9440 DM - METRHMRAM g 2 OREHBICET S8R
BRIIRE R B CRREESERKY EXH)
HFPRE IE BEA GURERESERNKY EYH)
< 7R ATHRERITR b S EEND M A Th Y| Flx DERKGZITIT
DIIREAE D FIEIC EE R Z BRI L O D, EBEM g IREEDLEFHIRRA L~L e €
OEIEEER 5 BRIT, Ty ME—LEHERICEM g > HEREE  furaptraZBEA L,
%@%%é%#%%%ﬁﬁﬁMg“%ﬁt%@%ﬁ%%:ﬁ~bto%@%%MgﬁE\
‘%@%ENaﬁE\BTFVTUV§§¢¢@%\COQ?VF—VX&EGEbQWﬁ
Vo U C AR PR g 2t SRR 1 BFRLL ISl o TR E REBE RS T, ZEICIRTC
Nz, I b3y NU 7 OB CRIBSE LA 6 LI AT PASRIB S E D & HRPEERE
Mg BRI 2BIC LR Ui, TORRMNL, HIRPAEEM g2t LV WIEE A T
IERICREICHER ST 528, MIENA T Pl 7 & ORAIDIKEETIITEEIC 2D

BAZLRFRENT,
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HRFFEE - /IE BA GRRERESERKRE E35)

Wro B ey

VTR LETHBNICELESEEINE MBA A THY ., fic ODBERSEEL
DM BEOHBICEE LG R LTVWEEEZLR TS, HMAMATE., MER
ATPIFIZEAEMgfREER (MgATP) THEL, Mg ATPMFH/IBERLI ;T
ATPaseDEMICUETHEI ERMONTINASY, LizhioT, fixDATH -
MORME CHIMPN AT PIEEAE B TR id, AN ERMg > BE LT 52 LA TR
nNB, o, ARBICMg > BEEESEET I LOHE I b h oM, FMico VT
ELHALMIIRATWAY, AFETRLE - FRBABANEHEMg > BEOCER L 20
BEH R IC DT, A OAER - RS T CHEBRE Lz, Rajub®) ick - THIR &
NT-H¥EM g 2§55 3 furaptrald BHEM g > B E ISR L THABE 2 X2 PASNEHEE
7L, B—MIaTOMMBPIERM g @ENE % TREIC L, ABIE TR, furaptra
FE-LERMBICERAL, BLEREICS T SMBAEMM g BELERE L, 0.
BB D > TH—MBEALOHLESAMET S LICE Y, DA EMg 2 B,
2D MIMAEN a " WA, 3) B EAKIEE. oBLOBEBRILOMEE., s)MIBART ¥ F— 2
REDHRETT, MIAMg BENREDOLIICHBEZ TR BN < D L
flaRE CHELEZ L,

WRFE
VAR —FT v bR MAALESY—ALKREBETIZLEHEBEL, 4 L7k
BicTlEm Lz, 294 —¥., o057 —VP 280 THEHRL T, H—OURFakmx

SR L 7, MAR% furaptra D7 ¥ b ¥ U A F ) AT )L (furaptra-AM) % & {r Tyrodeik
FIZAFaxX—bT BT ELICLD, furaptra # MIIBANICE A L7, furaptra-aM (& HlAE
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m%ﬁ@urmmmuxv\mmwv:x%5~ﬁm;omm%%%aurmm&mﬁ@
O furaptra & 720 . MIAANIC FT v 7 EN DS, furaptra-AM (£300 - 420 nm D FHAR K i-
LVIFLALHEIEEZHERVDMN, furaptra 1T 510 nm fTiEICE— 2 FEFOBUVE A
9 (Fig.-1) . furaptra DHEKFHE A7 b IMg2 L DRESICE Y T L. &—
7BMg? IFREERD 370 nm b, Mg EEMHD 325 nm ~LHEEMICL 7 FF 5,
FhEC B & 345 nm DWHIBEIM g * AL > TE{LE T (isosbestic wavelength) .
L7cddo THEBEM g 2 IREIC L 6 FHIBANIE TERBREDOKET 5, furaptra L Mg?- &
DHEERISOBMERERDDI D, ¥axy NATHABRPOMg > B EL*LT 2 T
furaptra DEKXESEME L7 (32°C) (Fig.-2) , Figure-2 D {EEh X furaptra O #%
RESHLEHE L, Mg? L #BREICH D furaptra HFOEEG 27T, ERF—4
M g? & furaptra A1 @ 1 THEBTIHEOHEBMMTEC 74 v FT B NTE,

BRBEE 2T 2.6 M T - 12,
Fig. 2

1.0 T T T T T T T

pPMg

MABA I furaptra & AT, BUBB FICHRRMELZ R D, 7 4 — 4 FHEIZIC X 0 HIY
Ry oMz RA CERETo72, BRWMZEZ LTV AMIBIETRA L, %z, B
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2

WS (=3 >, DIAPHOT) M AT — ¥ LIZBW/=F + /S~ T, nominally C a?*-

free T 1 mM M g2 & &{rTyrode WX THEHE L TIT > 7=, H&kiRIL30-33°C IZ{R» 7z, H—

A LOHENIT ZWEERSRKEFH LA, £/ 7802 A —42X93300m A 5420 nm

OEETHREL, 7oy X v 77 4NV F =% LT490 nm LY EEEO®IEZNEL L,

[ FLAEDERTIE380 nm £ 345 nm DRIENXE F 3 v X— LV EETYI Y # x (100

Hz) . TRENORBEEICS T A2HANXBEDLL X HHEM g 2 iIRE & L TR L. MEA
R R R DTS,

BF R s R

HMILA A 518 b7 furaptra DEAFHEL X2 b L, 380 nm ICE—2 &R L, in
vitroD HEHR TME LM g FEBEREBO AT P I THE, 202 &,
HIAZ P furaptra?y F O KEHHAM g 2 FEREEREIZH Y . HIIBPNGFREM g 2 23 furaptra
ORBEER LY R VRN EERRT 5, HIRNANZ brd Mg2 JEfiEa (Mg?'-
free AP THNIE) | & (RBFMeg? BEHRP TUE) KRIEICHIT D in vitro A2
NOBREHEE THPERIECLY ST D L, MIARNANS MLiZi2osMg? @S
LTWVWBANY hATHEHICE BT 22 EMTER (20.5:0.5%, FHHATLERE
N =22 , ROoRZMBNMIBAMg?2 #E6 £ 0. furaptra OMRRAEE#H 2.6 mvu (L
) & LT%&!H;‘QWGEHEMgz’?f"ﬁ*fﬁé&é‘rﬁﬁ‘éé:‘ FHJo.e7 mM Th o7, WFHEM g 2§ &

Ok, Mg Meg? BELZ1.0 M 2260.5 M ICETFTEETHLHBE LKL LR 1,
F 7. Miyatab ) D FIEIZ LY free acid WD furaptra #EA LM TYHL HE 2 ET
o T,

HIBABRBI A M« (b s e L & DMIANGEREM g 2 IIED b &, HLA £ V%R
gZHATHE—-MB@»rSE=F— Lz, HIlRS4Mg? BEx 0.5 mM 22520 mM (THEIMMT B &
AN WEREM g 2 R IEIT P o <D L7aMRIARM T LB L, — MR IS4 100 pv BIIN L 72
(6 Gl HI R oo ) o AIAZZEM g 2 R IE 2 O 0.5 mM IS AT & o Al e PN 06 BIE B I X
HLEDLNNFETHD Lo, aFbEMeg 2 RE (20 mM ) 12 & 5 R oM % 8 i
THE (4 °0) MMAPIBEREM g2 RIS o2 mmL, 6 MR H#ICITTEY 3735 (240 M)
Mmoot

L L. AIaN SO BFHEM g 2 BB MMM 2 XS A TEHMICHMBm LTSRS, M
PNBEBEM g 2 B JEITMNIRA LV EEHEFSLS R21ETTH D, LA L, BlfEE TOWFZERL
oo ELAPROMER (L) ITMEANESEMg? LA w1 (TR THBH L &
FLTEY, Ml bhrOMeg? <A LEMPES L ENRBEINE, £ T,
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AR M g 2 fi B HEASAIARSI N a © BB, MALA c-aMp WEIC K » THIE S Ty 5 7
REME?) 2 BRET L7z, Tyrode HZH MNacl % TMACL (tetramethylammonium chloride) T &
MLT, Ml Na " RELZBETSER, bL, MIRAMg > BHMKDO 2N a - -Mg?

FMRICEV@HMENATWDED2 G, MEMNEREMg 2 REIIRWMNT 52 LM, FHEH
e, Dl b LM OUERTITHE A MIBAM g2 RIEZ(LIZRD 5 7eh »7-, Nacl
% K-methanesulphonate TE#M L CHMEKEZ M oM TH, MIBNEHEM g 2 & AF %
ftLedoiz, £/, 10 uM isoproterenol # (EJI &t THHINGPIWEREM g 2+ i1 o % (k.
TR ONT. HilaNc-aMP BEICEVHE SN DM g2 ki OFEEL BT 531
R oniehrosi,

DML, DRI TI b3 K 7 OB LA LA MEl En s —F, Mlap T
VRN=U AR EIN . INODEEBLHONFMICKEEESEZDEEXZLNTWES, o
DS, MBPIMEREM g 2 BEEA L., ZOMg?  jRAEELAMBEBREZ S LT\ a
fEtEidh 210, 2T, T bar MY 7 oOBLMOEBRLomMEl, 3L UCMIBAT & F—
SADMILAEEHEM g 2 i B IS BRI T RIS W THE L, BE(bPBEEE (L2 MM+ 5 7=
¥, FCCP (carbonyl cyanide p- (trifluoromethoxy)phenylhydrazone) Z{lifi L. & 5 |(C
RN ST ROz, 1 uM FecP B 5% . #MIBaPMEREM g 2+ % F X A5dic E 5 L.
FISHT—E L~ MITE LT, AIIBPEEEEM g 2 IR II R AAIC0.6-0.7 mv HISN L, &
EEOMg? BEDOK2HEICELZ, Mg REOELICD LEN T ILEM L s
Fccp B EHEA T, 8N THIEROESBEE THEM L, AMLAMIEZATP2E5L
W TTriton-x (1%) THRET D LbET 20T, TOEMEHIIBNAT P OKBIC &
5. Rigor ThdEEX NIz, FAERIZ, Hiilie 5% co, TRMESET, MRNE LT
MBS 7 o F— 2ADOMEBMNBEEEM g 2 REWCXH T 2R ELHa Loy, AERE(LIZR
b o,

5

7 v PLEIHANGIZ BT, MMM g RIEO DI Lt (1.0 v 7250.5 mv )
LA AN BEREM g 2 IRIE D T OELEZVEB I E R o, TOI LT, Mg el
Jefdi IS b D R EENRIE A AN RS M BEM g 2 i IEZfLIc L Db o TR Z & &
MR T 2, ZOMRETBEL MBS DIERICLEDZ LD THAS S, £7=. MLt
Mg 2 il A I ICHIC L Th (20 mv ) . AU PIGEEREM g 27 BRI 0O 25 i JE A 1S bR
BT, DAl b BN OREIH TR & A B A S AL A 7o, (0 B~ 72 0 B BE 00 45
o (UALSMIEN a 7 | MRS KT | MM AN c-aMp IE, 7 F—2 ) 1Tk ->ThH,
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Table 1

Ca 2*/Mg?*  Buffers

Species [ ] Kp k, k.
(umol/) M) st h
Furaptra - Ca 300 4.7e-05 1.25e08 5875
- Mg 3.6e-03 3.33e04 120
Troponin -Ca 2x70 3.3e-09 1.0e08 0.33
- Mg 3.3e-05 3.33e04 1.11
Myosin  -Ca 2x70 3.33e-08 1.37e07 0.46
- Mg 3.64e-04 1.57e04 0.057
CaMod 1 -Ca 6 1.88e-06 1.25e08 235
- Mg 1.96e-03 3.33e04 64.7
CaMod 2 -Ca 6 1.84e-06 1.25e08 230
- Mg 2.92e-03 3.33e04 96.4
CaMod 3 -Ca 6 7.49e-06 1.25e08 938
- Mg 1.25e-03 3.33e04 51.3
CaMod 4 -Ca 6 6.14e-05 1.25e08 7675
- Mg 6.14e-03 3.33e04 203
ATP -Ca 3000 2.0e-04 1.25e08 2.5e04
- Mg 9.0e-05 3.33e04 3.0
P-Creatine - Ca 12000 7.1e-02 1.25e08 8.9e06
- Mg 5.0e-02 3.33e04 1670
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LR PR O FEME TIXAIENEMM g REZABEICELE»>7m, TOZ Ers .,
JaNMg? ITEFE LM THIEFICEEILH 1 av FHICR7-ATHE Y | #MAEEE O @
FEICIEHLEVEBELREHEZRIZL TS EIEXEXIT LV, Table-1 ICHIANOM g2+
FEAMEEZRY, MRANOERLMg? FEHMELTIX, ATP, Z L7 F 458 (p-
Creatine) . A/ ETY =2 Vv (CaModl - CaModd, 1 3 FIC 4 ODRESEHMEHED) . b
oR=V, IFVREBHY, ITNODOHEERHMICEEG LTV DIMg T EMMg?2 L b
ML NEEZLNDIY, Lo T, DI REMM g2 L (b 5\ iZ8m)
BhHholeb LTH, EMeg OB (LbD2WVWIEHES) KLV ERMHITHDATLEL,
VEREM g 2 REDOEE LTIRHERBREN VOB LR, MIBAOETEAMg *F4
MEETHDATPABLERNET, Mg REOKRELE(MNBRENI I LIiX.
IORBEZIFTILDOTH S,

ARTIE, I ha v FY 7 OBREMHEELOEEICLY, HIMAMg BENRKE L
BT DIENRENTT, TOZENL, EF TRHIFFRCTEICHBTIN TV 3N
HEM g - LN EBRFRETREEDG LT <20, MIEEIC KR EBEr 52 57
MRS D LEEX D,

SHDORE

ATFRDFER S, MMM g 212 & 5 AN EERE R ICRI T 5 V4 1% o 1 % 72 DF FE 20 RE
B O AN o fz, MALPEEEM g 2 IR IEH 2 MM CIREFEICHAE S ATV T, A
Bl (2 — 3 WeR]) TIHHMMBBREIC LD B LIS WOREICE R EBY THEMR, &5
IRV, 2058 -MKEASAOKRMEBTED L IICEBT I 2> Tixbr
L, A%IT. LYV RWIMZBE CHMAEEM g2 RE* T =4 —FT 3 ERNBLET
HA D, AN TRV EAELFMR T, MBOEEAET SN, HEMU EDER
HEETHD, LV ERMEMOERICIIEZRABOERAZEZ TS, BEEEFFHERD
B TiEHon, MEFHTM@OETTLELT, 7y b KEIRBENRDA 7 ¢ 5 MBS
furaptra AHA L., AIAM g REDEREZT> TV 5, ZOMIE TG . 1PN bk

Mg REIZEMM TIHRERLIZKCWEWIHEREREORTEY, LA ELEEMICE
LihERIKRTHD, SFITADOE—F—TOMIBPIBFHEM g2 T A Hmat LT -
U,

L) — OO ELRRYEIT, FORZRIETOMBAMg > LRXALOED THA S, EilL.
PCAs K IE THIIE N @ = XL X — RS LN REB L7 & ISR Z A WFREM g 2~ 2 25 (L
NHJAEEREICED LI REBLEE XD IT L bho TR, KPR CTHEINT 2%
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BRIEOWEHEM g2 LA D EHDBH/NRERLRHRE EOREL(LSEDIMN. LV ELEM
HBMENRLELEbS, TOBMOLDICE, BEEFTELLTHMLEZISE L
OPFENRTONTELD, SHIFLVARMEOME LR IFZTOMERNLEL LB X
5o

AR

1) White, R. E. & Harzell, H. C.: Magnesium ions in cardiac function. Regulator

of ion channels and second messengers. Biochem. Pharmacol., 38:859-867, 1989.

2) Fry, C. H.: Measurement and control of intracellular magnesium ion
concentration in guinea pig and ferret ventricular myocardium. Magnesium,

5:306-316, 1986.

3) Romani, A. & Scarpa, A.: Hormonal control of Mg?' transport in the heart.
p g P

Nature, 346:841-844, 1990.

4) Raju, B., Murphy, E., Levy, L. A., Hall, R. D. & London, R. E.: A fluorescent
indicator for measuring cytosolic free magnesium. Am. J. Physiol., 256:C540-

548, 1989.

5) Konishi, M., Suda, N. & Kurihara, S.: Fluorescence signals from the Mg?*/Ca?*
indicator furaptra in frog skeletal muscle fibers. Biophys. J., 64:223-239,

1993.

6) Miyata, H., Silverman, H. S., Sollott, S. J., Lakatta, E. G., Stern, M. D. &
Hansford, R. G.: Measurement of mitochondrial free Ca’*' concentration in living

single rat cardiac myocytes. Am. J. Physiol., 261:H1123-1134, 1991.
7) Gupta, R. K., Gupta, P. & Moore, R. D.: NMR studies of intracellular magnesium

during myocardial ischemia and reperfusion: Possible consequences for post-

ischemic recovery. J. Mol. Cell. Cardiol., 21:1209-1218, 1989.

—194—


SSRF020
スタンプ


8)

9)

10)

11)

Buri, A. & McGuigan, J. A. S.: intracellular free magnesium and its regulation
studied in isolated ferret ventricular muscle with ion-selective

microelectrodes. Exp. Physiol., 75:751-761, 1990.

Allen, D. G., Morris, P. G., Orchard, C. H. & Pirolo, J. S.: The nuclear
magnetic resonance study of metabolism in the ferret heart during hypoxia and

inhibition of glycolysis. J. Phyiol. (Lond.), 410:297-323, 1985.

Murphy, E., Freudenrich, C. C., Levy, L. A., London, R. E. & Lieberman, M.:
Monitorint cytosolic free magnesium in cultured chicken heart cells by use of
the fluorescent indicator Furaptra. Proc. Natl. Acad. Sci. USA, 86:2981-2084,

1989.

Konishi, M. & Berlin, J. R.: Ca transients in cardiac myocytes measured with
a low affinity fluorescent indicator, furaptra. Biophys. J., 64:1331-1343,

1993.

—195—


SSRF020
スタンプ


Regulation of Intracellular Free Magnesium Concentration in Cardiac and
Vascular  Smooth Muscle Cells.

Satoshi Kurihara and Masato Konishi

Department of Physiology,
The Jikei University School of Medicine

Summary

We estimated cytoplasmic Mg®* concentration in single ventricular myocytes
of rats. The myocytes were enzymatically isolated and were loaded with the
fluorescent indicator, furaptra, and the fluorescence signals of single quiescent
myocytes were measured at 32°C. The excitation spectrum of furaptra measured
in the myocytes was well-fitted by the spectra obtained in vitro; thus it was
possible to calibrate the fluorescence signal in terms of cytoplasmic free Mg**
concentration. The analysis implied that about 20% of the indicator molecules
were Mg**-bound. If the in vitro value of the indicator dissociation constant for
Mg®" (2.6 mM) is assumed for the cytoplasm, free Mg?** concentration in the
cytoplasm is calculated to be 0.67 mM. Superfusion with a high extracellular
Mg?" concentration (20 mM) caused a slow and slight elevation in the
cytoplasmic Mg™* concentration over a period of a few hours.  Other
experimental interventions, including application of a low extracellular Na”
concentration and isoproterenol, and CO, acidosis, did not cause a detectable
change in the cytoplasmic Mg?* concentration, whereas the application of an
uncoupler, a blocker of oxidative phosphorylation in mitochondria, caused a
rapid and large increase in the cytoplasmic Mg?" concentratin. It is suggested
that the Mg?* concentration in the cytoplasm is tightly maintained at around 1
mM, unless intracellular ATP is depleted.
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