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F—U—F: WPy, =W, BEEHEERE, Na', K'-ATPase

XL HIZ

RPN AKTTHERET L720I21E, KNOREEEL —EIHRDODZENRAARTHD. —4HED
9 BT & MK A TR 3 2 BRI oo Y 7 BT, IRIGHEFEIRERE A 75 21 28 0 B R
528T, ARBREOHERENME L TOERNOEEELZMER T2 2L TED. Hlx,
WARPOMTIE, KANRAT DR 727K 55 Z BN CIE L 72 AKF 72 R & L CREICHEH L 722
NH, RETDH Na™RClA A ZfN ORI L THi 5. Wz, KPR ORIENAKZ P <728
ICREOWEKEZSRT & & HIT, RO Na', CI, Mg™, Ca"%5DA 42 %4 & fGn o Peid
o (NH 1977 ; 55 - FEF 1991). 7 BT, A A OREBiaE oK i Rz 3
fill (Zaugg and McLain 1970; Wedemeyer et al. 1980; Buckman and Ewing 1982; ¥ % 1985; Ban
and Yamauchi 1991; Ban 2000), /& (Holmes and Stainer 1966; Eddy and Talbot 1985; Ura et al.
1996)3 X OV (Evans 1979; Colli and Bern 1982) O#EI2, £ & L TR OMTFEL <
RO TE. LL, MEAEIE~BITL T LRIIENGET 5 £ TOMICIIT 523
HREICHOWTIE, ZRETHEVERBINTI RN o7z. AR TIE, BRI 5 EINRE
FCOAVNTRTIRBIEHEHEEOZEL L, ZOWMRIZE 2 DR EORELZ, HIFHENEL
LY & R THER LRI OW TR T 5.

RERHOANTT BKENEDEL

Y3 ENTFEORIEFEOR G EMREKE EKEIGE) 28511, 2EE»E~
THZLIERCHMBNLTWS., —J7, R=VP3ETN THOBEORKEE R 1%, 1
KB IGRE 2 G L C AT MU LT EIR D B EETE~BIT T 5. 2O X 5 2R R
DIEVT, MEKESREDOFIERRICO KM IND LEALND. AKHTIE, ST - FTEHR
Y — TR XPT CREIMWOKEE SN 7 & R_X=Y 7 0vmd, MKESEDZ L%z
TR 5. MEKHEISREN, A A RSB D 2 D Na', K'-ATPase D&M (ATPase {5 1)
&, WEARBAT2ARRI R oM T b U v AR (I Na) 2468 & LT~

S ETEREHE Y KB EL6S
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210 24 FEBRICHW =S 7T SMEE
4
%200 - 120 48 HBOIANG12HA £ T, £/
il - @ .
Lo | {16 & =vrommoTinoEs
| < ‘
z 170 120 D6HET, Krx 3T FTE
- 18 - _ e
8 160 L B v & — TR KO E
& 150 | sy 14 8§ B
o T8 KTEALE &b, I
1A 28 38 48 58 68 78 8H 9RA 10A 118128 ﬂ 82)% Z)S{%Lﬁﬁ, 3ﬂ ul‘é&i
210 24, Lo THDL., ZOM,
g?'é 200 120 M8 i H 1 EE I B OERLE L
I B 0
2 128 - 116 & KBATHRBR A 4772\, ATPase
i <
;1:170 . 12 0 WM &L Na & 204 L7z, %
L 1 8 + 7
g 160 s BRI i, o OEBR X
H 150 | 14 &
40 oo . . 0908 |, 0® (336 mm 725175 mm £ Tfif
7R B8R SR I0RTIA12A 1R 2R 3R 4R 5H 67 W7z . ATPase {& M (umols

®1. YokEE L7z (ER) & ~=4% (FE) Ol Na', K'-ATPase  Pi/mg pro/h) &, FF&ID1A
TEVE(@, pmols Pi/mg pro/h)ds X OVM/KBAT24R % o~V ¥ 52 HNZ2~3DIEAE 2 L=
AIRFE (O, mM) DIREEARAE B, B LBEALRL, SAIC
17508 —27 2z 7= (X1,
EREI) . 0k, EMEITERT L2, EBRE T £ TI0RTME OB 2 #iFr L7z, 4 Na(mM)
X2 A 1220084 B2 7R L7223, 3A LABRIEIS5S~168DIRMEZ R~ 7= (K1, EREL).

R=VroRYEE, EBRPIRAIZ7I mm 2>5171 mm F THE L7-. ATPase {&MEIZX7H 12
502 LI, £O%I2A TR ORM AR L (K1, FTRER). 373 LEOMEIX
ALbAL, SHIKF2190 =2 2 /-, M Nal38H 7 62H £ TI90L Lo m ez R Lz

2, ALK T L, SAICIEIS3.00EMZ xR L (K1, FRAWL).

— AR DY BHERE T, D ATPase IGMEMS B9 2 W & M Na MK T4 5
FEANIERICE S — T 2R3 H 25 Z &5 (Wedemeyer et al. 1980; HEF 5 1985; £ 5
1987 ; Ban and Yamauchi 1991; Young et al. 1995; Singer et al. 2003), #® ATPase 23K H Dz
BIEHENICEBERHZEZR-TEEZ26NTWS. SO/ RIIZOEZZESTLHLE LD
\Z, 80> ATPase IEPEN Y7 & R=H (230l Uz, WiKEISREZ M 272D DfEE L LT
AN THLZEERLTND.

L7rL, IMH Na OBREICIIM AN TRV vz, 7 o%E, mH Na l3iE E#
DIA B EEHE TRFO12H £ TIREZ R L, Z ORI OWEKEIGRED @V IRBIZR oL T
Z NG D. [AEEORE R IL Hasegawa et al. (1987)HiRE L T\ 5. ZHubOFERIL, o7
FELTeA72< Eb107 AL, (TR CTHUFEAE~SBITTE 2REIZH DL Z L 2R L
TWo. ZOX DIk aTRHIMA R WY 1L, BRBICE LR A RINL SO, B OI|E
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AIEBATR 2T CX 2R S0 H D, T D), V7 OREERICE T DRSS,
KEJSREDOH N LRI ESND Z L3t nx 5. St L, =57 KIS RE
BT DIXVERDAANHSH DA T, ZOMOHIRITRKIL DR ZEREREZ = L7z, ~
=Y L B0, WHEERABIT T DRNREIEHEEEOE CRES D Z &
2725, L, BERFTIE, WKEISRED & E AR O RRENS LT LS FRMICE LT
WD EIEIR SRV, T XD iy, REEFREHERE N RAKA~R D X=Y 0%, EATE A~
BATETHAIBIIRE T 50 THAH. —HImADFEKIRE TTo7c RO 2 F L
THKAEIE SR S TN, X=Wr LERRIERRERNR T 2 7 TR Tn5
(Formar et al. 1982). Z D X 912, BREESMRE CTHREMNAL 2 AN H 5 X=H% 7 D
FEIZ IRV TIE, BRI L7 R 2R T 56 & & bIg, BREDFE 2RI E b Tl
KEICREZ @O B E MR T 2 ENEETHD.

B DHED ATPase &M & 1fi.H Na OENREZ Lz~ 5 &, ATPase IGMEN ' — 7 BRIZ A~ TR
T L726H LI S M Na iZRVVEZ R LTz, 2 OREERIE, 6H LMD ATPase iEME (9
10 umols Pi/mg pro/h) N &HAUE, V7 I3+ 2K ~E#SETEHZ L Z2 R LTS, L,
filf > ATPase 1341 A > OREENEICEREE D> TV D720, ZOIEHENEWIE SIBET 510
BRIEAREZ Do TG TE D LHEZEINS. 65T, il ATPase {EMEN ' — 7 IZEET B I
B]IZ, Y47 ONEEREE A i b I 3E L7, DI D A7 ORI & W2 B0 Live .,
ZORIE, RBRMLE OB THRAET D2 LENRD 5.

FRERDEVNBKEBEINREICEZ 55 E

Weife U 72 S D A FRIC B O DMK EIGRE OB REIE, ARRESCHTREERNOREL TS

ZEPHE SN TWD. v Th, KESHRERE, &2 WIMERENEOREBRFEICS 2

HEITH < OB TE T (Zaugg and McLain 1976; Wedemeyer et al. 1980; Thorarensen
and Clarke 1989). £l B EREE OE W DSEKEISEEDFIZRBFEIC G- 2 DB LI L L TEL
T, HIEEINOUERIZ SRR D LEZABND. KETIE, KEEOENDT 7 EX=H
I DUEKIEISEEIZ 5 2 D 8B EFIRIAERICO VTR T 5. 7ok, WKBEIGEEOREL L
THED ATPase {&E1EZHE LT,

YV OFEBRTITMURELEZT20F (A, B Z&l), B EERO2LANLAETHEL
2. 1HOMKEEREZ, ARHIAREL g %729 1.5%, BREHI3.0%IC5%E L=, EBRWRKY, 54
IER0RDHEZRE L TRXRLZNET 2L L HIT, D5 BLI0ENLAlAZTRE L T ATPase
TEVEDSHTICHE LT, X=Wr o ERTIE, MEr 2L TERRERIZEZ 5 2 7238 (C-E #)
R, WAMNSLEEDSAETHE L-. 1HOKRE, CRIUIAEL g 4729 1%, E X
3%ICERE L7, DEEOMEERIT2r AMICEZEL, UANPDIAZEEL g ¥7203%, 1LAND
3H%1%, 3AMMBSAZ3%ICHRE L. 7 &_X=H%r & bIZ2TORIIKENI0COM T
KTEE L.
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4 - 0 I I I I
28 3R 48 58 68 1A 12R 18 2R 3R 4R 5R8
2. —H ORI A2 R ELg B2 0 1.5% (A FE) 3.k EA=% 5 x TRE LI3FEO~X=¥ /7 (C-E
L3.0% B ) THE LIV O RYE (B ) ICBIT2REXE (EX, mm) &f##d Na',
B, mm) &£ Na', K'-ATPase &M (FX, K'-ATPase {EM: (F[XI, pmols Pi/mg pro/h) o
pmols Pi/mg pro/h) DAL 21k

ZORER, Vo OV RN EITERMM T, AREA36.6 mm H>563.5mm ~, BREA337.3
mm 7> 576.7 mm ~, FXIFFT—EDHPERLT (K2, EX). ZO[, ARED ATPase ik
PEIE6.02259.3F TR~ I EF- L722y, BREOIEMALIZ2H 0500254 D122F TEA L TYE
— 7 R %, 106 MET L (K2, TX).

R OFER)JR X EL, EEBRIIEFIZ, C BE23109.8 mm 7> 5 148.6 mm ~, E #£73108.3 mm
225H177.0mm ~, Fx —EOMONEZR L7 (K3, EX). D#EEXIA £ TE L FEROHD
R LD, MR Z 1%~ B2 5 LRI S hiz. 20k, KBREREFHU3%~REL
7o7=®, 5SAIZIX170.6 mm F THE L7=. ATPase I&VEIL, 12H 0253 ITHT T C HEAS5-8D
Kz /R L7=olzxt L, EBEIMNI0ZMR L7z (K3, TIX). DEREERESOI12ANH1H
D10, FREMHIIO2H 1 B3A136-7T2 R LZ. L L, 4 ICI33REE bES EH- L, 17.5-21.1
DE—7 &Mz 7.

PLED X502, Y7 TIERBEED/ NUBRIZ B TEV ATPase {EEZ R L7722 &b, KD
EAKEIGRE 2 S L Cne EHER SN D . =W 111 A 253 H OWKEISEED R
BN 7208, D72 THIREE OE T ATPase IHMEIC I S, ERERT & iEE
EZmR LIz, 20X, BEROY 7 EAFZOR=Y 7 OWKEISEET, B 52 Hk
EORBEZT TN ENGD5. LL, 4AOR=W 7 TIIIRAE & HEILRIC ATPase
EVER ER L2 & s, 3HEL BICHKEIGERFmE > TVt B2 Db, X=HF 7oy
&, BXEN8 mm giEOMEMEKICHEANSRA~ORE#Z 525 &, WKIEISHEZ 5D
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BIEBHMOTND (fE KER). SEOERTHE, 48 OETI ORI A X% B2 T
WBED R =iz, FEREOE ARSI 72 = & T F I HAHIG RN B E o 72 & B 2
BALD. TIUDOFERN D, Y TR O K EISHE F BRI L 0 T LB T,
REP TR A R L SERBEAE S B o T, B S 2 T BMR R < MK R A o
BIL, WRREND. ZOXHIT, WKHEREE &) B BE IR & N=F T
L7 5 AR B 578, ZOMA B L, MERIRO%REICSRIFSmIE, £V
SR TE S LECH D,

BEEERBRTROIBEEFAMHEDEL

P & RV IR U CHED ATPase IEVEZ &0, M KBEIGEEA ST 5 2 L ITATE
TR ATz, WHFEAETE TR, £ EE S RIS OW T HIZEEITM O ATPase DE) & T—F
IZRTZN TN D EPRRENDI N EDOERIIAHATH 5. £z, KEHENED S PEIIENE~E D,
RN EVF T 2 Fal iR B R BT RS RE 2 Y KB SR AKBLA~EI D A 2 B L B2 HLD A, Z i
FRICBIT 285 13w THw, ZoRICET 21 HRENDRVEIH & LT, MERTIER
FINZE D MBS EOME FRICEHN ERDITONS. AETE, EYHOWEKEEE
Bt Lie_=Wrafal, ~—U 7, dLiEER R L ONCR7- RN & o]
DRIRY I & _X=F = F, BEWED B IEINC T D k& 7eRE 012 55 11 SR Stk BE & R~ 7o fb
RIZOWTHRIMNT 5.

N=Yr ORFGIEMEERE T, AP TRIFERICEDKET Licgifil, ~—U 7
TEE LR, SHICET - FTEFEH Y v ¥ — T i CRINFICE R SN
FUZHOWTIIARTe. WKEFIZVFERO4A D DBEOAA F Ok L, BREITAKBITAIOS
HE4R, BLOMBKBITHOBEA TR T2, =0 U JYWEOREITTA, TrkXpro
LITRIPIZA DETIOA AT
eots. £, Y oREE 25 200

_ . H—*t'—; —8— G-ATPase

E}%Eﬁ*ﬁ%ﬁ%&j7ﬂ DX—VY 7 ) 20 | 4190 "
n(? I

g & 10 8 o AL 3E 5 A % s L 1180 %
*x ] N

THiIE L7, BLOTHX s 10 | 170 z

~ _ . . 8 1160 &

AT CERINAICE & S v Ak % 5 | D/D/D\D\D———D\D/D 1 150 =!

BRI OV T T, BB L o

FRHEIFREIY, 8D ATPase 1 3A 4R 6RA 8R 10A 12R 2R 4A

P (G-ATPase) & & & &

ATPase V& (K-ATPase) 3 B4, VK TRHEE L= 7 2R3 #1(G-ATPase) & Bl

F ML Na % 548 & U C 3 (K-ATPase)? Na', K'-ATPase {4 (umols Pi/mg pro/h)3s L OVl

N
i i R U AEEE (it Na, mM) OZ5 k. 138 L481%
e Yok o, 65 LIKIRIERBAT 6 O R D % 7.

NR—U 7O &R,
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19934 (2l S v 7z A KSR &1 - 9 F0E CHiE SRRV TH 5. fih L TORED,
Rt (BURM 7 27 RERS & v & — B R, MREEEKPETZERT) IS L 7.
B LVBEESRAFE D 727y, BRAFRRRED BB IR IZR ) L CTHW 2[RI I = < AALH LB
5. Fio, EHERREOYV I OBREL, ARSI ETE OMES R OWH I L v Thbh.
oL CHEHT 5.

HIDIZR =T DHTREREZFEINTT D, KT OX=Friifaid, G-ATPase 733H 7254 H
2T T EF L, K-ATPase D% LAl ~7= (X4). Z QRS CHRBRMAOUEKIEISEEN & E -
7o LI ST o, AR ARG & - To ik EE ~BAT L7z, MiKBAT., G-ATPase I%
SHIZNT TETIRT L2, ZORITFUED2LH £ THRAICER Lz, kT oflckils
K-ATPase I%, G-ATPase & ¥ #4-5{K\V ME CRIERDZEA L Z 7R~ L7z, M Na (XK EE &K
BITHORTIZL A LENRO LNT, EFMIHEZ @ C148~156 D THER L7z, ~—U
JWgDFTIL G-ATPase & K-ATPase DA & HITHII5Z R LTe (5). Tk Xpro_X=%7%
B D G-ATPase 1THI3E THE LML TF LI=DITH L, K-ATPase I3£ T 0 FRZR Lz,
Na |3 —VU 7 OfA174.0, Tk roMn143.5% 7 L.

WIS DR RERBI T 5. _X—V 7OV 7 T, K-ATPase 7% G-ATPase % & T
EE STz (K5). BEHIBEICREE L2 71E, G-ATPase 73—V » OB DK/ E T
RFLTWeR, T proMIES bICfEZ N7z, RO M0 K-ATPase 13K & 7228k
2o Ty, TR XFTOM TIHMENE TR E 72, iH Na 13—V > YOI e~ TR H
INFEOMEN E < 185IZFE L7123, T KT MaIL1401Z R - 7.

B G-ATPase

18 K-ATPase
O Mme#Na

—_

—_

o N A O O O NN Bb»

5 LB DNa’, K'-ATPase 14 &
mepFrYo LEE(%x10)

AN—Yv 5 (H#47) R—JoJ(R2) EB(H47) Fmk () Fm(R=)

5. X—U > 7, EHBER L OTRIETCEE LY 7 & X=V 7 2R 8(G-ATPase) & &
Jif(K-ATPase)?> Na*, K'-ATPase & (umols Pi/mg pro/h)3s L OMLH 7 kU 7 LA (I Na,
mM) DOZEAL.
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LI EDOFERMN S, WHEAERBITER, EIVICE S A2 R T IRBEREEIE DL E L FIFE T
L&, 1) WAKIZEE L7z oR AR A O£ Tlx G-ATPase 23 FEERT O B — 7 BEIZ -~ T
KT 22, ZoMoMmt Na l3RLE LTS, 2) hFE~KilfE L7-fTlE G-ATPase 73
ELIKT L, BEICREERESRE DMK IIA~OENEE 2 & & I, i Nad EFT 5,
3) PEIFHIO Tl G-ATPase 25D TIRVWMEA 7R $—J7, K-ATPase |34+ LA T 5L & b1
A Na 3BEHERTOMEIZR 5, FORBRA LN E7eoT. Tz, V7 b _X=Hr w3281k
FZ<omTHEBEL TV, LaL, HP—EIXRZND & TRL TWIEANOREED,
JEHEBFEOT 7 T ART AR, fH Na 28 EF-T 2R E 7272 2 LI EBRGE. BT
IR LM Na © EFIE, I EZARIAT 030> 7 FiZ72 > T D E LILZRVA,
ZOREHALNTT HIDITITE 2 DA, AR S.

FEH
AFGTIE, BRI OV 7 & X7 PR IIEKE G @%éﬁ&&,%@ﬁﬁ 252 %
TRRIR DR DWW TR T2 F25 01, 36 K ORI L T b EIRHNC 2 2 fa 012 =R Hitkae
(ZBAT DM A2 A M LT, IRIGEFREIHERE XA D AFFIC B D R TEHE /b EE
HHMD, AIEREZBE U TEOELEZHONZT D E L BT, BASCRIER IHE I
%wﬁ EAET 5 2 &iE, BIEHO—MIRhD1EAD. TOEKT, RiETEHRTHIED
(ZBI9 2 50 RIS FRCHER I B W TR VWO RBURTH Y, A% L bEREERE 7 1 —
v RFHEOW 2 AN RRE OB R A > LERH 5.
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