12 14 03

39
BIpEE 5 0039 i ‘
AFUSRRTRR - IR A MM Mg EEB L N Y v A—v X
VU LSS O BE

BIRHIgEE | A EA GEREMASE ENE AEES])
ERBGEE I B REEAY ESE MRAR)

O AR 3T B R - LB LA OB I M B ([Me™]) FF 04 FisE S
B 5T A B 89T, Mgt A LB SR &2 DL L - DML~ L O E >
BRELIE, 4 EBEREOH T B LB A eI —IC KO RL 7= 20T
[Mg* 1 #BIEL. RRERKEO/NEITTyMLEFHMIICH A ER furaptra ZEA
LCIMe¥ 1 ZBIE L, ERLT=7y Do [(Me* 11X 8 TRV U SR ERIESH D
VN forskolin @&E—LCJ:WE_E—FLK; — 5. carbachol {IZXA LR AV S RERIEIL B 3=
BN LS (M ] D ETEMEI Lz, £FEMOBED nsulin (X [Mg"],0 LF%5]
xF-L. B EREAEICES[(Mg? ] DETICHER Lz, Z0b® insulin OZhE I
protei kinase C DHHIZE T L L= T, insulin ’PKCE I L TIMg* ] FHI#HL TV D
TERRBENT, ANEBIEI NGO [(Mgr I HIEICEE LB N AaMg <& H LEFEIC -
SNTHE M CEREIT o1, A7/ =AL BBV THERICMe* 2 BT LI,
MIaHSOPEHERE (Mg ] DE T EEPDRFT Lz, (M ],04E T B i i st
Na'lCsg< i FL, Mast 140 mM Na'fFE T TIIRETHLDITK L. M ENa"
ST T IMe* I E-TeET Liad o7z, M Na' iR EARIF 1 DREFT 915, 90
oM Na*tlZ L0 ¥4 OEMERELNDZEN D27z, E5IZimipraminelZf > TIMg* ],
& T EENMF SNDHILN D, OER M ARIZ I N - Mg A2 Bl e A3 FEE L Mg¥ D< A
HUICEERBEZRIL QNI ED TR SN, L TH DI Na -Mg" 3 i 5
Bt 24 TRICRETS B AT, /A ELITEEET OMe BEZ BRI THEMEES
Zhlz k., e EMeY (100 mM) BBEE T THH¥E T2 Mgm THEE ZMCTHIEE &
AZLWCEEA LT, 2O D [(Mgh ] % furaptra TRIELZEZA, MEANSFET T
EER A R ICS BB R O [Meg™ ] 2BV ZE M AR P B fE S~ D Mg < A
Ui 0 B CH B ICE L bho e, MIESMENa S F T THZE £ D
[Me?] 58 E 8L, Me?< 2 Ll Al S Bk B B A I L DTS 2R LTz, =
OFERIIEREMCTHIE CIEMIENa - Mg THRE S ENEBREL QWD Ex5<
TR 7-, 5 # suppression subtractive hybridization ¥EIZ LY Mg T4 ZE EM AR ICER
WTREBRFERL CODELE T OB ETHIZEEFTEL TN,
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4
B R & 0039 ‘
ATMEAETEE - JREBIC BT AN Mg BEEE LT N U A
— SR AR A D& F

BIEREFZEE A EA ERERKY EFER £B¥HE1)
HEPFEE Il BN BERKFE EFH MRER)

oAk - |

2 FF U AAG Y (Mg?) 1, Ca RIS EEERASICBVW TEbD TEEREE
PELTND, LEd-> T, MIfAR Ca? Mg BEITRE ICHIf SN TR, Zof#EH
B IR ORESE R ST, A FEEH, AL EHERDDL, Mg NELOMA
AEEER AL F oo v MR Ca  Bie L Bl O IC B2 5 2 BT ENR
Sh. EREE-BEOME B ERDTI—FI, TEF LIV Aialnl £
DEBEENEICL > TES T ERALMISN TR, —F ., SLOEFERTTZEH
EMe/k E SMEBEE S BB R IR R T A LR RIBS N TR,

SE L RS £ OO L R IRIC 5 B B MM RAIC I8\ T, Ca?, Mg X EATIC
IoEmpas D DR P~ LERBI SN B T | R PR BE 2 — RV HEER T A I AR B AGY
B USSR ELRS, N Ca B ELTRE T AT EmEEELL T, MR
Na'~Ca® S #Lls# . Ca?~ATPase’z ¥ BSBEICHE A&, BRI R—=0 TSz,
UL, B AMeS BB (M) 2 — B IR OBZEIIAESN TR, MellBE T
B4 TAEMSEHFEDEREHT QW AREREELLT, ZhETIM* [ OBETE
BT T oA ST S LTV hs o T T e T BB, R E R0/ E BITE
BRI FAHBRZEOFUGIIZKBERILEBA I brRa’— (MRS) IZEV&EW
R SRR THEM A B WM E BT B ER R LIEY,

ARETRINLDEREESEL. ETNVERZTHE Ty MO LFIZB TRRME -
FIVEAE DM TR D5 TR B DINCT B, SHICIMe | HERET 54 FHis
DEEITEDL, FFEMENICEDREREORELZITIZEEBNLLT,

WEFE
1. BRER LB AR b aRar —

Wistar BTy MBRREETICLBERE , 727 VRV 7 EBICEEL REIRDLHE
TR R L Lz IE# Krebs—Henseleit ¥AIR TR LT (37°C), DLIB &R KILRA
~rhmA—2 (JEOL GSX2TOW) DAL <7 Sy k(6.4 T) FLICE AL ERER B2



BIERAT o1z, KDBOT AR E (270 MHz) 2RV CTHEOH— (LT o7z, VAL
St H D7t TR B A hE A—# 1T 109.4 MHz TERENL 7, /<L RIT 0.6 B
FAREL. 2500 ~SLRDEE (25 &) 2B FH LI, BEOLEME T Tk, 2~z
RNV B LAY D6 DERY —F, T2 b T+ RAT4E ) TATIV, SR B, 7
LT FUVBEEATPD3 DD =7 (o, B v) BMEHEND, ATPO o E—JLBE—
RO TR(8) Mg B Ll TEREIND 56 :

(Mg, = Kp (6~ 6 1)/( 3 g — )] | | (1)

TITE o & 0 e 12 FNENMHIEFIE T, BEFIME  IREIZBIT D 6 ETHY, Kpl
Mg EATPOREBEE I TH Do 0 g & 0 me PIEIE 37°CL pH 7.2 THOILZTEZE H
Wie 9, Ky OEIZGESARVME (41 pM) BV BTV 23S, BB b {E (37°C, pH
7.2 87 M ERDIEIV BLE2EEN) EA VL, ZRbDATA—F 3 pH DEEE
ST BOT., EHEY BT T MBMEA pH & RAELY, TOEEAVTHIELRE ¥,

2. E— e

Wistar £ 7y b bRREE T IO LBERM, 727 RV T B Z L . BERIEH
(collagenase 0.2 mg/ml. protease 0.04 mg/ml, BSA 0.6 mg/ml) T LTIV E—
DEGMEESBEL, ERICH LU, BT EABEREORT Y EIZHITF v A=A
TEEEL A E EE Tyrode I8 CHREWE LTz, & YEMghe /REE furaptra @ acetoxymethyl
T A7V (furaptra AM) 4 pM & & Tp Tyrode %K T 10 SSRAE T2 LI MIEAIC
furaptra ZE A L7z, 2IEE DS (350 nm & 382 nm) % 100 Hz THIVE X THIKEMA
furaptra ZFIAEL. 500 nm DEIEEBRIE L7 (Fus0 EFas0) o Fagy EFss0 0 Fo (R=F a5/ Fg)
S RO E IR EE T, Mg OB E X HND Y,

Mg, = Ky [(R = Ryw)/ (Ryey — R @)

I TR, ER I FNENM IR T, SATIMe BB IS BRIE THY . Kpi3AE
HEH Th5, HIANICRBITAINOD T A—FEERD BT, furaptra ZE A LT
aEAF/ 72‘7@%‘@?& (ionomycin, monensin, nigericin, valinomycin) T/LEE L. AL

RS DM B % T LTz, 7« OBEAIMASS Me™ R E\C R 1) DRIEZ &/ B RIE
TR H TIED BT EITED, Ryps Ruws Kp EERD T 9, ZHICEVEFFRSNEER
Tyrode & COHOEH[Mg"i% 0.91 mM T, DO FETRELbILZEE BN —EZRL
7=, Puraptra [HEEFER NG Ca¥ LbfEE T2, MR Ca" RER(LDOTH ST
B, BB EDERITT N TCafreefefd T (0.1 mM EGTA FHE ) TIT -7 (25°C),



3. EEEMEIC BT AMe B R

B L Sk EMEARE MCT (mouse cortical tubular) il % @ Mg BREE T TH&
AL I RBRT A EO M Bk A S F ORI EIT o7, MCT MO LK
1T 40 mM Mg¥ % & Dol T ChHEETAZLNTEDH, 60 mM [Mg”] TikiFtA
LRI B, LALIFICAEXEAMEANDY., ZOMEE60 nM [Me? 1HHKR T
U A LR IR T A 1B, ELITEERK T O [(Me* 1% 70 mM I3 3L, EL
JMERTER T ARRICEZEIMERD B, £EXFETMIEIZ70 oM [Me™ &K T
T ATLNTES, ZDINTEER O [MH]% 70 mM, 80 mM, 90 mM, 100 mM &
BFEAIC B L THIFAZ BRI T EITED, 100 mM[Mg? 1 ThIEFE ATRER K £
R EL N, oM THEZE ERITEE OFEIK (1 mM[Meg™]) FTIEIEHEL T
L¥5, 20 IH7 e M T2 B LB AR D[Me™ 2 ¥ Mg~ 3 furaptra ZAWT
BIEL. B LT, T RER% T A EIIMe T E R D MCT MiaziE=
L. furaptra AM 5 pM Z&¥e Tyrode HIET 12 4 HAETHILITLD, MEAIC
furaptra 2 A L7z, 350 nm & 382 nm TOFIEICLDHAELS TRFH>H0 500 nm OE
MR H (R=F g/ Faso) 230[Mg? % R0 72 (F2) . MCT MEAZIZISVTid furaptra O
NEDY—IBEL, AF /74T TN OMg" B EZ FE L TR2DTA—FE
BokDBILIFEEETHY. Ry Rowe Kp EIELFAAATELREEAVE 2 Zh
WC IV ESNFITEE Tyrode i CHEFA MCT AR O FH (Mg 11349 0.7mM TH-
o, DAL ERE. AN CaBERLOTHRITHDERITT N TCa-freefk
{#F (0.1 mM EGTA 7FfE F) TIT 272 (25°C). |

BFFERE R
1. BREREB Aot — I L5 2 L CORIE

D% B8 Krebs—Henseleit YRIE T 120 4 MERL Th. [Mg%]i&ijﬁfbbfmbkofco A
vraFL ) — (180, 50 aM)I2k3 8 7RV IV Z REREIC LY Me¥ 113w 2
BRI TE EICETL (1004 TEE21%) | ISO @ washout (ZED T DL ~IZEIE
L7, CaF ¥ R/LFEEHIE verapamil ¢ 5 L TLIROIAEZ SR HIL THZ D ISO D%
| R ASRERCERESNI D, IS0 ILEAMe L OE TR ROIARIECHRIAN Ca®
R DIELIC LA DO TIIRNEE X b, £z, KM forskolin & A NKH477 (0.5
LM) 1 1SO & FIRE B ATEE TIMe* D E TR BRI (100 4 THH 13%) Zen>
5o LIRS TSP cyclic AMP 23[Mg? | DI Ic EE e Bl Rz L T D2 LD
C RMeEILE Y, —F carbachol (CCh, 5 pMIZEBLARV - ZAEAEIL. T BETIX
[Mg?].DEE (L& B EFI&kD> o720, 50 nM ISO TR DM D& T Z &Ml L7z,
FIREIC. 0.5 uM NKH477 125 [Meg” ] D& T i 5-40 uM CCh {2 XV EEAR TR R I
-y, '



BB, EHIC Mg LOGIEICI T B TR FUVZABEEA =) R EDH
ERFIC OV TRELE(Fig. 1), EROBRESIOREEEHBRED AL valy
(100-1000 wU/ml) (% SIROIHEER 16 5 L FRE A B2 (Mg 10 & (15-21%) %
Bl xEI L, A=) (100-1000 pU/ml) iE 100 nM I1SO 12 X2 [Meg? D& F (=
) BERIEI LTz, Z0A = DIEA I, protein kinase C(PKC) DMHETHS
 1¥333531(100 nM) ICEDESFEN. A2t 2l PKC OIEHELE A L TIMe? 12517
L. B 7RIV B A AR LA M LOE FI L TV BZEEREL TS %,

a ' '
. ~O— Control —O~— 100 nM Isoprenaline
—8— 10 pumi™! Insulin )
. i 100 pu e 1 \rsulin 1.20 —é~ 100 nM lsopr;analme
120 —F4— 1000 pu m|-1 Insulin . + 100 pu ml™! Insulin
*
*
~ 120 [ 5
g '
E
£ 110 |
o
o
=
1.00
: | 1
80 = Drug application
=1 [l 1 1 1 1 1 ] .70 D |~ -
O, 3 . 7 7. 7. 7 . Drug application
2 & 0, & () 2 % >
5 o % T Q’es &,% Q,}s -iébo ‘ I | ' | ] ' '
TIME (min) Oo. 25, S0, "8, Top o 5 T
) o % g 0796‘ 61,9‘0 Q,)S &éba
TIME (min)
Fig. 1 Time course of changes in [Mg®*);. Each point was obtained by accumulation of

3P-MRS signals over 25 min. Various concentrations of insulin alone (a) and insulin plus
100 nM isoproterenol (isoprenaline) (b) were applied for 100 min. ~Vertical bars are S.E.M.

Reproduced from

values (n=5). *P<0.05 vs the control group at the same time points.

Amano et al. ¥ by copyright permission.

< DR /AR TM ™ % MR MCBEH T 2B L L TNa " O B IRA DT
FNE—HH AT ANa -Mg? R EBRBENTND, LFICBVTHTInTAR
R MEDHHMg?  HEBNE RS RN A S TRY, T LB IS0 IZX3 Mg DET
BTIRTARICEV MBI ENAZEEBRBLTND CREER T —4), 7IRTARIEONa”®
ICE-> THRBENDZL DAV EREEIMHEIT2ZLAMON TEY, Nat-Mg®* ZHHi
EDFEELIETTAERIEEIN 205D, Ll Na™-Me? i 2" EE Ti
RNETERELEL ERITBLN TR, EZT/IELIE, JVEMRERRATHS



B — LRI A TO BN Mg B S E S T LR RAEL, SBIZED
ez W CEEM TR ST L 19,

2. H— LSRRI IO B Me < M LSS OB T
Y S REE furaptra ZEA LML, M5 Ca¥~free Tyrode ¥R CYHEVR T TiX
(Mg ER I o> TEEL T e, M Ca? —free, Mg (10 mM) £HTIC
BT ionomycin (10 pM) THHETB L, Mg IEBHRZFHIEETEF L,
lonomycin 1ZEA[Mg? 1 ZELITMAESI Mg B E MRV /a0, 0.4 mM Mg¥ &
T’G&i&ikbf‘ﬁéﬂf£<f£?f:o lonomycin IXFBAEED 2{HAA BB IEEBRD DT/
TAT ThHHDT, Ca¥~free T CIIMEELZBLEZFEINM MEZRET DLE
Zbid, ZOMgH AL I A Mg ] E R EE ITMAES Na R E IR FL, Mas4Na™
free 2=tk T (Na*% N-methyl-D—glucamine TE#) TILTMAES 130 mM Na'fF7E FIZke
NTEEBICRERERRLUEE 9, ZROORERITFIRS TRESHL TV ORI Na K
FEHEIMe>] 25 PERBETHY., (Mg B3 Na {KFHE DR K THAZSMI A HEh T
B0, BT E[Mg?] EFBIHEND | EWVHEHR THAT 22EBTED, ZOR
BB ELITHEETHTDIC, WIMe DA HLICK T 2Na DR RERILE O,
lonomycin £EMg? (10 mM) 2k > TIMg¥ 13 EF L7z, ionomycin Z¥&V \Jit LA+
Mg A DL ~UL (1.2 mM) IR T &, Mg T REIETLE#LEL-L (8 0.9
o) TEERIEL2S (Me”®D net DHHL), Fig. 2aiEz 0 LI L THESNIcMe &
FREED S DM VE T EE LT T 2720 ORBIERE R T 1%, Mg" AT (F# o
BERT0) . Mg i T#e L~V 05 0.7 mM & (HEEDOL V) , Mg¥ D net DA HL
WL AIMg? ME TR E TS N B EICHRKAFL. MAgSt 140 mM Na'fF7E T Tida
ETHADICKT L, MM Na'~free T TIIMg JiFELTUETET UL%RDXJ_E
BT, Na'BEPEZ TARNMRBRE 109 MOMe? & TR EE T LR, (Mg™),
(& TN B ERFEICRES L, £ 90 mM Na' IV JEROF 4 OEEIFLILD
ZeaREnTE (Fig.2b) . Mg¥ DL A HUICHH T AIREN OEEBER D70 | FFRDOE
BEEK (56 mM) IS BB B A EL T CITo 72, BK 4 T CIE. ERK' (6
mM) £ Iz O TIM? JE TEEEIERE<RY, Na R E — Mg L{E TiEERI £ (Fig.
ob) I3 I (IENa" e EERIIT) & 7 hUTe, EBITHR MLERCNa - Me? ST BIEE M 5
imipramine DZhR Wiz DWW THRETLTZ, 200 pM imipramine (X#fAEFNa ~free &HETTO
(Mg iEE 8% 5 2 /2o 7ehs, 140 mM Na'7e7E T To[Meg & T2 58< (83 %) #fl
L77s =0 imipramine DR RITELHT wash out TFL7%, Imipramine ¥ (2-500 pM) — K
TS5BS imipramine X[Mg? & TEREER 90% LA LI L, 3011340 80pM TH
Ar IRt ZLORERLY, DEMEICIENa T-Mg? T A BB R 3 FFTE LM
DI LI EEA R BELTOBZERBORBSE 2,



a  1omm [Mg®1, b

0.4 __.,I , 1.2mM . __%7,

s .
E :
= -02 - max = 0.0004
f‘g I L min=-1.116
= sz =91.8 mM

-0.4 |- - N=1.92

-0.6 -

-0.8 |- i

II 1 1 Lol )
0 10 20 50 100 200
Time after loading (min) [Na’], (mM)

Fig. 2 Effect of extracellular Na" on [Mg*]. (a)After cells were loaded with Mg” by 10
UM ionomycin plus 10 mM Mg?, the pérfusate was changed, at zero time, to the test
solution containing 1.2 mM Mg? and either 0 mM or 140 mM Na* (indicated in the panel) for
20 min. Cell were then washed by Ca*~free Tyrode solution containing 1.2 mM Mg* and
140 mM Na'. Bach symbol represents meantS.E.M. of 8 cells. (b)Extracellular Na®
dependence of the changes in [Mg*], (ordinate) measured at 10 min after application of the
test solutions containing either 6 mM K' (open squares) or 56 mM K' (filled squares).
Na'-dependent changes in [Mg®7; were calculated by subtraction of the values at zero Na'
for each data set. Solid line indicates the least—squares fit of the data at 5.9 mM K" by the
Hill type curve with parameters shown in the panel; min and max are denote, respectively,
minimum and maximum values of Na'-dependent changes in in (Mg*], N is the Hill
coefficient, and K,,, is Na* concentration that gives midpoint value of the Na*~dependent

changes in [Mg?], between min and max. Reproduced and modified from Tashiro and

Konishi'® by copyright permission.

3. FREEREMAIZBIT M < HHLEH
R ETTH LMo 7ENa - Mg MR IE M 2 BOBE 2 RFLLTRET
BEHT, AEDILE LA SRR IR A R RS, TORIERTE
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fTole DWW BRMAZIC BIFAMe? B WY B & L CTiE. transcellular B X O
paracellular DEEEARBES N TNER, FIFILLHMEE S T <O TMe*) %
FETTAMH < I H U L B H DR L OBIEL EZ b TN D,

B3 R DM EE & B PEAOICE S EAZ LI kY, iR mMe® (100 mM) RET
b RS AT R M TR BARE A Z LIS LT, AR Mg RE (1 mM) 12
BNTIFHEROM?LIZFES 0.71 mM ThofzDIZRL, Mg THEERMR T 0.40
oM EEEICEVMER RL T, s EMe? (51 mM) AFNICIVEFERR, ZEREREBIC
(M2l EB U8, EEMREFAKROFEHEIZNLN 0.79 mM & 1.08 mM T, Mg™
M B CHEICED > T, MBSMENaRET TIREERKROIMe " LIT B ARLITIZ
AL~ UCETERL, BARRERMEEREF OMe" I 0ZITHEKLI

1 4. a. Mutant cells 44, b. Wild type celis
0 Na
1.2F
1t &
= s
£ E "T
&CD (t‘D')
= =, T
0.6l 150 Na
0.4}
02 | | 1 | | | ! ;|
4 -2 0 2 4 6 8§ 10 12
Time (min) Time (min)

Fig. 3 Effect of extracellular Na* on in [Mg"]; of Mg%*-tolerant cells (a) and wild type
MCT cells (b). After cells were incubated in the solution containing 51 mM Mg® for
30min, the perfusate was changed, at zero time (indicated by arrows), to the test solution

containing 1.0 mM Mg* and either 0 mM (triangles) or 150 mM Na’ (circles). Each

symbol represents meantS.D.
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4 DI B S~ D Mg < - H LB ER AT 5 BT, MM REZ 51

oM P55 1 mM ~EE TS8R0 Mg B L DR R E B AR Mg THER R T
b 7= (Fig. 3), fMHEA: 150 mM Na 27EfE 5L, Mg IHET 3525 TOETEE
FMP TR B CE BICE - T, MIaS Mg BEE 1 mM Tb 51 mM Th, Na'-free
S TR B AR BRBELBICIMe  OE TIERGmfEN., MmERICEEA o020
>72(Fig.3) ' _
M METREE N 51 mM Mg¥ 4k F oMM LTHERFL  FHICZE R TIIA)
SAIMe?] A A EE IMe? LE T 28803 o7 (Fig.4a) , Fig. A0bBI G2 X1, M
150 mM Na 75 T TR AHIMe? | CoMe {E THEIIERK CHBICRED
738 (Fig.4a) , S Na'~free S T CIRIMH DZEIIHARLIE (Fig.4b).

0.2t C @

s s
E £
&m &D) Wild type
Z, =
£ £
@ 23 -0.4
[@)] [@)]
C [
[\ (]
e N
O (&
0.6
_08 | l | | 1 _08 | L | | L
0.6 0.8 1 1.2 1.4 0.6 0.8 1 1.2 1.4
Initial [Mg?*], (mM) Initial [Mg?*]; (mM)

Fig. 4 Analysis of the experiments of the type shown in Fig. 3. Relation between initial
levels of [Mg?], (measured in 51 mM extracellular Mg*) and changes in [Mg® ], during 7
min after perfusion with 1 mM Mg either in the presence (a) or in the absence (b) of
extracellular Na*. Three data points with asterisks ih (a) were obtained after the cells

had been incubated in 100 mM extracellular Mg?".
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Mg? < H LM Na EEERFEEESOOEMICTA A, LB MR THLIL
=D LRI Mg & T EEE I N B E R FEHIRES NIz, HRDO¥ESDEMERED
NANa EEITES 25 mM T, D I{EV Na TEHELS A Z LDV RS LT, Imipramine
DEBEICONWTHBEE L7z, 150 mM Na'fFE FCOIMg* ] ETEEIX 200 uM
irr_lipramine' W ksa<msl=i, MEsNa —free %WTT“@@T%)EE@%’?%%VQEWOE
(RSN TR TEL = IMg® ME T 2722 &b 85% MBI L72) . M REEIZ 50 uM 200
WM OBTICHY . DB TELNGE 80 M EBBLED—EATRLE, ZhbORERIT, BAM
CTHIIIZ 35\ T MBS N a W R L Mg < 2 H LHSE S TETE 5 88, Mg Tt s
BB TCIITOEEIE KL TWAZEERL TN, T70b b, MIENa - Mg AT #ifh s
ERBRRAL TNBIEBRITRE N 1,

AL, O AR Mg | H EER SR L L CoMg <A ML S Z /i L~ 1 | M
AL~V EDD, EE25FE (BRAERE, ZAEFE) 2LV TRFLE,
ZfE R 1) DFHIICEN T, Na DR A LSBT M 25+ 5Na - Mg 2 #i#f
ERRERIEE T AZ LR FER ST, ZDNa' Mg Sl B3N Sha EMg* DL &
HUNFIFZLICIE S5 (Fig.2a) ZE0 b, ZOm ST 0 A DM g S R i
CLTEERBREZE-TNELEELLND 9, 2)Bx DFNVENCLDZFERIE, 8
TRUFVVZRE, TEF NIV (DRDV) BEME A2 R EER Mg D%
BE OE BT EBELERoT Y9, BEBZNEDZFEFAKACAMP, PKCHRY
DMIANE B EEZREN L TNa -Mg™ R AEEE B S LT LTI Mg 12l
L TVWB LRSS, TVEOMEDOATRN, WA EMNIERIZZDLIH72[Mg? D
EEHHBBEL TNBILBE LD, 7J7’:1'—'7\1‘/@%\'@1&%@%@1%%@?—0)0\&0
THHZEREBITND, AFFFICRNT, A2l D& ER B TRV I ZRER]
B 2 A M A TR L 722813, GIKHRYE (glucose, insulin 3L K D& &) OB
REEFED DD ThA RTINS B, 3) Na-Mg? 2Tt OB E S F O FHEEE
B2 AEDIPNERVELFER (T RbbEMg T EMALR) 25z Lz ¥ Y, BIEE
TMg % E B EDr/r—= 7 1 3eE T3 DHT, BRI TS T2,
EWCREREORER, B CITMEMR TREA M RERSICEOIERE
R IS TNB DR THS, AHF5E TR L MIakki:, Mg B & B Ex
FL. EoTel kA ThoT- M EM g ik Do FHELF DA BB EIZHOHITT
ABETEELRFERREXDLERD,
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LUV BERDD, FEMIZIL, 2 O0E~ oM FEie LT, BE—D0fp M
L~ THER BREEZNFEEL DV TM BIEDE ENRENT L ED D,
Tz iZ, BV F 7T TEZD DV TERMZHIEL . Mg IC LD IRE AT 7z
TR LB Mg LRI Z 5 L CRVEEMBICNa - Mg BB s AR DA 2 78
B, ol OB EREN Mgz*&‘?ﬁﬁ%@ﬁﬁﬁ*ﬁ{:ﬁ%@ﬁ‘ﬁ‘éh i, BEA DEiE R
A A RBESETEEMEEL LV THEEEDS 15) (22 XX 15), 2o, KER
THEINIM 1 E B2 M fEA 7&& @io WZHIEIL QB0 fRE L 72D, TDT=
Wi, %EB@H&E@@@@%E&JKD (f=&Z1E3Tk 16) Ny FEy Mo la NER L T
Me*1%#E %, RIFFICHIEEEZAE T IRRPBETDHD,

EBIZAFEDKRDAT v 7L THONCEEN DS SR IL, MISREMe™ ik
B EEDS S FRIREDREH Tho, AFFTRONI M T E R IR gB ) )
FENa*-Mg* S HRE A RS EmEELL TV A ZLABRIRE SNz, Mg kA DR ED B
BT, MEA DB I OB RS TMe ¥ TIHE R REROIERR A E FSNTHRY, £ OB FRESE
BDHESNTND, /IMAEDIEEEIC 100 mM Mgﬁg-';;ftTfu%iLr%éﬁ‘r EREBTBY—
HHe AU TG, BLIE suppression subtractive hybrldlzatlon EEL BV TMe TR E R
IR W TRENMERL QDB FOMITEITHIZEZFHEL TV,
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Summary

We investigated regulation of intracellular Mg** concentration ([Mg*];) in cardiac muscle.
[Mg*]; measured by SPMRS in the Langendorff-perfused rat hearts was decreased by (-
adrenergic stimulation or application of forskolin. Muscarinic stimulation by carbachol did
not change [Mg*"]; by itself, but antagonized the [Mg™]; change induced by [-adrenergic
stimulation. Insulin increased [Mg*]; and suppressed the decrease in [Mg*']; caused by B-
adrenergic stimulation. Since these effects of insulin were inhibited by L'Y333531, a protein
kinase C inhibitor, insulin modulates [Mg”"]; presumably via activation of protein kinase C.
We have further characterized the Mg?" transporter that is responsible for the modulation of
[Mg*], by measurements of [Mg®]; with a fluorescent indicator furaptra in ventricular
myocytes enzymatically isolated from rat hearts. ~ After [Mg*"]; was raised by ionomycin and
high extracellular Mg®* concentration ([Mg*'],), washout of ionomycin and lowering Mg™],
caused rapid decline of [Mg*; in the presence of Na*. This Mg®* efflux was completely
inhibited by withdrawal of extracellular Na" (half activated by 90 mM Na”), and was largely
attenuated by imipramine, an inhibitor of the Na'-Mg*" exchange. The results suggest that
Na'-Mg* exchange is an important mechanism to extrude Mg* in cardiac myocytes. To
identify the transporter molecule, we established a mutant strain of mouse renal tubular
(MCT) cells that can grow in the culture media with very high Mg*" concentrations (>100
mM). An average [Mg”]; (measured with furaptra) in the Mgz*—tolérant cells was kept lower
than that in wild cells either at 51 mM or 1 mM [Mg**],, When [Mg*"], was lowered from
51 mM to 1 mM, decrease in [Mg*"]; was significantly faster in the Mg**-tolerant cells than in
wild cells.‘ These differences between the Mg*-tolerant cells and wild cells were abolished
in the absence of extracellular Na*. These results suggest that expression of Na™-Mg*

exchanger was enhanced in the Mg”-tolerant cells to prevent [Mg*'); increase to higher levels.
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