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ACM astrocytic conditioned medium

Ara-C cytarabine

Bead yellow-green carboxylate latex beads

BN-PAGE blue native polyacrylamide gel electrophoresis

BSA bovine serum albumin

BSS balanced salt solution

CaEDTA ethylenediamineN,N,N',N-tetraacetic acid, calcium (Il), disodium salt
CBB coomassie brilliant blue

DFP diisopropy! fluorophosphate

db-cAMP dibutyryl-cyclic AMP

DMEM Dulbecco's modified eagle's medium

DNase deoxyribonuclease

DTT dithiothreitol

EGTA 0,0'-bis (2-aminoethyl) ethyleneglychliN,N',N-tetraacetic acid
EMEM eagle's minimal essential medium

FBS fetal bovine serum

GAPDH glyceraldehyde-3-phosphate dehydrogenase

GFAP glial fibrillary acidic protein

GFP green fluorescent protein

GLAST glutamate aspartate transporter

HBSS Hanks' balanced salt solution

HEK293T human embryonic kidney 293T

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
H,0; hydrogen peroxide

HRP horseradish peroxidase

ICP-MS inductively coupled plasma mass spectrometer

Km Michaelis constant

KN-62 1-[N, O-bis-(5-isoquinolinesulphonyl)-N-methyl-L1tysyl]-4- phenylpiperazine
LDH lactate dehydrogenase

MT-3 metallothionein-3

OGD oxygen glucose deprivation

OXATP oxidized ATP

PBS phosphate buffered saline

PBS-T 0.1 % Tween-20-containing phosphate buffered saline
PEI polyethleneimine

PI propidium iodide

PMSF phenylmethylsulfonyl fluoride



PVDF
P2X7R
P2X7R-v
real-time PCR
ROS

S.D.

SDS
SDS-PAGE
SNP

TPEN

Tris
TRPM7

YP

ZIP
ZnEDTA
ZnT

polyvinylidene difluoride

P2X7 receptor

P2X7 receptor splice variant

real-time polymerase chain reaction

reactive oxygen species

standard deviation

sodium dodecyl sulfate

sodium dodecyl sulfate-polyacrylamide gel electemelsis

single nucleotide polymorphism
N,N,N',N-tetrakis(2-pyridylmethyl)ethylenediamine

tris (hydroxymethyl) aminomethane

transient receptor potential cation channel, subyakh, member 7
YO-PRO-1

Zrt-/Irt-like protein

ethylenediaminaN,N,N',N-tetraacetic acid, zinc (ll), disodium salt

zinc transporter
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1. A3

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) . N,N,N',N-tetrakis
(2-pyridylmethyl) ethylenediamine (TPEN)ethylenediaminéN,N,N',N“tetraacetic acid, calcium (),
disodium salt (CaEDTA)% U} n-dodecylp-D-maltosidel X [F{—{k57> & |, papain deoxyribonuclease
(DNase) sodium pyruvaté? O* bovine serum albumin (BSA) Sigma-Aldrich?» S A L7z,
ZnAF-2 DA% Chemodex)» HIEA L7z, & DOMORIEITFEMIE TENLLEAL, WLy
Fites LS IZZFN L EOHKO L O EFEH LTz,

2. VUAKRMEET A vt A NEOI 7 a7 ) T ORHE

FERIZIX ddY SR~ T A (HA SLC) 4 1-2 HZOF A% H=, ki Hanks' balanced
salt solution (HBSS; 136.9 mM NacCl, 5.4 mM KCI, 8.41M KH,PQ,, 0.167 mM NgHPQ,, 5.6 mM
D-glucose, 2.38 mM HEPES, pH 7.2§ |2 THMZ fig i L. EIEIZHE W SEARBEEE N I2ds W\ TR
R A A U7, BAEE L 7 KAMECE 2 Ok HBSS W CIREBHH B Z VTR AL L, Aliuis
IR & LT 15 5 - MR ERE TR % 40 units/mL papaikz Y 1 mg/mL DNase: J&F1 L. 104578,
ITPCITBWTHINR L7, 25°C, 1750<g D& T C 5 o L oBEZ T o7, RiBEZERE
L7z, #ifid%i#EE0 10% fetal bovine serum (FBSk T 2 mM L-glutamine & Eagle's
minimum essential medium (EMEMH 7K #438) 2 FHWCHERE L, BALAFEYS 72 0 Ofliaz
S L7, BTt oM A 6 £ 7213 24 well cell culture plate (Corning)z 6.0x10" cells/cnf @
L TR, 37°C. 5% CQ A FIC TR 21T o7, WM. 3 721310 H HIZ 10%
FBS X U* 2 mM L-glutamineZ i EMEM (& T HIAZ#A A AT o 7=, B3 BAA# 15 H BTN T
B 2 R0 CIRE S VFRilET 5 X 7 1 7 U 7 & [ElX, 24 well cell culture platé” FHEFET% |
2 HMER L2 b 02 EBRICHW, T A hada MM RRET D720, 27
770 7 Al OFAEIZ 20 uM cytarabine (Ara-C{ERH & ¥ 52 & T, BiET 56370707
DOHFEZINHI L, 2 H#IZ 3% FBSK ) 2 mM L-glutamine& A EMEM (ZA5H#A L 7=, =D, 7
HEICHF A A 4T\ 7 A b ad o bk 20~40 A RIS L2 b 0 %2 FEBRICH W72, o
JAREIZ LY BT A a4 NI 7 a7 U T OMEZEERT L2 A, TNLE
AL 9T%M N 999 L ThH -7z (28), 7ok, ARFERT 1 ko, HKEFER R T EHRZE S
ST X VKGR S AL, A TEMEERICEE T 2158 2o CTHEBREITo 72,

3. R {lk# (H209) ALH

FEERFE R 21T, 5% CQ % fufil X 7= balanced salt solutioBES; 134 mM NaCl, 3.1 mM KClI,
1.2 mM CaC}, 1.2 mM MgSQ, 0.25 mM KHPO,, 15.7 mM, NaHC@® 2 mM glucosepH 7.2) %
72, HyOp 1% 0~1000 uMOEEE & 725 X 512 BSSZ AW TR L 7=, 7 A ¥4 X BSS
HFIZT 10 37 LA v FaX—ta  LiIctk, HO, ZiRNT 2 2 LIC K VLA L A#A
W& PR L, —ERMREZ,. To BB E IR EmER L, FERICHW, ok, M



fu E¥IE, 95°C, 543 CEVRIEIL L7214, 4°C, 20800<g T 5 4[4 BEL . 7 A he
A ~53& B (astrocytic conditioned medium (ACM)y L THV 7=,

4. FHPEMa G

#ifu% phosphate buffered saline (PBS)VEif L7214, [EEHK (4% paraformaldehyde (PFA))
T 4°C 2T 15 4 MEE ATV, O PBS THalf L7, MIRUTEZRE DAL 2 (0 FH 2RI
DEIZE LT, 70%, 90%}M% % 100%D =4 / —/V%ﬂ%b\“(}%ﬂ( L?‘:o T yX 7% 0.2%
Triton X-100 }2 T} 0.1% BSAE A PBS A IV TEIRIZ T 30 0BTV, £ D%, —kFiik% 4°C

T—BEH S 7, PBSZ MW THI Z e L. “IRPUAZ IR, EEEM T2 T 1 RFH

ﬁﬁﬁé’@f:%ﬁ PBSIZ & Y ¥4 L. VECTASHIELD® Mounting Medium (VECTOR)%:FHI/\“CX
T4 KA T ACEA LTz, Ml OBE T 5 L —V — B85 LSM 800 (Carl Zeiss)c
1T - 7=, 723, —IRPUARIE rabbit anti-glial fibrillary acidic protein (GFAP;:1000, catalogue number:
G9269, Sigma-Aldrich)% T8 mouse anti-4-hydroxynonenal (4-HNE; 1:250, catatogwmber:
HNE13-M, Alpha Diagnostic)iiik, % 7= ~kHi{KiL Alexa Fluor 488-conjugated anti-mouse
(1:1000, catalogue number: A11029; Invitrogel)* Alexa Fluor 546-conjugated anti-rabbit (1:1000,
catalogue number: A11035; Invitrogefij {4& z i L 7c, @R O E &% LSM 800D A7 |k
T LFRNTIZE VAT o T2,

5. A AELEEROMIE

A4 L7313 lactate dehydrogenase (LDHEIC X WEFMi L7z, 7 A ha ¥4 bid BSSHIZ
T10M 7T v A v FaX—ra L, HO, % 24 RFfELEE#. 12, ACM Z[EIIV L 7=, ACM IZ
xf L. LDH buffer (500 mM KHPQ, 500 mM KHPQ,, 28.2 uM phenol red, 2.5 mM sodium
pyruvate, 0.38 mM NADH)&Z Iz, ~A 7 o7 L— k) —& —{ZCiF 380 nmiZ35 1) 50
JE A JE L, Mifast LDH &%, NADH @%&ﬁ'ﬁfﬁ@ﬁﬂi{ﬁﬁ#ﬁa%f: DORTFREIY KD, Zh
5% 4 LDH B TR 25 Z LIC L Y iz B LT,

6. HgnRE DR

6-1. AMARALHEShR L

AR SRR S O REIZIX, FFEME 7 7 A~EESHT2EE (Inductively Coupled Plasma
Mass Spectrometer (ICP-MS; Agilent7700, AgilentAalogies) %z I\ 7=, [FIIY L 7= ACM (Z A
ERAGIRIE 5%E 72D KOs L, o7 v Uiz, MEhREOE &I, MEnEEnR % B
HRT D Z LI IER L TEmERICE ST To 7, el WEMEEME & LT 1 ppmA
DU LMERERZ R, YTV RO SRR O ENE USRI LT,

6-2. el PR B BIERY R B i BT
AR PN B R AR B 1T, RN OB R RE SR (e 9~ D AR A 7 n — 7 T H ZnAF-2 DA
ZHWTHIE L (29,30) 7 A haHA MIMAEEEAZRE L BSSICER L72#%, 8 uM



ZnAF-2 DA % 3043 fEH S 872, ZD%. HO ZHE L, —ERFERE, dOCBAMEE %
W THOE 4 21572, ZnAF-2 4 ¢4 o> 2 81213 Adobe Photoshdp % v, 45 5 ALiz
SREE X, T A hut A MIHENA A/ 7+ T TH D zinc pyrithione (ZnPT; 0-5 uM, 5y) % 4L
Y52 & TIERIL o ERICEES & Ml EBERL a2 2 #UR L 72 (31, 32)

7. X7 a7 ) TIEMHALOFHE

Control & OY H,Op #LEREE D ACM IZ%F L, CaEDTA% 0~100 uME 725 L O L2 D
ZI/m 7 Y TIE LT, £0 2 K% IS A EER (50% acetone + 50% methanot)
4°C (2T 1543 MIALER U, (EFAZEREMEE F T2 OMNZ#RE Lz, FRZEENME <, 2 AKLL
FREO LI, MRED NSNS OEFIIREBICH LI 7 u 7 ) 7T LERL, EOMDIEIED
27w 7Y T EEEIRREE LT, Ao aiEM AL 7 v 7D TR A BRI TE M
bR ZFH L= (17, 33, 34)

8. MR FHYMLEE

BoNI-ERMEIL, FHEHEREFZE (S.D.) I TR L, AEZEMEIL Ohishi & Dt
23S & (35), RHEMINEMSA L, BOBNASE LW ERE L, SREREICIT 2 olid &5
BT (Tukey's test)Z i F L. 15 S 4072 pE2AS 0.05K7 (HH) oAz BEELY & Lz,



BRI

1. 7 A bud A MIRT LA b U A ARSI OREL

T A MuYt A h~OEEEA N VARSI A BRETT D729, 0~1000 pMDJREE D H0, &7
A bt A M 2ARFRLEL L Z D & & OMIRAAFHE %2 51l L7, 400 uM E TOIRE D H,0,
OB L7772 hath A b T, RSN S 4v7z LDH I3HBR UL T Ch o7, —H,
600 PMEL D HO 8L BTl Z DA A EITHE ML TWe (Fig. 1a) S 612, Mo
REZALAE TR T A ha A hO~—h—Th D GFAP KL A L AD~—H—T
i % 4-HNE OFEHL % 31 L7245 F. 400 uM D H,O, LFE Tl e D E A2 fE - 7 R e L &
& HIZ, GFAP LN 4-HNE O i R LTz, —J7, 600 uMLL EDEE D H,0, T
ILHIRAR D ZEHE & £ - 7= G E AR Sz (Fig. 1b) ZOFER LIV | LB OFEBRTIE,
T A Mut A bt T oMl G E A2 A U WREREORREA b L ZAARTX, H0, % 400 pM D
JEIZT 24 RERALEE 95 Z & & LTz,

—~

a

—~

(b) H,0, (LM)

<100 0 100 200 400 600

- o

5—9 80_ _ccmd

i) o

5 60

S o

o 404 E

@ o

k]

© 20

5 z
0 100 200 400 600 1000 <
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Fig. 1. Effect of H,O,-treatment on astrocytic viability and mor phology.

After astrocytes had been treated with the indicated cdraons of HO, for 24 h, they were used for
following experiments. In panel a, cell viability was evaied by the LDH assay and each column represents
the meantS.D. (N=3).% < 0.05 {s.no H,O, treatment). Panel b shows astrocytic morphology, and the
immunoreactivities of GFAP (red) and 4-HNE (green). Repntéative photomicrographs for three
independent experiments are shown. Bar 40



2. HAh K OSHII NI 38 1) 2 dgnEhAE oD 25 )

AT THRIE LIZ RIS W TERE A b L A Z AR ST A h A~ OREREIRE D2
Al L7z, £7. ACM FOMENREZHIE L7z & Z A, control B TIEEHlE L 72\ 3o
REIZ B W T HZOREITIZ E A EBD 72> T2 DITxE L, HOp MLBRRE D Z FUITALERTE 2
FERIIC BV THI 0.2 UMECTHEICHIM L, 0% 24 TEORETIZE—EThH 7=
(Fig. 2),

WIZ, HERLPNBEBERL H Eh L~V & 5TA4f L 7=, Control BED 7 A b a4 KTl ZnAF-2 |2
HET 28TV TNORRICBWTHIFEA LR EINT, 207 v 7 7 A VTl
AR L — & Th D TPENLEFE DL E L R Th o 7o, — 7 H.O0 LBREE TlE, ZnAF-2
DOEFIE, HOp JLERL . B OB & & HIZHE R L, 2 B CRbLM 2D, 0%, KT
T5Z Lotz (Fig. 3a) 2D ZnAF-2 3065 E % | Fig. 3biZ k9™ ZnPT & Fu C R
L 7o MR I D & e i L 7oE R MR N HEER L~ b 13 HO0 LB 2 RFR £ IZ AT 2 uM & 72 D) |
ZOHBIKTFT2HDOD, 24B%IZEB VT control BEDOME & e L CTHEIZE W Z E 0390
-7z (Fig. 3c)

INHDORERLY LA MUV AZAMINTET A Fat A MNIZE ORI OHa N O
M L~V RIEDL Z DN LNE ST,

0.30
O Control @ H,0,

Extracellular zinc level (UM)

Time (h)

Fig. 2. Time-dependent increase of extracellular zinc levelsin H,O.-treated astrocytes.
After astrocytes had been incubated with 400 puhOkifor the indicated times, extracellular zinc levels were
determined by ICP-MS. Each point represents the me®ub. (N=3). J < 0.05 {/s.respective control).



@) H.,O, treatment (h)

H,O,

(b) (c)
50 S 25
2 ZnPT (UM) = O Control
2] 0 10 2.0 3.0 —
S = 40 A -ﬂiﬂq o 2.01 @] ® H,0,
= g o [ R o O H,0,+TPEN
g > 307 Q
5 S s
i 5
0n = r—
0 3 =
5 — 10 o
T 0 . s
0 1.0 20 3.0 40 50 £

ZnPT (uUM) Time (h)

Fig. 3. Time-dependent increase of intracellular labile zinc levels in H,O,-treated

astrcoytes.

After astrocytes had been incubated with 400 uMOKin the presence or absence of 2 uM TPEN for the
indicated times, their intracellular labile zinc levels rwedetermined. Panel b shows standard curves
constructed with 0-5 uM ZnPT for quantification of intrda&r labile zinc levels based on the fluorescence
intensity of ZnAF-2. Representative photomicrographs auéntitative results for three independent
experiments are shown in panels a and c, respectively. Eattt pepresents the mearS.D. (N=3).
*p<0.05 s respective control). Bar = 40 um. This figure was cited frbig. 1 in Metallomics2017, 9,
1839-1851.



B.ACMALEIZ LB 7 a7 ) 7 OiEHL

BfbA NV RAARIZE Y T A had A M bfifas it S v fignss, 27070
EMEAL 2 BT 2 0G0 Z2 3 Ml L7=, Control B ACM % 7 a7 U TIZIRINLTI=-%6. £
DFEREIZZAITIRD LR Do T=DITHT L, HO AVEREED ACM HINE 7 v 7' ) 7 OfhE
% "ameboid"RIZE(L EH7- (Fig. 4a) Z DI 7 a7 U 7 OIEMHALSIEENIC X Bl S
LOTHDZ L EHRTHOIC, HO MERED ACM IS BT L —% Th
% CaEDTAZ THIMULIZE Z A, ZHE 10 uM BLE DR |2 Tl & 7= (Fig. 4b)

INHEDZENE, BEA PV AARNCEI Y T A hud A bk SN, 2R
FTOWE (A7) LRBEIC, 2 7a 7 U T EEMRESE D 2 EAVHIA LT,

@) CaEDTA (M)
10 20 50 100
- R ‘

O control

80 - W H,0,

(o2}
o
1

N
o
1

Activated microglia
(% of total cells)

N
o
1

L

0 5 10 20 50 100

CaEDTA concentration (UM)

Fig. 4. Microglial activation induced by zinc released from H,O,-treated astrocytes.

After 10 min-preincubation in BSS, astrocytes were incatavith 400 uM HO, for 24 h in a CQ
incubator, and then the media were collected as ACM, foltbiwg heatinactivation. Thereafter, the ACM
was administered to microglial cultures, and they were liated for 2 h in the presence or absence of the
indicated concentrations of CaEDTA. Representative phamgraphs and the quantitative results for three
independent experiments are shown in panels a and b, resgdgdEach column represents the mea8.D.
(N=3). *p<0.05 (/s respective control). Bar = 40m. This figure was cited from Fig. S2 iMetallomics
2017, 9, 1839-1851.
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ARETIE, BEA NV AZAMINTT A hathA MBI MBI ZEA L2k R,
HERRAE e OSHEREN O W AULUZEB W T H B LR L, EOEEB T 17 7 A )VEi =
N=F AV MIBWTHBLZ D THL Z LR LMNE T,

INFET, TA YA S LOMHEKEICIZHE N T v AR—F THD zinc transporters
(ZnTs) #9r L7-ffasb~oline, =% VA b= 20~ I F ¥ 1L %29 LI flfast~olik
HOBAET 2 Z EnHEshTng (17,36) £7-. 7 A ba¥4 Mo lash gt -
HgniE, EFEOI 7 v 7 aREH S, MlREGEEEZRT M1 B~ E2EET 5 Z
ENRENTWD (17, 33,34, 3D AKEICBNTH, B{LA FLRAAMT A bad A bbbk
HENFHINI 7 a7 ) 7T EEHEIEL LN TholzZ EEHLNIZLTEY, Zh
O LEEBEZED L, BEA MUV ARAE U DIFERFICIKSWNT, 7 A bat o NIz
7V HrEWEE LCHAL, 27u7 ) 7TOFEMEEREL THDZ ERNEBEZLND,

ABAFFRA-Z3MT3) IEAX AT ERA L DT A T4 —LD—DTHV ., ZIUIMHK
R, Z LCT A bt MZBOWTERBRT L2 ERMbNTWS (21,38) A X0 F
FRA L FIE @B-F A VEORMESICL VIR 7TRFEMaTo2nTE, M
JAWICAAEST 2HERDIZ E A LIIAZ 0 F A XA LA LTS, £ LT, ROSOEAL
MLUTEIEA RV ARELDZEICEY, AX BT EHFRA BTV ANLT 4 REEGDE
SN DR, &L ORNFEA NN D = & THNNEERET S (39,40) L7=23-> T, 4R
DOHNTRLA NV AARTT A R at A MBI DM ERER i O HGIR O —o L LT
MT-3 BB X bivh, £/, 7IvA FBOREENIEERND—DLZX LN TWND T /LY
A~ —BERFEICB T, ZDOYV R 77 7 X2 —ThHHBEA N L RIZLD MT 226 OHigh
WEERHEINL, 7304 RpOBELZTTESEL Z L b HRESN TS (41,42) ZDZ L»
bh, REIZBWTH LN E R o7 B{bA b L AARIC X 2 MASOFEREIRE D228 1X,
AR R DIRRERFIC T 2 MR OB 54 B 2 5 E THERMA TH DL L EF X D,

Fl2, BT AU F ¥ RxLD—>TH 5 transient receptor potential cation channel, subijai,
member 7 (TRPM7)&, B&{b A b L AFHEHBMEOMIEMALIEIZE 5T 2 LS TEBY ., £
FERFE BRI N T, BB b L AITRE L CHERE A /M b AR E ~ o #igh D Fit i
ENETDHZENRMALNER-TND (43,44) 7 At A MTh TRPM7IEHET 5 - &
2D (45), BRfbA M L RAART A hu YA b ORI EE OHKIZ) LT, TRPM7 2388 5.9
LI ENEZLNDN, ZOFEMIBAERTTHD, b, 7 A bat A FOMRANICE
B IERER AR SN LU R O A B E RITHR A TIEARATH A3, ZHUZHOWTIE 3 &
ORI B Z B E 2 TEET 5,

TR RERF O R RICIHWNT, T A bt A NI A OB FIBLOE KA > TEMHEL
WL 720 ZOBBENAETHZENMONTEY, ZOAHPKE O—D> L L TEEH
FEEDIZEBNTIERESND 7 ) THEE & L3N 2B OV T Rb 5, 707
R, EE AL T GFAP OFBIM K & (o 7o IEME(L T A Rt 23dli sk FAE O fR
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FENTERET D05, BEWBNEZEFESNOREET S 2 L T o RNREEDIERZ
EENTWD (46, 47) 7o, IEMHALT A bt MIRRERF-OREAICINZ T, 7
2 UBROMIEI NS OB AR Z IR ST D Z LI X0, MRS 2 e E ) B 5F D&% E
EHETHIELRBRENTWD (48, 49) Z D L D ITIMEEREIC - TEMILT 2T A b
A ML, AR RENIC L EENICLBE O 2 HEEALTNWDL 2 e, £0D
BEREHIAEN I D TEF A2 MEFF 2 ECEETH D,

Alal, 7 A oA h~OfE{LA b L AARHTHVZ 400 UMDFEEE D H0, 1%, Z Ol
AFRZIRTIED 2 LB b, MnEigaLf S/ (Fig. 1) —7F . RKEEE2m
RAELCI 7 a7 ) TICEL LT-5E, TROIEEEA L AR LTI TH D720, »
THUICBWTHHIFERFE R S ND EHERI SN D, ZD72D, ARIHWTZFZREED 5 DR
72 & OFFHEIZ 31T D MNERES 2 S~ % & O TIERRWETREME N E 2 B 115, Figure UZRd 2
& <L 400 uMOEE &bl LT, ZYEORRE /N E W H O 100 & TN 200 UMD H0, 12 L -
THT A butA hoFREEl, WONZ GFAP KT 4-HNE OB K350 Hiv, £ i
H.0p DIEFEIARIE LT b D Th o7, LIz - T, AEREAEET 5 & 400 uM HO, 13i#
WEEA NV ATHD DD, KREBRSGETICEBWNTELNARIL, 5D/ & OV ER
fEA b U AARHRIBIZEIT 2T A hat A FOMRER (L Z KT 2 b0 LBRI N5,

12



B2 MiaSEEN 7 VT T v A DA

oS

BLEOREMNS, IR N L RARENEZT A had A MIMas~ & A KT 5
ZEBHBNERY ZUIT ) A eEWE L U CHRET A Z EVHII L2, — T, Rk
TEL, 27 a7 Y7 O ZRIEME IR G ERICHERE T 2 2 L h . MARSMT B
ENFHITESCHICRESNDILERD D,

TNE I URRITEER & RIS, MR O AREDE & U CIMESRE DOMERT - RBLICE
BN (2), 7 VE I VBBIE T NV E I CRBEEERRR O 7 AR NEIC TR S TE
D MERIEENCE S T T ARIBRICHI Sdv, v T AR RIS S SV 2 I R
BIREEWALT D5 2 L IC KV IEREET D (50), TD#%, ZLHF I UBRIET A ha¥A K
CHHTDHINE IR TV AR—4 GLAST Z 0 L TRVIAE, ZZ I T E#Tk,
TNHE I NT AR 0 LTI S, v I ve LCHAIA SRS
(50), Zv& X gt Eigh & FERIC, HIRUAMEEE DS R & 72 5 2 & TSRS & L CEtt s
R, ZHICH LT, TA o MIEA b L AARRFIZIHE VT GLAST O3B 2 K &
W, MRSV E I VBEO 7 )T T A TS E D T LI D PRI A oD 18 Fel B |2 ok
L CREMICEERET 2 (49), ZhbpZ k&, WpN I A2 I Ui/ g I U iRfES)
PR D O T AR/ NNED O IEREEWE & LTRSS Z 2B 2005 &, fifash i
S VT T AT A hath A NPNEEREE A S Z LIRS IS D,

ERICT A ha A ME, MR RMRA O 7 VT T o RS 5 FEAAMBTH
D, ZHEHE N T U AR—ZHEEZN LD THD Z ERHREINTWD (28), figh b
v AR—4 & LT Zrt-/irt-like proteins (ZIPS) kX ZnTs 3B TR D, T A bt A KT
K MR DOHIFES D DR AL, EBAE R MEH I v R =3 bbbl 2
DDAUHR—F Y MIES>TIESI, HBREIX ZIPL THDHZ ERHLMIZINTWS (51,
52), =078, ZIP &4 LI AIRusdign O Hl RS 4 RN 95 2 L 1%, JWRBReIC IS 1T 2 i gh
DOIEFHEMRFEZE2 D ECEETHL OO, LA ML RAAWMGHETFIZBWTT A hadr
A NMZKDHER7 VT T ANEET H20EDEARHTH S,

FZTCARETIEH, BIEA MV RART ST A hat A ML DHEEHOEY IABFHEIZD
WTORAE L7,
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1

b

ES U ZEE Y AO VIRt

BRI
®5Zn radionuclide-HCI (20 MBqg/mL)i%. JMSZATEE NFA LSRR ZE A s D A L 7=,
romophenol bluelZ 7> %747 A7 7)~56, O, O'-bis (2-aminoethyl) ethyleneglycol-

N,N,N',N‘tetraacetic acid (EGTA)% U* Hoechst 33258%[F{_fb#2 LA L7z, aprotinin &t
sodium orthovanadate: Sigma-Aldrich7)> % | pepstatink O" leupeptiniZ-~>7"F RWFIEHTH> 5 IEA
L 7=, phenylmethylsulfonyl fluoride (PMSF)X Cell Signaling Technology: ¥V A L 7=, Z Dl
ORFENIFOCMIE TENSIA L, 5 1 EEBRME RO E LIHIZHE D TO T bRl L
<IEFEENLLEDORFEDH D2 vz,

2

N AKRMEET A hat A h OB
VU AKRBEET A bat A FOwMEEIL, 5 1 EERME L Ok 2 H & FREICIT o

776

3

4

. HO, ALER
H O, AL |3 56 1 F R B L 51k 3T & Rk T - 72,

D ASTEBR
Zn BV AL FEBR L, C&™-, Mg?-free HEPES-HBSS EBiEE R & L THWTITo 72, M

B AL, FIR A RRE IR TTICC 10 R LA v X ax— g v L%, RS 50

n

M ZnCl, (0.25 nM®ZnCl, + 50 nM ZnC}) #4252 LI X W BAsA L, —ERREREE, K

#y HEPES-HBSSE N2 5 Z & THRUSEEIE L, EERIFH ©Zn BV iAAFEBR OB A, iz
TLArFa—Ta Dk, FBRSIZRED *ZnCl (0.5 nM®2ZnCl, + 0.5~30 uM ZnG)
Z 1 MER &7, ROMEIEE, MK ZRINL, Mz 25 2 &2 L0 HEHR
Et2 8 Ure, Ml o %zn B, ZOMEIEEE T ~H v v 4 (1480 WIZARD,
PerkinElmer) Z FIWCHEM L, BV AZfEIZA well 50D & /X7 B FETHIIE L7z,

5. & EFRIIRHT
FEN I 0 IAD DL RR /N T A — 2 1%, FEIRERFFEEBROR R 2 EI2, TR/ 3%
%71 7 5 MULTI (53) % VT Eadie-HofsteeD = D (2 kW R L7z,

72k, [S] ITHEERE ., Kyl Michaelis @2, v IZAIHIEL Y 1A Z 5 FE I ONT Vinax X KEL Y 3A
B JE B FENENRT,

6

. Real-time polymerase chain reaction (real-tira&k}p

&7 A et A o total RNA |X, GeneElute™ Mammalian Total RNA Mini prep kit

14



(Sigma-Aldrich) %z v CHli L 7= %% . PrimeScript™ reverse transcription reagent kit (AR) (Z
X 0 W5 L, cDNA #457-, 15572 cDNA 1% SYBR® Primix EX Taq (TaKaRa)% f\ >, ABI
PRISM 7500 Real Time PCR System (Applied Biosys)ehisk ¥ PCR L &1T->7-, &V 7
JL® mMRNA 8L &ET B-actin ® mMRNA FHL&E(Z THIIE L7, 72d. ZIPs XY ZnTs ORIz
W=7 A ~—OHE RS Table LR LTz,

Table 1. Specific primer sets used for real-time PCR amplification of ZIPsand ZnTs.

Gene Accession number Primer sequences Product size
ZIP1 NM_013901 Forward 5-TTGGCTACATGTCTTCTGGACCTG-3' 177 bp
Reverse 5-TGGACTGGTCTGTTCCTTGTAAGC-3'
ZIP2 NM_001039676 Forward 5'-TAAGGGAAATTCTTCTCGTGATGC-3' 159 bp
Reverse 5-TCCTCTTCCTGTACTGTCGATCCTC-3'
ZIP3 NM_134135 Forward 5'-ACCGCTCCAAGAAGGTCCTG-3' 201 bp
Reverse 5-CAGCTGCTCCACGAACACAG-3'
ZIP4 NM_028064 Forward 5-TTGGAGGCTTCTACATCTTCTTCC-3' 124 bp
Reverse 5'-AGAGATATTCCATGGCTGTGC-3'
ZIP5 NM_001136237 Forward 5'-TCCAGTGGCCTCAGCACTA-3' 107 b bp
Reverse 5-AGCAGCTTCCGAAAGGATAAC-3'
Z1P6 NM_139143 Forward 5-ATGGCAACAGGGATATTCATCG-3' 132 bp
Reverse 5-ACTAGCATCATTGTGCAACATCTC-3'
ZIP8 NM_001135149 Forward 5-CCATAGCGATCCTGTGTGAGG-3' 115 bp
Reverse 5'-AACACGCGGAGAGGAAGTTG-3'
ZIP10 NM_172653 Forward 5-TCAGTATGCCAACAACATCACA-3' 97 bp
Reverse 5'-ATGATGGCGAATCCAAACAG-3'
ZIP12 NM_001012305 Forward 5'-AATGTGCCAGCCTCCAACA-3' 100 bp
Reverse 5-TTACTAGGCCATCTGCAAAATTGTG-3'
ZIP14 NM_00135151 Forward 5'-TCAACTTCCTCTCTGCCTGCTG-3' 187 bp
Reverse 5-ATAATGGAGAAGCCGGTTAGG-3'
ZnT1 NM_009579 Forward 5'-ACCAGGAGGAGACCAACACG-3' 160 bp
Reverse 5-TTGTCTTCCGCTTCCAGATTG-3'
ZnT2 NM_001039677 Forward 5'-ATTAGCCTCTTCGCCCTCTG-3' 180 bp
Reverse 5-ACATGGTGTCCCCTTTGATCTC-3'
ZnT5 NM_022885 Forward 5'-TCTCCTGAAGGAACACCACTCTATC-3' 215 bp
Reverse 5-AGCACGCCATAGAACAACTCC-3'
ZnT6 NM_001252478 Forward 5-TCCGTTTGTTCTGATTGATCTTGC-3' 133 bp
Reverse 5'-ATGGTGCCAAACGTCATCAG-3'
ZnT7 NM_023214 Forward 5-AAGTCCTGGCTGGCTTTGTC-3' 121 bp
Reverse 5'-AAGCAGCAGTCTCTCGTGGTG-3'
ZnT8 NM_172816 Forward 5'-ACAGGTCGAGCAAGCAAGC-3' 216 bp
Reverse 5'-ATGTCAGCCGCTTGGAAGG-3'
p-actin NM_007393 Forward 5'- AGGTCATCACTATTGGCAACGA -3 171 bp
Reverse 5'-CACTTCATGATGGAATTGAATGTAGTT-3'

This table was cited from Table 1 lnfe Sci.,2016, 151, 305-312.

7. Sodium dodecyl sulfate-polyacrylamide gel elgaioresis (SDS-PAGE)
7-1. X 28 B
el 2 PBS T 2 [RIPE#f L7-t%. PBSHZC CELL LIFTER (Corning) % F > CHiiE % (=]

I L. 4°C, 20800xg C 5 4y D1 LBl 21T - 72, 5 B vz Aiasfic st L T, #$® D extraction
buffer (10 mM HEPES, 1 mM dithiothreitol (DTT), 4NNEGTA, 320 mM sucrose, 0.1 mM PMSF,
0.5 mM diisopropyl fluorophosphate (DFP), 10 upg/raprotinin, 5 pg/mL pepstatin, 5 pg/mL
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leupeptin, 5 mM benzamidine, 1 mM sodium orthovatedpH 7.4) % Il z, & ALELC X 0
fiol 2 e pe U, MR SRk 2 A8 U7, 15 D 7o MRk o ¥ v X 7 BB EE 1L coomassie
brilliant blue (CBB) {512 X W |IE L, & /X7 EIREED 2 mg/mL & 72 5 X 5 1T extraction buffer
TR L=, 20, [FEO Laemmli sample buffer (250 mM Tris-HCI, 2% SDS, 3@gcerol,
0.01% bromophenol blue, 10% 2-mercaptoethanol, @) & x5 Z & THKE X X7 ERE
Z1lmg/mL& L, 95°C, 50 MORENZIToTebDEY TV E Lz,

7-2. MR K ORI B 00 4 ]

FAE 3 1E1Z 13X Mem-PER™ Plus Membrane Protein Extraction Kit (TherFisher Scientific)%
FVW o, B % PBSC 2 [AIPEHA L=, trypsin-EDTA (GIBCO) &4 PBS % i\ CHllfiu
Z FIBE L, 4°C, 300xg T 557 0B L7c, 15 O iofifusiicxf L, 5 mL @ PBSZX .
HIR S 2 B U7, %k 5x10° cellsiZxf LT 3 mL @ wash bufferz iz, SRETEE 1412
J& 4°C, 300xg T 5oL mBiE T 72, EEZEID BRI, 0 1.5 mL @ wash bufferz
SN %."C 4°C, 300xg C 5 4rffliE LBl L, 156 7-Mifaslicxt LT 0.75 mL® permeabilization
buffer # Iz 7=, =Dk, 4°C T 1047 [E & S S, 4°C, 16000<g, 15 4y D= Loy EfE %
Tolc, oMl LA R L, MREE S & L, %o oMzt L solubilization
buffer & 0.5 mLAIZ, 4°C, 304D E S IHFREITV, £ D% 4°C, 16000kg T 15 45z
DAEELT-, 20L& EHELAM EEA L, MRS & Le, 75 D7 A & O
MR E Sy DX R ERE R CBBIAICL W ER L., A& Laemmli sample buffed iz,
95°C, 5MAEMELT-bDE T b L,

7-3. FERVKE

W L7 v )7 H Y7 v % 7.5% polyacrylamide geC#/0 L ., electrophoresis buffer (25
mM Tris, 192 mM glycine, 0.1% SDS¥ fi\ T SDS-PAGE% 1T > 7=, & M™% blotting buffer (100
mM Tris, 192 mM glycine) & methanol®iEA K (95:5) TALEL L 7= polyvinylidene difluoride
(PVDF) £ (Immobilon; Millipore) (= 2 K5 L, 0.1% Tween-205 4 PBS (PBS-T)IZ THE
%, 0.05% sodium azidgs/l 5% skim milk (Difco) #1112 T 6007 v v x> 7 Lz, —kbt
{RIZ1% rabbit anti-ZIP1 (1:100, catalogue number: ZIP11Adpha Diagnostic), mouse arfiiactin
(1:1000, catalogue number: A5316, Sigma-Aldriclabhit anti-sodium potassium ATPase beta 1
(ATP1B1; 1:2000, catalogue number: GTX113390, GerpPiikx Hvy, 7 m v ¥ JALE L7z
PVDF i & 4°C T—MefEfl &¥7=, “kHiikid PBS |2k v A% L7- anti-rabbit (1:10000,
catalogue number: PI-1000, Vector Laboratorigs)z (% anti-mouse (1:10000, catalogue number:
P1-2000, Vector Laboratories) IgG HRP-linkdt &% =12 T 60 IfEH S 7=, ¥ X0 'HF
B BEOEEMATIX, Bl S =3 RiE % Image J software (ver. 1.45; National Institutes of
Health) (2 L 0 Il7E L. B-actin £ 721X ATB1B1 D /3> R THIE L 7=,
8. S g
55 LR IR B OV 15 4T & [RIRRIZAT - 7, #% 1% Hoechst 33258 (2 pg/mL)z THufa L7z,
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728, A L7 — R PUAIE mouse anti-pan cadherin (1:200, catalogue numbé628, Abcam) X

W rabbit anti-ZIP1 (1:250, catalogue number: ZIP11-A)./k$i{AI% Alexa Fluor 488-conjugated
anti-rabbit (1:1000, catalogue number: A11008, WieerFisher Scientific)% U8 Alexa Fluor
546-conjugated anti-mouse (1:1000, catalogue numdder030, Thermo Fisher Scientifid)t{& % H
Wi-, FiEDFIRITIE Can Get Sign&l Immunostain Immunoreaction Enhancer Solution A
(TOYOBO) # i 7=,

9. HRHFHIALER

3 D7 EBREIL, SEHMELS.D. (2 THER LT, B EZEMEIL Ohishi & 0#A 125X (35)
RHEM DN IES A L, BB E LW ERE L, 2 BEMEERIZIX Student's ttesk, ZRERM L
BRI 2 STALE S AT (Tukey's test)z i A L. 5 54072 p 2 0.054K5 (H{H) O%5& %
FEZAZB & LT,
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BRI

1.%Zn DY JAB R

b A MV AARNT A bt A MZEDHEHIM Y AR 2 2 EZTNT 5720,
®Zn BB L LIV IARBEZFIM Lz, 7 A had A ML D ®Zn OBV AR,
control & O HyOp ALEREE D W AW CH R O & & HIZH R L, ) 50 TEFIREEIZ
L7 (Fig. 5a) Z OV AL LW CHEGT 5 & HO MBI N7 A bAoA hDk
DSBRIGE 100 F CHREICE D> T2,

57N BV JA T D HET I8 FE AR AF I 2 A L 725 & Fig. 5blRd, 7 A huadA MZLED
5Zn BV AL, 5 uM DL O BB A IS B TRIFME I 2R L7228, 10 pMEL_EiIcE T %
5Zn OYIHIIL Y SAZEEE 1L, H0, LEREED F7 7% control BEICI 1T 52 K 0 bAEICKE A
ST, ZOFERIZHSNT Eadie-Hofstee plo& /E#L L, Z4ic L Y HH L7 Michaelis &%
(Ki) S OB KYIHAEL Y A BT (Vima) OHEE(E % Table 212787, *Zn BV AAICET 55
BAEZ VAR =22 RO Kpl X O Vinad 13, control 2 O HOp JLERRE TIFIZFE CTh -~ 7=, 1K
BRI = AR —21 > MBI LT, 20 K2 fE1E, BEAD ZIPL OZ 0 (]9 6 pM) (52) & I1FIF5E
U<, MBI CEILR N o723, Vinal 13 control B (2848 pmol/mg protein per mink i L
T, HO. LERRE (5405 pmol/mg protein per minCH EIZE -7, TNHDORER LD, 7T A
P A MR DHEEIIY AT A P L ZARMIZEVHERL, Zhiddad &b —Eh,
ZIPL DORBIEREN L= b D TH D alREMENRIR ST,

(@) (b)

— 300 10
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S 250 [0 e R 0 N
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Fig. 5. Time- and concentration-dependent %Zn uptake by H,O,-treated astrocytes.

After astrocytes had been treated with 400 H,0, for 24 h, they were used fé#Zn uptake assay. Time-
and concentration-dependéhZn uptake are shown in panels a and b, respectively. The Hafiee plots
for the concentration-dependeftZn uptake are shown in the inset of panel b. Each point repteshe
meanz S.D. (control: N = 6, HO,: N = 3 in panel a; control: N = 3, }0,: N = 4 in panel b)’p < 0.05 s
respective control). This figure was cited from Fig. 2Life Sci.2016, 151, 305-312.
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Table 2. Kinetic constantsfor 8Zn uptake by H,O,-treated astrocytes.

Control HO,
Kml (LM) 0.992 +0.434 1.27 +0.64
Km2 (LM) 141+7.8 11.3+3.5
Vimaxl (pmol/mg protein/min) 2456 = 202 4175 + 1079
Vmax2 (pmol/mg protein/min) 2848 + 297 5405 + 724~

The kinetic constants were calculated on the basis of theeEHdfstee equation using the data shown in Fig.
5b. Each value represents the mearS.D. (control: N = 3, HO,: N = 4)."p < 0.05 {/s.control). This table
was cited from Table 2 ihife Sci.,2016, 151, 305-312.

2. ZIPs K& ) ZnTs ® mRNA & B8/

TARBYA MILAHHEEED IARIZEG T 5 EEZ2 N8N N TV AR—FFEORE
. LA NV RAARHIZ LD EBT H0EDEHRE Lo, ARGHCIE, Mk B 5
EHEENTWS ZIPL, 2, 3, 4, 5, 6, 8, 10, 12 V14, W TNZ ZnTL, 2, 5, 6, 7 KO
8 DRBLEZFEAM L7 (51), Figure 6aZ/,rd X912, 7R A MIEBWT, ZIPLOFREBL
D HEL<, WNTZIPIATHY . ZIP3, 4, 6, 8, 10XV 12 0RBL LM S, o7\
Ty A MTREORE L —FH LI LD Thol (28), —F. HO MBS =7 A haHhA k
TIE, ZIPL KON 14 OBBDBBHFIIR T L TERBY, o7 A Y 7 4 — 2 ORBBUTITE 2D
STz, ZNTSIZBI L TIE, ZnTL 5, 6 KON 7 OFHENT X bt A MIBWTRD LN
DD, ZIHFREBLEIL control & TN HO, ALBREER] CTZ21L 72 D> 7= (Fig. 6b)

~—~
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—
~
O
~

120 160

T O Control [ O Control
i:) < 100 WH.0, % 19\ 1407 WH0,
s S £ 120
9 8 80 82 100
50 § 5]
?f) E_' 60_ (] :! 80_
<N [ <N
z 2 £2 60
g 407 E S
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E ~ 20+ [] « 20
3] (O]
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T 7 =77 _""="—
1 23 45 6 8101214 1 2 5 6 7 8
Zip Znt

Fig. 6. Expression profilesof mMRNAsfor ZIPsand ZnTsin H,O.-treated astrocytes.

After astrocytes had been treated with 4001 H,O, for 24 h, their total RNA was obtained. mRNA
expxpression forZip and Znt are shown in panels a and b, respectively. Each column mpueshe
meantS.D. (N=3). 1<0.05 {s. respective control). This figure was cited from Fig. 3Life Sci.2016, 151,
305-312.
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3. ZIP1 % X7 R BLOHK

ZIPLAT A hatA MIRBETDLTEERZIPT A Y 74 —LD—D2ThHbH I L, ONCTHEE
fEA RV 2AARENTZT A batA MZEk D ZIPL 200 L7-#iSRE Y A B D KEX Y GA ik
JE (Vmal) DABICHINL TWeZ &0, T A hadhA MIBIT 5 ZIPL OB A b
VARG L DR L CTWAREEMRE 2 b vz, £ ZC, control &2 O H,O, JLEREED ZIP1
g Ny BB B e LTz,

ZIP1 D5 TE ML 34 kDafh i lZi8 9 B i, e J OSHIRSEE] 53 O W L2 B8V T £ D%
FEIEMEIL control B & bbi% L C HO ALERREIC B W CH BEIZM A - 7= (Fig. 7a, b)

ZOZLELVPREICRT D, SEMRYEAIZEY, ZIPLOT X hat A NI 5%
BRTE 2 FH~7= (Fig. 8), Control 2 OY H,Op MLERRE D W UIC BN T, ZIPL OS5 E T
RAY DG PETEMIC L > TORSND MBI W TR S22, T OROEHEE X% E D
E 9 DERVMEAIC S o 72 (Fig. 8a) T 2T, ZOHOGHRE A A7 b T A L (Fig. 8b)
FERLLIZE Z A, HOMUEREEIC RIS 5 ZIPL Ox: 630 EE 1L control BED FH L 0 £ 49 1.51%
&< (Fig. 8b, ¢) ZHUL Fig. TR L7y =2 Z 70y hOFERLE —HT 5D TH -7,

IRHDZEND, TA e A NOMIE EIZBIT 5 ZIPLORBLX, B(EA b L AALR
IZLVEINT 5 2 L AVHEI L7z,

(@) Cell lysate (b) Membrane fraction

Control H,0O, Control H,O,

—

a
A
g l T [l
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o
> 9 C =
L E S E
S 8 100 ' @ 3 100 :
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Fig. 7. Up-regulation of ZIP1 expression at plasma membrane in H,O,-treated
astrocytes.

After astrocytes had been incubated with 400 H,O, for 24 h, cell lysate (a) and membrane fraction (b)
were obtained. The expression levels of ZIP1 were normalae to those off-actin or ATP1B1. Each
column represents the meanS.D. (N = 4 in panel a, N = 3 in panel b < 0.05 {s.each control). This
figure was cited from Fig. 4 ihife Sci.2016, 151, 305-312.
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Fig. 8. Cellular localization of ZIP1in H,O,-treated astrocytes.

After astrocytes had been incubated with 4Q01 H,O, for 24 h, they were subjected to
immunocytochemical analysis. The immunoreactivities BfZand cadherin were detected as green and red,
respectively. Representative photomicrographs (a) gorésentative fluorescence intensity-distance profiles
along the arrows in panel a (b) for three independent exparisnare shown. Panel ¢ shows the ratios of the
fluorescence intensity at the plasma membrane to that indh#&ol. A negative control (NC) was performed
by omitting the 3 antibodies to confirm specificity of the immunoreactivigach column represents the
meant S.D. (N = 3 in panel ¢)5 < 0.05 ¢s control). Scale bar = 20 um. This figure was cited from Fig. 5
in Life Sci.2016, 151, 305-312.
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ARETIE, LA ML AAMICE -2 TT A ¥ A FOHEEHI D IALEENRE AL, Zh
37 &b, M BRI S ZIPL OB KICER TS5 Z L ARSI,

TOTAbMaY A MIEAHE T VT 7o AOEKIE, BB(bA ML AARIZE o T KRKL
To RSN GRS K D AR FEME L6 L C L IR R B2 RIc T B2 b b, mibD T & <
L7 & O b A N L 2D U Tz RO R AR O #igh L~ i, AN ERT R
(19, 20) Z 5 LIRS (6~36MFf]) ITHI KT HfilasbignE, I 7 a s U 7 EEE(LT S
ZEICkY, MREELEESE S (17, 33,34,37) Lo T, ARIED b -BREA R L
ZEGGT A b YA MIBT D ZIPL OFBIERIL, BT 2 Hilasfigh L~V 2 KT
S LTI Y TR EEMEIL, £, JUTEREAZENRT L Z LT WEE
DIERZBGF S EEI M S LHER s D,

ft R R AR, B b A N L ADRAELELED I L CHEss CTh 525, Mifastz4 L7
WEREOREMIZ LY, ZOoBOMBEENLEMICHTMEE24ET 5, ZhiE7rars
g va=r TR L LIENSD (54), £ Hirayamabix, 2o v ar s va=r 77
A hat A NOIEHEIERUEATHL Z L EHLNI LTS DD (B5), ZDitfl7e A 1 =X A
IR TH D, —J7 Lee X, MIUICEEFZ 5 2 R WERE Ofigh 2 KN E RO 712 24 1K
&S 52 LT, Mfic L ER ISR L, & O KES A AR
Hiffighx L —% Th D CaEDTAIC L VIfl SNt Z &2 HEL TS (B6), ZOZ b3
FlL, #HEHIC K DR AR E A A I TR RIS 38 1T B0 R FER DR N EE TH 5
EEZXD, Thbb, SEALNERoTMEEFEL £ U2 WRE ORI A b L 2AARIR,
TARaYA FEREEET 2 &R AR EZ RS2, ZAUTMIREER e A b
L A KD E OSSR L~ O ERZEHONITR T EED Z LIk s X
LRIV A BB A D S, EOMBEANEE L~ L0 B ZECIC L, MlREEICKT
HEEETHE NI DO TH D,

ZHVETIEMHEALT A b at A hOREEICIE, M~ cyclic AMP (FZBRIZ13 % OB
T & % dibutyryl-cyclic AMP (db-cAMP)) OIRMMNIA VWb TE 72 (49), 2T, 4lAl
O HAITIEHALT 2 b et A NI D HERE Y IAB N EIR 7L S O T D G 0 FRGEE
T 5722, TA et & db-cAMP (2 L D iEMH b S, ZOHERI Y IAHLZFHm L7,
Figure 912753 K 912, db-cCAMPALERIZ L W 7 X b WA MIZOFELZEILESED &I,
GFAP OFRBLNER LTIEVE(LIRRE L 72 o726 DD 4-HNE IZ X > TR Db A L&
TS TW o Tz, ZOT A bud A MTXDHEREY AT, control FEDZN LY HF
BIEL . Bt 2 R L RAAROEA L B> T, ZOMKT HHERELL ORI AR T
oD, AREGEITETNHIEE KT 2 5 FTICBWTEREITH 2 L o E\EEMEZ iRl
WIsboThs,
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Fig. 9. Time-dependent 55Zn uptake by db-cAM P-treated astrocytes.

(a) After astrocytes had been treated with 0.15 mM db-cAMP 7@ h, they were subjected to
immunocytochemical analysis. Panel a shows astrocytiphatogy, and the immunoreactivities of GFAP
and 4-HNE were detected as red and green, respectively. Banun. (b) After treatment of 0.15 mM db-
cAMP for 72 h, astrocytes were used for time-depend&r uptake assay. Each point represents the mean
+ S.D. (control: N =7, db-cAMP: N = 5¥p < 0.05 {s respective control).

PRt A B UVAAMT A hath A MZEBIT 5 ZIPLZ X7 B ORBHIRKIL, mRNA L)L T
DEEZ R LTS D TIER Mo Tc, — RIS, Z o "7 BRAEITZ OBGTFOES - #
REOGIRDONT VALK S TRESND, LIER>T, BEA ML RAARICEDT A bR
YA FTOZIPL Y X7 EHEBEOHKIL, £DF ™7 HORERD . mRNA O % |
[l o722 LICRDAEEMERB X BN D, ZE TIZ, ZIPL ORI M L~ L
IRk THIEIEND Z EDRMESNTEY (57 ZOBERBHEOZEIIZIT, UV YV —LR
AR L W o T HIBAN/NGSE ~DOINEBAT M OV BRI 3B 5- L T %, F7z, ZIPLOT
X BIRIE DO BRI D Z R BRI U MR R AN S E 5 Z L LN
2o TW5 (57,58) ZHICHZ, & 1FEICBWT, LA FLRARTENTZT A badA k
DHIFLNEER L~ UL, 2R AR KE LTHERT 560D, 0% 24 R £ TR T 5 &
WD BEFIORERB I o e BB RS SN o T 2 L BB XD & B A b L AARIZ X
L7 A haY A MRANEENEIRE DO ZE KRG - FEFOE N ER 2 2 b S, 2z kY
FFIEIZ 31T D ZIPL OFBLSEEK LI FTREMEN B 2 v b,

Fio, 2T E RO mRNA UL OFEECE D BB MR & FIER 2 RS 2 REREIAR A > B
OMBEICERT DG H D, TR0 5, BIEA MV RAAFIIHELTT A bt A R
BT D ZIPLBIR T OGN T OB M 24 K] & 0 LIANC —@ ML Tl L, %O mRNA JEEL
BNEINT DN, RAT 4774 — Ky 7R 2N LTEDORIET %, —J7. ZIP1
Z X7 BT —1BED mRNA OEINCKHET 2 6 DD, B THRBEENHEMN L2720,
MRNA & & & 2R 7 B R35HG L7gh o T2 AIREE T 5, AFITTT o 72 ZIPL DS BB
[T MRNA KON X7 L DDT B BREA b L A AR 24K TORER L TED
Z ORI OREFIZI T 5 EBIIMTT CTE TV RN eD, ZOFET DRSOV TUESHD
KO FEAR BRI N E EN D,
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o 3T AN HLENC X D BRI M4

i

ATP [T B 72/ D = 3 L ¥ —JRToh 508, ML U 7 MBI BT 2 15 sy
BLLCORELHT DI EMTERLMNE > TE = (59), ATP (T X 2 Ml R dmiElX
SREEN L TR, flEOBEEE X, v 7 AR D i S vz ATP 23
T ARBECRELT 57 ) 2R/ (P2R) #1EM LT 52 itk o T T D, 72, —i
D P2RIZ YT 7 AR R EL L, BERZELHIET 5 (60, 61) P2RO—D>TH D
P2X7RIZ ATP (23 2 DMK < . Z DIEME{KI 900 Dafe & oW E kG542 F v
SR T 2 L, #RHIE < o % OFEMALITHIEE 2 FiE 35 (35, 62-66) Z L% LT,
TA RS A NTEH, A= 7 V8 F 27 ) USRI & ATP BIIZ L0 . P2X7R I
TEHENIEEE L TR, ZIUXT A had A hOBEBIEEZHIE L T\ 5 (67-69)

ZHETIZ, 9 OREE DB Z W REHIIRB W T, P2XTR ORI RS HE ST
BY (70), 72, 2 EEDROEEDORIEICIL, P2XTREE 7O —H LA (SNP; single
nucleotide polymorphism)Z X 2 FAEEDIK FRFETHZ L b RIEBINTWDS (71, 72)
IHT, A2AEA R L RIZ XK D 5 DIRET AEMIZIBN T, £ D D DERITEIDOFRIEIZ I
DS ATP O ARG 325 Z & WNZ Z X T A ha¥A Do ATP ik O
WCERT 2 2 EnmE SN TND (73), —J7, BHEMREX ML AAMIZED 2 2HET IV
~ U RZBWT, BUNENTIEEZ O TRE L7 Biass ATP IS4 2 Z & b8 6 Eh
TS (74, L LR b, 9 2WORIERKD—>THLHBLA N L ADARIZE > T,
T A MatA MBI 5 P2XTROEFEEFIFEBIDEZE T 50, £z, Tl Lo THIEIE NS
BARBENEEINIDIIFAHTH D,

TR ONATP &6 6§ HXIZEB I 2 HERFREEDE CHH b DD, ZivE TIZ, Ml
WAL OTERENEDEE & ATP > 7+ U 7 L OHEBIZOWTOMIRIRIZE A ER ST
WV, EFEHEOWFEE T, AR L7efnic L5127 a2 U 7 OiEEes, Miastdfigho ZIPLiC
kB3 7 070 THINA~DE Y AR IR T2 ATP OIS~ g, £ L Txhic kb4
— hZ U INT 70 U P2XTR OIEMLZ N LT D THLZ EZH LML TV D
(28,33,34) O Z Lix, T A buat A MIBWTHAENIZE T 2T L~V DO KA ATP
—P2XTRY 7 U v 7 &Il 2 ARt A2~ LT b,

ZIZ T, B 3ETITBEA ML AARICE DT A Fudo MR D iR d g L
UL DR P2XTROBEREHIFEBL, X DIIZZ OB BIEHICRIETHELBE L],
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ES U ZEE Y AO VIRt

1. A

YO-PRO-1 (YP) X Invitrogen» 5 . yellow-green carboxylate latex beads (be&d)Polysciences
M5 ATP & O oxidized ATP (oxATP) (% Sigma-Aldrich?» & A L 7z, A438079/% Tocris 7> 5 .
CBB G-250137T 747 A7 H b, trypan bluefk O ethylenediaminéN,N,N',N*tetraacetic acid
(EDTA) IZ[FYALFN DA LT, ZOMORIKIIFOLMEE TENOA L, & 1 EHEBRM
B OT7E LIICHE L T L b AR L <IZZNLLEOHR O S 0z Fvie,

2. YU AKWMRZE T A hatr A FOEEEE
VD ARMEET A bt A b OPMEEERIR, B L EEBRME L OU5E 2 THE FEEICIT-
7=,

3. HEK293THHfa D 1575

HEK293T #ifid (KIkKF HILR—FHR)26EE) 1% 10% FBS & A Dulbecco's modified
eagle medium (DMEM;H /KH3) & v T, 37°C, 5% CQ &It FIZTHE L, LLFICRT &
IR L7z, 728, DMEM [T EEARLIRA (121°C, 204y) %417 - 7-14. L-glutamine NaHCGQ;
J OFEEMLALER s 7~ (56°C, 2047) FBS % SR EES 1€ 41 0.584 g/L. 0.06%% TF 10%(Z 7¢
D& Oz, Mifdz PBSTUS L7-#. trypsin-EDTAG A PBSZ RN L, Mllfie % [B1IX L
7o AMAURREIRIZ 10% FBSE A DMEM Z RN 5 Z L 1T LV trypsin-EDTA D i % 45 1 &
. 4°C, 1750<g. 543 DiE Lo BEAR T - 72, B L /=Ml & 10% FBSE A DMEM
2k R L. AMaE trypan blueft FEHEBRAAERIC L W EHEL L7z (75), = D%, Al
6.4x10" cells/cnf D% T polyethleneimine (PEI; Sigma-Aldrichyz —5 ¢ > 27" L 7= 24 well cell
culture platelZ#&fE L, 1-2 HZLIZEBRIZH W,

4. HEK293T/ mP2X7Rl i D 535

~ 7 A P2XTR full lengthD 22 E3E BRI, &) 7 + — 240 B L 72 mP2X7/pBluescript
KS (+) Z## & L. QIAGEN® Plasmid Maxi Kit (QIAGEN) % i\ THiiH L 72 pcDNA3.1/Zeo
(+) /mP2X7R % lipofection VEIZ X W Bm FEATHZ LI LV ER L7 (35), DNA (1.6
pg/cnf) % Lipofectamine™ 2000 (1 pL/chinvitrogen) %z & #e OPTI-MEM (50 pL/cnf; GIBCO)
AR L 20 2y R =RIEIC CT#FE L 7=, DNA-liposome &z Ek S&7-1%. 80%= > 7 /L=
> b &7 o7 HEK293THENEIZ 6 RefEIER &7, £ Dk B % 400 pg/mL zeocin (Invitrogen)
&1 10% FBS-DMEMIZ & X #2 2 . 37°C. 5% CQ XU N CHi#E L7o, Hasfkiitt, s
NAilg = v =—%$HEL L, 400 pg/mL zeocirk & 1r 10% FBS-DMEMHZ THUNEET 5 =
TRV v arERDIR LT, fFONTEERBMALIZ-OUVTIE 200 pg/mL zeocirk & i
10% FBS-DMEMH Tk s 217 o 7, ZHLMER T = 7 X P2XTRAZ L EFE T L 72 HEK293T
HiIf %2 HEK293T/ mP2X7RAlAE & £F 4 5,
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5. mP2X7R splice variant-8 U8-4 cDNA OE A

7°7 A X K DNA (pcDNA3.1/P2X7R splice variant-3 (P2X7R-v3)cDNA3.1/HA-tagged P2X7R
splice variant-3 (HA-v3), pcDNA3.1/HA-tagged P2X%Rlice variant-4 (HA-v4)}% Of pcDNA3.1
(mock)) X QIAGEN® Plasmid Maxi Kit (QIAGEN) & fl\» CTHiH L (76). HEK293T #lfi (253
%8 N2 1T lipofection % V7= (35), FIEIZZ TR BN O MERL L RIAEIZ TV,
DNA-liposome A& ROl ~D RN 6 FEfE#ZiE %12 penicillin/streptomycin (GIBCOYZ & e
10% FBS-DMEMIZE & #ix 7=, T D%, 4A8HFHIDE R 21T\, BEBRIZH W,

6. HO, ALEE
HoOp ALERITER 1 B SBRAEL e UV 59k BTH & [FIRRICAT o 72,

7. P2XTRD F ¢ VIR T 1A% O ZF-Af

P2X7TRIGEMEITE e AR YP OFMIENEL Y AT X 0 54l L 72, F578 S 4072 5544 T H O, 4LEE
ENTETA RS A ML, 1UM O YP Z—ERFS S, BSSERMT 5 Z itk -
TN ZEAFIE ST, YP O IAZLOFHMIL, dRBMEE 2 W T L7 ¥ Z LB o
WO FRE % Adpbe Photoshdfe IWTCERT S Z LI2X W iT-o72 (67)

8. 7 A hua¥A b OERIEMEDHM

7 A haYA NOERIEEIL, beadDHIKAN DY AT L 0 FHI L7 (68), R
THO MRS N7 A hatA MMZxf L, 1 uLiwell ® beadZ /EH &, —EREFE L7-
%, BSSICTHIfZPER3 25 2 LI XV UG Z1EIE L, 4% PFA (4°C, 1537f) THEE L7,
£%1% 5 uM propidium iodide (PINZ LV 4ufa L7z, BeadDHR V) IAZITILHE L — —BAMER
LSM 800(Z & v 57z it 2 Hi2, #HEFH O beadZ 512 Z L2 L » TITo 72,

9. Real-time PCR

P2X7R }. M @ splice variantsD mRNA FEBLIE, 5 2 BRI X V5L 6 T8 & [RIERICAT
272, P2XTR-VL -v2, -v3 L Tr-v4 2B\ T, 4 3 RIRITAFET D RS0 7 g BLid A1 oD
LV ENLEBRE LI, TOBE, R LT 7 A ~—OHE AT Table 312777 (76),

Table 3. Specific primer sets used for real-time PCR amplification of P2X7R and its
splicevariants.

Gene Accession number Primer sequences Product size
P2X7 (P2X7R-v1) NM_011027 Forward 5'- ACACCGTGCTTACAGGTGCTATG -3' 82 bp

Reverse 5'- GCAACAGCTGGGCAGAATG -3'

P2X7R-v2 NM_001038845 Forward 5'- TCAAAGGCCAAGAAGTTCCAGTA -3' 94 bp
Reverse 5'- TAGATCCGACCCCTTCCTTCTG -3'

P2X7R-v3 NM_01038839 Forward 5'- AAGTCTGCAAGTTGTCAAAGG -3' 99 bp
Reverse 5'- TAGAGTCAGTCAAAGCATCTC -3'

P2X7R-v4 NM_01038887 Forward 5'- TTCCAACCTCCAGGAGAGTA -3' 75 bp

Reverse 5'-AAGCCTTCTTCCTTCTTGGC -3'
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10. Mo

MR ILE 1 EHEBRMEI R ONTE 4 HERBKICITo 72, —RPUE L LT rabbit
anti-P2X7R C-terminal (1:200, catalogue number: ARR, Alomone Labs)f 8 mouse
anti-cadherin (1:200, catalogue number: ab6528yk fL{4I% Alexa Fluor 488-conjugated anti-rabbit
(1:1000, catalogue number: A11008) U* Alexa Fluor 546-conjugated anti-mouse (1:1000, logtee
number: A11030)i{A % Fi] L 7=, Hi{A D712 1% Can Get Sign&limmunostain Immunoreaction
Enhancer Solution B (TOYOBO¥ fv 7z,

11. SDS-PAGE
11-1. % > _ 7 B
BN B HIEER 2 EEBRM R K OV 1A 7 LRI AT T,

11-2. 5K R TN e 2 1] 434
FHAR E 42> OFHIZ 1% Mem-PER™ Plus Membrane Protein Extraction ®ifi\ ., &5 2 & FEx b4
B OJ71E 7 T L [RRRIZ T2 72,

11-3. V= AFX 7y K

VxAZ Ty MNEH 2 BEBMEILROGE 7 HEFRRICIT o7, —KEUAIL rabbit
anti-P2X7R C-terminal (1:1000, catalogue number:RAF®4), mouse anti-GAPDH (1:1000,
catalogue number: 016-25523, Wakahouse anti-cadherin (1:1000, catalogue number: 28)65
mouse anti-HA (1:1000, catalogue number: MMS-10CByance) X T rabbit anti-ATP1B1 (1:2000,
catalogue number: GTX109639) /X Ht{A|% anti-rabbit (1:10000, catalogue number: PI-100Q)}
anti-mouse (1:10000, catalogue number: P1-2000)HERP-linkedbtiA % Hv ., Z DA RIZIZ PBS
¥ 7-1% Can Get Sign&l Immunoreaction Enhancer Solution (TOYOB®)f#/H L7=, HIy& o /<
7B ORBEIT, ME SN\ NEE % Image J software” X 0 & &f#HT L, GAPDH & O}
ATB1B1 ®D /3> REREEIZ THEIE L7,

12. Blue native-PAGE (BN-PAGE)
12-1. % 87 B

FrF R 2 PBS T 2 [RIWeH L7-1%. trypsin-EDTA & AW THIM A FIEE L . 4°C, 1750xg T
555D LABEZ AT - 72 15 DAL % L, PBSZ 1 mL¥RMN L7=#%. 4°C, 20800<g
T 54 EE LA BE L 7=, 75T cOmplete™, Mini, EDTA-free Protease Inhibitor Caaik{Roche)
& 4H BN-PAGE H extraction buffer (20 mM Tris, 10 mM KCI, 1 mM EDTA mM EGTA, pH 7.5)
PHWMENZ, #v s ARKE YA P — (Wheaton) & V) CTK_E TRESCNTHIIL 2 Bk L7,
FETEMEAl & LT, HEK293T filfid o 541213 digitonin 2, 7 A2 b ¥ A FOEHAICIE
n-dodecylB-D-maltoside# A EREIR IR L. SR 19%2 T 4°C T—BE L=, =D
%, MifQRREK A 4°C, 20800«<g T 15 7pfHlim Lol L. BB Z RN L7z, SUEists % &t
FEIXBCATEICL VX RV EREZEEL, TOEES 1 mg/mLIZHHB L 7-%., F&D
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BN-PAGE H sample buffer (20% glycerol, 0.4% CBB G-250, 100 mBI-Tris, pH 7.0) Z x5 =
& CREM S R BRI LT,

12-2. &R K E)

12-1 T L7z X7 g4 > 7 L % Super Sep™ Ace 5-12% gradient gel (Wakaysin
L. F&#flic cathode buffer (0.02% CBB G-250, 50 mM Tricine,mB! Bis-Tris, pH 7.0) [
(Z anode buffer (50 mM Bis-Tris, pH 7.0% T 28I O PkE) (100 V, 15 mA) 21T - 72, 72355,
ZDUKEOFA% D 54315 250 V., 15 mA TIT-> 72, £ D%, blotting buffer & methanolDiE4
W (95:5) THLEE L 7= PVDF 5z HWC, 2 BFM#sE LT, #5#& 7%, PVDF &% methanol
T2[mYEA L, B Lo CBB G-250% R+ L7z, LMEO#MEIL, SDS-PAGEDHH & [AIARIZAT
STz, —WPUARIZIE rabbit anti-P2X7R C-terminal (1:1000, catalogue bem APR-004) % 7- 1%
rabbit anti-P2X7R extracellular domain (1:1000,at@gue number: APR-008, Alomone Labig){A&
ZRW, 78 vX 7B L7z PYDF L 4°C C—BR/EH S872, “RPUAIL anti-rabbit
(1:10000, catalogue number: PI-1000) IgG HRP-linkefk 2 =2 iR C 60 o BI/EH S &7=, Hiik
I% Can Get Signél Immunoreaction Enhancer Solution (TOYOB@MHWTHHRIL, F/2~—7
— & L T NativeMark™ Unstained Protein Standard (Invitrogeaffi\ T4+ X &3 L.
Z OF 1213 2D-Silver Stain Reagent Il (Cosmo Bio) kL 2 $RYsta %17 - 7=,

13. #HfAt ATP 2 D HIE

TA MoV A MII0OSEDOT LA v F 2= g9 %%, 400 uM HO, & & te MU RIK I
T2WfA ¥ 2 _X— b L7z, Z0#%, fMiasMEEZ ACM & LClEIN L, BULE (95°C, 5747)
#. ATP Bioluminescence Assay kit CUS (Roche) % VT ACM H > ATP i 2 HIE L7,
HOEEREE OMIE X LUMINESCENCE READER BLR-201 (Alokaya fiV >y, ATP J B IR 8k ic
HEAONWTHEHL, 20 ATP L CBBIEIZ L W E& L7724 well 50 % v 37 B CHiiIE
L= (67)

14. FFHFHYALER

1357 EBREIL, EHMELS.D. (2 THER LT, B EZEMEIL Ohishi & 0 125X (35)
RHEEM DN IES A L, BB E LW EERE L, 2 BEMEERIZIX Student's ttesk, ZRERM L
BRI 2 TCALE S AT (Tukey's test)z i A L. & 54072 p 23 0.05AK5 (H{H) O%5& %
FEZbBV & LT,
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1. 7 A bav A FNOEREMER O P2XTRTF ¥ R VIR T iEE O T
., TR bAoA NOBRBEEDNEELA L RAAMICE > TEILT 0G0 Z 2T 5
728, beadDHIfINE Y A& HiEt L7-, Bead DAIINEL Y AL, control }z T H,O, XLEH

FEOWT BN T  BRERYRIERNZHEIN L7=23, & DOELY A

K-> 7= (Fig. 10a, b)
P2XTRD T % R VIR T IEVEZE YP B Y iA

FRTEOZNLY bHEIC

WKV WEEOT A bt A MZXKD YP

mbﬁﬁiﬁ%%fm ﬁkb 904y £ TIZ &ﬁﬁ%’iﬁbt(m}mamcmmmﬁ®
X, Bl LW TR o RIcB T HLA
ELQ&W@EO_ﬂ%@_&ﬁ%\M%XFVXﬁméﬂk7XFD%4FH\%@ﬁﬁ
TEMER O P2XTRDF ¥ FVIARTIEM IR T S5 Z &2V LT,
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Fig. 10. Decrease of engulfing and P2X7R channel/pore activity in H,O,-treated

astrocytes.

After astrocytes had been treated with 400 H.,O, for 24 h, their bead and YP uptake were evaluated. The
representative photomicrographs and quantitative iedolt three or four independent experiments are
shown in panels a and b for bead uptake, and ¢ and d for YP ypiedectively. Relative YP uptake was
determined taking the uptake in the control group at 15 mihQ@®6. Each point represents the mez®i.D.
(N=3-4). *p<0.05 {/s.respective control). Bar = 20m. This figure was cited from Fig. 2 iMetallomics

2017, 9, 1839-1851.



2. P2XTROFEBLURE D2 E)

LA NV ARM ST A Rt A MZEBWT, P2XTRDOT ¥ RIVIERTIEENE T LT
W22 EMD, RICEDRET 0 7 7 A NV EFRRT, T RAY O EME D =3
BWTHED BTz P2XTRO TR, HO ALER 4 B & TIT L Ly~ 7228, 6 B
LIBIC B W T T A2 Em 4R L, 12 KO 24 B Tk, BICHEIcks W TR Enz
(Fig. 11a) Z @ P2X7R OFIMHNREZE(IEL P2XTR 7 v X T=A hD—>TH Y, HfufE
P2X7R DI A MIAPN T~ L BT SE D L MEDH 5 oxATP (77) FIZ K B 2L & [AHET
& -7- (Fig. 11b)

EBHIT, LA P L AARINT A hat A MBI S P2XTRD X 3 7 ERBEICE 2 5
WAL L=, 7 A buaH A MIBIT D P2XTROMBIEHEIT, HO MHIC X v A EIHD
T 5 Z LIT& (Fig. 11c) & O & OSIRRE B 57123 1T 258 BlE, EZ sl L O
K+ %2 Lnsyho7= (Fig. 11d)

UbozZmnb, 7A FadA MBI D P2XTROFEH I, BRLA b L AARFIZ L Y ED
T5 LT, FOMBANREIL, HRENSME~E BT NN E o7,

3. P2XTROFERE TS BUL N2 k13~ 2 Al i PN EBERY B gn b K D % 5

BRI A b L AARIT K DM P ERER R gn DI RS, P2XTR DRERERVFEBLZENC 5 2 5 52
2RI U 7o, HoOp ALERIZ K o THEUML 472 P2XTR DA TEME DRI ) & Ml ~DBAT
X, MBS Y L — & THDH TPENIC LD, MO TiEd 2 080H S, 7Pl
LA TH 5 Trolox ALEE CIXIZITEAITHHI S 7z (Fig. 12a) Z L H OGO RN FTE
T A AT R T WMENT U724 R (Fig. 12b) control BEIC B W THIFRER 2 7R3~ R~V v Dk
DY T F N EILFIE L2 P2XTRDF%D > 7 F /U id, HO ALEEIZ K ¥ | Hoechst33258) F 0 v
T FNADIRITEOEBIZEB N TR b, ZORIEEIIE, TPEN LT Trolox IZ L -> T, #
NEN—EE NREERICHEELE LZ, ZROORRIX, Fig. 1LIIRLEZY 2 AX T r Yy b
DENERIET LD THoT,

WIZ, B b A N U AR X D MBENESR OB RR T A h a4 kD P2XTROBEHREIZ KIF
TRBEZ T2, H,Op D 2 RFRETALERIC X 0 MRV HEER L~ 3R L, 2D & & D beadk Y
YP BV IAFIIE BT LTz, 20 HO LI X 5 bead X OV YP BtV iA & Db 1%, TPEN
F 7213 Trolox OETLELZ X > CHIFENEERER AR ER OB K 23 L= & 2 A, 1ZIEEEITHK
L7=Z &5 (Fig. 13a-c) b A R LV AAMIZE D7 A b a¥ 4 MEIENIZI T % EEEER i
FrL LD BRIE, £ O P2XTROBERERRBLAIKR NS E D Z &0,
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Fig. 11. Trandocation of astrocytic P2X7R from plasma membrane to cytosol by H,O,-
treatment.

Astrocytes were subjected to immunocytochemical anglygdier they had been incubated with 400 uM
H,0, for the indicated times (a) or incubated with 400 uNQ4, 300 uM oxATP (positive control) or 30 uM
KN-62 (negative control) for 24 h (b).The immunoreactiegtiof P2X7R, cadherin and Hoechst 33258 were
detected as green, red and blue, respectively. Representattotomicrographs for three independent
experiments were shown in panels a and b. Bar = 20 um. Aftes@gés had been incubated with 400 pM
H,O, for 24 h, expression levels of P2X7R in the cell lysates (ofj membrane and cytosol fractions (d)
were evaluated. In panel d, ATP1B1 and GAPDH are the markerthé membrane and cytosol fractions,
respectively. Each column represents the me&D. (N = 3—-4). P<0.05 (s respective control). These
figures were cited from Figs. 3 and 4 letallomics2017, 9, 1839-1851.
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Fig. 12. Involvement of increased intracellular labile zinc in trandocation of P2X7R in
H,O,-treated astrocytes.

After astrocytes had been incubated with or without 400H,0, in the presence or absence ofild TPEN

or 400uM Trolox for 24 h, they were subjected to immunocytochemaralysis. The immunoreactivities of
P2X7R, cadherin and Hoechst33258 were detected as grekandeblue, respectively. A negative control
(NC) was performed by omitting thestlantibodies to confirm specificity of the immunoreactivity
Representative photomicrographs (a) and representdtiveefcence intensity-distance profiles along the
arrows in panel a (b) for three independent experimentstarers. Bar = 2Qum. This figure was cited from
Fig. 5 inMetallomics2017, 9, 1839-1851.

(b) ©

=
(]
o

©

] 5 =

© o £

5 S :

fa) c

= © S o

g S 1001 « 100

SE 8 S

T8 ) S

5 < o

=~ £ 504 5 507

=g =] S

g g =]

= o

s @ o- > 0-

X HO, ---+++--- H,0, H,0,

znCl, - - - - - - +++ zncl, - - - - - - +++ zncl, - -- - - - ++ +
Trolox - +- -+--+- Trolox - +--+--+- Trolox -+- -+--+ -
TPEN - -+ --+--+ TPEN - -+--+--+ TPEN - -+ --+--+

Fig. 13. Involvement of increased intracellular labile zinc in regulation of engulfing and
P2X7R channel/poreactivity in H,O,-treated astrocytes.

After astrocytes had been incubated with 400 H,O, or 50 uM ZnCl, in the presence or absence of 400
uM Trolox or 50uM TPEN for 2 h, their intracellular zinc levels (a), bead adb) and YP uptake (c) were
examined. Relative intracellular zinc levels and YP uptaleze normalized as to the level in the control
(none of the reagents were added). Each column representsgan=S.D. (N = 3-8). $<0.05 {s control
(none of the reagents were added))<0.05 s H,O, alone). $<0.05 {s ZnCl, alone). This figure was
cited from Fig. 6 inMetallomics2017, 9, 1839-1851.
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4. P2XTROBEREAIFEBUK NIkt 2 Mifust i gh X OY ATP DB 5-

B LEIZBWT, TA MY A FOEBEA N A~OFREIT, MRS ~O g O R A5
BL7ZEnb, Z0D P2XTROMEREFEBLA~DEE L J~7- (Fig. 14a, b) £7. Mustic
400 UM HO, ZLPE & [FIFREE IZAIf N B SR L~ UL 2R S5 50 UM ZnCh =N L7= & 2 A,
YP E Y AR L, 236 02 biX, MfaEdeZia i digh % L — % T 5 CaEDTA (50 uM)
KON ZIPLEHEAITEH 5 NiCly (5 uM) ICE D EER Lo, HO B L 727 A b A MZkWn
TH, MEANERER SN L~ D EH KON YP BY IABZ DD RFED 77, CaEDTA KT
NICLIZ L > TW T bEEIN RN oT-, EHIT, P2XTROANFE B GTEIZ- DV TRIAE L
7o & Z A (Fig. 15a) H0p SLERIZ o CTHEFEME A & M E [0 43 (58 BURTE DA H#) L 7= P2XT7R
X, MlaPLEERESN Y L — & THDH TPEN O L 1X 820 | MfalkIEg RS fiin % L —
X2 T b CaEDTAIL K » THE L Z T o 7=,

REIEA B LV AARIE, T A hadA bnbo ATP A2 EE T2 2 EAHE ST
% (A7), TZTET, BIEA ML RARMENTZT A badA Fnb O ATP it OF %% /it
L7258, H O ALEREEIC BT 2 fiash ATP LU control BED Z 41 & Lol L TAEEIZEm )
~7= (Fig. 15b) # 2 T, fifask ATP L~UL DR AL A kL 2 AFIZ KD P2XTRDFEHL
JREZACIZ RS 2 R Z T Uiz, HO 4LERIZ X 0 MR 2 AT L2 P2XTROFEBLIL, P2R
TR T=A N TH D suramink N KN-62 DWNFRIC L > THEERSI NN - 72 (Fig. 15a)

INHDOZ EnG, BEA b L RAARIZ L DM O iR X OV ATP ORI, P2XTRD %
WREOBILIZEHE S LnwZ ERnREnT,
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Fig. 14. Involvement of increased extracellular zinc in P2X7R channel/pore activity in
H,O,-treated astrocytes.

After astrocytes had been incubated with 400 H,O, or 50 uM ZnCl, in the presence or absence of 5@
CaEDTA or 5uM NiCl, for 2 h, their intracellular zinc levels (a) and YP uptake\{i8re examined. Relative
intracellular zinc levels and YP uptake were normalizedoaghe level in the control (none of the reagents
were added). Each column represents the mieauD. (N = 3-8). $<0.05 s control (none of the reagents
were added)). §<0.05 {s H,O, alone). $<0.05 (s ZnCl, alone).
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Fig. 15. Involvement of extracellular zinc and ATP in the trandocation of P2X7R in
H,O,-treated astrocytes.

(a) After astrocytes had been incubated with 400 H,O, in the presence and absence giM TPEN, 50
uM CaEDTA or ZnEDTA (a negative control for CaEDTA), %M suramin, or 10uM KN-62 for 24 h in a
CO, incubator, they were subjected to immunocytochemicalysiml The immunoreactivities for P2X7R,
cadherin and Hoechst33258 were detected as green, red,lamdréspectively. A negative control for
immunostaining, which was performed by omitting the 1stiteties, did not give any signals.
Representative photomicrographs for three independemeregwents are shown. Bar = 40m. (b) After
astrocytes had been incubated with 400 H,O, for 2 h, extracellular ATP levels in ACM were measured.
Each column represents the mea8.D. (N=5). 1<0.05 s control). These figures were cited from Figs. S2
and S3 inMetallomics2017, 9, 1839-1851.
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5. P2X7TROFEHL K O P2XTR = B AR OFERRIZ K 5 2%

P2X7TRIZHINABIZ B\ C =R A TR T 5 Z & THRET 5, ZAUE TIZ P2XTROTEMEIL,
P2X7R full lengthd Z THERK S5 R E &K bWV OIIK L, £ C Rbia KIET
% splice varian®3 b > 7e~7 v —8RTIX IR T35 Z ENH LT/ > TS (Scheme 1)
(76,78), = Z T, ML A ML AARINTT A brHA MIBIT D P2XT7R full lengthk V%
@ splice variants® mMRNA L~V O3S ELE Z 78l L7z, HO LBEEEIZ 35 1F 5 P2X7R full length
DOFBLX, control FEDZ L LERTHEBEIZD N> b0D, D P2XTR-v2 -v3 Kk -v4
DRBUZEAIT 2> T7- (Fig. 16a) S HIZ, B A b L ZARFIZ L D P2XTR full lengthd> %%
BRAECORMHERS 2R L 2 A, ThuT HO, WLE 6 BRI ICB W TR 95 Z & 234
hrot= (Fig. 16b) =D Z L%, BE{LA R L ABR ST A b A MFWT, P2X7R full
length & % @ splice variantsDFBLEIG N2 T 2 2 L. T2, P2XTRD Z&IKDHEKIZ
ZALR AT D A[RetE 2 R~ LT 5,

C

T e

olele'ale’ lele! lelelalelele'alelele’ele’ ale! alaleleletatata'ele’ lale! Jolelalale alatatale’ lelalalele ale

C N N C N in

P2X7R full length P2X7R-v2 P2X7R-v3 P2X7R-v4
Scheme 1. Membrane topology of P2X7R and its splice variants.
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Fig. 16. Expression profiles of mRNAs for P2X7R and its splice variants in H,0,-

treated astrocytes.

After astrocytes had been incubated with 40@ H,O, for 24 h (a) or the indicated times (b), mMRNA
expression levels of P2X7R and its splice variants wereroéted. Relative expression levels were
determined taking the expression level of P2X7R full lengtithe control (a) or in the control at the
corresponding time point (b) as 100%. Each column represt@ mean-S.D. (N=3). p<0.05 {s
respective control). This figure was cited from Fig. Metallomics2017, 9, 1839-1851.
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Z ZTRIZ, P2XTRZ=EARHIZEIT 5% D full length BB EDZEL DA %4 | BN-PAGE IZ
K OMRMT L7z, T2 Tlid, P2X7TR @ C R 2788k 3 29z v 5 2 & T P2X7R full
lengthd 7% | F 7= s MiE Ik 2 585%9- 2 HFLRIZ L 0 P2XT7R full lengthiZ il . P2X7R-v2 2 O}
V3 et —BIAZ M L7z (Scheme 1) P2X7R full length ® % E R BMM TH 5
HEK293T/mP2X7RAMIL . B /EHRL U 72 RZEMEY > 7 /L Tld, P2X7R O Z&KICHST % 240
kDa ONLEIZEIEEAMRE S, £o, —HEREFRBREESE T A TiEEns
AU 150 F 7213 75 kDaDAL E I IS TEHENRO Hil, ZNUHIEENEN _ERLHERE
X bilc, Lo T, K BN-PAGE OFEBRAVKLL TWDH Z &R SNz, £ T,
P2X7TR D C Kz ik T 22 HWTT A ha WA MIBIT 5 P2XTR D =&K& L
7ol 2 A HO ALERBEIZ 31T % 240 kDaftilr o P2X7R = EARIZ /b T 2 & &1L, control
BEE L CHBEICHED LTW=oIlokf L (Fig. 17a) #lus e 2 7855 2 Fiikic L 0 M
L7256 D HO ALVBREEIZ 31T 5 Z D& M3 control B & 12X FI%E ThH -7 (Fig. 17b) =
DZENDL, TA YA MIEITDH P2XTR full lengthiZ &> THERRL X415 R E Z @A 3
Blalx, MR N LU RAEMICE VDT 5 —F7T, £ splice variantst D ~7 7 = &{KD %
BUIHIRT 5 Z L REnT-,

X 51T, P2X7R splice variant® 3 HLHE K 2% P2X7R = &AKH @ full length DREH &I 5 2 %
WEZIEET H7-H, HEK293T/MP2X7RAMAZIZ X LT P2X7R-v3 Z @RI S 7= & D
P2X7R full lengthis & = #KDIEHE AN L=, P2X7R® C K& ik + 2 prikic L v #
H L7z P2X7R = EARIC R T 2 i IT, P2XTRV3ZMEI R S E 5 Z LTk W AEIC
B L= b O (Fig. 17¢) MRS IR 2 785k 3~ 5 BRI L 0 B U7 2 o is o 28 X
oo Tz (Fig. 17d) 216 OFERIL, P2X7R splice variant® B K23, Z @ full length D
RHEHD>SELZLETRRLTND,
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Fig. 17. Alteration of P2X7R trimer conformation in H,O,-treated astrocytes and

P2X7R-v3-expressed HEK293T/mP2X 7R cells.

Astrocytes incubated with 400M H,O, for 24 h and HEK293T/mP2X7R cells introduced with cDNA for
P2X7R-v3 were collected. Thereafter, the native samplegstbcytes and HEK293T/mP2X7R cells were
analyzed by BN-PAGE. Representative images and the qatiwéitresults are shown in panels a and b for
astrocytes, and c, d and e for HEK293T/mP2X7R cells, resmdgt The image shown in panel e was
obtained at the longer exposure time (10 min) from the sammbra@ne used in panel d, of which the
exposure time was 5 sec, to confirm successful expressiB2¥7R-v3 in HEK293T/mP2X7R cells. White
diamonds, and black and white arrowheads indicate the trhB2X7R, and the monomer of full length of
P2X7R and P2X7R-v3, respectively. Each column represhpteeant S.D. (N=3). 1<0.05 (s respective
control). This figure was cited from Fig. 8 Metallomics2017, 9, 1839-1851.



6. MIFUEIZ I3 5 P2XT7R full length# BLIZ %9 % % @ splice variantsD 522

P2X7R splice variant®F& 5 K23 % O full length ORI T 0 7 7 A VI H 2 DA LY
FEAIZ RN 3 5 72, HEK293T/mP2X7RAIAEIZX) L P2X7R-v3 & 7= 1%-v4 AT S w7
B2 D% @ full length O3B HTE %2 7Fl L 72, HEK293T/mP2X7RMifZIZ P2X7R-v3F 7= 1%-v4 %
HEIHELHZ EITLD, fﬂiﬁ’jﬂﬁ BT % P2XTR full lengtho sa &ML L7 (Fig. 18a)
SHIZV=AZ Ty MZXVERICHIT LI2E 24, P2XTR-V3E/2id-v4 2 8B &
5= L2 Lo T P2XT7R full IengthODf/A\%EfE% W2 BT 2o 7= b D@ (Fig. 18b, e) AlifafsElz
B2 ZORBUIAEICRED L, MEIZH T 5T AEICHNL Tz (Fig. 18c, d, f, g)
L7235 T, P2X7R splice variant® 7B KNI IZ 3517 5 & @ full length O F8 B 4 Jai/b
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Fig. 18. Trandlocation of P2X7R from plasma membrane to cytosol by expression of

P2X7R-v3 or -v4.

After HEK293T/mP2X7R cells had been introduced with cDNA F0A-v3 or -v4, their expression levels of
P2X7R were determined by immunocytochemistry (a) and wedtltting (b, c, e, f). As a positive control
for expression of P2X7R-v3 and -v4, HEK293T cells introdiliggth cDNAs for P2X7R and HA-v3 or -v4,
respectively (transient). In panels b and e, and ¢ and f,emestiotting was performed using cell lysates, and
membrane and cytosol fractions, respectively. In panelsdcfacadherin and GAPDH are loading controls
for the membrane and cytosol fractions, respectively. Bsgmtative photomicrographs (a) and western blots
(b, c, e, f) for three independent experiments are showrguhatitative results for panels ¢ and f being given
in panels d and g, respectively. Each column represents #wh.D. (N=3). 1<0.05 {s respective
mock). Bar = 2Qum. This figure was cited from Fig. S4 Metallomics2017, 9, 1839-1851.
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AETIE, MREGELZELLRVDLVLOBEA ML AZAMEINTZT A bad A FTIEE
OEBIEMEMETLTERY, Zudde< &b —5, M ERER IR ORI L 0 Ak &
M-I IC 31T 2 P2XTROBERERIFEBL DR IR T2 Z L 2 B2 Lz,

MANREHE S CTH LI 7 v 7 T, BYMOEER - H{bE1T 9 2 & THIRMRERICE
F B AERBE ORI E Z o TR Y | JRERIZIS T SRR O KRICL > TEDORE

RIEHENHE KT S B —FH. T7A A M7 Ia A RRpOHMT 28R L (46, 79, 80)
PRRRA IO ORFE R I8 < 72 EXRCR OREE A EH IR OBE T AT L& L TORFZH D
(81l), ZMET, 7 A bua¥A FNOERIEEOHIEEII R CTH o720, 41l LA L
AR K D IR N EEBERL R SR DI RN Z DIEMR AR TS 2 LR nhole, ZNHDZ
e, AHPRREBICB W TARREAZRT 7 A ha¥ A I, BIEA ML RAFICEY ZD
BREMEZEKTEIE2—FT, 3707V TREREERIETDHIAL v F U IRELTEY,
a2 R FRIHRTH D Z LRI,

7. MRMNEBEFHERIC L S57 A bad A FOBRREEEOHIEIL, P2XTR OHEERFEBL
E@#hzNLIEbDThole, Z0 P2XTR OMREIIFELOMK TIL, Zd full length & splice
variants?D 3 BLEIA D ZELIZEE - 72 P2XT7R full lengths & Z &K DA IR 5 Z & 3o
Sfc, ZOFRBLT 0T 7 A NOEIL, HERD P2XTROBEFHRBUCK T HLAT T4 7
B R RIE LT A REMENE Z 5N D08, ZOFEMITIAHTH D, £7-. P2X7R full length?d
FRRREEDS & M ~D RTEZLIX, P2X7R full lengthod HIFRIE~D#4A3 splice variantsZ K
v [ & 7z AT REMESR, splice variantsZ & - T full length 25HIIE (2358 S U7 ATREME 72 &8
WRIND, ZOZLIZHOWT, HfEICHRTIT 2 Z LIETERNB DD, P2XTREEFEH,
A 2 N2 BRI, # @ splice variantsDFEELZ X U full length DB EZJE D IZHEAT L
TWeZ emb, BREDAREENEWEEEITE XD,

P2X7R® SNPIE, ZDF v X/UHETIEMEA K F S5 2 EAME S TR0 (71,82) F
2. RAEFE L VS TEMEBORIEICTFET 52 EbHLMNIR-TNS (72, 83,84) &
Oz, v AZHWIZHEFHZBWTH, 7 A had A MBI 5 P2XT7R splice variant® JEHi
I Ty ANDFERN, KOEEORIEICFGTHZENRBINTND (76), ZNbDZ
Eb L, BREA N L RAARIC KL D P2XTR splice variant®©HEERI R B D LIZ, 5 DR L
DREFRRRE IR BNCB 5-3 2 FTREME S HERR S D,

UTAE Hirayamad 13 RIMEIARPAZE 2 i L 7=~ 7 A DT A ka4 kTl P2XTROIEH A
BINT 5 2 L & ME LTS (B5), USRI L TEHIL, MbA FLAARICLY 72 b r
YA MZHET D P2XTROFBEBUTHA T2 L WO MK T 2R EHGT2, ZOFE LIfERICD
WTCOFBBARRILA 1S5 7212, I % O b A b L A AW A S % in vitro 2Rk & LT
LA &1 % oxygen glucose deprivation (OGD) (8% L., 7 A hu¥ 4 MIEBIT D P2X7R
DRBEFE L7z, TOME, RPT 47 ar bue—t LTHWE PCI2HIE TlX P2X7R
DOFBNBERLTZDIZ% L, OGDALEEE =7 A bt A K TIEZEDOREIZEIT o Tz
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(Fig. 19) T Z &L, FWREZMEE L7z in vitro EERRIZE T (LA b L A AR T T,

T A brHA hD P2XTR OERERIEEBD B TE R0V THhDH Z L ZR LT,
L7725 T, FEFORERE Hirayama b O#ES & OFFiEIL, Hirayama 5728 green fluorescent
protein (GFP)H I L 7= P2X7TR&Z 3BT 5~ A2 HWTHEFETH D Z LTz, EEN
O 72 2 B L ZAARFOENCMOMIILE & O AMERZ &, ERSEMoZ2ZRITRERK
LHEEZOLND,
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Fig. 19. Expression profilesof P2X7R in OGD-treated astrocytes.

After cells had been incubated under hypoxic conditions7&€CJor 2 h in a multi-gas incubator, they were
cultured in 5.6 mM glucose-containing EBSS with oxygen fdri2 Thereafter, the expression levels of
P2X7R in cell lysates were determined. Representative émeand the quantitative results for three
independent experiments are shown. Each column reprabentseantS.D. (N=3). 1<0.05 (/s respective
control). This figure was cited from Fig. S5 Metallomics2017, 9, 1839-1851.
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AHFFE T, BIEA P VAR ESNZT A hadA MBI 2 HnEEL SN, Z DM
BEREIC KT THREZH LN T L Z 2 HIE LTEREITV., BLTOMIEEST,

51 EIZEBW T, 400 UM HO LRI K A b A b L AD AL, 7 A hat A Ofifus
FREETFTSEDZ R MEOIEELEERT 2 &30z, Mlast &k O L1 %
HIREED 2 LAV LT,

B 2FETIE, BIEA RV ARG ST A FatA MZBWT, MiasEE O Y IAARTE
PERHEAR L, Zudde< & b—, MlREICRT 2 ZIPLORBIEKICER T 5 Z LR S
iz,

B 3EIZBWT, LA ML AAMT A hat A MME, MlENFE O K Z I LRl as
2B 5 P2XTROFERENHBLZ IR T S, TSIV BHOERIEEAZIK T ST 5 2 L 238
Hinklpol,

LEDORFEICESE, FHIL, BIEA MLV RAOREEZ - TIREREOT 2 hat A Mk
WCHENENE LT 2880, 7 A hatha Fofilasidigh s V7 7 v Az s 5 & T,
HEOEREWEZKTSEE 5T, 2707 U7 2E M LT 5 LIk ZDERIELS
M5 L0 28O 7 ) THlAOKREZ L, 77215 modal shiftz il {95 EE /241
ThHZ E&xEBT 5 (Scheme 2)

IHiZ, A PV RAREINTT A hath A ho#figh 7 V7 7 A0 i, Mfasta
ALV EIK TSN, YR LA UTESA. v 7 ARl X 2 dighE v
ABOW, T bbby F T ARUNNAIZE T DO RZ 25 E i 2T AR R S LD,
Fo. TAMuH A b P2XTROBERERIFH IR /T L7 OFRIEHEDOK T2, 0Kl
DELA NV AARIZE D ARRHIZRD Z L bHERTE, 20X 22T A ha¥A Fofl
RIBERE DN FHERC AL T D Z L3, D DIRORIEICENR H AR+ IcBE 2 b b, D
TeOA%, TA YA M 50K LOBREA b L AARTAEEZ U T T v AN
P2X7TR DREREMIRBUIC 5 2 DB EET D Z L1k, 9 DI ORIEMME 2 iR+ 2 L CcEE
THY, IOV TIYMHRRICTHERT D ED LTV 5,

PR 9 DR OGRS T 5 paroxeting’s £ OHL 9 SIRITE /7 2 HHOHRY A
AL, T A hat A MIREBT 5 ATP ZHEE~OER b2 0 9 2R ORI S
T5HZ & (86, 8T)ATPCHLEN DA FE N E D 5 ST 2 ET 5 Z L bE SN TW\5 (73,
88), L7cho> T, ARWFIETHONTBARIEZ, LA L AARNZDRIERKRD—>L I
TV D 9 D7 & ORSMMIRIR IS T 2 8- 2R RIE BRI 5 L ¢, HEhcER Lz
U 7 HIREFERERIE N E DIER & 720 H D 2 L B R T ARRIEHNFEHR CH D B LND,
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Scheme 2. Schematic diagram for zinc-induced modal shift of astrocytesand microglia.
Under oxidative stress-loaded astrocytes, both extradeeland intracellular zinc levels are increased. By the
former, microglia M1 activation is induced, while to prevextensive microglial activation, astrocytic zinc
clearance mediated by ZIP1 is up-regulated. By the lat&roaytic functional expression of P2X7R is
down-regulated, and the engulfing activity is decreaséardfore, it is suggested that astrocytic zinc might
be a key molecule for the induction of the modal shift of asgtes and microglia under pathological
conditions with oxidative stress.
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