHSE FEv U ATREFSA TS HDO L LT 74 fHHO T 1
=X —EKVIAALT (Tonget al.,, 2013), ZiLD DN E, =3 LF—pEA - il
JEIH - AR RS B AW OB R O et —2 — |28\ T NRE BFET D
ZENHERIEI D, L7z T, TBT (12X %5 NRF-1 {EMEEK T IE GluR2 (2% T#
NOOBIGFORBEICHEEL, HET EMELSEITZ N THRIND, L)
L7278 5, NRF-1 (2B L CRRAZAEDOKES 23, NRF-1 & MiftE(aFo 7 E—4
— R & DA DAL FHE L2 O THY | FEERIC NRF-1 2SMllaN o E D X5 74k
HEEREZfH > TV DB L TRIE E A EW LN o Ty, Z X7 B DOERN
BT DA EZ O T A 1-DICIXZOBE T E XS~y X (KO, vV
R) HENTT A5 Z ENEATH S, NRF-1K.O. v~V AIBEAEBFETHY (Huo and
Scarpulla, 2001), Z D Z &7 NRF-1 OEREMNTANE & A EiEA TV 727> 72K O
—DLEZOND, F 3 FTIL NRF-1 ORREMEIT217 5 2 & T, NRF-1 BREDME T
L 72BR O s B ORI 2 57 72,
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GlulRZ d <D

Neuronal vulnerabitity

Figure 14. Scheme for further clarification of TBT toxicity.
NRF-1

! DNA binding trans-activation 503
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YGCGCAYGCGCR
RCGCGTRCGCGY
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Figure 15. Summary of NRF-1 functional domains and DNA recognition site
(Scarpulla, 2008).

NRF-1 has a central DNA binding domain flanked by a nuclear localization signal
(NLS) and a bipartite transcriptional activation domain. The protein is
phosphorylated in exponentially growing cells at multiple serine residues within a
concise NH2-terminal domain (cross-hatched box). NRF-1 binds a GC-rich
palindrome (shown below the diagram) as a homodimer and makes guanine

nucleotide contacts (filled circles) over a single turn of the DNA helix.
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¥ 2 i Tet-inducible NRF-1 / v 7 &7 U fifatk o {EHL

%9, NRF-1 ORI 217 5 72912, NRF-1 BHEME T LoiakkoEflz 2
fi L. CRISPR/Cas9 v AT LZ&EHW-47 7 AmEIC L% HEK293T #ifid % ~— & (Z
L7 NRF-1 / v7 7wk (KO) MlgofEf a2, LoLans, it Lz
gRNA [TE W7 ARENFEEZ R LIZICHEDL T, BUG LMz Th 7 Lo
HZEFRPNANoTo~T 1 KO. filaThy, A KO. iz G52 &R TER
7o 7= (data not shown), FIEDH 7 N —T D LIZBNTHT —Z RKRAEKRNS
HEK 293T #ifa% ~<— A2 L7 NRF-1 K.O. Mg OEAFN T 720y - 72 2 & 35l
ENTHH (Wang et al.,, 2017). NRF-1 K.O. I[ZEWEK L ~L D B rp 535 L

ZEBWTHESE L 2D RN RN EE X HILD,

NRF-1K.O. filazEf3 2% Z LN TE o772, IKIZ Tetracycline (Tet) 75
Pt NRF-1 K.D. itk O/ER 238772, Tet 78 M shRNA_NRF-1 o= A T 7
MLy FIANARY X —% AT HEK293T fifao 7 7 2 DNA EIZEA LT,
FORIBIR— N —TChHhHEa2—m~vA T NILYa A NT 7 MREAINTZHa
Al rvarl v henrsu—=u w275 28 TR KD SROE NI 1
— %R L7z (Fig. 16a), € OREHE., Tet R¥H¥Th 5 Doxycycline (Dox) DN
FER X ORFMETFRIIC NRF-1 28 KD, S5l %z s ¢ & 72, 100 ng/ml Dox 120
e Ic ik b KD, 20278 L, 2Ol % shNRF-1/293T fifig & L7-
(Fig. 16b, 16¢),
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Figure 16. Construction of Dox inducible NRF-1 K.D. system.

(a) Schematic diagram of Dox inducible NRF-1 K.D. system. (b) NRF-1 expression
was detected by western blotting after 1, 10, 100 ng/ml Dox treatment for 72 h. (c)
NRF-1 expression was detected by western blotting after 100 ng/ml Dox treatment
for 24, 72, 120 h.
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% 3 Hi NRF-1 /w7 X0 Ackdl Yy —ABRe~DEE

F£9°. NRF-1 #ml T L2 HMHEELI 60T 572012, NRF-1 KD. o4 /v
HRT DR ETERS BIEE Lo, ZORR, BYEA VTR T 2R RNGET 270
— 7 Th 5 LysoTracker Z¥RML7ZEXIC, NRF-1K.D. (X0 U Y Y — L EOHIMEH
mARRD bz (Fig. 17),

Dox (-) Dox (+) Baf.

Lyso Tracker

LysoTracker / Hoechst

Figure 17. The number of lysosomes in NRF-1 K.D. cells.

shNRF-1/293T cells were treated with 100 ng/ml Dox for 120 h, and lysosomal
density was evaluated using LysoTracker Red DND-99 (Magenta). Nuclei was
stained with Hoechst 34580 (Cyan). Bafilomycin Al (Baf.) was used as lysosomal
inhibitor. Scale bar: 20 pm.
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¥ 4 8 NRF-1 ./ v 27X 0255 LAMP1 % 2 X7 BERELA~D

i

Lysosomal-associated membrane protein 1 (LAMP1) XV ¥ YV — A X > X ET
HY, VY- ADORRREBET D200~ —h—L LTLEXLIFAWSLR S, NRF-
1KD. Y VY —=AIT o8t mat4 5720, LAMP1 % >/~ 7 B33 E
EREROB IOV RZ Ty T 4 7K DR LT, g0 R, . NRF-
1K.D. {2k 9 LAMP1 % X7E 03 AN EH 5h (Fig. 18a), VT AX 71
YT A4 7BV TEH NRF-1 K.D. 72 Ffil#k225 LAMP1 % 237 B8 EFAGRO
btz (Fig. 18b), — )i, *HT 472 hue—/LThD scramble shRNA % 554
%A (sh-scrm/293T Hifd) (28 Tik, Dox DA MIZEIH 5T NRF-1 BXL W
LAMP1 @ % 7 BB RICEEIZRD S~ T2 (Fig. 18c),

(a)

Dox (-) Dox (+)

LAMP1

LAMP1 / DAPI
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Figure 18. LAMP1 protein expression in NRF-1 K.D. cells.
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(a) shNRF-1/293T cells were treated with 100 ng/ml Dox for 120 h, and then

immunostaining was performed using a rabbit anti-LAMP1 antibody (Magenta). 4,

6-Diamidino-2-phenylindole (DAPI) is used for nuclear staining (Cyan). Scale bar:

20 pm. shNRF-1/293T cells (b) and sh-scrm/293T cells (c) were treated with 100

ng/ml Dox for 24, 72, 120 h, and then LAMP1 and NRF-1 protein expression was

detected by western blotting. Quantitative analysis was performed using Image J

software, and the LAMP1 protein levels were corrected based on the B-actin protein

levels. The data are expressed as the mean + S.E.M. (n=4). * p < 0.05 vs. control

(Student’s ~test).
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% 58 NRF-1 /v 27Xy N2kb0 Y Y —AEEEGAREE

X9 5

RIZ LAMP1 & U ™7 ERE LA DIEEFEICL DL ODENZHONTT D720,
lampl 2Nz CY VY —ABEBEIEFTHD atpbvih (VY Y —AEEET 0 bR
7). ctsh, ctsd, gha (VY Y — LAWK DZERESR) . mcolnl (V) YV Y — L& X
7E) © mRNA BHEZFHNOL7Z, £Of%E, NRF-1 @ K.D.48 F#E»6 U Y Y
— LABFHEGBR R TR BLO EFEAATED Hiv (Fig. 19a), 120 R I3 TR 72 7Bl
EENIEEZ SN Fig.19b), 2D Z &6, NRF-1K.D. 2k 0 U Y Y —ARHE
BIEF O mRNA BELENHIEA EHT5Z LRGN E ST,

— . RxHT 47 ar ha—/LThbD sh-serm/293T Hifim (28T, Dox OFHE
WL S VY — ABEERF O mRNA BHEICE#NIIRD bhino7- (Fig.
19¢, 19d),
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Figure 19. Liysosomal gene expression in NRF-1 K.D. cells.

shNRF-1/293T cells (a, b) and sh-scrm/293T cells (c, d) were treated with 100 ng/ml
Dox for 48 h, 120 h, and then atp6vih, ctsb, ctsd, gba, lampl, and mcolnl mRNA
expression was measured by real time PCR. The data are expressed as the mean +

S.EM. (n=4).
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% 6 i NRF-1/ v 27 &7 02k MT 77 3 —2%7 5%

UV = LGl DR T EROMKG R 2 82— R T 58 FD%<
TZzO7rE—2—EZ 10bp ® GTCACGTGAC &9 RISCEFIA &>, Z DR
51Z coordinated lysosomal expression and regulation (CLEAR) 41 & FEiEAL, U
V= ADEGHRICHEER R Z R 2T 2 LAmb TS, CLEAR BlAi3HE AL
AN w7 A )—7 « ~ 7 A (basic helix-loop-helix; bHLH) #xE[K 1T 5
microphthalmia transcription factor (MiT) 7 7 X U —IlZ L > TIN5, MIT 7
7 2 U —[% transcription factor EB (TFEB). transcription factor E3 (TFE3),
melanogenesis associated transcription factor (MITF). transcription factor EC
(TFEC) ® 4 fEMNMBbATHY, TFEB 13V VY —AAGHOHIHERK 1 & L Th
WNZEE S 7= MIT 7 7 2 U —T&® % (Sardiello et al., 2009), =D, TFE3 ¥ X
Y MITF % CLEAR ESIZLTY Y Y —LEGHKIZEE L TWD Z ERRIBS L
TV 5% (Martina et al., 2014; Ploper st al., 2014), MiT 7 7 X U —NEKF & L
THREET DTIZOD AN =X LD —DITEBATHM BN TN D, LA > T, NRF-1
KD. i2£% VY Y —AMERETFORB EAFIC MIT 77 U — OB TIRENBE 5
LTCWAREMEREZ NS, 2 C TFEB, TFE3., MITF OEBITZFHMIL7- &
Z A, NRF-1K.D. IZX 52156 OBITOREILRD bz -7 (Fig. 20),

VLEORER LY, NRF-1KD. I2X2 ) VY —ABEGRR 738 LA IC, MIT 7 7
SV —OEBITIEEIIBES L TR NWZ ERH LN E 2o T2,
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Figure 20. Nuclear translocation of TFEB, TFE3, and MITF in NRF-1 K.D. cells.
shNRF-1/293T cells were treated with 100 ng/ml Dox for 24, 72, 120 h, and then
TFEB, TFE3, and MITF protein expression in nuclei and cytosol was detected by

western blotting.

39



%78 NRF-1/ v 27X 0285V Y Y — Ak~

P =]

UV —NIERE ST HSNVT T HANTXT THY R OREMY v
NTEDHRIEGT 5 E SN TWD, MlMNTER SN X /X7 BEO—EILY VY
— AV IAER, TV BLIVE TORS %, Ml THAIH SRS h s Y
YA b= R LA~ Eh s (Fig. 21, VY VY —2%& 0 L TofEsinbd ¥
VT BEIEREEEIINE L ZEN L DREM L LT B OSINR TR 2 LT
VYV —LOEEEZRENT 22 &M TES, £2 T, NRF-1KD. (&5 Y Y —AjE
PE~DORBAFME L= 2 A, NRF-1 K.D. 24 Bi#% 05 U VY — LAEEOK FEIH
DR BV, 72 KR, 120 FFREIZICBWTIIBEE R Y vV Y — AEHEOK T RE O LI
7~ (Fig. 22),

VL EOFERNS NRF-1KD. 12XV ) Y Y —AEEOE TR &S5 Z &R
oMM ERoT,

Protein

Figure 21. Protein degradation by lysosome system.
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Figure 22. Lysosomal activity in NRF-1 K.D. cells.
shNRF-1 cells were treated with 100 ng/ml Dox for 24 h, 72 h, and 120 h, and then
the degradation ratio of [14C]-valine-labeled long-lived proteins were measured.

Bafilomycin Al (Baf.) was used as lysosomal inhibitor. The data are expressed as

mean + S.E.M. (n=4-6). *P< 0.05, **P< 0.01, ***P< 0.001 (Tukey’s test).
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8 Hi KRN MR HEIC 31T A TBT gz L 5 LAMP1

FEBA~ DR

INETOMENS, NRF-1 # KD. 752&TU Y Y—AEER ORI LA
BXOU Y Y= LOEHKRTARBO N, 202 &0, TBT (X NRF-1 #HET
HZETY Y YA LT ERREEEZ B TS AEERZ 2 NS, 22T, 7
R KA R AR O LAMP1 S8 B2 el LV iHMliL 7= & 2 A, 20 nM
TBT M##ZI2 L0 LAMP1 ¥Bl&D EF23E0 bz (Fig. 23),

Cont.

TBT

Figure 23. Effect of TBT on LAMP1 expression in primary neurons.
Cortical neurons were exposed to 20 nM TBT for 7 days and immunostaining was
performed using LAMP1 (magenta) and microtubule associated protein 2 (MAP2: a

neuronal marker) (green). Scale bar: 20 um.
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9 Hi MERLUER

% 3 B TIX NRF-1 BBK FIC X2 HIERELAI LN T D2 LA HE L, Tet
inducible NRF-1 K.D. #ifatk (shNRF-1/293T #if) Z{EHf L C NRF-1 FEREMRHT %
1T>7-, shNRF-1/293T MDA N TR T EEBILE LI 2 A, & 3 HiT NRF-1
KD. iI2X0 U Y Yy —2EBEMT 52 EnHonERD, 8 4 8iTY Y Y —AFEX
YXJEThD LAMP1 ORIBNEINT 5 Z L0 bhE o, ZTNHDRERND,
NRF-1 KD. iV VY —LOESREZFEL CWDLEBExLND, £z, B 5 HOR
/35 NRF-1 KD. I2X5 Y Jampl mRNA BHEOHNMEBEO N2 &b,
LAMP1 8l EHIZHEE L XL T EEZEIND T ENRBEINDS, £7-. NRF-1 K.D.
WXV lampl ORRLF o) VY — AEEEG O mRNA BEHES FFT5 2
EBHBNE TS,

VY Y —=AF= R A b= AR — "7 7 V—IC KXo TV AENT X X7
BTN T HMKGIREST DANTXT ThDH, A— 77 =L, v/ a4 —F
Tro—, Yy oW EEA— 77 U—, 2t — 77 U—D 3 FENEE
T5, kb RNREECH DI~ ud— T 7 =D A = XA, FTHIIE I
BERR & O IR EIEAN B U | RIS I B Ry 2 Y BT Z & TA— b 7 7 Y
— LB T D, A= T 7 I —LFV Y =LA L, A=Y VY —LEEK
T5 2 L TREAMICY VY — MNNUK G RIEFR I L0 MRS & S 5, v v ~<rm
VHENA— T 7 VA — b T 7 AV AR EN ERNA— T 7 V—TH Y,
Hsc70 vy ~nm % /37870 KFERQ HEETFT — 7 2R 0% X7 BB L T%
DERBERIIE X, TOX 378X LAMP2A 2/ LCYU YV Y —AIZRVIAEN
Do 270 A— T 7 Vb A= T 7 A= LENESRVERETHY, U Y Y — A
OWEREAIC LV /Ny ZEBEY VY —ANICED 2T, W OB L EREIICY
V= DB WTHEERE D T OOMRIMTHON D,

VAR, A — b7 7 OO Z BRI Y VY Y — LBEE G O3 B 3
< OMORFFRIZE VIS T2 > TV 5, Sardiello Hi% 96 Fi¥ED Y V) V — LRHHE
BfO7Tae——%fFir LIz 2 A, 68 D7 ot —4%— LI CLEAR El4IA
fFAET 5 2 & &R L7 (Sardiello et al., 2009), CLEAR %113 bHLH #55[K 1o
H—27y N D—EE —3d 5 7=, Sardiello i3 & 512 bHLH $5E K TH Y
MiT 77 2 U—® TFEB % HeLa #I(@FIFEH L C 23 FEOE LG T RILES
P L7 2 A, 22 BIETORBLEANRBDON, ZOZ 6, TFEB ) VY
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—ALABEBRTOYAZ =L FX 2L —F—ThHoDI ENRBEI, TDOHROMHEND
TFEB OEMACEBE A LR 2ob 5, @HFIKREIZE W T TFEB X
mammalian target of rapamycin (mTOR) (2 &> TV b &, MR IZREL T
W5, MR HLERIREE & 7o > 72556 . TFEB O U U BIRRBIIMESR S TIEICBATT 5
ZET U Y Y= ARA— N7 7 U—OREBE T 278 T 5 (Settembre et al., 2012;
Martina et al., 2013; Roczniak-Ferguson et al., 2012), & 52, TFE3 ¥ X' MITF
LEBITT 52 & T CLEAR BAIZTLTY VY —AEERICEE L TnD Z L HUR
%X T35 (Martina et al., 2014; Ploper st al., 2014), % 6 HilZB\\ T, NRF-1
K.D. ([2&% TFEB., TFE3, MITF OFMATOBE L ZACITRO DIRRP-TZH DD,
UV — ABERE T ORBE EAOFKO—2L LT, MiT 77 IV —L VY Y—A4
BB 7 e E— 2 —DEBEORENME T LTV D AN E X b b, 72, zine
finger 77 XU — DNA fG 4% /N7 E Th5H ZKSCAN3 (ZNF306) L85 #l
FTHY . VY Y—LEAER L2 RAICHIET D, Ml HERIREEIZ 72 5 & | ZKSCANS3
IR OMIEICAT L, T e — 2 — Ol 2 fiR$ 52 L TY VY — ABEER T
FHETH 2 ENHESINTWS (Chauhanetal., 2013; Lietal,, 2016), L7=23-> 7T,
NRF-1 KD. [ZL->TRO oY VY — AR A 3B LA S a5 K 125 B
HLTWDRELZE2 b5,

NRF-1K.D. (2L 0V Y YV —A#EELRFORIEN EATLZEnG VY V=00
PERE D Z ISRV TLE L TV D ATREME Y @V & B 2 7oy, TARIZK LT NRF-1 K.D.
WZED Y Y Y—=AEEMET T2 2 E0E 7 BiORENOH LN o7z, ZDZ &
N U Y Y — ABEBE OB AT Y VY — AR N ITIRE LT - A UE R
HMTHLARMENREZEZ bND, ZNEFEIT H720IZILY Y Y — MGV T DJRIK 4 B
ML, ZOFRICESNTY Y Y — AOHREZRIE S5 2T YV Y — Al
BT OFENEE R RDDENETT OMENRD D, BEANTXT THDH Y
VY — APNICITEEMEICE M pH % ©2 50 205 60 FHAD MK FREER SFIET D
EEDLN, T T8, FYavyd—8 U N—E RRAT 7y Z—EBREBMLNT
W5, UYY—=A4KN pH DEELIZHE. T D ONKGIERESR OENMET LY
V= LIEMIIE T 95, AFRICEBWTY VY —ARERE L THVWE Bafilomycin
A1 13 H*ATPase frEAFAITHY, VY Y — LWL EHET L T YV Y
— LDOTEEZAR T S5, EBEICAERFRDOBVTH Bafilomycin A1 (3 Y Y —L0D
BeMbZHEL B 3 i), UV Y Y—AEEOER TFEZsI&RI L (56 7 &), 7.
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NRF-1K.D. fifaiZV ¥ Y —20@MLEHET L2 L2, U Y Y —LDIEHERT %
AT ZEDPHOLNE ot U Y Y — DNNIIK G REEESE O —EBIEATEERL D AR AR &
L CTARR S, /MRRSS 2L DR CHESE AN UIWT 72 & OIE#Z 5 17 TREVA & LTk
BN Y Y Y — MR SN D, ZD72b, U Y Y — DINK S RIS Ok E X
NRF-1 KD. i2L5V Y YV —AEHIEKTFTOERDO—2>THLAREENZZLND,
NRF-1 DNERFTHDZ L aE x5 L. NRF-1 23 EEHIH T 2 ok BEE s 123
FEL, NRF-1K.D. (2L Y 215 OEREFRIEENET 5 2 & TR iREESR Ol
EHENSIZHZ SN0 s L, U Y Y — SRR T ISMiNICk T o 1% L
ROl B R BEORRAR LS| EE I L, &I EEICER D Z N TR
%, A%OBEE LT, NRF-1 BEDBIRFZEHZABEL TWL20O0E~vA 70T L
A FHDOWERIFITIC L VAN T HRER D D,
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Ho4 R RS

TBT 1% 1960 FRSME~D B E 2B 2 B2 SICH 72 MEseh & L
THEAH ST E R, BEBICT 2 N0 < SLIEF DS & M2 72 o TLLUREAE FH 23
RENTWD, KEEF NS OBRHREZILATLZ VKT LTHD H DD, 2000 AL
FEDTRAIZ IV T O MR EHERY T b ST % (Viglino et al.,
2004; Miki et al., 2011), Z®JFK & LT, —HOETIEZRE R/ ETRIZICEKA X
WHNHNTND Z &R0, MEHERYTIZR T 2 BN RN R ENRET NS,

ZAVET TBT O@mMHEMEITHREZ ATONTE N, £2DIFEALE pM A —4F—
OEMEFRZLOTH Y, ZTORED TBT 13— A7 LE W i skl LT
24 BRHILINICHIISEZ 5l =k 29, —J5, ANMETIEEM TITMIasEZ ol Sk 2 &7
WRETHS 20 nM @ TBT MG RT NRF-1 ZfH#E L, AMPA KT 7 2=
v b GluR2 OFBEAZL T I L Z & T, MMl 7L 2 I U iiliiio st L CHiEss
b3 2 Z & ZH 5T Lz, NRF-1 [HENMURE TBT OFMEA =X L E2MHT S
FCTEERAXEZEDL EBF X, EHICARNETIERSITH L2 > Ty NRF-1
DOIEREIC DWW TR L7z, ZOfEE, NRF-1 28V VY — AEREFEIICE G LT\ b =
EMTREE N, B3 FE - 8 il WT T v MRIKEE MR REAERIZ 20 nM
TBT %Wz L7-& 2 A, LAMP1 ORE& LANEO Oz, O LT TBT
5 NRF-1 ZfHEL, VY Y —LAEREZIER TS5 2 LI L UEFETH D ATREMEN
mNEEZBND, 5%, TBT NEBRICHZEMO Y Y Y —AEREZETIE TS
MENERETT 5 Z LT, NRF-1 BEZN LIZKRE TBT OF/-f@mtEA =X A
EHOMNCTEDL LEEZBND,

Ber DT N—T1%, Mgy - VT vAd A o AR g (PFOS) « HVR T T
VEE LW o T OBREALEWE S TBT LRSS v b RN EE AR e R i o
GluR2 ¥HEAK FEEHZ L 2HE L T 7= (Ishida et al., 2013; Ishida et al.,
2017b; Umeda et al., 2017; Ishida et al., 2017¢), PFOS 1L Tix7 v MK L TH
FEFEMIRTE I L KIMEEICBIT 5 GluR2 REREZK TS, JV¥ I viRT7T e/
THOLANA=VEOMEBENEGICL D MR LEESE 2 2oL
(Ishida et al., 2017¢), £7=, AHEHEORTERREEIC L > THEL LUV [a] Lo
RoNR—F Y IFARIEIR S MR EE TH D 1-methyl-4-phenylpyridinium (MPP*) #3
NRF-1 BHEZKF I MlaEtz5 & 292 E8HE S Tv5 (Zhangetal.,
2014; Sivasubramanian et al., 2015; Ye et al., 2017), L7=73-> C. GluR2 RHE LB
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L NRF-1 BHE X O EICIE L TRO LN DL FEA =X LTH 5 AlHE
PER B ALFYE & BRI T 5 72012132 O3t 2 BRI 2 0E R H 5 08,
W B (OECD) TEYD LTV DLW E OBt 21T 5 72 D213
K7 WE & EBRBEMWENI VB L 72 D, NRF-1 240 L= B2 03 h OR (b2 'E

WZBWTHROOLNDLZEEZHOMNIT 5 ENTEL, NRF-1 JEHEZHT LW aEk
FEERL LTHWD 2L TIEROBMEA Y V —= 0 7 TIIRIH T E R o e w2
T& ., LFWEEMRAR ORI SRR 5 LIRS D,

PR, A= b7 7 V=YY= MR OBRE L N —F 2 i e N TF U R T
SV NA = IR 7R E ORRREMER B O FIE A BT AR < WE ST D,
FRIZ 2O OARRZE MR BITIM N DBEEE & » X 7 B O BLHETE & & O bR ERERE OlHE
DEBOEITEZINE ST 5729 TH 5 (Yamamoto and Simonsen, 2011), F 7=, NRF-1 |X
PR PR DR IS VERE R L OB (Shin et al, 2011) Ko, M A LCTHNEBE DI
BRI BN TRILEMERNZ & (McMeekin et al., 2016) A SN TW5D, AL TH
HEnizl VY — AEEEFARI & 9 NRF-1 O LWVSEEIZ B0 B 0472 53, U Y
Y — LEEERIK T & OBEARIE STV D RBOWIEIT LT HEHEERMA L LT
fkTEHLEZOLND,
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[FRX]

Cytosine arabinofuranoide (ara-C) 5 X U' 1-naphthylacetylspermine (NAS) (%
Sigma-Aldrich k£ ¥ A L7, Bafilomycin A: |% Cayman Chemical L VAL 7=,
Tributyltin chloride (TBT) (FF1YeHfipkNSth L W A L7=, Doxycycrine Hyclate
(Dox) % LKT Laboratories, Inc. & Y £ A L7, Polyethylenimine (PEI; transfection
F1) 1% polysciences, Inc. X VIEALT-,

[Hif4]
GNTE | A= — JEBes
GluR2 Millipore, MAB397 WB, ICC
B-actin Sigma-Aldrich, AC-15 WB
N-cadherin | Santa Cruz Biotechnology, sc-7939 WB, ICC
NRF-1 Abnova, HO0004899-M01 WB
NRF-1 Abcam, ab34682 ChIP
PGC-1a Santa Cruz Biotechnology, sc-13067 WB
B-tublin WAKO, 014-25041 WB
Lamin B Santa Cruz Biotechnology, sc-6217 WB
GFP Santa Cruz Biotechnology, sc-9996 1P
HA MBL, 561 WB
LAMP1 Cell Signaling Technology, 9091 WB, ICC
LAMP1 Abcam, ab24170 ICC (rat)
TFEB Cell Signaling Technology, 4241 WB
TFE3 Sigma-Aldrich, HPA023881 WB
MITF Santa Cruz Biotechnology, sc-515925 WB
MAP2 Millipore, MAB3418 ICC
Tuj1 Covance Research Products, MRB435P | ICC
GFAP Sigma-Aldrich, G3893 ICC
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[Z > b RSB ERA A2 ]

ENES T UEVING PNES L/ R T = ENV it NG SUINIINCINE S LS S ISt S5
LAT o7z, Sle: Wistar/ST #Fik 18 HinZ7 v F LV 7 U — XU F FTHRIFZ/MI L
Toe N7 ABEPTRIMEEZTID H L, A7 AEZEEINZ TRAY =L~y b
TEHEBEL, BELVA LA F—|THE L%, 4C, 1000rpm, 3 iz L7z, EIEZR
%L, 10% FCS @A —27v MEM 854 10mL ([Zf&E L7z, B h o2 —%H
UNT 1.8-2.0x106 cells/mL (ZFRSL L. 24 well plate &5\ & 3.5 cm dish (Z#F &, £
#l1T 37C, COz A »FaX—F—T{iolz, XA/ arvDH%Z 1 HALL,
2. 4, 6 HHIX 10% FCS &+ —27 /v MEM #:#ia, 8 HHIX 10% HS w1 —
7 v MEM 551 AW CEET OB L=, 552% 6 H HIZ ara-CGRf&RE: 10 nM)
WL, 852 10 HEOMRAET v A Lz, ZOEERTIEHR 90% D=
2—arRNELNTWD (Fig. 24),

AraC (+)

AraC (-)

Figure 24. Immunocytochemistry ofneuronal and glial cells of the primary culture
on DIV 11.

To evaluate neuronal and glial populations, cultures were grown to DIV 11 with or
without arabinosylcytosine (AraC) to inhibit the proliferation of glial cells. Then,
immunostaining was performed using an anti-Tuj1 (neuronal marker) antibody (red)
and an anti-GFAP (glial marker) antibody (green). 4',6-Diamidino-2-phenylindole

(DAPI) was used for nuclear staining (blue); scale bar = 20 um.
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N AWR (Ca2t, Mg2t RE) #k | g/L
NaCl 8

KCl1 0.4
Na2:HPO, 0.0479
KH2PO4 0.06
D-glucose 1
HEPES 0.568

D.W. 1L ZiAfE#%. 1IN NaOH T pH 7.2 ISR E . i

:H\r

A4 —27 /v MEM E:iifHEL | g/L
A4 —27 /v MEM §:Ht 9.4
NaHCOs3 2
L-glutamine 0.29
D-glucose 1
HEPES 2.38

D.W. 1L (Z¥ffte. IREIE %, mEbRF

(#4374 )

HREYIRES O HS WRINA —27 /v MEM ##aBRE.04% hU U7 —% 1
well 720 100 pL Mz, 10 3iE%R. 10 % Kmd/r~U % 500 ul x5, 2
SRER . AR TV, BAMEE T CAML, FEHIRRAZFHII L7, ZORRND,
ARt A HH L, control BEICXTT 5E|A % 1 - T viability (% of control) & L7,
Sample 3% 1 DICH& 4well AL (n=4), 1well 720 200 fHLL DAL % G
L7z,
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VAT

(1) Whole-Cell Extracts

HWEEE% O RIEEREL, PBSC) TS, 0%, TNE Buffer Z/1z, /122
LA /X—IZTlysate & 1.5 mL F=—7IZEYL L, AT v 7 210 B, 30 43[# 4°C
Thr—7—Yard5, D% 4C, 13,500 rpm T 20 & #hzL L, pellet 2357FilF L
RNE T RIERMOTF 2 —T 1T T,

TNE buffer #15% AL L
Tris-HCI (pH 7.8) 50 mM

NP-40 1%

EDTA 20 mM

Sodium orthovanadate 1mM FFFE
NaF 1 mM M
Protease inhibitor cocktail | 1:100 JH=F7i%

(2) Nuclear Extract

HEWEEE% O RIEARE L, PBSC) TS, 2Dk, PBS #MA, B AT LA R—
TRl % 1.5 mL F=—7(Z[E¥ L. hypotonic buffer CT##3 5, K ET 15 7%
B, 0.5% NP-40 Z/M%Z TR KA — R THR/LT v 7 Z21L,10,000g 10 FizElrd 5,
FiEZE 1.5 mL Fa—7ZB L, MlaEms &35, <L v h% hypotonic buffer T
PR L. 10,000g 10 Zpimife, REZBRET D (WETHNILZ O wash 1FEAE
ViKd), XL v MZ hypertonic buffer THEwW L, Y=/, — a3 (10s x3) 4.
12,000 g 10 min =095, EEZ 1.5mL Fa—7 2B L., By LT 5

(3) Membrane Extracts

Mif 2 PBS TPE¥ L 7% . Sulfo-NHS-biotin solution 0.5 mg/ml (PBS (+))
(Thermo, San Jose, CA, USA) iz, 4°C., 20 A v F 2= a5, ML
fZ1k9 %72, 100 mM glycine &4 PBS %=1z, 4C, 30 /oA v FaX—T 3
4%, TNE buffer Z Mz Mz HEHWY F2—7I12 AR, 4C, 1 FFlln—7—3 =
3%, 4°C, 15000rpm T 15 4r# /%, totallysate & —iifR{F L7z, B —RXDAL
#A17vy (PBS:avidinbeads=1:1), lysate (2% 4C, —Bin—7— a3 7%,
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4°C, 15000 rpm. 15 75ffiz0 L. EJi% intracellular i[5y & 9%, Pellet & sample
buffer Z/Mz. 70°C, 30 MBI AZ T 52 LT, X737 & biotin & Df5E %
B9 %,

[Z 37 E2E]

TuTA T A Ytk (Bio Rad) % M\ T Bradford ¥£IC X V17> 72, Bradford
JFik % 5 (58 R L7=9% 200 pL % 96 well plate ([Z AL, & ZICHRIBRE DR/ 55
YT NEMABHER, b oRRE Lz, £0%, WHET L — Y —4%—T 595 nm (2
THIE LTz, MEROIERICIIBSA ZEH L, # o V7 EOREEZRT LT,

[Western blotting]

7T 2X Sample buffer &%, 95 CT 3 AL, B S d 7,
P L= TN % 1.5-10%7 27 UV T X RABEZ V. 0.16%7 7 VLT 2 RighE 7 v
W27 774 L, 200V O EBETHK 1 BMkE+ 5, Blotting 1Tk I F7 4K
(Trans-Blot Turbo, BioRad) % fi\>T, PVDF # > 7 L C 25V, 1.0A ®O—EHEE 30
DCHET D, ZOALT L% 5% AF LIV in TBS-T C1HfHkRE S LT T
XL, BRE-PUAE AC—BRE 5 Lz, TBS-T THf#, HRP 5k L7- =
WA Z IR C 1 EF#R & 9 L 72, Chemi-Lumi One L® TG S8, Z DFE % Image
Quant Las 4000 mini (GE Healthcare) T4 5,

2x sample buffer FHjk AT

Tris-HCI (pH6.8) 100 mM
SDS 4%
Glycerol 20%
TuETx /) —/T7— | 0.004%

ANH T N H ) —) 5% SR
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[mRNA #iHB LY 7 v % 4 A PCR]

(1) mRNA HfiH

SV total RNA Isolation system (Promega) ZfiH L7z, fifdz /L A7 LA /R—THE
WY, Fa—7IC AL, @O KMz B L7z, B L 72/ lysis buffer 175 pL
Iz, A OBEAFIIE total RNA ZHfiHH L7z,

(2) cDNA {E#

bR cHi L72 RNA L2, oligo (dT)1s primer (0.5 pg/pl) 1 uL 2Nz 7=#%. 70C 5
SYRIBENME SH 5 KRG LD B, FIRTHLAL T 42°C 1 BEREEE S RS 2 4T0
75°C 15 /[ CHitin GlE SR & 0 S W7,

HHRY uL
AMV RT 5%xReaction buffer 8
RNase inhibitor (40 units/pL)

AMV reverse transcriptase (10 units/ul) 1

dNTP mix (25 mM) 1.6
RNA(2 pg/uL) 27.4
Total 40 pL

(3) V7% A5 PCR

5§ 2 BB DT

QuantiTect® SYBR® Green PCR Kit # i L7-, TIZ/x7#Ak#E L O Thermal
cycling parameters (2 C., %FE mRNA O H &%, OPTICONS |2 T L=, A%
E = RN, D —EDHENIRENZET DDIZET 20 A 7 VB OFR LI E
MEITICH T NVORBEEZR M L, I HICHEIEERR & L THW:= GAPDH
DOFBLEIZ L HIE LTz,

HERK pL Thermal cycling parameters
QuantiTect solution 7.5 1.95 C 3 min

Primers (20pmol/uL) 0.8 2.95 C 15 sec

D.W. 8.9 3.60 C 30sec

Template cDNA or standard 2.0 4.72 C 30 sec

Total 20 uL 5. go to line 3 for 49 more times
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5% 8 FITEUT DT

PowerUp SYBR Green Master Mix (Thermo Fisher) Zf/H L7=, T4 8B
& ¥ Thermal cycling parameters (2T, %% mRNA O¥BL &% | Piko Real |Z TH#fT
L7z, B 7#8iE1T RPL13a ZNEMEHERx & LTHW, A ACt 15 (2 & DRt
L7z,

HELRK ulL Thermal cycling parameters
SYBR Green Master Mix 3.45 1.95 C 3 min
Primers (5 uM) 0.4 2.95 C 15sec
D.W. 3.75 3.60 C 30 sec
Template cDNA 2.0 4.72 C 30 sec
Total 20 pL 5. go to line 3 for 39 more times
EHLET A ~—

r-GluR2 Fw AACGAGTACATCGAGCAGAGGAA

r-GluR2 Rv GATGCCGTAGCCTTTGGAATC

r-NRF-1 Fw AAAAGGCCTCATGTGTTTGAGT

r-NRF-1 Rv AGGGTGAGATGCAGAGAACAAT

r-PGC-1a Fw CAATGAATGCAGCGGTCTTA

r-PGC-1a Rv ACGTCTTTGTGGCTTTTGCT

r-cytochrome ¢ Fw GGCAAGCATAAGACTGGACCAA
r-cytochrome ¢ Rv TTTCCAAATACTCCATCAGGGTATC

r-COX4 Fw CACTTCGGTGTGCCTTCGGG
r-COX4 Ry AAAGGCTGCTCCAGTCGGC

r-COX6c Fw AGCGTCTGCGGGTTCATA

r-COX6¢ Ry GCCTGCCTCATCTCTTCAAA
r-GAPDH Fw CTCGTCTCATAGACAAGATGGTGAAG
-GAPDH Ry AGACTCCACGACATACTCAGCACC
h-atp6vlh Fw GGAAGTGTCAGATGATCCCCA

h-atp6vlh Rv CCGTTTGCCTCGTGGATAAT
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h-ctsd Fw CTGATTCAGGGCGAGTACATGA
h-ctsd Rv CGACACCTTGAGCGTGTAGT
h-ctsb Fw AGTGGAGAATGGCACACCCTA
h-ctsb Rv AAGAAGCCATTGTCACCCCA
h-gba Fw TGGGTACCCGGATGATGTTA
h-gba Rv AGATGCTGCTGCTCTCAACA
h-lampl Fw ACGTTACAGCGTCCAGCTCAT
h-lamp1l Rv TCTTTGGAGCTCGCATTGG
h-mcolnl Fw TTGCTCTCTGCCAGCGGTACTA
h-mcolnl Rv GCAGTCAGTAACCACCATCGGA
h-rpl13 Fw GGATCCCTCCACCCTATGACA
h-rpl13 Rv CTGGTACTTCCACCCGACCTC
[fepegeta]

(1) wIApREAE D GluR2 8L & RFMm

24 well 7' — K L@ polyethyleneimine-coated 77 /3— 7 7 A ZHAREHIE & #;
fEL.20nM TBT % 9 H[####ZE% . PBS(-) T wash L.4% paraformaldehyde/PBS(-)
WXV E=EIRT 10 REET 5, PBS() T wash L., 2 {i#i® Image-iT™ FX Signal
Enhancer T 1 Kfff]l7 1 v ¥ 7%, —RHUASIE (mouse GluR2 antibody, 1:250;
rabbit N-cadherin antibody, 1:250) % =i 1 K] TiT9, B 3—HF A% PBS() T
3 [ wash %. Alexa Fluor® 488-conjugated goat anti-mouse IgG (1:500) *7=i%
Alexa Fluor® 555-conjugated goat anti-rabbit IgG (1:500) T 1 BFfESMETA o~
FaX—h, IX—HF X% PBS() T 3 [A] wash L72% Prolong® Diamond T#f
AL, HHER L —V —JE8E FV-1000-D (Olympus) (2 THIZET 2,

(2) shNRF-1/293T #ifid> LAMP1 FEELEAM

24 well 7L — b E® poly-D-lysine-coated 77/3—7 7 A |Z shNRF-1/293T fijiad %
R L. Dox % 120h ¥#shn#%. PBS(-) T wash L. 4% paraformaldehyde/PBS(-) (Z
KV EIRT 10 2 HEET %, PBSTx (0.1% Triton-X in PBS) TEEIRALI 4 % 10
53T 2 ATV, 3% BSAinPBSTx T 1 HffHl7 m v &> 7k, —RFUAIE (rabbit
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LAMP1 antibody, cell signaling technology, 1:400) % =& 1 K TIT95, B X—HT 7
2% PBSTx T 3 8] wash 4. Alexa Fluor® 555-conjugated goat anti-rabbit IgG
(1:500) T 1 BEREDESRMFTA o FaX—b, W= H T 2% PBS() T 3 Al wash
L7-1% 4,6-diamidino-2-phenylindole dihydrochloride (DAPI) Z iz 5 4yfElA > %
22— k%, &5 PBS() T 3 [A] wash 95, #%IZ Prolong® Diamond THfA
L. EES L — S TR T 5,

(3) wikApREMIE D LAMPL F Bl &3

24 well 'L — b _E® polyethyleneimine-coated % /3— 74 7 A Z AR 2 #75
ffi L. Neurobasal medium (B-27 supplement. penicillin/streptmycin, 7 /L% I > %
Gie) THi#E L7z, 20 nM TBT % 7 HRIME@EH. PBS() T wash L. 4%
paraformaldehyde/PBS(-) 12X 0 =R T 10 MEE T 5, PBSTx TG ELHE 4 =
i 10 43C 2 [ETV, 3% BSA in PBSTx T 1 M7 o v ¥ o 7t —REUKSIER

(rabbit LAMP1 antibody, abcam, 1:400; mouse MAP2 antibody, 1:250) % =8id 1
fITIT9, IN—H 7 A% PBSTx T 3 Al wash %, Alexa Fluor® 488-conjugated
goat anti-mouse IgG (1:500) % 721% Alexa Fluor® 555-conjugated goat anti-rabbit
IgG (1:500) T 1 BRENSMETA v F 2 _X—h, I X—HF 2% PBS(-) T 3 [A
wash L 721 Prolong® Diamond TH AL, HHE SV — W —BAMEIIC THBIZET 5,

[NRF-1 &K1 ARHi]

(1) HEK 293T ffaiis L b T A7 =7 v a v

HEK 293T #fild% DMEM &% (10% FBS, 0.58 mg/ml L-7 /L% X > 2 mg/ml
NaHCO3. 100 units/ml ~X=3Y > 100pg/ml A kL7 h~A > 45g1 7=
— Z) [ZTH;#% T 5, FuGENE HD (Promega) % )T pcDNA3.1(+)_HA-hNRF-1 £
LY pAcGFP-C1_HA-hNRF-1 # F 7 A7 =7/ v a 35, 48 K%, 20 nM TBT
% 3 WHREE L. TNE Ny 77— TRk d 2.

(2) FPETLRE

Dynabeads protein G (Invitrogen)50 pL. Z%E KT~ 7 C 1.5 mL F=2—7I12L 0,
~ 7%y MZBWT EEEZRE, v~ 7Ry MpbFa—7% L) PBS-T (PBS with
0.1% Tween 20) T 2 |8l wash 92, v 7 % v MZBWT HiExkRE . GFP Hik
(Santa Cruz Biotechnology, sc-9996) 1 pg ® A-7= 200 pL. @ PBS-T Ziix. =ik
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T 10 e —7—var735, v7 3y MIBWTEEEZRE, 200 pL. ® PBS-T
T wash 7%, v7 x>y MZBWT REZFRE. 20 nM TBT 3 KR % D whole
cell extract Z /12, PBS-T T4&& 200 L IR &E% AbE, =ET 20 oe—7—
v a v %475, Dynabeads-antibody(Ab)-antigen(Ag) complex % 200 pL @ PBS-T
T 3 [a] wash 9%, Dynabeads-Ab-Ag complex % 100 pL @ PBS-T T L,
LT 2—TI2BT, ~7 %y MZBWTREFZRZ, 20uL @ 2XSample buffer
whz., 95C 3 Bt — 7wy 795, 7%y MZBWTLHEZRINL, V=X
BrTRyT 4T DTN E L, RERET TIA4T D,

[FVy 7 v T vEA]

(1) #H 37 G

YRR LTl A B LAY LA R—THEHEY | BEUL, MiadEED 3 fFED
hypotonic buffer Z xR # L7-, 10 7K EICHER%. 24G syringe (2 &0 filff L
72o D%, 4°C, 10000 rpm, 30 ZyfEliE DL, EiEE T, pellet (2 low salt buffer
Z 1/2 fEEINZ % L7-, 12, highsaltbuffer % 1/2 &2 K4 EE L S>> 30
syfEfiER%. 4°C. 14000 rpm, 30 ZfiliEL L, HiFEEL 37t & L,
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Hypotonic buffer #HpX | pL

0.1 M HEPES (pH 7.9) | 100

1 M MgCle 1.5

1 M KC1 10

1M DTT 0.5
5xcomplete 200
D.W. 688
Total 1000 pLL
Low salt buffer #Hjk pL

0.1 M HEPES (pH 7.9) | 200

1M KC1 20

1 M MgCle 1.5

50 mM EDTA 2

80% glycerol 313

0.1 M DTT 2
5xcomplete 200
D.W. 261.5
Total 1000 pL
High salt buffer KHEZ pL

0.1 M HEPES (pH 7.9) | 200

3 M KCl 200

1 M MgCle 1.5

80% glycerol 313

0.1 M DTT 2
5Xcomplete 200
D.W. 83.5
Total 1000 pL
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@ 7==V7r

2xannealing buffer | oligonucleotide # /%, 7=—V > 7 %1772 >7=,

2xannealing buffer

Annealing reaction mixture

i L HELRK pL

2 M Tris-HC1 (pH 7.5) 125 oligonucleotide Fw (50 nM) 20
0.5 M EDTA 175 oligonucleotide Rv (50 uM) 20

5 M NaCl 40 2xannealing buffer 50
Nuclease free water 660 Nuclease free water 10
Total 1000 pL Total 100 pL

Annealing reaction
95°C, 5 min.

| 0.1C/s to 70°C
70°C, 10 min

| 0.1C/s to 60°C
60°C, 10 min.

| 0.1C/s to 50°C
50°C, 10 min.

1 0.1C/s to 40CC
40°C, 10 min.

| 0.1C/s to 30°C
30°C, 10 min.

| 0.1C/s to 20C
20°C, hold
Oligonucleotide AZ%

% annealing % ® oligonucleotide = consensus oligo.

consensus oligo conc.: 10 pmol/pL

NRF-1 Fw | TTTTGCCTCGAGTCGCGCACGCGCGCCCGGGACTGC

NRF-1 Rv TTTTGCAGTCCCGGGCGCGCGTGCGCGACTCGAGGC

REST Fw AGCTCCGACTAAAGCGCTGTCCTCGGTGCTAAAATCGG

REST Rv CCGATTTTAGCACCGAGGACAGCGCTTTAGTCGGAGCT

Spl Fw

ATTCGATCGGGGCGGGGCGAGC

Spl Rv

GCTCGCCCCGCCCCGATCGAAT
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) U b
Consensus oligo. (1.75 pmol/uL) 2 uLL

T4 Polynucleotide Kinase 10xBuffer 1 pL
[y-32P]ATP (3000 Ci/mmol.at 10 mCi/mL) | 2.2 uL

Nuclease free water 3.8 uLL
T4 Polynucleotide Kinase 1 pL
Total 10 nLL

Incubation at 37°C, 30 min.

10.5 M EDTA 1 pL

|TE buffer (up to 50 pL)

Labeled oligonucleotide (¥&#Lq probe)

(4) KRR DM

50 mL tube 2 A7 G25 9 0.4 g 125 LT milli Q %) 30 mL Mz 2 C—H
e L7c, BH, G265 milliQ=1:1 (2725 XL 9 milliQ #7 A L—X—TW5| L7,
Tube Z#AEIEF L. 0.65 mL tube & 300 pL @ G25 % AiL7=, Tube DJEIZ 18G
needle T/XZ RIS, 1.5 mLtube (Z AL, 5000 rpm, 3 ZrfiiE.0 L7z, (3) OFEHLA]
oligonucleotide % G25 @ tube (ZF L. 5000 rpm. 3 ZrEC2 L0 H Ly 1.5 mL
tube (K55 L 7=, Blank (TE buffer). ¥55Hi oligonucleotide, ¥ #f% oligonucleotide
ZZiZ 0.65 mLtube I 1pL AfL, ¥ L =27, PT1.0 THELT,

(5) AR
5xXTBE buffer 3.0 mLL
40% acrylamid (w/v), AAbis=60:1 3.0 mL

80% glycerol 940 pL
D.W. 22.8 mLL
TEMED 15 pLL
10% APS 225 pL

1 WFfILL B T L7z,
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(6) DNA #54A SOt

NC | PC__[sesiiesiio] ™| cont. | TBT
Nuclease free water 11 6 4 4 6 6
5 X binding buffer 3 3 3 3 3 3
oligo. (1.75 pmol/ iz L) 0 0 2 2 0 0
nuclear extract 0 5 5 5 5 5
Total volume 14 uL
|
Incubation at 25°C, 30 min.
l<probe 1 puL
Incubation at 25°C, 20 min.
lgel loading 10xbuffer 1.5 pL
Electrophoresis
(7) BRIKED
Pre-run: 200 V for 60-90 min. (buffer: 0.5xTBE)
l
Well wash & sample 777 A
|
Run: 200 V for 80 min. (until BPB is 3/4 of the way down the gel)
!
Place the gel on 3 MM paper
l
Cover with saran wrap
|
Dry on the gel dryer for 30-90 min. at 80°C
|

Expose to X-ray film

(8) Bitg
+HRE D 48 RO ST 7 s v A B BB LT,
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[V v ~F o fEitkis]

(1) DNA Ol

SRR FE % O % 1% formaldehyde T 10 431 > % = X— h ., glysine (final
0.125M) Z#IRML 5 A > F=2X— T 5, ZDOtk, BV A7 LA —%fu PBS
() cHlEZEEZ L, 1.5 mL = —7128%73, 4,200 rpm C 3 43 flé Ez O UM 2
7% L L. 500 uL Cell lysis buffer CHllE % FFi# L 5O 4,200 rpm T 3 43 4 Bl O
21T9, ZOiEY % 100 uL Cell lysis buffer (Z T L 10 /7 RDK EIZiEL, £
# . Dounce homogenizer % FV> 15 [FIARE VA X %170, 250 uL Cell lysis buffer
T 2 PRV A&, 6,200 rpm T 10 ofEmEE O LEAILE S &5, L v M2 150
uL Sonication buffer % il x T L, DNA ZWi b3 5 7-% 30 B X 3 RO E
Wi 24T - 1=, HF AL T Handy Sonic model UR-20P (TOMY) % vy, & 5
TITo 72, ZD1% 12,000 rpm. 10 sz L, _EJE O DNA &% nanodrop 12 L
D 260 nm OWHENSEE L, £V 7 /v® DNA 2 % Sonication buffer (2 T%*
Az, 80 CTH U T NVERF LT,

(2) fepeibike
(a) kL ©— XDfEA G

Dynabeads % 50 uL, 1.5 mL F=—7(2 & D 7 % v MZBWT EIGEZRET D,
~ 73y b Fa—TEED, E—X% 400 L PBS (-) T2 [EIFEV, 0.5% BSA, 2
ug NRF-1 antibody (ChIP Grade) ™ A -7z 200 uL. PBS (-) TH&®E L, 4 C. 4—
N—F A b Tr—FT—Yard5b, D%, 400 uL PBS (-) THEEZIT I,

(b) HURIUES G

(1) T“i‘EEHj L 7= Chromatin solution 60 pL % 540 pL ChIP dilution buffer < 10 fi%
FRL,. 2095 20uL % Input HIZ 1.5mL F=2—7I2E 0, -20 CTIRIET D,
¥V 580 uL @ Chromarin solution % (2)-(a) Dynabeads/antibody complex (Zi1% .
4C, A—N"—=FT A FTr—T—va %79, £DH, ~7Fy MIO¥E, LiEZkR
&, 400 uL. ®% buffer (ChIP washing buffr (DX 1 [#], ChIP washing buffer @ x1
[f], LiCl immune complex wash buffer X2 [a], TE buffer X2 [a])) Ty,

Q) PR EPL 7 o R Y

Elution buffer ZHE L. 250 uL Elution buffer ¢ Dynabeads/antibody/antigen
complex #F# L, FIW T 15 mofle—7—va 2179, v~/ Xy MIES EE%
F LW 1.5mLF =—71Z & Y Dynabeads/antibody/antigen complex % (' Elution
buffer THRE L, 156 Hfln—7—Ta 95, REZFEL 1.5 mL Fa2—7I10& 5,
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(2)-(b) TEAAFE L7z Input HOH > 72 500 ul Elution buffer #/l%. IP, Input
3z 20 uL BM NaCl Z¥I L 65°C THAK 4 KL EA o F 2 _X— L7z,

(4) DNA O f

66 CA v FaX—Ta %BOY 7 500 uli phenol : chloroform :
isoamylalchol =25:24:1 #/Z Ty 7 1> 7 %17\, 12,000 rpm T 5 Frfiliz
DEAT ). BRI 720nE D EEEZH L0155 mLFa2—7I12E b, 50 .3 M
NaOAc (pH 5.2), 2 uL 20mg/mL glycogen, 1 mL ethanol /1%, 20 Z3fLLERZ
AT A4 RZEL, D%, 15,000rpm, 15 FpfEmAEELO L, EEZFRE . 80% ethanol
TILEY) 2 IR+ %, 15,000 rpm, 15 ZpfEimEhE 0%, TEEY % B# L, 50 uL N.F.
KaMATHEML, -20 CTHRF LT,

(5) DNA & &

U7 nws 425 PCR IZLY IP DNA & & Input DNA &4 2N ZHIE L.
IP/Input OfEEZFERE L C/RrL7Z, U T V¥ A2 PCR X QuantiTect® SYBR®
Green PCRKit #ff L, CFXManager (2 & Y fi#tT 217> 7=, DNA & DX E &fE
Brid AACt EIZE VTS,

AR Thermal cycling parameters
KAPA SYBR® FAST qPCR MasterMix 7.5 L 1.95 °C 3 min

Primers (5 mM) 0.8 pL 2.95 C 15sec

N.F. water 8.9 uL. 3.62 C 30 sec

Template DNA 2 uL 4.72 °C 30 sec

Total 20 pL 5. go to line 3 for 49 more times
(6)45-#& buffer LK

Cell lysis buffer Sonication buffer

FHLAK. AT HELAK, AT P

HEPES (pH 7.9) 10 mM Tris (pH 8.1) 50 mM

MgCl2 1.5mM EDTA 10 mM

KCI 10 mM SDS 1%

DTT 0.5 mM protease inhibitor cocktail t JH B R
PMSF 0.2 mM I JHR i B
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ChIP dilution buffer ChIP washing buffer(®D

FEAK IR HHAL I AR
Tris (pH 8.1) 25 mM Tris (pH 8.1) 16.7 mM
NaCl 140 mM SDS 0.01%
Triton X-100 1% Triton X-100 1%
SDS 0.1% EDTA 1.2 mM
EDTA 3 mM NaCl 150 mM

protease inhibitor cocktail ¢ PR Y

ChIP washing buffer® LiCl immune complex wash buffer
FHLEK I AR FELEK AR
Tris (pH 8.1) 16.7 mM Tris (pH 8.1) 10 mM
SDS 0.01% LiCl 0.256 M
Triton X-100 1% NP40 1%
EDTA 1.2 mM sodium deoxycholate 1%

NacCl 500 mM EDTA 1 mM

TE buffer Elution buffer

e mL HEEK ul

1M Tris-HC1 (pH 8.0)  2mL 1% SDS 1000

0.5M EDTA 0.4 mL 1 M NaHCOs 50 PR
MilliQ 197.6 mL 100pg/mL ssDNA 0.1

Total 200 mL

(N7 7 A ~—FdH|
NRE _GluR2_promoter Fw | CGCAAGACTGGAGGTCTCTAA
NRE _GluR2_promoter_Rv CGCACACACACAGGAAAGTC

[ATP #HIE]

SR FE% . FIEERH & S D Cell Titer-Glo®Z RN L. H#E#% 10 B =E G S
B, 2OWKI0OUL 2V ) A—ZIZTHIEL, £NENDOHZ 37 JRE TR LT
® control FEIZH T HEEEHEH UMEELE L TORL,
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[Lyso Tracker i2 X3V Y Y —AREE ]

4 4yE] 35 mm A7 AR NAT 4 v 2|2 shNRF-1/293T #ifgz#&fE L, Dox %
120 FEREIRING %, PBS T wash #%. Lyso Tracker Red DND-99 (final 50 nM) % s
ML 15 A &% 2_X—r45, PBS T wash 4 F12 A5 ¢ v A CTEBL, &
SR — Y BAERC TR T D,

[NRF-1 7 u—=127]

stk HA % 74 human NRF-1 (ZLLFD 7 F A ~— & Prime STAR HS
polymerase Z MW CTIER L7-, PCR FE®IL Hind III & Not I (2 XV il REEEALEE
Z470 . pcDNA3.1/Zeo (+) vector (Invitrogen) & pAcGFP-C1 vector (Takara bio Inc)
WZHAIA AT, PCR TER L722TORINIS — 27 = AfFHTIC L 0 BB TH 5
LR LT,
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[shNRF-1/293T HHfa o /ER]

pLKO-Tet-On <shNRF-1> 75 & I F{EHL
(1) shRNA #%&f
NRF-1 #3#i# 9% shRNA B L scramble shRNA #LL FD L 9 I23%EF L7,

NRF-1_Topl CCGGCCGTTGCCCAAGTGAATTATTCTCGAGAATAATTCA
CTTGGGCAACGGTTTTT

NRF-1_Bottom1 AATTAAAAACCGTTGCCCAAGTGAATTATTCTCGAGAATA
ATTCACTTGGGCAACGG

scramble_Top1 CCGGCCTAAGGTTAAGTCGCCCTCGCTCGAGCGAGGGCG
ACTTAACCTTAGGTTTTT

scramble_Bottom1 | AATTAAAAACCTAAGGTTAAGTCGCCCTCGCTCGAGCGA
GGGCGACTTAACCTTAGG

Q) AV A T7T==0 27
shRNA ® Top LT Bottom ZLL FOMELTEA L, r—~ /L1 7 T =TT,
FV AT ==V T EITHo T,

HHRY

: Thermal cycling parameters
Top oligo (100 uM) 11.25 uLL 95C 75 5min FET
Bottom oligo (100 pM) 11.25 uL 25C FHFMRE T -
10X 7=—U IRy 77— 2.5 ulL =y

O 10X T=—U TRy T 57—

1 M Tris 5 mL

5M NaCl 10 mL

Total 50 mL

HCl I2& 0 pH 7.4 (&0 AWIE 217 > 72

VEBLL 72 shRNA % 05X 7=—U 27y 77 —|2T 400 &R L1,
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(B) 77 A I Niill [RE#FRALER
EcoRI 353 LY Agel 12XV double digestion #1772, LA FIZ/RTHLT 37°C,
2 A v aX—2 g L7,

HELRK

Tet-pLKO-puro #21915, Addgene) 400 ng
10 X H buffer 1 uL
EcoRI 0.5 uL
Agel 0.5 uL
D.W. T&# 10 pL (27

4) 74
HIREEZ U Z L7 T A K& 0.7% T HAa—A7 ik L, ZF it 217 -
Too 7B, WHIE 20 uL ® DW. TiT-o 7=,

B) FAF—ra v
PATFICRTHE CIA Y — g v &2T7o7-, 16°C. 1 KA v F a2 _X—2 3 LT,

FELRY

A oligo 1 uL
TITAINR 20 ng
Ligation high ver.2 7.5 uL
TE buffer T2 15 uL (ZF#

(6) TEE i

a7 L (Stbld) 100 uL 27 A 7 —v = VEW A 5ul %, )k ET 20
SyEERE LT, Dk, 42°C T 40 A v FaX— a3 Liztk, )KET 5 ik
BEL7Z, LB ZX7L— MIEEIR®LIZaET > b e 2BFE, 37°C T#t

A FaX— gL,
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(7 #4v7 han=— PCRik, 7723 Fhil
SNz an =—% MR # & O Thermal cycling parameters (2C, %A L
7 hawv=— PCR %171-7-,

FHLAY, Thermal cycling parameters
10 x Ex Taq Buffer 1uL Stage 1 x 1 98°C
dNTP mix (2.5 mM) 0.8 uL Stage2x30  98°C
Ex Taq (5 units/uL) 0.1 puLL SSZC
Forward primer (100 pM) 0.1 uL Stage 3 x 1 Z"((jl
Reverse primer (100 uM) 0.1 uLL

D.W. 7.9 uLL

Total 10 uLL

shRNA_seq_Fw

GGCAGGGATATTCACCATTATCGTTTCAGA

pLKOtet_10596_Rv

CAAAGTGGATCTCTGCTGTCC

30 sec
10 sec
30 sec
90 sec

5 min

PCR W% 0.7% 7w —AT7MIKEIL, A I — M PR C&lean=—%
oL, 77 A2 F%& GenElute™ Plasmid Miniprep Kit % W CHiH L7=, #H®
IE= % ) — VIEBIEIZ L 0 R L7,

8) A ¥ — Mg

i L7277 A X K& Xhol 2 M\ T, 37°C, 2 W[l REF A LEE 21T - T2,

FELRY

77 23 K DNA 500 ng
Xhol 0.5 uLb
10 x H buffer 1 uL

D.W. C4&%& 10 uL

(AR

2% 7 A —AFAZEKEN L, 100bp T2/ RN 2 RBOLNT-bDEA
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— FRDASTNWDETFTAIRE L, V—F T ARNICE Y BT T A2 RaiEoni-
L ERHER LT,

Ly TFIANANN r—

Day 1 HEK 293T a0 #EfE

1. poly-D-lysine =—7 ¢ > 7 L7= 100 mm dish (Z HEK 293T #fifdz 400 5
cells TS

2. 24 Wil CO2 A v ¥ aX—H—TH#HET D

Day2 A7 4 VLR - NIV AT =7 a

1. LT D@ Y transfection mixture Z/EEI L. 10 /RIEHET 5

2. WBAT 4 VL% 8ml OFfERAT 47 L ELMT D

3. Transfection mixture ZHIfEIZHH F L, O/N A »F 2X— T 5

Plasmid ug/ul | ug/plate | ul/plate
Transfer Plasmid Tet-pLKO-hNRF-1 1 5 5
Packaging Plasmid pMDLg/pRRE 1 1.7 1.7
Envelope Plasmid pMD2.G 1 1.7 1.7
RNA Export Plasmid | pRSV-Rev 1 1.7 1.7

PEI(pH4.5) 1 40 40

Optimem 950
total 1000.1

Day 3 AT 4 U LAZHE

1. 13-16 Kffiit%. 10 pM forskorin (x500 stock solution at -30 °C; 10 mg/ 4.872 ml
DMSO) Z&ELeHER AT 4 7 A 9ml (ZA5H

2. 48 FFfflA V¥ a—v g v

Day 5 7 A /VADEYL - #2HE (2K E#E)
1. B8 AT 4V 2L% 0.45um PVDF 7 4 v Z—TAiL 50 ml F=—7\ZB7
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S A el o

4x PEG-it @ ml PEG-it/9ml AT 4 7 2)&MNZ 5

4 °C O/N

1,500 g 30 43320

EEERE (A% L, Sy NEERET S

1,500 g 5 43

FiEZEBRE L., optimem (B5EAT 4 U AED 1/600 &) THBE®ET S
/NFIFIZ LT -80 °C TIRAF

AT ay L sa—=

1.

2
3.
4

HEK 293T #ifid% 24 well plate (24 L. O./N.

LT AR (1-51l) & polybrene 8 ng/ml #Ush L, 24 WifEEs#&9 2%
PBSwash . A7 4 U LML T 24 RfEEET S

lpug/ml Ba—m~vA 0280 A T 4 ULIERL, 2 HEREEL Y v a v
Z1T 9

L7 g U %OMAE 100 cells / 100 mm dish THEREL, 1 HERRERET
%)

an=—RNERESNES, Fan=—% v/ 7 v 7L Dox iRNINFED NRF-1
RHEALMHT L, kb KD. FRO@mW\an =—42#51 5

[R5 2} 7 B 5 RZh R ]

Poly-D-lysine =—7 1> 7 L7z 24 well 7L — hZ shNRF-1/293T #lljid % &4
%, 100ng/ml Dox %4 K¥MN#%. L-[14C] valine (final 0.2 nCi/ml) #&ie A7 1+ 7
2400 pl [ZEHLL 2024 1 > F =2X— T 5, PBS T wash L721% 10 mM valine
GAHAT UL 500pM ([ZEHL 2 KA o F 2— 925, PBS T wash %, 10
mMvaline ZGH7 vEA AT 4 U LTERT D, 4 KA % 23— & plate &K
RliZiEE, 1.5ml F=2—712 400pnl D AT 4 U A%EB L, 40% TCA % 200 pl (final
10%) &. 20 mg/ml BSA % 200l 2z %, RAAT 27 AL T4C 530 min #fE

L/\

12,000 rpm 5 ZyfE.o L ¢, kiF 400pl 23 > FL—a AL TZBEL, 3

ml U FL—FEMZ L5066 o F L— a2 THREHEMEZHET % (cpm
released), Plate % icecold 10% TCA T 2 [A] wash L, 1MNaOH #/Nx %, 37C
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20 A v F 2=, BT 07 LT 250 pl BV FL—Ta A T
CBL 3ml Yo FL—HENMXEEY T L—a v By X CTHENEMEZBET
% (cell cpm), % > /37 B3R (%) Z#LLFO@EY BT 5,

(release cpm x 1.25 X 2 x 100)/{(release cpm X 1.25 X 2) + (cell cpm X 2)}

[HeatfEtT]

ML DOT —H L2 T mean + SEM. TR L TWD, MiFHHEE
Student’s ttest F721% Turkey test (& THIE L7,

Bl
it
e
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KW A IFATT DI HTY | el 7e b sus
WEE B AR SRR R - T RIR AT
FET

Ba52TWEETELE JKEBERFRT
= il Bl BRILHSEILE L R

AW BT T DHICHTY | WA THRE & ZHIEZH Y £ L. KERFRE
Bel o IR A TER, AR MERRE Sy FEV BT IEE KH 8 BURICHEA TG O
HBERLET,

. EBROMEEE TS KR E CIHERVEEEE L BB KR K
EERIER (MRS TR IR R %R0 HEBORICIE N L
7,

AL ZITTHICHTY  BE ORERMBZENEETE L JKBERFRE
BelE i SO AP IERE AR RERRE Sy T EVRRSEOTIEE ERE BRI BhEL HER B
it A - EEICRE#N L ET,

AT B N THFE, ZHEEZBH0 £ L JRERFRFPEERERESER IR
WHGNFORGER /IR F R B, KB RFERFBCE R ATER ST
PEZE R L B, IKBRFERFEEERREAVIER AR EAIE=
BEAR R OMEEIRICE AL L B ET

AWFEDFATIZHT- Y WICERRELEATIEY, Z<OZHE. iz L
WIZTZ& E L IRERFPRFBEE R ATER ARy T BIRR AT JEE O

AEOETETT . AR, BAEDERRISR S EH W LET,

wIRIC, FAEEE LA, BT T NIEFBICR S E#H N LETS
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