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(The effect of hydrogen sulfide on Ca2* signal

and energy metabolism in astrocytes)
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2APB 2-aminoethoxydiphenyl borate

ACSF artificial cerebrospinal fluid

AGC aspartate-glutamate carrier

AITC allyl isothiocyanate

AMPK AMP-activated protein kinase

AOAA (aminooxy)acetic acid hemihydrochloride

ATP adenosine triphosphate

[Cazt]; intracellular Ca2+ concentration (iR Ca2 /%)
DTT dithiothreitol

EGTA 0, 0*bis(2-aminoethyl)ethylene-glycol- N, N,N, N*tetraacetic acid
FCCP cyanide 4-trifluoromethoxyphenylhydrazone

GPT glutamic-pyruvic transaminase

H2S hydrogen sulfide (fift./K%)

HBSS Hanks’ balanced solution

HC-030031 theophyline-7-(/\-4-isopropylphenyl) acetamide

IA iodoacetic acid sodium salt

1Ps inositol 1,4,5-triphosphate

LDH lactate dehydrogenase

MAS malate-aspartate shuttle

NAD+ nicotinamide adenine dinucleotide

NADH nicotinamide adenine dinucleotide hydride

PLC phospholipase C

ROS reactive oxygen species

SERCA sarco/endoplasmic reticulum Ca2+-ATPase

TRPA1 transient receptor potential ankyrin 1

U73122 1-[6-[[(17B)-3-methoxyestra-1,3,5(10)-trien-17-yl]lamino]hexyl]-1H-

pyrrole-2,5-dione
W7 N-(6-aminohexyl)-5-chloro-1-naphthalenesulfonamide hydrochloride
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bk (HeS) 1%, KEEDO T AKME TH Y (Filipovic et al, 2018), EBRAY 7251
T TR 20% 35k E LTHEET 5 (Kimura, 2014), HeS 1%, HUMHEHIC & > TRl
ML TBEIT 5 (Mathai et al, 2009), F7-. HEMERED HeS X b= RU T O®E
g (K1) #4019 % (Cooper and Brown, 2008),

HeS (ZERN O THR S L EBEEME & L TlEEYT 2 (Kimura, 2014), HaS 13,
BN EDYATA VBRI AR ERINEMT 52 LIT Lo T, ZOMHE & g4l
WA ENHMBLNTEY ., ZORISITANLTZE R AL EFETN TS (Mustafa et al,
2009; Kimura, 2014), A/ 7 & KU LTI, HeS HAEL DR Y 07 = > (HeSw) 73,
BN ERDYAT A I L RIST S (Liuetal, 2018), & 51T, HaS (T#iIN cAMP
TR OFIE A LT, MIREZ I+ 5 Z & bbb (Cao etal, 2018), B 21X,
HoS 12 X 2N cAMP 2 EE DI INIL, protein kinase A OIEME(L & Z 32 K 5 ffRfED
A A F ¥y OAO%Z5 & 279 (Perniss et al, 2017),

HIAX AR R IC I T, HeS X RICERBMIE (7 A2 bt A M Ik > THE S (Lee
et al, 2009), < DEEIIMAN TIZ~166 ntM TH D & #HE ST\ % (Baskar and Bian,
2011), ¥R, MK TITHMEE TORE LY b EWIRED HeS NEFTHZR Y 7 v e L
T Z &b Xt T5 (Furne etal,2008), W7 A bt A MIBWT, HeS X
IR CazrigfE ([Caztl) % ER&HHZ &, Z0 Ca UG EICAL T E RYMEIZ K
> TR L7=3EB& IR A 4~ F v /L transient receptor potential ankyrin 1 (TRPA1)
2T M5 D Cazfit AIC K-> THIEER Z S5 Z EAlESN TS (Nagal et
al., 2004; Ogawa et al, 2012; Kimura et al, 2013), £7-. Z16OHEDOH TIX HoS 7
HIFIN Cazt A R 7 G Ca2ta i S B2 Z L bREN TV DN, ZOMEIIRHTH S,

ZAVE THRARFR RN D HeS OFEENZ DN TIX, MTOWERTLTHoT2, T,
N HaS 550 HoS AR FEBLD DS X7 E T Y A ~—IE & BT 5 2 &R0,
HeS DN R—F 0 Y VIR EEMESEL R HREEINTE =6 THD (Bto et al,
2002; Ichinohe et al, 2005; Hu et al, 2010), ¥4, FHEN HaS 2N ih ZfE e S2 i LAE
TERTHZL0, HiS BET T 7 4 v ¥ o DRIBEOIERIZ L E e 2 &3 s S vz
(Davoli et al, 2015; Prabhudesai et al, 2018), 246D Z &6, FHEICIHV TS HeS A
BEREEIZ SO ENRBINDN, EOERIFRIEH G TR,

HeS %, X b2 RU T TORRY VLA 57210 TR < | MlnE TOMRHO
TLEIC L DB b5 = 29 (Lee et al, 2017; Panagaki et al, 2019), fikiix, Hi
JUE T/ N a—ARENLNEVBE TCHMINLIREOZ ETHY, BBV BT HITR
W SIVTHIENAEL D, FRIE, b &b EEFEMTE L E 2 BTV MR LIRS (3
Y RL) SOABRIZ RS D kR & 2R O3 LA 2B OAMME A ARG & 41T & 72(Gladden,
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2004), WTIE. BYVAATE T N3 —ZAD~T%NEIR L 72> THRIH S L. Z OB I3l
LR T T 3~4 f5I1C EHT % (Dienel, 2012), HARMRGRANICIE, 7 A hath o hnb =
2= U FLUROREABRAFE L TH Y (Machler et al, 2016), FLERIZT A Fa¥A | h»
Hboa—nm U ~TRX—E L L TZIFESNS (Alberini et al, 2018), . HERIE
HRIGZEIZBWTEBE R T FILERDIELDN-oTE T2 (Abrantes et al, 2019;
Dienel, 2019), & 512, FLERASHE M A& PR IRFEIE 2 T2 LW O WE L H 5 (Berthet
et al., 2009),

S har R TIIBTA2MBAEROZEMT, I har R 7HEDEEAMS
(Barrientos and Moraes, 1999; Eghbal et al, 2004). ﬁﬁﬂﬂ’ﬂ’féf WGP #EFE (ROS; reactive
oxygen species) M ONATP JBEIZEE% 5.2 % (Li et al, 2003; Voronina et al., 2010),
Fay RUTHBEOBOHIEI 2 R 7060 Cazhliffiz 5| i = L (Saotome et al,
2005; Zhao et al.,, 2013), ROS <> ATP [3/NMEKE DA A F v RV OIEE 2L S E 5
Z Lt TlCazt]i #2{b & % (Walsh et al, 2009; Gorlach et al, 2015), 7 T EIB 7 1 L8
FIERIREIZ W TiE, HeS 28X b RU T R OVNKDE 6 CatwliFffi S &5 2 &
NHREZIN TS (de Pascual et al,, 2018), —J5C. CaztLfifhs % H| 1+ 5 EH /2K ¥ T
Hb, T hary RUTHELZN LT NADH 72 & OWME 2kt Hkx % v U 7 —
Caztiz L > CHliE &2 (Gellerich eta]., 2010), 2N HDOF ¥ U7 —DOHF T aspartate-
glutamate carrier (X, MME 21T %1572 nicotinamide adenine dinucleotide hydride

(NADH) OFERAP< 2 & CTHMEAZTLET 5 (Wang et al, 2016), MMz T, Ca2t/h
NED 2 Y CSEERIT TV 2 — R IABSCHRENE 2 T DR O ETUICALE L TV D
(Herzig and Shaw, 2018), L/ L72236, 7 A ha¥A MIBIF5H HeS 12 K HREHE &
[Cazt]i BIfRIZ, ZHETHEHEINTI R -T2,

AHFFETIE, 7 v MEREHOREEERT X a4 F&HW T, HeS I X 5[Cat]i EHEW
TR DN F RO ZmFT Lo, BT v X ABLEESL IV T LA T §E
B2 T 3R A 22 AT 20 5 HeS 8 X b = B U 7 B Ol 27 L T, /Ma
FEBELOI Far FUTb0 Caziliffifzs| S 52 L 2MLMNIT Lz, £z, HaS A
T A MY A MZBWTHABOAGRERETHZ L L. 2 HeS 12 X 5[Cazt] 5 A3
B3 nZ LamRLE,
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1. &z (ETC) & HeSEM

MENTZ L a— A (glucose) 2XELE R (pyruvate) (255 S 3L HEIZ. NAD+AS
NADH [Z# 7t S, —i#o> NADH (IO s AR TR S5 NADH shuttle
IZE->TI har R T7RICEESILD, —HOELEUVERE, I har B 7NICHRE S
L. TCA cycle (23T 5 NAD*OE L Z{EEd 5, ETC iZ. NADH % NAD+Z ik L,
Z OFRZA Ul HA BRI I CERE S v, ATP synthase (25 % ATP &k & BRE) <& 5,
fAE D5 © NADH (%, BV k8 & HIZHEE (lactate) (SAGH S 415 BRIZ NADHI
b3, 2k ATP OG A& T 5, ik S vz NADH IR, glucose D7 Il
bivsd, £72. ETC BT 5 HrOREFZE~OHEHIZ, 2 b KU 7AEE IM) 2495
ADIREEN (AY) ZEKT D, ZOAWY BEEE L7200 < hU v 7 AR~ Ca2 it AT
%, HsS 13 ETC ORERLESE D —>TH 5 cytochrome oxidase % [HEd %, ETC; electron
transport chain, IM; inner membrane, OM: outer membrane, TCA cycle; tricarboxylic

acid cycle
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A SEBREW)

AWFZE I ACHETE KRB ER E A FERE « BRIEFEBIC IV TIT O EBREMWIZBI T 5 4 A
KT A N> THT -T2 (B EBRGHEEAREE 5 14-0111 XY 19-0009), EBRIZITHZE
BHE 7= Wistar 284E7 v b (MERE, A% 0206 3 B 2=,

B HHET A buY A OB RS

BrAET v F2WEd L CRESELE L, FEZRI Lz, 51 4 %5 £ 720 Hanks’
balanced salt solution (HBSS) #1 CH&#fiH HHEMR ZFrE L, AR )2 AW T v A LTz,
iV T papain (10 U/ml) &% TfDNase (0.1 mg/ml) % & ¢e HBSS 1 C=R T 20 771 >~
Fa— b Lk RS ARZRELTERREINA, v U a LB LAY —/L e
v NCHFR L CTHIRR Z 3B L7, MRS R IR IZ1E 10% fetal bovine serum, 100 pg/ml
streptomycin K% ' 100 U/ml penicillin G % & #» Dulbecco’'s Modified Eagle’s
Medium/Ham’s F-12 # i\ 7=, #laiZiiER % poly-L-lysine JLEL L7 T-75 7 7 A 2l
L. 1-2 BB I AR IR A& 25 U7z, 85481% 37°C. 5% CO2 FCATVY, 2-3 HI6 T ITHAEIR
ZATHA L T2, MRS 80-90% v T LT AT 5T, 37°C, 250 rpm T 12 BERILL 4R
By HZETT At A NSO E 7 7 2w bHRBEL Tz, FEoTeT A hath
A e ) TUUALEICEYEI L, poly-Llysine MLBEL 72 T-25 77 A2, FL— K, T
4w ab LITAAN=HF A (O15) ITHRE L THE L, YRS CIIARFIETELR
TIFEFEToOMIEN, 7 A hatA h~—5—"Th 5 glial fibrillary acidic protein % F i
LTWAZ & A2TTICHER L TW5 (Eguchi et al, 2015),

C CaxAf A—T 7k

Ml 71 /3 —27"7 A2 5 x 103 cells/cm? THERE L, 9-17 H R L7z, Mgz A T
ik (ACSF; artificial cerebrospinal fluid) T¥EH%, Fura-2 AM (10 uM) % cremophor
EL (0.002% (v/v)) % &Te ACSF T 60 73, 25°C Tr—7 1 7 L7z, Fura-2 360}
BN, B BEMEE (Diaphot 300, Nikon) &HyttbA A — > 7 X7 A (ORCA-ER,
Hamamatsu Photonics) # W\ TiTo 7z, JIEIL, Mlast 2 512 ACSF THEbR L7 IRAE T
TV, 340nm KO 380 nm T 111 ms [, 2s & TR 2 RS L, B2t 771 (Faao
S Fsg0) % 500 nm (ZHBWTHIH L7z, Faao & Fago Ductt (R) 1, Aquacosmos 2.6
software (Hamamatsu Photonics) #HW\W T/ Xy 7 7T 0 RENEHIE L7 RICHENT L
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7oo MM CaziiREE ([Ca2t]y) 1%, Fura-2 & Ca2OfifBfiE%r (Kp). CaZ3fufn L7zl &
0 THhHHIFD F380 Dt (B). H/)y (Rmin) KUK (Rmax) DHIEEL (Faao/Faso) & W
T, TR~ THE L=, [Cazt]i = KpB X (R—Rmin)/(Rmax—R)  (Grynkiewicz et al,
1985), Kb, B, Rmin. Rmax. F340/Fss0i%, Calcium Calibration Buffer Kit (Invitrogen)
ZHAWTHRH Lz, 2 CTOERITERTITo72,
Fr L RF[Cazt]i 1, FFRNZRFEHEI 2 W R Y | ) & LE S S ERTOME E L, & K[Ca2t]i X,

FILERFE R O R & LTz, Iek[Cazt]s EREIE, HeKR[Ca] & #fIERE[Ca2t]s D5y
L LT,

D Al rEHEs

A% 96 7 = /L7 L — KT 1 X 104 cells/em2 THEFE L, 1% fetal bovine serum % 7 ¢
BRI T 2 RFE A % 2N — b Uiz, BEEHET 1 W5 #%. NasS (1pM-1mM) &%
ToREERIR % 6 BRI LE U 7=, MR 1R 2> & ik & U5 lactate dehydrogenase (LDH)
% Cytotoxicity Detection LDH Kit (Roche) MIWTHMHT % Z & TRl L7z, @O
FIZUEV, 490 nm (2B DL Z, ZHEEEEZ T00nm (ZERELTv 717 L—RY
— 4 — (SH-1000, Corona Electric) THIE L7,

E Rl e vk

Az 96 7 = /L7 L— T 1X 104 cells/em?2 THEFE L, 24 Ffff] A > F =2 _X— L7z, £
D%, NazS (150 pM) % 24 FFEIALE L, Z ORFEIKE 2 s LT LW BRI Z 100 pl AN
Z 72, FAREEFEIL, 3-[4,5-dimethylthiazonyl-2]-2,5-diphenyltetrazolium bromide (MTT)
% A\ 7= MTT Cell Count Kit (Nacalai Tesque) (Z & > TRHEi L 7=, @ DFLBHEIZHEV,
570 nm (ZBF HWIEEZ . 2HIEES 650nm ICREL T~ A 717 L— k) —&—CJ
E LT,

F fifast X O5fa Py ATP & %

Hifast ATP ORIETIE, Mlez 24 7=/ 7 L— MZ 1.5x 104 cells/cm? TR L, 3 H
W LTm, 0%, HERIEAERE L CACSF ICE# L, 37°C T 1WA v Fa—FL
Too EHREDA N v 7 EROEINC X - T NagS (RA&HRE 0.001-150 uM) Z 3 L, 5%
BICHEH OFEL 50 nl ZERH L THB L7z, -7 ACSF ZzFrZE L. 0.1 N NaOH &
R CHI 2 FIBE L, SR TRl 2l L7212, 2% X7 &% Quick Start
protein assay (Bio-Rad Laboratories) &X'~ 7 2~ L — KU —%— (SH-9000Lab,

5



Corona Electric) # MW THIE L7,

Ml ATP OBIE CliE, Mz T-25 7 7 A 22 2.5 X 104 cells/em? THEfE L, 10-15 H
B Lz, ok, M) 7Y REICK Vil zEIR L, 12 7 =7 L— MZ 5 X 10
cells/cm?2 THEFE L 24 FFf] A > F =2 _X— |k L7 5B 2 Br % L . sodium pyruvate (1 mM)
B IO glutamine (2 mM) %% L72 ACSF (0.5 mM glucose) (Zi&E#t L T 37°C C 1 K
A FaX—h L, 2Ok, £FEYZ BRYOREE & RFH COE L7z, MiaN ATP &0
HIEIX, Yang 5D iEE MW= (Yang et al, 2002), FEBRR# 2 T L=, WbEARE
K A mly=V) ZMAT, EXyTF 4 o ZICkoTlilaamEEL, ZnaREILE, =
DRI A 12,000 X g, 4°C TEOfk, 11 20 pl 2308k S L7z,

B ATP 1%, ATP Determination Kit (Invitrogen) % M\ 7= luciferin/luciferase
BIlkoT, v~ 277 L—F ) =X —TENXZNET DL TERLE, BEMORED
ATP % BT fF BRI 2 WV Tl A ERL L, BUBHh oo ATP JREE A R L 72, Mifast ATP
ik, M X EEY D OfF (pmol/mg protein) & L T&E L7,

G N cAMP JIETE

#Mild A 60 mm 7 4 v 2 =212 5 X 103 cells/em? THEFE L, 10-14 HRRF# L7z, £ D1k,
H AR A BRZE L C ACSF ICE#HL L, 37°C T 1 BffEA v F a_— bk L7z, EIRT 10 5k
B L72% ., Naz2S (150 pM), NagSs (10 pM), F 7213 forskolin (100 pM) % 4LiE 7=,
10 /3%, ACSF Z %L, 0.1 NHCI Z /8 L TR T 20 2y MM 2 g U7z, Ml i
7 1,000 % g, 4°C T 10 7L L, RiEasEl e Uiz, EH o cAMP #REIX, cAMP
Enzyme Immunoassay Kit (Cayman Chemicals) % T, fEOFMAEICEN, ~1 7
n7L— h)—&—THIE LT,

H ffash Ll ek

Mz T-25 77 A =22 2.5 x 104 cells/em2 THERE L, 10-15 HMEs#E L7z, T Dk, b
U7y AEIZ XD A AEI L, 12 7 LT L— T 9 X 104 cells/em? THEFE L C 24 I
A ¥ a_—h L7, BEEIEEFRZE L, sodium pyruvate (1 mM) 5 L8 glutamine (2
mM) Z %0 L7z ACSF (0.5 mM glucose) (Z{EH#i LT 37°C T 1 Kf#lA > F 2 X— L7z,
D 2 HRYORREE & R TRE L, £ O%FEREZ 2REFI L, 12,000 g, 4°C Tzl
%, EIEZFEE L7z, 0.1 N NaOH % & Tl FI8E U, B8 e C a4 ks L
7-t%. FDHX 87 'E &% Quick Start protein assay XN~ A 7 a7 L — I —%—%H
WCHIE L7z, sUEHR O LB EE ORIE I, Schmidt O 515 TiT -7 (Schmidt, 2009), &
£ 20 nl 12 160 pl OZEEAKE 180 nl OIGHE (5.6 mM NAD+, 19.9 U/ml lactate

6



dehydrogenase, 1.94 U/ml glutamic-pyruvic transaminase, 250 mM sodium glutamate,
pH 8.9 with NaOH) #~A 27 7L —rOU = /LNTEA L, 37°C, MRIHEEREE T 90 77[#
A FaX— L7, AENHOAE U NADH OHix, v =/LIWOREE 340 nm Tlbiid
L.460nmZB I 580t~ 707 L— ) —F—THET D Z & TITo 7o, AR
MRz X7 &Y 720 OfE (nmol/mg protein) & L CTF L7,

I v

ABFFETHA L7z ACSF OMAIFLL T D@ Y Th 5 : 138 mM NaCl, 3.5 mM KCI, 25
mM HEPES, 10 mM glucose, 1.25 mM CaClz, 1.2 mM MgClz, pH 7.3 with NaOH, 7
Jb a1 — A YRE AR T & 872 ACSF (0.5 mM glucose) OELIZLL FOEY TH 5 : 143 mM
NaCl, 3.5 mM KCl, 25 mM HEPES. 0.5 mM glucose., 1.25 mM CaCls, 1.2 mM MgCla,
pH 7.3 with NaOH, Ca2*%#FrZ% L7- ACSF (Ca?-free) Tid, ACSF #1® CaCl: #BrZE:
L. 1 mM EGTA #/nx 7z,

J R

R L7REIILL T O®mY Th D,
Dithiothreitol (DTT) . 2-aminoehoxydiphenylborate (2APB) . allyl isothiocyanate (AITC) .
L(+)-glutamine . emetine dihydrochloride. (aminooxy)acetic acid hemihydrochloride

(AOAA) 1X&E 7 4 v AFEMEL) S . ATP disodium salt hydrate, cremophor EL,
rotenone, N-(6-aminohexyl)-5-chloro-1-naphthalenesulfonamide hydrochloride (W7) .
glutamic-pyruvic transaminase (GPT) (% Sigma-Aldrich 7* 5. Na2S. Na2Ss, 1-[6-amino-
2-(5-carboxy-2-oxazolyl)-5-benzofuranyloxy]-2-(amino-5-methylphenoxy) ethane-
N,N,N’,N*tetraacetic acid, pentaacetoxymethyl ester ( Fura-2 AM ) . O,O%bis(2-
aminoethyl)ethylene-glycol-N,N,N, N*tetraacetic acid ( EGTA ) (% [ 1= & 7 5 |
theophyline-7-(N-4-isopropylphenyl) acetamide (HC-030031) | Tocris 7> & . thapsigargin
& 1-[6-[[(178B)-3-methoxyestra-1,3,5(10)-trien-17-yllaminolhexyll-1H-pyrrole-2,5-dione

(U73122) 1% Cayman Chemicals 7>5 . ryanodine (% Abcam 75 . iodoacetic acid sodium
salt (IA) & sodium pyruvate (% Nacalai tesque 75, lactate dehydrogenase (LDH) (&
TOYOBO 7 5 ., BNAD (I 4 VU = v ¥ L & T ¥ 2 5 . cyanide 4-
trifluoromethoxyphenylhydrazone (FCCP) (& Fluka 7»HiEA L7,



K el et

FNENDOERIT, &K 3 DOELR 2 WA LNEEMEEHWTTo72, T—
%, PME £ BERERRGE n= FIECCR L, R OA EZERMENT paired ttest F721E
Student’s t-test, Z &L X Dunnett’s test & 7213 Tukey’s test (2 X DV 17-7-, P<0.05 %

Mat PR EZKEEL L, 2 TO/RGHFENTIL, =27 BA%E 2008 (Social Survey
Research information Co., Ltd.) & HW\Tir-7=,



m SR

A HSOFEHTA oW A MN Cazts 7V o 7ixt1 2805

1 HeSITX DR CaztiR A1

RONZ HeS R —"Td 5 NagS # VT, HeS N EFRREHERT A b a4 ~OHMIKEKN Cazt
RE ([Caztl) IZEDXIRMEAEZ LI TONEHF LI, 7 A ha¥A FOFkkkRDO
[Cazt]i i, 88.3+1.3nM (n=379) Toh-o7=, NazS (10 pM-1 mM) % 10 /A9 %
&, 100 UM LL B ClCaz A A EIC EH Lz (K 2A,B), NagS ZRELTHDH 3%
#iz[Caztlit:, NazS (100 uM) DA IEE IEREOEE & TRl L7243, NaS (1mM) @
BAITEWE EMER Sz (AlCa2t]i at 0 pM NagS: 8.98+1.24 nM., 100 pM: 15.40 + 2.99
nM. 1 mM: 67.61 +7.41 nM, P<0.01 vs. 0 pM Naz2S Dunnett’s test, n =93-100),

NasS 12 & % [Cazt]; EH-OIEMEZMHEND 572912, NazS (150 pM) % 10 4rfEiE M L
7t 10 R OMEEZ 22T T, b 9 —F NaeS #ilfH Lz & 24, [Cazli iz LS Lz,
F72, 1 ED[Ca]i EH (ACY) (2T, 2 \HD[Cazt]i L5 (AC2) DIF K& WME|H
NHERBN (X2C, D, P=0.09, paired t-test, n=88),

2 HeS OFHT A by A MIXT D mIEORES

AWFFETHWIZIRE D NaeS 28, FHi7 A hathA MIgEL R~ T E2RetT 572012,
Na:S (1 pM -1 mM) WLEFTT7 A A & 6 K L7-Rr | MilasMciERE S 5
lactate dehydrogenase (LDH) O &% k5t L7, LDH (ZMfaE EE SN 725HE10, S0l
(ZHIRRAN~IEEE 9 2R CTH D, NaoS 1. WINOREICBWTYH, Milgst~o LDH @
FEHEA IS T2 o7z (8A), 51T, NaxS (150uM) O, 24 FEf#E#% O MTT
7 AT DMl A A b S E o7 (XK 8B), BLEDOFERNG, 150 uM BL R D
JREEICIHBVT NaeS 137 A h A MIEMHEARIS RN ERRBI LT, Ko TUFDE
BAClE NaeS % 150 uM LU F OB TR L7z,

B HoS (T X HMIla CaztiitfE 57 HetE

1 HeS #h%M CaziiR IR DMifast 6 D Caztiit ADBE



Na,S B
120
1000 pM 4
100 }
s 80} ‘}
= #t
100 pM = 60|
o~
MM % 8 ol
o el
<]
10 uM W 20 | ’—x—‘
M (E' . _-
OuM &, 0 10 100 1000
WWW 3 min Nazs (HM)
C Na,S Na,S D
150 pM 150 yM 80 r
— 60 |
=
£
= ;%: 40 |
llllllllllllllllllllllll % 2.
" <1 20 |}
%
o,
< - 0
Smin AC, AC,

2. HeSIZKDH7 v MEHiEEET A a4 ho[Ca] L5
(A) NagS (10,100 pM X' 1 mM) (2L 5 [Cazt]iZ(k, (B) Naz2S (10 pM-1 mM, 10
43T A kA Bok[Cazt]i ERE, #P<0.01vs. 0 pM NazS (Dunnett’s test) . n = 89-
100 (3 @b D1538) (C) NazS (150 pM, 10 43fl) @ 2 [alEfic L 5 [Cazt] &1k,
(D) 1HH (AC1) BLU2[H (AC2) @ NazS (150 uM, 10 43[H) i 1 X 5 ik [Cazl;
L5, n=88 (BEMMND DOREE) T — 2T FHE + EHERETR L,
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>
W

08 06 r m0h
E #it = I ‘I‘ 024 h
< $04 T
£04 [ '
< 5
- - —02 |
T 02 =
o -
- ()_I FW[? m rw =
0 1 50 1001000 p.c. 0
Na,S (uM) control Na,S

3. HeS O7 X bt A Mt 2@ oG

(A) NazS (0-1 mM, 6 KFf]) OffEst~o LDH iz kt4 25058, Btkay ha—
v (p.c) (FEfES MO RE T, #P<0.01vs. 0 uM NazS (Dunnett’s test) . n
=3, (B) MTT & BIZ X5 NasS (150 pM) OIS ~DEE, n=5, T — X LB
+ BRHERE TR LTS,
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WHET A Fad A MIBWT, HeS 12 TRPAL D AL 7 b RU MK X BiEMALE . £
W XD MRS D Caztiit A& 5 & 23 (Nagai et al,, 2004; Kimura et al, 2013), <
T BT A hat A MBS HeS 12 X D [Ca] EREEMEIC oW T, TRPA1 OB 5%
BT L7z, NazS (150 pM) 12 & 5 [Cazt]i E5-1%, TRPA1 F ¥ R/LFHEIKTH 5 HC-030031

(10 pM) (2 k> Tl Eneno7- (K 4A, B), £72. TRPA1 F v 3 {EEE TH 5
AITC (10 pM) DI, [Cazt]i EAZ SIS Z & o7 (K40), Zh b DR
FHET A buY¥A MIBITDH HeS #FFMEICazt]i 571X, TRPAL F ¥ /L DiE M wfb
IRNZ EAURIB I NTZ, WRIZ, HeS 12 Xk B[Caztli EFICHISE 5 0 Cazhiit AR5 %
DERE L7, NaS (150 pM) (2 X 5 [Ca] E5R-1E, Milastod Cazta bR LT & i) &
N moi- (X4D, E),

2 HeS #%EME Caz ¥ LRIZIIT D/ N alkn b o Cazhiiftd B 5-

a) Sarco/endoplasmic reticulum Ca2+-ATPase (SERCA) FHFEIRDZHE
ZZETORMEN D, HeS 1T K 5 [Ca]i EFIFAMEA Cazt 2 b7 7225 O Ca2tifEfilc X
STEIZIDZENEZONT, £Z T, /MaEBEICHEE T2 SERCA OHEATH D
thapsigargin (1 pM) 12X > TUNNIERND Caztz ks S 7% T, Na2S (150 uyM) %
M L7-, Thapsigargin O H X[Ca2t]i 2 FH- S, ZD% O NasS (2 X 5 [Cazt]; EH-
IFAEICHH S (K BA,B), UL EORERI G HeS IFFRET A bt A MZHBWT,
FI/MEEN B D Cazhilifffilc k- T, [Caztli EHZFIEE T ERWALNERoT,

b) /MEMERE o CaztF ¥ KL DB S

IR S D Caztifffiflz 1%, IPs 25X ryanodine 52K & Wy o 7o /MR REE FIZ3
BI 2 CaF v 2 AT 5, 22T, 2 bHd Cazr I v 1) HeS 12 X 5 [Caztls |
FACBEHT 2508 9 0 ERE LTz, MlZNTO inositol 1,4,5-triphosphate (IP3) &%%
4% 72 phospholipase C [HEHITH 5 U73122 (5 pM) % 60 7rfEliEST 5 &
NaS (150 uM) (2 &% Cazt EFIIMHI S, & LAHERI N (X 6A, D),

RIZ, ryanodine SR HeS 12 K A [Ca2tli EFRICEHGT 20 EMETLT-, ®iRED
ryanodine (%, ryanodine SZZAROB 02 i35 Z & 3 H 5 LTV (Willmott et al,
2000), AL THW=E#ET A ha¥ 4 FTH, ryanodine (1uM) (X[Ca2t]i & -% 5]
X L72A, ZOKIGIE ryanodine (100 pM) % 30 sy anic AL 4 5 & il S 7z

(¥ 6B), F7=. FEEOFM T TIiE NazS (150 pM) 12 X 5 [Cazt]; EHITHHI S e
>72 (K 6C, D), LAEDHERNE | IP3ZFIRS ryanodine 5% &K1 HaS 12 & % [Cat];

FIZBE LenEBx N5,

12



A B C

HC-030031 80
Na,S 10 pMm sk
10— = + HC-030031 =
= AITC 0 aM =
8 10 uM ) )
- M i

A[Ca?);
I_

2 min
AC, AC,
*®
Na,S 2 80 r
150ym  CAfree o
2
= 40
8 E
n ;
S, 5 20
<
2 min
0
AC4 AC,

4. HRET A b a¥A MBI D Cazr AMTIKAF L7avy HeS 12 X 5 [Caztl E5-

(A) NazS (150 uM) (2 & 5 [Cazt]i EFI12xF3 % HC-030031 (10 M, 2 43f]) DZhE,
AC1, AC2 IZZF 24 HC-030031 D F AT 123 1F 5 [Caztli LA, (B) (A) 12315 HAC
BLUOAC iz £ L izt D, “P<0.01 (paired ttest), n=74 (4 B o OE:FE) (C)
HC-030031 EAFAE T R OMELE FICHIT 5 AITC (10 uM) D[Caztli (x4 5%, FHED
Fhra 4 MFEh L7z 48 boRiEE), (D) NazS (150 uM) 12 & 5 [Cat]i A1z
ZAtfash Caztbr EDZh R, AC1, AC2 IZZ T Caz R Efi#IZBIT 5 [Cat]; EFE, (E)

(D) IZBITHACIBLUVACfliZ £ L=t D, *P<0.05 (paired #test), n=94 (4 B}
M6 o) T —FIXEHE £ EERETR LT,
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A Na,S B

TG 150 pM
1uM
80 r
Na,S
150 yM 60 }
=
= £
c -
=) L 40 |
o ©
F % *k
= T 20
‘@
e
< 0
5 min Na,S Na,S

+ TG

5. HaS T X o/hMafkinb o CazriliEf
(A) Thapsigargin (TG. 1uM) FEMFET () F2EFGEFET F) 28175, NaS (150
M) (2 X B [Cazt]i )G, (B) (A) 12815 NazS 2L 5&K[Ca2]; EHAE, P < 0.01
(Student’s #test), n =67 [Na2S]. 76 [Na:S+TG] (3 B 5 O55%) 7 — X X B
+ EHERRE TR LT,
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A B After incubation

with ryanodine (100 uM)

control
control ryanodine ryanodine
Na,S 150 uM 1M 1M =
—————— (=]
wn
M M/\“ ¢
N
W i
o,
After incubation <
with U73122 (5 pM) 3 min
After incubation
Na,S 150 iM C with ryanodine (100 pM)
Na,S
= 150 uM €
3 g
I n
& z
S, S
< <
D 3 min 3 min
100 r
*k
__ 8 | s
g
= 60
S 40 f
<]
20
0

Na,S Na,S Na,S
+ U73122 +Rya

6. HaS |z X 5[Caz]i LHFI2%F9 % PLC BLEF X O ryanodine 52 ZARBHE O ZhH

(A) U73122 (5uM. 60 73fHl) HAFET () FRIIMFET () 1261 % Na2S (150
pM. 5 53f]) (2 X % ([Catli )i, (B) Ryanodine (100 pM. 30 4y) FEALE T (£) F7-
ITALE . (F) 1281 5 ryanodine (1 pM) (2 & 5 [Ca?t]i 5J&, (C) Ryanodine (100 uM,
30 43) 1FE FIZH1T 5 Na2S (150 uM) (2 X 5 [Ca]i [, (D) (A) KO (C) 12815
Na2S (150 pM) (2 & D& K[Cazt]i EFEE F & oH7=H D, #P<0.01vs. NaeS (Dunnett’s
test). n=287[NazS], 87 [NazS+U73122], 99 [NazS + Ryal (3 B d otssk) 7 —%
REAE + BEERRE TR LTS,
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3 Cazty 7 FNIZEITAH HeS & ATP OFHAAEM

a) FHET A huYtA MIBT D ATP I X 24N CazhiRfE L&

T A hatAa bolCaztl EAE, T A= —nr lofilufala=r—a v
B WTEER%EEIZF> (Scemes and Giaume, 2006; Guerra-Gomes et al, 2018),
Zo 7 A bhutA holCal EFIE, ATP 7 EOMREENEICL > THEEI SN
5o ATP 1Z G % /7 F BRI RIKTh D P2 2 FIKIZHEA L. phospholipase C @
T L & ZAUTHE< TP & 7 T VR 2T 5 2 & T, IPs B Z I3 2/ Mk n 6
D Caz+iliffiz 5| % 2 23 (Salter and Hicks, 1994, 1995; Guthrie et al., 1999),

FPHFBET A buY A MBI S ATP 2 X 2HIaN Cazty 7 F A ~DhF 2t L
72o ATP (10uM) % 30 AT H &, FEALETRTOT A bt A MIBWT—
wPED[Caztl; EHAABIEI, —HOMBETIXZDORIT/NS R T T h—MHb Bl sz

(K 7A), Z»[Cazt]i E#H-1%. phospholipase C DFLEHRITH 5 UT3122 (5uM) % 60
STRRTLE S 5 & IREEaicmtlanz (KM7A,B), 20 Z &0, ATP (10uM) 1
FIZIPs v 7SV o 7R & Liz[Cax]l LR ZGI SR T LRI D, 1IRIAD
ATP #EH D 15 3%\, 2BIHO ATP @M 217 5 &, HOCazliiZ hA- L, 2oL &,
1[81H © ATP ##561[Cazt]i 5 (AATPy) & 2 [B1H O ATP #%%61:[Cazt]i E5- (AATP2)
D (AATPo/AATP:) 1T —E 7 o7, 72, IPs XHAEMHEFATH L 2-
aminoethoxydiphenyl borate (2APB, 100 pM) @ 2 4> o %, Bt ThH 32z [Caztl
Z L5 S, AATP/AATP: K F &H72 (¥ 7C, D). 2APB 2K % ATP &% [Ca2t]i
EHOMENTE S TH Y . 2APB ORLERF#Z 10 /rHICER L TH & b7 2 #ilid A
bivgipods (MTD), 2D Enh, 2APBICEZMEOIRNY 7 % 1 70 [P L E N
T A b A MIEBLL TV 2D 2 LRk Siviz(Saleem et al, 2014), L7273-> T,
LB D FEBR T 2APB 1IEH L7207z, BLEDRERN D, HeS & ATP O 523, £/
fafRn 5 CaztZ il S ¥ T\ 5 2 EVRIB STz,

b)  ATP %Mk Ca2rigfE EF x4 % HaS O {EH

Iz, HeS @ ATP 8 ME[Cazt] ERICH 2 2B A MET L=, 1 [BIE @ ATP (10 pM,
30 M) WA D%, NazS (0.1-150 pM) % 10 ZyBALE L, Na2S {#/E F ¢ 2 [ H » ATP
WHZEIT>7-, 1EHO ATP @ H 0%, 100 pM UL Lo NasS 1%[Ca2t]; # EH &7 (¥
8A,B), £7-. AATPo/AATP: 1% 100 pM LA E D NagS 771E F TAHEICIL T L7z (14 8C),
PLEDORERNS | HoS 12 &L A [Caztli EFH-78 ATP #%3ME[Cazt]s EF-ofHlIcBEE L T D
MR I NI,

WIZ ATP (2 & 5 [Cazt]s EH S HeS I L B [Catli ERICHEZ 5 2 20 & Mat Lz,
ATP (10pM, 30 BfH) # 3[ELEHT 5 & EHMRIX 1-2 FIH:4 43, 2-3[E1H:11 47).
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control

600
ATP
10 uM 500 |
L] After incubation
with U73122 (5 uM) S 400
[
ATP = = 300
10 uM s 3
. e = 200 [
e e
. & 100 |
S
< 0
- ATP ATP
3 min
Ao +U73122
C ATP D
10 uM
n n | | | n | |
- 1
R
E o8
g #H
= o 0.6 #Hi
< =
§ <3 0.4
I 2 02
- Pl ®
= @ oo
<qt O, control 2APB 2APB
< (2 min) (10 min)
-4 5 min

7. BT A bt A MIBT D ATP I L 5 [Cazt] L&

(A) ATP (10uM. 30 BfH) (2 & B[Caztli S (%), U73122 (5uM. 60 23f#]) 17
EFIZHBIT D ATP (2 X 5 [Cazt] i (F), 1ZE A EKERHEE LSS (EB) /s
RSB SINTSGE (TB) oznzhoif, (B) (A) 12815 ATP 12 X 5%
KlCa2tli L5, "P<0.01 (Student’s #test). n =81 [ATP], 89 [ATP + U73122] (3
o oOR:#E) (C) 2APB (100 pM) FEFAE T (£8) ., 2 rfiilEs (b)) 7213 10
oyFALER (F) 12315 ATP (10 uM. 30 BH) (2 &k 2[Ca2tl Ui, AATP: B XY
AATPy (I, 1 EIERB IO 2 [BH O ATP @I L 5[Caztly EHME, (D) (C) 2
BiF 5 [Caztli EHE D (AATPI/AATP,) %2 F & H7=H D, #P < 0.01 vs. control

(Dunnett’s test) ., n =80 [control], 92 [2APB 2 min], 92 [2APB 10 min] (3 ##)>5
DY) 7 —ZITFEHE + FHERRETR LT,
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(<]
o
-

o
: s 60 a ~ 03 ]T:
H o P
g g g z
n 5 S 0.6 #H
o = g £
3 S S ca
< = < 20 o
5 min § 02
0 0
0 0.1 1 10 100150 0 01 1 10 100 150
Na,S (M) Na,S (M)
ATP 60
10 uM
= = — = 50
c 1= —_
o o
g v E®
" = = 30
& sl s
© [&] O,
S zl_ 520
< | 5 min 10 *%
5 min 0

control Ca free

8. FH#i7 A ha¥A MBS H ATP FFHE[Cazt]i EFIZxI7 5 HeS OEH
(A) NazS (150puM) FEFIET () FIFHFET F) 18T 5 ATP (10uM) (2

£ % [Caz]i )i, AATP1 3 L OAATPe (X240, 1[EIHB L2 [EH O ATP #HIC &
L K[Cazt]i EAE, (B) 1151H® ATP # #2317 5. NazS (0.1-150 uM., 10 47 fH)
(& B R[Cazt] L5, #P<0.01vs.0uM Na2S (Dunnett’s test) . n=97-136. 3-4
s oREEE, (C) NagS (0.1-150 pM., 10 43) Ko ATP (2 L 5 [Cazt]i EFMED
b (AATPo/AATP:) #F Lozt D, #P<0.01 vs. 0 pM Na2S (Dunnett’s test), n =
97-136 (3-4 BH 5 OK5#E) (D) 3[El0 ATP (10 pM) #MHIC £ 5 [Caztli K, (E)
Mgk Cazt3EBRE T (L) E72i3bRET () To 2 EIHO ATP @EMH#%ICH T S NasS

(150 pM) 12 L B [Ca]i [, (F) (E) (231 5 NazS (2 L 25 K[Ca2t]i EHfE, P
<0.01 (Student’s #test). n =87 [controll, 76 [Ca2* free] (3 By D DEEHE) T —X
IFEEE + BRERRZE TR LTS,



ETOHMAT [Cali S EF- L7z (K 8D), ZDZ Lix, ATP (2 k5 Caz+iliffits, /IMa
KIZ CazNIRV AT, /PMKEND CaztREN—EITRIZNTND D EEZHND,
WRIZ/NAR D Ca2tFREZ T 5720, Mfash CazbrE T CHEREIT- -, Miast
Ca2*frZE T ClE, 2[RI H O ATP A IZ X % [Ca2t]i ERIFAEIZHE D L7z (AATPo/AATP:,
control: 0.79+ 0.02, n =87, vs. Ca2* free: 0.46+0.03,n= 76, P<0.01, Student’s t-test),
ZOZEMND, Mfast CaztbrE T Tk 2 MO ATP I L » TINEIRN CazrEm i feER:
TEl o T o EFEALND, ZDLE, 2HHAD ATP EMIZ &L 5[Caz] LF-D%
Tl NaoS 12 LB [Caztl LRI EAER N2 o7 (X 8E,F), £7-. fMifust Caz+
BrZETC NaxS# Az 3HO ATP #HA %175 &, [Cazt]i E5 (AATPs) 1XiZ &AL
R ohnzeno7= (K 8E, F . AATPs, control: 108.4 + 10.8, n = 87, vs. Ca2* free: 19.0 +
5.4,n="76,P<0.01, Student’s t-test), ZA 5 DFERA S, ATP & HeS (3@ D/ Ma i
o CatZ it S5 & F 2 b b,

¢ HzS T X5 ATP i /EA Ot
T A RatA MZBWT, [Cazl ERANTZ VWA h— R2L D ATP it & 5] X i
ZHZENHEESNTEY (Pryazhnikov and Khiroug, 2008), HsS 12 L % [Caz] L&
WEBET A bt A b n ATP Zig S8, Zhupd[Caztl ERICEI L3 2 rlEMEN S 2
b7z, & Z T, NazS (0.001-150 pM, 5 43[H) 1A% O ATP E2HE L L Z
Ay WTFROBEIZBWTE ATP BICZ(kiZAbNero72 (K 9),

C HsS F541E Ca2tiifE FH-~D A /L7 RU AL cAMP OB 5o fEt

1 A7k KU fbDORE

HoS I L A/ Liz[Catly ER-O A= XL LT 572010, T 7238
JEDANT b RUMEREET 202G Lz, ARG EHO—HTHLALTE R
U bix, &ITHITH 5 dithiothreitol (DTT) (ZX - TRIWFHNIZHEFETE D Z ENE LU
TW5 (Cooper and Brown, 2008), = Z T, Na2S (150 uM) (Z &L % [Caztl; E&H-#iZ DTT
(ImM) Z#EH L& 25, [Caztls LF13#H Sh7es -7z (4 10A), £7=, DTT % ATP
P ME[Caztli EA- HoSIZ X HMHIERIC BB L 20 o7 (M 10B, C), HaSnlE HaS K&
DHIRMWNRETALT e KU UMEESI & 27 (Kimura et al, 2013), Z?72%, HSn K
F—T& % NaeSs 73, Na2S &I[AIERIC ATP #FFtE[Caz]s LR AT 202 MFt L7z, 1
[ H > ATP #1412, NazSs (0.1-10 nM) % 95 & | NazSs (10 uM) 1T 232 [Cat]i
LA s®7, —J7. ATP #5PE[Cazt]i LA 1Txh LT, Na2Ss (0.1 pM) THERBAD A
R o7 h, NazSs (1 LN 10 puM) 1B L 5 2 o7z (K 10D-F), ML EOFERN- S
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40
30

20 | _I_

10

ATP (pmol/mg protein)

0 0001001 01 1 10 100 150
Na,S (uM)

9. FHT A bAoA MBS HaS @ ATP itz 2 %0 R
NazS (0.001-150 pM., 5 43 [)) % Ofilask ATP &, n=4, 7 — X ZEHE + fE%E
MAETRLT,
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1
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5 min

S

Wu 00¢ = '[.zeolv

z =

Wu 00¢ = '[,ze0lv

Na,S,
10 uM

DTT
1mM

Na,S
150 M
D ATP
10 uyM
-
- Iy

+DTT

control DTT Na,S Na,S

I A .
ETRaY O (*d1vvidlvy) onel

(N

- 0 @ % o o
o ©o o o

(*d1VVEdLYY) onel

o O o o o
0 W <

(Wu) 'Lzeolv

0011 10

10

0.1

Na,S; (uM)

Na,S; (uM)
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10. A7 b R UGS L7 HeS 12 & 5 [Cazt]i |5
(A) Naz2S (150uM) (2 &k 5[Ca]i EFiZxt3 % DTT (1 mM) O#h% (7£), AC1, AC:

IZZ €4 DTT @ HRTZICEB T 5 [Caz]i EAE, HIFACI B L VACfEE F & HT=b D,
" P<0.01 (pairedt-test), n=88 (3 &6 DOE:FE) (B) £n>5H NazS (150 pM) KO
DTT (1mM) OIEFIETF, FET, FFHALE TIZHIT 5 ATP (10 pM) (2 X 5 [Ca];
Ko (C) Na2S (150 uM. 10 23fE) A O'DTT (1 mM) i HEFD ATP (2 X 5 [Cazt]; L5-
B (AATPo/AATP:) % F & 7= % D, n.s., not significant (P=0.42, Student’s #test)
n = 126 [controll. 131 [DTTI]. 126 [Na2S]. 123[DTT + Na=S] (4 Ei#7) 6 DE:#) (D)
NazSs (10 pM) FEFAET (F2) EIIFEET (F) (28175 ATP (10 pM, 30 B[#) 12 &
5[Cazti s, (E) 1[EH® ATP #4235 5 NazSs (0.1-10 pM, 10 43fH) 12X 55
KlCazt]i LHfEZ F L=t D, #P<0.05vs. 0 uM Na2Ss (Dunnett’s test) . n=116-134

4 B 6 085#) (F) NagSs (0.1-10 pM, 10 43fH) i AKFD ATP 12 K 5 [Cat]i L5
B (AATP2/AATP:) #F L7t D, #P<0.01vs. 0 uM NagSs (Dunnett’s test), n
=116-134 (4 B ORHE) 7 — FITFEHE + FHERETR LT,
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HeS (2 L B [Caztli EFICALVT7E RUMRIZIZEA LG L TWRWEEZHND,

2 HlN cAMP DB 5

HaS 1%, #HIEAN cAMP REAZ(LIE5H 2 & T, MIaEICHEELZ 5252 Enambh
TW5 (Caoetal,2018), —#%iZ, FMILN cAMP ¥ o E5F-13 protein kinase A % i& AL
S, AU NEAERRE FICRBT 5% < D CaztTF v 2V OIEMZHIME3 5 (Desouza et al,
2002; Zalk et al., 2007), AHFFETHWEF#RT A bt A M2, NasS (150 uM) 7203
Na2S3 (10puM) % 10 732 &, Ml cAMP &I3Z (L L72ho7z (K11), —7,
adenylate cyclase {E1{L3 TH 5 forskolin (100 pM) . HIIIAN cAMP &% & S€7-,
INHOFRERENS . HeS 12 &L B [Cazt]i EFICHIIEN cAMP &2 IXBI G- Lisn 2 & AR
e S A7z,

D HoSIZk?% Cazty 7V v 7 LA

ZZETORRNS, mﬁﬁ&yﬂ&g®zw7tFU»M%%%WMAMP%@%m&
W T2BER D Y 7 VR A U O MER DN D Ca2+Z il S W 2 ATREME IRV 2 & VR E
Nz, F72. HeS 2 X B[Caz]i LHIZ Cazri AIFRI G- LT\ eino 7oy (X 4), /Mafkiy
O CazZil¥g ¢ TH ., HeS I K D CaZ USRIl Shie o7z (K5), /Mafk
DA DEER Ca2 A 7L, 2 hary FUTHRE-IZFETONS, HeSIZI = R
T B mEHE T 5729, HeS 2SN O = 3 L F—RFBHIXF L T H M S0 B b %
RIETZEBTREND, £ 2T, DBEOERTIT, HSSIZL DT A Fr¥A hOZF/LF
—R#OEE [Cazl EF-OBERERG L7,

1 HeS kD70 a—2R#EOBE

HARAFRE R DFTENICEBIT D 7 /v a— AR 052 mM O#PFHTHY (McNay and
Gold, 1999; De Vries et al., 2003), AZEBRTHAH L T2 A% ACSF 128 F
NHRE LD KW (An etal, 2008), Ffast 7L 2 — R REOZEIZIG U T, fhZEHE<e
T A MY A NTIEHEHBEROIEENENT 52 ERHE SN TS (Williams et al,
2015; Staricha et al,, 2020), K7 Va2 —A&MTiE, 7 A bat A MIBWTE oz
OMENZ L5 NADH EFPPRICBEZETEH L0 #E S H 5 (Wilhelm and Hirrlinger,
2011),

AL 7L 3 — ZPRFEN 0.5 mM O TIE 10 mM OSEIZEERT, NazS (150 pM)

L B[Caztli FREMBNAEICE -T2 (K 12A,B), 2 kv, HeSIZ Xk B[Caztls R 121X
TN a—2ZR@REET 5 LAVRE S LT, . DIRRITRRTEEER AN RV R Y | e sk
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400

#H
_ 300 Ji[
S 200~ = —~
3 10 |
£
a
S 5¢
)

LMW B &

control Na,S Na,S; forskolin

11. HFEN cAMP £(Z%9 25 HaeS &N HoSn DR

Na2S (150 uM). NazSs (10 uM). forskolin (100 pM) % 10 /7fEJALE L7-RKD 1 ¥ =
JVE T2 ORI cAMP &, #P < 0.01 vs. control (Dunnett’s test), n=3, 7 —% 3%
VI + R TR LT,
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A control Na,S B

150 uM
60 r ok
_I_
E 40 |
%
glucose = O 20 f
05mM  N&S < <
’ 150 uM o
wn
I 0
e Na,S Na,S
8 ‘ (low glu)
=

) 5 min

12. HsSIZ Xk b[Cali EH-~D 7 v a—2R#H D5

(A) Hifast glucose #FEAY 10 mM  (control) £721X 0.5 mM TH 5 & Z D, NasS (150
pM, 10 43f) 12 L B [Caztli i, (B) (A) 1281 5 NagS 12 X o Kk[Cazt] LA, P
<0.01 (Student’s ttest). n=79[Na2S]. 75 [Na2S (low gluw)] (3 En o DEHE) T —#
REAE + BEERRE TR LTS,
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T — REEEMN 0.5 mM OB CTEBREZIT- T,

2 HeS#H%M: CaztRE EHITHIT 5 ROS D5

HaS WNETmiZHE 2 1l 9% & HIRaN OGRS (reactive oxygen species, ROS)
BN LRI E0HE SN TS (Eghbal et al, 2004), ROS 1%, /MR Lo Caz+
F ¥ FR Cazt iR v 7 OIEMEE 2 2 5 FHINZHME ST\ (Gorlach et al., 2015),
ZD7=H, HeS IZ X - THIM L7z ROS 23/ MafR) & Ca2+z liEfE S8 5 m[REMENR S 2 6
iz, HeS 12X % ROS EAIL, ROS AR Ty —D 1 FETHLIENLEUVIEIZE 5T
il c& %5 (Eghbal et al, 2004), L7 L. ffash 7L 2 — 2 A 10 mM O F T,
Na2S (150 pM) (2 X 5 [Cazt]i E&-1E pyruvate (1 mM) 7#7E F CHIfl S g hno7= (¥
13A, B), 2O Z &nn, HeS 12K A[Ca]i EFIZIZ, ROS IEBG- LARWNWZ & DVRIE S
iz,

3  HoS (2 & 2Bl OB 5

B ILEHOMENT, 2 b2y FY 7THEEZ B0 X (Barrientos and Moraes,
1999; Eghbal et al, 2004) T har R THHO Caziliffiz 5 X 2§ (Saotome et
al., 2005; Zhao et al., 2013), = ZC, BREHOMHENT A hat A ho[Caz]; 2
B0 %&RF L7z, NaxS (150 pM) & [FEkIC, B mESHEATH 5 rotenone

(10 uM) (% (Wilhelm and Hirrlinger, 2011), [Ca?t]i # FH & ®7=, 5|2, NaS Iz
£ 5[Caz]; E51E. rotenone ZALiE L7 Cldfml Sz (K 14A, B), 26 OR5R
2B, HeS IXEHmEEOME 2 L C[Ca2]i % R &H TV 5D Z LR I T,

WIZ, HeS BN har FU 706 Catz il S ETW A& EtLic, I har RV
TIZBT DM ) AL OBiIEAITH D FCCP 1L, X b2y KU THMNS CaztzilE
Bt X% (Saotome et al, 2005), FCCP (5uM) (X, 7 A ha¥ A MIBWT[Caztli &
EHR &, ZORIGE NaeS (150 pM) % 5 s fEAiLE LTl < &l iz (1% 14C,
D), NasSIZ £ 2[Ca2tli EH O AfEIZ, FCCPALE TELgh o720 (K 14E, F) .
Na2S # ] 1-10 43 £ TO[Ca2*li 1% FCCP F/E FTHEICHA Lz (M 14G), Zhb
DFERD . HeS I KL D[Caztli EAO—EIX, I har FU 760 CazriliEfilc L - C
FlIEE I SN TND Z LRSI,

4 H2S O K OHIlaN ATP &~ 1FEH

B EEHOMENX, REMZR 7V a—AR@OTLEZS ISR ZFTZ enREINT
£ (Hou etal,2018), ZVTME 6 OFEEKHEZEINSE 5, 2T, HeS OIET
A2 hatA MBI L7 a— 2 A~DORRE . IS AR O EE A FREEIC L TG
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L7z, NazS (1.5-150 uM) % 30 439 % & NasS (150 uM) CTHufas 7L A3 HY
M7z (K15A), ZDZ D, HeSICE DT A huthA NOILMEMELDTLHEN R~ X
iz, E7-. NazS (150 pM) (2 L D HifashALER E O A ANE, /8 30 7012 TlT k.
HILTEA, 10 53X 60 2 RICIT R e o7z (K 15B),

RIZ, HaS 28 ATP AU KT T 2R A 15t L7z, NaoS (150 pM, 10 47fH) O H i
AN ATP 22 b SE o7z, MFELEAITH D iodoacetic acid (IA, 1 mM)
(Schmidt, 2009) %, . HIfEIN ATP BICHE 2B E b2 5 & o7z, — T, NaS &
IA OILALE T, MlaN ATP &2 K& <D S8 (K 15C), ZhbDRiRNS, HeS
XEEEAY Y VERIC L D ATP Gk Z Bl 3 2 23, Ml ATP &3 72 < & 6 10 S
IIRAEEZTTHEE L7z 7 v a2 — 2RI L - THERE S D & B 2 bt D,

&5z, HeS 2k B[Caztli EA-DMEBEOTLHEIC XD b O TH D0 E KRR Lz, 10 23
OIA (1 mM) LEIFZNHE TCazt]i & LA S8, Zhicki< NaS (150 uM) L&
2k B[Caztl; BR-ZHH L2~ 7- (M 15D, E), ZOfEEN D, HeS 12 & 5[Caz]; 1
FIE, TLE LI L > T EE SN TV D DT TIERNWZ E BRI N,

5 HeS#HFME Cazt ERICKITD T v 2Amarofih
ZZETORENS  HeSI1EX hay R 7 OEMASESHZMH L, ZORRI hav
KU 7 ROVNMAROMm T2 Cazta i S TWnWb EE2x b5, LnLens, &
IRESHDOIHN D ED K 9 7p A T = XL T/IENS O Cazhiliffifiz 5| & 2 DO KA
ELTAHTHD, £ZC, HeS 1T L B[Ca2]; EAMEICEDLR & LT, I hayv
RUTIZED ATP A RICiER Lz, by ) I b OFHE I, /NMaEN O ATP & %8
S¥% (Yongetal,2019), /NMENTIZ, ATP 1384~ o /R 7 8 Z/NMERNIZELY AT
cZoamaryOiEHEEZEIEL T % (Hamman et al, 1998), S HIZ kT Ay
I, /MEER O ATP &35 & Cazt) — 7 F v xb & LTHEIET 5 Z &R BT
W25 (Klein et al, 2018), = ZC, hZ7 > A2AnaDOERITH S emetine (40 pM) %
1 FERARTALE L7 & 2 A, NasS (150 pM) 12 & 5 [Ca2t]i R340 &7z (% 16A-C),
ZOFERND, HeS IT/MafEN S T v2aaar 2/ LT Cazr il S8 5 2 & 3 Rig
Sz,
F7-. emetine 2% ATP |2 & Z2/Mafkmn s o Cazhlfflc b 84 2 0% M5t L7z, ATP
(10pM) 12 Xk B[Cazt]i E&H-1E, emetine (40 pM) % 1 BERIRIALET D & TN AE
(A L7z (14 16D, E).

/71

6 H2S #FEME Ca2r EFIC X 5 FLBLPEA O et (]

FTrAm a2 T L/NaED D O Caztiliffitld, bEZ TS 2 2 LssiE ST
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A Na,S B

150 pM
60 r *
E 40 |
S 20}
pyruvate =
1mM
! 0
Na,S Na,S Na;S
150 yM = + pyruvate
=
[=]
un
1
%
e
<]
5 min

13.  H:S iz X %[Ca2]i EFH~» ROS ORE45-

(A) Pyruvate (1 mM) FEfETE FE72I3H/E FIZH 1T %5 NaS (150 uM) 12 L 5 [Cazt]s
ite (B) (A) 1IZ81F % NagS (2 Xk b K[Cazt]i EFfE, *P<0.05 (Student’s #test), n
= 86 [Na2S]. 75 [NasS + pyruvate]l (3 By OR5EE) 7 — X 1T EHIE + EHEEZE TR
L7z,
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Na,S
A 150 yM

80 r
w -‘E‘- 60 F
Rotenone Na,S z = K
150 pM = 40 |
10 pM s 3 & h
EEEEEEEEEEEEEEEEEEEEEESR II o
c‘t,'__' - 20 B
1+
El 0
<

Na,S Rot
5 min *+ Na,S
FCCP
C 5 UM D
[ 150
FCCP : =]
Na,S 5uM S £ 100 #k
150”M EEEEEEEER F _‘_H_
§. <
< 0
3 min FCCP Na,S
+ FCCP
E Na,S
150 uM F s
W E
c S 60 -
FCCP o < =
150 pM ! =
5 M M L & 40
S EEEEEEEEEEEEEEEEEEEEEESR “‘m 2
O < 20
-
s
min 0
Na,S FCCP
+ Na,S
G 60 -e-Na,S
-o- FCCP + Na,S
T 40
:,: 20
<
0

01 2 3 45 6 7 8 9 10
time (min)
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14. HeSIZX2[Caxlifti~D I kv R 7 EAmE R sl o5

(A) Rotenone (Rot, 10 pM) FEfF(E F £ 7213(FE FIZBIT 5 NazS (150 M) 12k 5
[Cazt]i &, (B) (A) 1231F 5 NaS 12 KL S K[Caz]i EFE, "P<0.01 (Student’s ¢
test). n=73[Na2S]. 80 [Na2S+rotenonel (3 &5 DE:) (C) NaS (150 uM) I
FE FETIIFE FIZBIT 5 FCCP (5uM) (2 X5 [Caztli i, (D) (C) (2317 5 FCCP
2 X D R[Ca2t]; EFE, “P<0.01 (Student’s #test), n =105 [FCCP], 101 [FCCP +
NazS] (3 &5 D15#) (E) FCCP (5 uM) FEAFE T £ 72IIAF/E FIZHB1T 5 NazS (150
M) 12 X B [Caztli [k, (F) (BE) (1281 % NagS 12 & % fek[Cazt]; FFAE, n=90 [NaszS].
103 [NazS + FCCPl (3 #i#» 6 0#53%) (G) (E) 1CFB1F 2 NaeS#H%D 145 T & D
K[Cazt]; FHfE, "P<0.05,""P<0.01vs. %F D NazS (Student’s #test) .n =90 [NazS],
103 [NazS + FCCPl (3 86 D¥5#) 7 — Z 1T FHE + EHERAE TR LT
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600
= 600 ## £ ok
@ o
= ) i
g S 400 | g8 400 m control
S o © 2 O Na,S
S E 200 t a3 £ 200 ¢
a []
g £
£ 0 = 0
0 15 15 130 10 30 60
Na,S (uM) time (min)
400
2 300
2 200
e
& 100
<
0
control Na,S
+Na28
D Na,S E
— % - i
——— S E 80 |
Na,S ‘I“I' =
IA 150 pM = ©
1mM & © 40 r
S EEEEEEEEEEEEEEEEEEEEEN] o .q
< 0
3 min Na,S |IA
+ Na,S

15. HeSICKDHEMT A ha¥A Mol Db it

(A) NazS (0-150 pM 30 73 1H]) 1 & OMasME T OFLEE R, #P<0.01vs. OpM NazS

(Dunnettstest), n=5, (B) Na2S (150 pM. 0-60 43[#) FEIFLE F £ 72ILFAE i

BHAla MR OFFEE, " P<0.01 vs. control (Student’s #test), n=6, (C) Na2S (150
pM) KOVIA (1 mM) OIEFIET, FIE T EITHLET (10 430 (2317 2 /M ATP
&, #P<0.05vs. control (Dunnett’stest), n=4, (D) IA (1 mM) FEGLEF E 72 I135E
Tz 5., NazS (150 uM) (2 X % [Cazt]i 5K, (BE) (D) 1281 % NazS (2 X % fck[Cat;
FHfE, "P<0.01 (Student’s £test), n =95 [NazS]., 103 [IA + NazS] (3 E#)~0 DR
#) 72T + BEHERAETR L,
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A

control Na,S

150 pM
After incubation
with emetine (5 pM)

Na,S
150 pM
W
D emetine
control --------
ATP ATP
1 1
16.

A [Ca?*]; =100 nM

=

A [Ca?*]; (nM)

3 min

200 nM

A [Ca?];
I_

5 min

A [Ca®]; (nM)

60 r

40 |

20

800

600 |

400

200

60 r o Na,S
- -o- emetine + Na,S
=
£ 40 |
Ak il
‘4‘;‘“ e sk ek ko dod okok
o 20 f
<]
0

012345678910

Na,S emetine

+ Na,S time (min)

ATP emetine

+ATP

HoS Ik B[Caztl FHRHICBIT A F T v A2na s

(A) Emetine (40 nM. 60 7>fH) FEALE F 7213 ERZIZH T D NaxS (150 uM) 12 L5
[Cazt]i K, (B) (A) 1231F % NasS 12 X 2 K[Ca]i E5fE, "P<0.01 (Student’s &
test). n=95[NazS]. 103 [emetine + Na2S] (3 B2 5 DE#%) (C) (A) 1Z81) 5 NasS
WH%D 145 Z & Ok [Cazt] LR, "P<0.05, " P<0.01vs. %KD NazS (Student’s
t-test). n=93 [Na2S]. 93 [emetine + Nas2S] (3 B> 5 DE#E) (D) Emetine (40 pM,
60 73fH]) FEULE F 71 TALE R I 1T D ATP (10 uM) 12 X A [Cat]i i, (B) (D) 128
% ATP |2 X B K([Cazt]i EHfE, P<0.01 (Student’s £test) . n =103 [ATP], 92 [emetine
+ATP] (B EWN O ORFE) 7 — XL FEHME £ FEHERRE TR LT,
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W% (Klein et al, 2018), & Z T, HaSIZ k2 [Ca2li LA HEPEADTUHEIZEI G- L T
WD DnERETT 572912 emetine f£7E T T HaS 1T & éfﬂiﬂ’ﬂ%ﬂﬁ&@iiﬁ%@ﬂm L7z,
T A haH#A M emetine (40 pM) % 1 RFEALE L TH ., Ml ALEREICE(LIZA B
2otz (K17A), —7F . emetine f#/E FClEL, Na2S (150 nM) @ 30 Fr[HALE
HBEORERBINIA LN o, ZTRHDZ EnH HeSIZKD T v Amark
5 [Caztly EFIE, HRFEADITLEICFETH B2 615,

WIZ, HeS 12X B[Caztli LR, DX ) 7Bt THMPEAZ TTHEL TV D D&k
P L7, fEHETCHERRIC ATP AR A HERFT 27201213, Ml EIC kT 218 %7 NADH @
Nz HREN MBS L ST b (Wang et al, 2016), U > Afg—T AT X
fz> v b1 (malate-aspartate shuttle, MAS) X, X b= FU T7HNEZ 35 NADH

ik EHIEETHY . TA YA MIBWTIEI by RY 74O CaziREIciEE:
Al ST b (McKenna et al., 2006), %= Z T, MAS 28 HaS (2 & % FLEEPEA D L

WZBAG3 0EEt L7, MASTHERITH S AOAA (5mM) B 20 4y [EALEIX,
fash e B\ A 5 2 72 v o 7=, —J5. NasS (150 uM, 30 43f#) ALiEBash o 10 551
IZ AOAA ZAUET 5 & NasS I L2 AMEOHINITMmAI Sz (K 17B), T bk
D, MAS [ TFFIDIRAE D FLEE AT B L2 2s . HaeS 12 K 2 HBEEEA O TTHEIC
BT PRI hD,

hZ o Axm ar &g Uiz CazhilFiflx. AMP-activated protein kinase (AMPK) % U
Vb T B 2 ERHE SN TWS (Klein et al, 2018), AMPK OiEME(kiZ, 7 1ra—=
BUY A DARESCAREIERESR OV Rk &2 L CHEFE 2R3 % (Herzig and Shaw,
2018), £7-. AMPK ®V L Caz/h/VE Y = U ARFVERISIC L > Th & 2
SbHZ Enms5N TS (Racioppi and Means, 2012), = Z T, A/LEY = U 5 HaS

XD EATLEICEE T e e LTz, ALY 2 ) VIERITTH D WT (50 nM)
Z HUIC 30 rEALE 95 & AR FLER B3 BN A B S 4 (X 17C) . WT AL E T
TIX NagS (150 pM) @ 30 AL EIC X D HBEOA ELREIMIA S /o7,
Emetine (¥ 17A) <° AOAA (¥ 17B) [ZHM Cllastilig 2 2 b SR hholc 2 L

\ ERIERAED [CaZ i IXFLBREA DIEMEIC R E SHEB LW VR I TV e, —
Ji. W7 IZHM GRS ALEEZ NS -2 &b, Caz/HVEY 2 U ARIFHERREE 2
FriRBICBWTIRE L IZR 22X 2 b D2 LR SN, £7-, W7 LET T
NagS |2 & DS ALEE & OHINA B S o 723, Ca2t/ I VB Y 2 U ARIF R I
£ 2 HBEPEAEDIREED HoS DIEHAZB WL TLE > TV D HEEMEZBE L, AWFRET
X2 ORIEOBE G513 Z Bl ERET Lo 7=,

/)
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S £ 200
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E
£ 0

cont Na,S W7
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17. H2S 2L 5 [Cat]i EH-OILmEATLE~DR
(A) NazS (150 pM) XU emetine (em, 40 pM) DOIETF(E N, 1FAE FE 72130 E T
(30 43f#)) zdiT B iiast FLs &, Emetine (% Na2S i 60 /raficEH L7z, #P < 0.05
vs. control (Tukey’stest), n=6, (B) NazS (150 uM) &Y AOAA (1 mM) DIEFET.
FAE T E7ITALE T (20 0[] (2H1T S MlastALER B, NazS (3 AOAA J# M 10 /A
M L7z, #P<0.01 (Tukey’stest). n=5, (C) Na2S (150 pM) K O*W7 (50 uM) DI
TAE T, AFE FEIIFILET (30 73/ (2B DMLk, W7 (% NazS @ 30 2
ATZIE ] L7z, #P<0.05 (Tukey’stest). n=5, 7 — X3 VEE + HHERAETRLI,
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IV Z%5

HeS 1%, 7 A hat A MZBWTC[Ca]i ERASIEEIT I ENRENTWN, £0D
FEAR 2R A K OSAERERE I R Z T BT A Ch o 7o, R TIL, FHiGEET A hathAa
MZEBWT, HoS AV/NEKRE NS by KU 7036 D Cazhilffftlc L - ClCat]i & LA &
LT EEWOEMIL (K18), £7=. Zo[Cali AT HeS IZ X 2 E 5RO
Ko THI&EZ &, /MaENE O Cazhiliffilciz N7 v A a U flET 52 L 2R LT,
512, HeS 12X B[Caztly EH-Z, 7T A FuatA MBI 2MREMEDOHLBREADTLEICE
G352 bHLMNIT LT,

FREET X by A MIBIT S HaS I2 X DM Ca2t X 76D CazBi B

WET A b A MZBWT, HeS 1£ TRPAL DAL 7 & RUMKIZ X B1EME(LE . Zh
2 XD MIpRsE B D Caztit Az 5l & Z 3 (Nagai et al,, 2004; Kimura et al, 2013), =
DOFJRE, NagSs 2R EDR Y Y7 =D FF—TIE LV IERE (ECs 91 nM) THl i
Z&h, DTTIZL»THET S Z 1N Tx 5 (Kimura et al, 2013; Ujike et al,, 2015), L
MU G, AFFETIE, HeS 1Tk 2FHMT A bW+ Fd[Caztli EH 1% TRPA1 FHEH
X, DTT, flfast CazrDFRrZE TIEMf S h o7z, 5612, TRPAL fF#ZECToH 5 AITC
X, T A MaYA RO Car a5 S I Sppolz, T ORRN G TRPAL I35 HE
T A MY A MZEBWT HeS 12X 5 [Cazt]i ERICIEBE G- LW EE 26N, WBET A b
a2t A~ ERHWIZEATIE T, IR 7 v FHSROT X et A FEHWTWS (Nagai et
al,2004), E7=, WEET A b utA b azplER 72O TEE LS5 & TRPAL 238859
% Cazt EENBAT 52 EbmEIN TS (Kimura et al, 2013), AHFZETIiL. HAEH
DT v FOFENET A bath A &S BER LTs, 2070, KiFSET TRPAL O 5:
DI o T RIS DWW TR, FBALAICINZ T, 7 A bad o N ORELERLMOEN S BIR
LTWa0nh LivZeuy,

HaS 12 & % [Cazt]i EH- 1%, SERCA [HEAITH 5 thapsigargin <°, fifust Caztfx T
Offfast ATP R K 5 /MafEN O Ca2tibigic & - THIfil 47z, S 512, HeS 1THfash
ATP |2 X 5 [Cazt]i EH- 28 L7z, 25 OfEFIX, HoS & Hifast ATP 23 i@ o /Na k)
O Ca? il S5 Z LA RE L TV 5, HeS /MRS Cazrm il st 5 2 L1, b
I AE N RIS, SH-SYSY A, o TRl 7 v ABFEMRICBWTHE SN TWD
(Bauer et al, 2010; Yong et al.,, 2010; de Pascual et al, 2018), Z i1 5 OATHFIE TIX
SERCA [HEHIZIZ X 2 /MafkN Cazibig s HeS 12 X % [Cat] EHR-ZHHIF 2 2 LAVRE
TV, b MERNBMIZICEW T, Milast CazfrE Tk W T, #Mfladt ATP IZ K%
[Caz]i EF- S HeS IZ Ko THIl S LD E WV HMERH D (Bauver et al, 2010), F7-,
SY5Y AR CTix, HaS (Z/hafka o d Ca2tiliiff & protein kinase A DIEIEICHKAFT 5 Ca2t
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G <= Pyruv Gl ——
Sig%\als LaCtate yruvate ﬁ ucose
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18. T A bFu¥A MIEITD HeS D[Cazt]i LU= /b F—RFH~DLR

HeS 133, E Az (ETC) 2l 2, Zhicky, I b= FUTHL Cazt
PEREL, X b FUTICEBT S ATP Glidffl s s, 2o h=ar N 7ICHET
% ATP DDA N T 2w a4 L/Mafinb o Cazhilfif sz 5] & & 23, MuEIC
BiFslCazlid LI, T b=y U THEED MAS (2 X 5 NADH s a5 (L35, 2
NAIE O NADH OFfE < 2 & T, lactate DAL O BMEE SN D, RIER
TR HLFRPEA D TUHEIZ X - T RN ATP # & 13HERF S5, ETC; electron transport chain,

ER; endoplasmic reticulum, MAS; malate-aspartate shuttle
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TADM HFIZ L » ClCa2tls 2 LA X825 (Yong et al, 2010), AHFFETIX. JeikoiE@y |
HaS 1% Caz+jit ASOHIREN cAMP JREE DI 5| il Z S 7273 72, HaS OHIFEAN cAMP i
JE~DORET, MROFEDIRREIZ L > TRE SRR Y | ZHTHIRIZ BT % adenylate
cyclase X° phosphodiesterase D7 A Y 7 #—LDEWNZI LD EEZ BN TW5D (Caoetal,
2018), AW THWHEHMT A ha¥A MM, HeS I[ZEZMED H 5 adenylate cyclase <°
phosphodiesterase D7 A ¥V 7 + —LZFBLL TWRWDOE LR, 7 A b A ME
Bex RN &> TIEME L L, @IS ORBINENT D (Escartin et al., 2019), 4 DA
FTIHE, B2 RIREBOT A b rt A M &AW T, HeS OMIIAN cAMP R E~DOREEL it
TOLUEND D,

s ATP 12 X % [Cazt]s E&HE. 100 pM LA ED NagS #ALET 2% 2 L2 L - Tl &
nic, Zo & &, HeS1E[Ca2tli & LH S W7z, AW T, HaS R EIT/IMafEN S Ca2t i il
S5 Z R ainioicd, HeSIZ X D/MaEN O Cazr&OD 73, LA ORIfus ATP
(XD Caztilffif B35 L B2 b D, FTARMRERNTIZT X b ¥ 7Y HoS DFBL
REAJRTHY , TA Mt A MIBENAERT D HeS 7213 TRLJAFOT A A K
MBI L CEZHeSS IZH I HINTWD EEZ BN TV 5D Lee et al, 2009), ASHFZEIL,
HeS M7 A ba¥A b EZOFBOMIEE D[Ca2t]i ERZNMT HEHRIsEZHIFEIL S 5 2
ERRIEL TV,

HaS i%. 20 uM LA EDRE CE nEd{ % HET % (Cooper and Brown, 2008), H2S &
pKa 1% 6.98 (25°C) TH» H7-% (Filipovic et al, 2018). pH7.3 ® ACSF #C 150 tM ®»
NasS MR TR ES D &K 40 pM @ HoS 23 &5, L7=23-> T, NasS IZ
L olCaztli EAMNR OGN & 22X, EHEEEPAEIN TS EEZEZBND, 2, K
PRIV T HeS 12 L B [Caztli AT, Wik HI <o H FCCP Z#HW T hav FU TN
D CazrEZ AN D LT Z & Tfl iz, FCCP (XX k= R 7R A By fin
SHLHZET, 2 har R T7ho Cazrz il =<+ 2% (Saotome etal,2005), X b= K
U7 NEO R RIE, B REEOMFICL > THE &I SN 5729 (Barrientos and
Moraes, 1999), H2S |3Jcik L7=/Maicinz <, T b2 FU 706 Ca2z il S w 25
LEZBLND,

HoS 12k % [Caztl EH -0 57H41%

HoS MHAT D HoSn 1, HZ UV EDYV AT A UL ZEM L. Z OMEEEHIET 5
(Kimura, 2014), Z DAL 7t R U AALIZER{LETH Y (Lau and Pluth, 2019), H2S @
b EEREDFINERO—2TH L, AFEICBWVTEILAITH S DTT IE, HeSIZLD
[Cazt]i EA-ZHIHI L7 oTz, 2D EME, HeS @ Ca UG AN T & R U ALIZE S
LTWRnEEZDBND,

ABFFRIZB N TEREEOBEAIR 1 FLEA] rotenone (£ (Hou et al, 2018), ¥ <7
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A bt A hDO[Ca]i & ERH SW72721F TR, TORMLE T HeS 12 & 5 [Cat] EH-ZH
Hil L7z, AL, P72 2 ORERTHS emetine 75 (Amer et al, 2009).,
HeS (2 LB [Cazt]i ERAAZMHITHZ L &2R LT, b T Amas ik, /MalkNO ATP &3
BT 5L, Cazt) —7 Fyx e LTHRET S (Klein et al, 2018), ITHFEDOHFFEICI

T, /MEENATP IR b2y R TICHKT 5 E@E SN Tn5 (Yong et al, 2019), LA
FOZ M HeS B bar R T OEFHEHAZMEIL, I b2 R T TEKRIND
ATP 23b L7fb . /Matk~o ATP 623 L, h 7 v Am a2 L CMakn s
CaZ T 2 DTl E B2 bivd, £z, HeS OB IENER L, HeS 2
B nEEE S IRIVTH 5 cytochrome ¢ oxidase DFAH.OMNZENFEETHZ L TRZ S &
Zz 5 TW5 (Filipovic et al, 2018), ZdD Z L%, HeS (2 Xk B[Caztli EHNETHITH
% DTT Tl SieinolzZ & &b FFE LRV,

HsS D7 A hr YA MZRIT DR NF—RE~DZHE

HeS i, 7 A huH# A MIBW Tl A EL NS E7-—5C, Mldi ATP &l
B SHpinodz, £z, HeS 1T TA 1T & - THEREZ BAE L 7= &0 F CIEMiEN ATP &%
b 7z, B ORERIT, HeS NI har RUTIZERIT D ATP &Rk & ikl -5 23,

HE U 7= FLEBPE A DN ATP e E A HERF 2 2 L 2R3 5, A TZOREES . HaS 2
B EEROMENZ L > TlCa2li % RS D LW EXFFT5HDTH D,

H2S 12 L 2 iasFLEE & O INIL, emetine 35 X O MAS FHEAITH D5 AOAA 2L - T
ml S, I hay RY7SMAlO Caztid, NADH k228278 MAS OREREEFR Th 2
aspartate-glutamate carrier (AGC) DO{EMEZHIET 2 Z & T, MIRPNFER 2883 5,
AGC #{EMALT 5 Caztd SosfElX. 350nM T 5 (Contreras et al, 2007), AHFZETrx
HIEEFD 7 2 F A Fo[Cazt]i 1349 40nM TH Y | NazS (150 pM) 75 7= HaS
T MRE RO E LC[Caz]i 24 60nM EH-S¥7-, Z0=o HifiicE x5 & AGC
EIEMELESEHI2E, HL 250 nM BED[Caztl EANMEELEZBbND, I havy R
U7 E/NEROEHERAL T, /MR Caz 3RS 2 B8, FEFIC Ca2HRE D m Ol
INMEIRSTERL S D E ST % (Csordas et al, 2018), =D 7= | AHFZEIZ BT HaS
DN S CaZrZ il SH7-BRIc, X by KU TR 5 RTH7e Caz g3 sE
HEnz[CaifE L v bEmWEE X HILD, MAS OIFMHALIX, MIREIZI 1T 5 NADH @
WRIZRERE <2 & TELIRET 2 2 LARESh TN D (Wang et al, 2016), L\ L
DT ENB, HaSIZE D M T v Am ar g Liz/Mafkh b o Cazilfflx, MAS OiEME(L
&R FLBPEADOTUEIZEB L TW O AEEMEDR H D, £/, T A et A FTIEI b
2y RYT7ABEZE T 285 O NADH @ik, 7V er—n3 U URRIZ K-> THbR
TWHEEZLNLTEY, 2Ly Ca2+@i‘f$% 1> (McKenna et al, 2006), 5. HaS
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2 X B/NARD S O Cazhiliffy, 7V tm—L 3 U U EBOTEMHICEHE L 5.2 TWDH DN
DWNTHRABMETH D,

cZo 2 a4+ 5 Caztl) — 2713, AMPK #iEME(b4 5 Z E RS T s (Klein
etal,2018), £7- AMPK %, W VEY 2 U UAKFEM S 7 RN Lo/ a— 2| H
Z 9% (Racioppi and Means, 2012; Herzig and Shaw, 2018), L72>L722A 5, AHFZE
WZBWTIT HeS 12X D7 A2 bt g FORBZEIZBIT DI NVEY 2 U OEEIZH] 6D
T2 &IETERD ST, INEY 2V VILERITH D WT M TRk S LI & 2 1Y
M2 EmZRL, WT FE FCIE HeS ICK 2B RABEOHEINIA LN o T,
Cazt/ 1 )VEY 2 U AKLEM: protein kinase I DFLEIL, FE T A ¥ A MIBWTI b
2 KU TNBEOFEEN 2 B S5 2 L0 ST (Ashpole et al, 2013), =
NPz, AINVEY 2V CORFEIZI b2y R TIZEIT 28I ERboE & UER
RABEADOTELZSIEEZ T2 ENEZXOND, HeS IC K DAMELEDTLHEIZ I NVEY
2 U UREGT 0 E IOV TIE, 4% S ORIRFANDLETH D,

UbzaEeon s HSI3HFMT A bt A MIBWT, T b3y MY 7EFHREROH
flzZm L, MEEB L har RUT70n Cazilffi sS85 Z R LN -T, &
7oy INEENS O Cazhilifftid, RIEBRIZRAMIEADTTEZSI R TZ & Nbrote, 7
N A—ZMGHOBRAEER D 1 DTHLHBRIE, TA bt A Fhb=a—pr~TRLF
—HERY /vl LTk S5 (Alberini et al, 2018), £7-. RIS T COMENE
XA O EFENMY) CTHHA R RN O = 3 L X — BB W CTHRHICEE CTH 5 (Goyal et
al, 2014; Maffezzini et al, 2020), 7 A bu¥ A MIBIT 5 EER HeS AlFEETH D
Cystathionine-B-synthase DOIEHLE HAZIC—BIEIZE 2D, ZOZ &IXHHARRER O
FEEICHBT 5 &EE 2 5T % (Enokido et al, 2005), HeS X, 7 A hut A ho=x
=R OFIE 2T LT, AR R DR EEHERHC BB AR 2 R 0b L
AR
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BifbkFE (HeS) 13, S bar FUTEHMoEREEETO2MWEZ L5, KILH#E R 21

BWTHEHKOFIKERDZEHEOT AL LTHMOLI TS, FHRAMRANTH EIZT A
faH A MZE o TERIND, RS TIE, 7 > MEHiREET A bt A SO Cazt
EREICxHT D HeS OEMZMET LTz, E7rFE Tk, Ml Cazty 7+ v 7 L ¥
— R OEERBEN S E STV D, £ 2T, HeS I K DMifaN CaztZE{b3 7 A b
2 A FOZRAF—RBFICED LS R RE L TZ DT hEMmET 572012, Miast g
DEFEZ FREIC 7V 2 — AR ~D HeS OIER Z i L7,

1.

7 v NERIRSET A hat A FOMEA CaziEiE ([Cal) 12k 5 HeS OfEH %
Caztit 45 /R¥E Fura-2 Z 7= [Cazt] HIEVE TR L7z, HeS R —T&®H % NasS
(100 pM KO 1 mM) O iE, 7 A b et A hMZ[Ca2t)i ERZ51XEZ Lz, 7=,

NazS (<150 pM) DL, 7 A but A MIEEE RS Lol

WET A baY A ho®EEIXERRY . FERINWEA 4 F v %/ TRPA1 OBHEZK
HC-030031 CHllfist CaztDBREIX., THET A oA MBI 5 NasS 12 & 5[Caztli
EHEEI L7272,

SERCA [H5E3E thapsigargin (2 X 5 /MafkN CaztdfbiBiL, NasS (2 & 5 [Ca2t]i L5
Ze A L 72

Hfush ATP 1X[Ca2tl EH- 251 & Z L., Z#uE phospholipase C FHEH] U-73122 (12
Ko TR &7z, ATP % ME[Caz]li EHI1X. ATP #HATIC NaS 128 -
Tl[Cali % L5 -S® 2 Ll &4z, £7- Miflash Ca2 b T Tl NazS xR ME[Caz]
EFE, NaoS i A ailc fifush ATP (2 ko> TlCa2tli & LA &# % &4l sz,

NagS 12 L 5 [Cazt]i E#-1%. phospholipase C LA U73122 L& ryanodine D HI
WLEZ & D ryanodine 52 A ARFHEIC L o THIfl S vz o 7o,

NaoS 12 L 5 [Caztly EH-B8 XL O ATP #F%1E[Cazt]s EH- oL, =EocAl DTT 12X -
THHl SN2 hoTz, £, HeSa ® KF—TH 5 NazSs (0.1-1uM) i, [Ca2t]; L&
ZHIEEZ &P, F70 ATP #FRME[Cazt]ls EH 28] Ligoo 7z,

Na2S (150 pM) OmEAIL, 7 A hat A FHNO cAMP &4 2L X872 ho Tz,
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10.

11.

12.

NazS 12 k& 5[Cazt]i FHIE. fjast 7 v a— 2 J2EE A 10 mM 75 0.5 mM ~Ji/b &+
Ll sz, £7-. ROS A4~ ¥y — pyruvate IZ, NagS (2L 5[Cazt]; L&
Z N Lo 7,

B EIEHEILERITH D rotenone 1L, 7 A ¥ A MIBWT[Cazt]i ER-Z5| &=
L7z, ¥£72. rotenone A& L, NagS |2 & % [Ca2t]i 523l L7z, Bt FCCP 12
£ hay RU T 50 Cazhiffffix, NaxS T &7z, 72, NasS |12 X 5[Cat];
EHI1Z, FCCP 2 L » Tl =i7=,

NazS (150 pM) (%, 7 A b hOMas AR E LS E7z, £/, NaS B X
OEFERLEA TA 132 N E N B TILMaN ATP &2 2 S R0 o 7253 TA & NasS
DOIALE TN ATP &2 D S w7,

k7 v 2m o fHEH] emetine 1%, NagS (12K 5[Caztli FF-Z80# L7-, Emetine 17
£ T TiE, NagS 2k Ml Eo R BN R oniedot-, £, Ca2t#x
P NADH >+ FLOBHESE AOAA 1%, NasS | L A MlastFLEs& o hinz2 #mE L,

HNEY 2 ) FEAI WT 13, E R LR & 2 BN S ¥ 2 A 2 ox Lz, $£72.
W7 17 FClt. NaoS 12X DMfast &0 BN R osneinoT-,

PLEDFERMG, 7> NEREREET A bt A MZBW T  HeS ¥ b2 R TEHR
EROMHEZMN L, DMMEEAKR DO b2 RU 7D Cardiliffi S5 2 ERH MR-
7o FElo. NAEND O CazrilEffl IALBEOREAEICEHBR T D 2 LaVRB S, BRI, T
A haHAg Ihb=ma—am U NEESNL TR X —HECY 7 & L TE < HaS 13,
TA MY A hOZFAF—REOHIEZ N LT, PTHARROMEEMERICEIT 5000
Liv7auy,
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AT

FaD#D VIZER I, AWFZEDOHEREIZ & 72 V) AR S L S BL 2 15 0 | ATR S0 & IR TH
& F L 7oAkl R R G ER R e FE B SR R R L 2 0 B R B 2R R | LR — B TR
SEGHTH L B £

ARG S AR T & £ U 7 A O JLHEIE R R BBk R A FE e AR BRI B2 43 B AL
PR, AL IR S EALER L BT ET

o BIEZBO TWIZIZE £ LZRMEIFEE, fREkEdx, FARTRE=E, Lok
—ERHEEIR I B JE AL L B s,

ABFFED T2 DI BN 2 f2 i L T 7B O FZREW OIS0 LV I OS2 81T,
LZOIPIRIRDIZHOS ZE 2 THEOSHEL SETWEE £,

BT, R SCOAER, £ L TH % OBFEIZ I THRAAE I /1 2 TR & £ L7 IL 1 KB
ZIX L LT DB HE DO EMRITIR BB L £
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Hydrogen sulfide (H2S) inhibits the electron transport chain (ETC) in mitochondria.
Despite this toxicity, H2S is endogenously produced mainly by astrocytes. In hippocampal
astrocytes, H2S increases intracellular Ca2+ concentration ([Ca2t];) mainly by activating
transient receptor potential ankyrin 1 (TRPA1) on the cell membrane through the post-
translational modification of protein. It was also shown that Ca2* release from the
intracellular Ca2* stores was involved in H2S-induced [Ca2*]i increase. However, the
precise mechanism and functional role of this Ca2+ response are still unknown. H2S
induces not only metabolic changes in mitochondria but also promotes glycolysis. Lactate,
a glycolytic product, had been considered a waste product, but it is reevaluated as an
energy substrate and signals. Recently, a lot of studies have reported that intracellular
metabolic changes mediate Ca2+ signals by influencing concentrations of bioactive
substances including ATP and reactive oxygen species (ROS). On the other hand, Ca2* is
a key regulator of energy metabolism. Here, we examined the relationship between H2S-
induced metabolic changes and Ca2* response.

[Ca2t]; in cultured rat spinal cord astrocytes was measured using fluorescent Ca2*
indicator Fura-2. The extracellular lactate and intracellular ATP levels were measured
by the enzymatic reaction using lactate dehydrogenase and luciferase, respectively.

NazS (150 uM), an H2S donor, induced a nontoxic increase in [Ca2*]; in cultured rat
spinal cord astrocytes. This [Ca2+]i increase by Na2S was not inhibited by HC-030031, a
TRPA1 inhibitor, and removal of extracellular Ca2*. Ca2+ depletion in the endoplasmic
reticulum (ER) after application of thapsigargin, a sarco/endoplasmic reticulum Ca2*-
ATPase inhibitor, inhibited Na2S-induced [Ca2*]; increase. The Na2S-induced [Ca2t];
increase was not suppressed by U73122, a phospholipase C inhibitor, and high
concentration of ryanodine, which inhibits ryanodine receptors.

ATP also increased [Ca2*]i in spinal cord astrocytes. The ATP-induced [Ca2t]i increase
was inhibited by U-73122. NasS inhibited subsequent ATP-induced [Ca2*]; increase when

NagS clearly increased [Ca2*]i. In the absence of extracellular Ca2+, NasS-induced [Ca2+];
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increase was suppressed after application of ATP.

The NasS-induced [Ca2*]; increase and inhibitory effect of NasS on ATP-induced [Ca2+];
increase was not inhibited by DTT, a reducing agent. In addition, NasS had no effect on
intracellular cAMP level.

The NazS-induced [Ca2t];i increase was enhanced at a lower concentration of
extracellular glucose (0.5 mM). NasS-induced [Ca2‘]; increase was suppressed by
rotenone, an ETC inhibitor, but not by pyruvate, an ROS scavenger. Rotenone itself
increased [Ca2*]i. Ca2* release from mitochondria by FCCP, an uncoupler of oxidative
phosphorylation, was inhibited by NazS, while the NazS-induced [Ca2*]; increase was
also inhibited by FCCP.

NasS increased the accumulation of extracellular lactate. Na2S alone did not change
intracellular ATP content, but decreased it when glycolysis was inhibited by IA, a
glycolytic enzyme inhibitor. NazS-induced [Ca2]i increase and accumulation of
extracellular lactate were inhibited by emetine, a translocon complex inhibitor, which
mediates Ca2+ leak from the ER. AOAA, a Ca2+-sensitive NADH shuttle inhibitor, also
decreased NazS-mediated accumulation of lactate. W7, a calmodulin inhibitor, alone
tended to increase the accumulation of extracellular lactate. In the presence of W7, NazS
did not increase accumulation of lactate.

In conclusion, inhibition of the ETC by H2S induces Ca2+ release from mitochondria
and the ER, which increases lactate production in spinal cord astrocytes. It is suggested
that reduction of mitochondria-derived ATP by HsS induces Ca2+ release from the ER
through the translocon complex. Lactate is shuttled from astrocytes to neurons as an
energy source. In addition, glycolysis is especially important for newborn animals.
Therefore, astrocytic metabolic changes by H2S may contribute to the development

and/or maintenance of central nervous system function.
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