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Studies on the Amino Acid Transport Systems in the Human Placenta
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BE v rRRBERTS7 ¢ VBREEBBEOMEYH LN T A, MPALEESBEOKRE X » R
Ui EiE N2 vy, L-alanine, L-leucine D21\ TR L7z,

T U S HIRER M ORI E 2 A {LERNCEE LR, MMEEOEERE R ©5 5, alkaline phos-
phatase, 5'-nucleotidase O HiEMHIZRAE A £ 2 = X — MTHN, 9 ~11E FEE LT\, 73 VB
BMYABZEBEIEZ 4 v 2 —FEI I DBIE LI, BV IARE ERIGBRICMZIE 2 v 27 20200ug B
) ORICITEBRBE®RA DT, BN £ v e b oFE (Intravesicular water IVW) /mg #
v 2 2) %#3-O-methyl-D-glucose Z V- THIE L& & A, 0.59ul/mg & v -7 ThHoiz,

L-alanine, L-leucine ® BE#iLE 2 R\ e B D A&, R EEREI0mMM CiEffimcEZ L, Wi
7wy MITX H3RDT: L-leucine 12335 Km 1x4.2mM, Vmax (31.16gmol/ml IVW/30sTH b,
TTRBELCL I 2HDOEE T 2 — & —% D L-alanine DFE L IZA LI E DT,

LARTEYAEND LI T35 L-leucine DEL D A KL, 100mM Na* BE QELFLE T TIIH 2 51
B4 X iz, L-alanine DB I B b overshoot HERIZFED Sl ayof, 100mM NatiE g ai
FHETCTORYAAZEI0% & LT, FHET 3 VBEOBWERTH S A, ASC, LERDEI G EERE?. 1
mM DE&ETTRD S &, L-alanine T1355%, 20%, 159% & 7z b BfliLE10% T #H 7. —7F L-leucine
TRENFEN45%, 0%, 15% &7 b BEHigRE40% TH e,

DEo#ERL D, v REEHEECEET PHT ¢ 7 BBo#mkRiE, L-alanine & L-leucine THA
W REOTWE I EBRE N,

Synopsis To characterize the placental amino acid transport systems, L-alanine and L-leucine uptakes
were studied using microvillous brush border membrane vesicles prepared from human placenta.
The specific activities of alkaline phosphatase and 5'-nucleotidase in the membrane preparation
were enriched 9-11 times as high as those in the homogenate. Intravesicular water (IVW) volume
determined with 3-O-methyl-D-glucose was 0.59:1/mg protein. The saturation kinetics of L-leucine
uptake by the vesicles equilibrated with Na* gave a single set of Km (4.2mM) and Vmax (1.16gmol/
ml IVW/30s). These parameters were clearly different from those for L-alanine uptake reported
previously (Asai et al.: Biochem. Int., 4 : 377, 1982). In the presence of an inward Na*-gradient L-
leucine uptake was stimulated about 2 times, but transient accumulation was not observed differing
from L-alanine uptake. Discrimination of the neutral amino acid transport systems in the presence
of an inward 100mM Na*-gradient revealed that the relative contributions of A, ASC and L systems,
and simple diffusion were 55, 20, 15 and 109% for L-alanine, and 45, 0, 15 and 40% for L-leucine,
respectively. The results indicate that the neutral amino acid transport systems in the human
placental microvillous membranes are clearly different between L-alanine and L-leucine.
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RN RE T « BEXRT 50,
ORI I N B LA EOWE X, BN
LIOREEL ML CTRRIFABEIN TS, L
L, &V A2 EonTiE, 1gG e ELED L D%
BTk, BBEZEBATLZENTERVD,
73I/BRELTEES R, BEATE v B
NBZ b T b,
BEAEDT I BRI RMAILF X v BRIRIIA T
ZTORENEL, BETESMEIL TS LE
ZHRT VB, BRBIZBIT5 7 3/ Btk
i, i vivo, in vitro & H\ < DHDTFENC X
DTN SR T 5, in vitro DEBR L LTIL,
& UTRBERIER 2, 2 5 4 ANV e L
ThohT&l, TnbOWRIL Y, 73 7Bt

il

MARE RN, BEARICHLTY, 73 2 8s

L= SR RIC L D IOOEERE X B E AN
Lo Ent, Larl, BEOLOHEETT 3/
BR DVBEBIEAS X T\ B DD W CERE] B hvic
ShTunizes, S HICHTROSEERIGETE, KA
DT 3 EHFEEE LB RS AN A S
ENBIDICEDOBINCIIE T, HRATE
B TH % a-aminoisobutyric acid (AIB) #3
LB T EMNLEHDOIME®  Unl, M g e o
2 RN R O BE L BRI T X B S hie—
EOGMETTREKDOT 3/ BOWEL BN T 5 2

=¥

11

EMTREETH B9,

—JihtE 7 § VBOBBERTH S A (alanine-
preferring), ASC (specific for alanine, serine,
and cysteine), L (leucine-preferring) iz o\
T, B4 DOfEds « Ml CTHEIEL, &< oF
73 BTRED 3 oDWMERIE A« DS TR
ELTWBHZ ERMBbRTE 92,

T, AERTIe FEEL OB L A8
FEREE H, KBRD 7 3 7 BTH 5 L-alanine
(Ala), L-leucine (Leu) DEGERITDOWTHEN %
B ieoT,

EERMEL S I FE

1. MRERER N a0 FREL

b MEHIEE RO KE S, Smithet al, 00
FECHE U TR U B Ry R L (™
1), #%LH isotonic buffer & LT, @ Krebs-
Ringer phosphate buffer (KRP): 130 mM NaCl,
10mM Na,HPO,, 4.2mMKCI], 1.2mM MgSO,,
0.75mM CaCl, % & %4 H,PO,ic X » pH7.4 & L
7o o, Fi2i¥, @ Mannitol buffer : 0.3M man-
nitol, 10mM Tris-HCI, pH7.4 % 7z,

2. BREHONE

Fa BB NMa oM B E R, MITRS
#4583, 3 754> B alkaline phosphatase® &
5 -nucleotidase? (#fl @ B&), succinic

dehydrogenase*?V (3 + 2 v F V) 7)),

fj1 Preparation of human placental microvillous brush border membrane vesicles

Fresh placenta was cut into cotyledons

Blotted and weighed (100~150 g)

Suspension
Supernatant
Supernatant

Pellet

Washed and rinsed 3 to 4 times with 0.9 9 NaCl
A 1-cm slice of the decidual surface was discarded

Cut into small pieces and rinsed two times with isotonic buffer, pH 7.4

Suspended in two volumes of the buffer and stirred gently with a magnetic stirrer for 30 min
Filtered through a layer of coarse cotton gauze

| Centrifugation at 800X g for 10 min
| Centrifugation at 10,500 g for 20 min

L Centrifugation at 105,000 x g for 60 min

Suspended in 5~10 ml of the buffer and homogenized in a teflon-pestled glass homogenizer
Stored on ice until use (within several days) -

(All procedures were performed at 4°C)
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arylsulphatase?®(3 4 v ¥v'— &), DPNH
diaphorase®V (= 1 7 = ¥V — &), lactic
dehydrogenase® G E B EE ) OE M % HIE
THZ LI DB IeoT, ¥ RBEREE Y L
THID, BEFAETI2F—-rBI O~
V- AGEELTOIE SRE LA, MK AT
WL, ME»REEIR O BrELcfh#E%Y, ML
9 2 o sucrose buffer (0.25M sucrose, 10mM
Tris-HCl, pH7.4) @&E L7z, Zh% Waring-
Blendor T, ZmAE T3 HEAEY =F 4 X
Lic(BAErEo 2k~ b)), IHRIDKEY =
F*— F%10,500X g, 20 E= 0L, Bbhic LR
105,000 X g, 605 L L, CohELZ~A1 7 R
v — a4 & L, A ED sucrose buffer 12 fEE %,
BEREEZAIE L.

3. WY AHREDHE

BB NE (200ug # v o327 LIT) BRER
12100kl 178 % X 5 Rl o RGBT A,
25C CIOMMEMGE & 27, 1 ml D ice-cold wash
buffer (0.80 M NaCl, 10mM Tris-HCI, pH7.4)
EMZAHE LIV RIEEREFIEZR, iEbiIcE
7 42 & — (Millipore, HAWP, pore size 0.45
um) ZCTHETE®E, 5 ml o ice-cold wash
buffer T 2 EI¥EEHE, FRIME T v 7 CRRE I ¥,
DO 7 4 &2 —% 5ml @ toluene scintillator
At, Beckman LS-9000 liquid scintillation
system 12 CHEHEME X BIE L7, B O AR ER D
control & LT, RIS 0 oo EL Hu i,

HE AT A —F2 —FKRDIH>ICLTRDTI,
KRPCHE X n - EE Ma%x, KRPIZE
BLT- R EEE (0.075-10mM) @ “C-AlaZ /=X
HC-Leud UG & ¥, FREI BT HMVALEY
HITE L7 (total uptake). mediated uptake (Y)
1+ Akedo & Christensen O FENC L7z h32>TLEL
ToZ ELFHELE, BPMRADED ALREE

‘g%mmmmmumweﬁﬁ&%ﬁ®ﬁﬁﬁ

b, RO L>RHLINS,
dVvi
dt
7eriL Vi BEPNRAOEERE, Vo 3RILE

=Y+Kd (Vo—Vi)---(1)

HERESE 15

BROEERE, Kduh#E#KTthrs, K%
BoTsrz itk rRQ@QO% 5 5,

%:%(1_6~Kdt>%+ (1—8’}{‘“) ......... (2)

LEEE Vo 7141 Em ) 1 mediated upta-
ke (Y) fgfniLizig—E &7 b, HRBCEHR K
ik, Vi/VoZ 1/VoleRi LT mry LI T 7
DY X vEtETES, X (2 LRI KD
7= Kd 72> mediated uptake (Y) DNEH IR A,
YEEREREOWMMBH T v v b X DEE T £ —
# — (Km & Vmax) %Rdic,

51 4 vIREARFE T CORY ALERITK
DX BRI Inotk, RERE T, 100mM NaCl,
100mM mannitol, 0.1mM C-Ala B %\ 30.1
mM “C-Leu, 10mM Tris-HCl, pH 7. 412725 X
5 1 G EWE % YERL L, Mannitol buffer %l X
NI IR Y N2 5 & L X b RIG R B
X@fe, T ORE, BN L T100mM © Nato
NHEREAEP TE T\ 5, & % Nat-
gradient & L, NaCl @2 0 iz LiCl Z i\ 7e %
D% Lit-gradient & L7z, ¥ A vE2ET
W4 (Cation-free) 12k Eyh o KIGE 2 B
NaCl & £ 0D ISR /0% X 5 IZ man-
nitol XMz /b D% FH\ e,

4, T 3 BREER OB

AT § JBROEIERE LTI AL TV S
A, ASC, LRI D\WTENT Lic, £R0OEHEID
Tk Christensen™iz & D 2E L < HRE S T
%5, HEROBTOBHEIGE, EROBEEE
X ARHERRIC X W RD B LV E, BA A
VIEKT AREROECHBRD B FHEDEND
%, BEOBED AR Narikgr, @ LRk
Na*JEkfFtE, *7:@ ASC Rk NatiKENETH
HRLINC L OTERL S 5108 W5 HikrFI A
Iha,

AEBRTRZDOBA A Vet T EEEDE
DBHUTOZ EL ERERDI, O AR Na*-
gradient 7 F T D EL D A & > & Lit-gradient
HETTORMYAAEELF Wb D, @ ASC
%%, Lit-gradient #7ZF T TOE D A H 0 b
Cation-free DEE DI D IAZ T ZE LG\ o b D,
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@ L%x Cation-free DHEE DI DAL 5, B
FEEDE=EH] (12.5mM L-phenylalanine) %1 x.
THMY AT 5 BMIEBOT o LELI VI
D& LT,

5. B/ REEOEIE

fE/NaasE (Intravesicular water (IVW) vol-
ume) DEIFEX, Kletzien et al.' ¥ D FEI X o7z,
f&/)Nia & glucose analogue T % 5 3-O-methyl-
D-glucose & P35 % T (25°C, 604) K&
B E7 42 R X VB ARBREE L,
FEBE (mM) ¥, BhiALE (nmol/mg
R y)) REENC Ty b TRIEZ DA R —F
DEND, BIROBAE v A2 B OBRE
(ul/mg & v 2) BRDLNS,

6., &2 EBORIE

Lowry et al' O FELX A, FFE7AL+ 7 3 v
HEEER vy L LUCHIE L,

7. BE .

L- (**C(U)] -alanine (170—177mCi/mmol), L-
(“CUJ)] -leucine (328—355mCi/mmol), = 3-O-
(glucose-**C(U)J-methyl-D-glucose (310mCi/
mmol) X New England Nuclear 8o 3 o %
Wiz, FIeMORER TN THBOBRREY
Wiz,

RBRAHE

1. BHEROME

Z MR TR OO CORREMREE Y, Rk
ARED 2R — b, =478 Y~ A5ER L OB

At

13

FFEZOWTHIE LR YR 1 IR7, #HE
EoeEREFE C 5 % alkaline phosphatase, 5 -nu-
cleotidase D lbiG IR B < = o =% — b IT L

N, 9 ~1IfFI BR Lo,
BEREE TR ED L,

LD M T D e
hbofERx

BBROME?DL L —FHL T3,

2, BUEE R v 2B ET

2L 0%

7 4 V2 RO THDIT,
3 BOE Y ALE EDOBREY 1D RN

=&T

/M@mb@&

RNy

2THB, 200ug £ V-7 LTFCllERCEE
EARY D D,

200ug £ ¥ -2 7 LTk 25T

¥ 2 Relationship between amino acid uptake and
membrane protein. Aliquots of a serially diluted
membrane homogenate were incubated with 1.

41puM L-(MC(U)J-leucine at 25°C for 5

min. L-

Leucine uptake is directly proportional to the
amount of membrane protein up to about 200ug.

Uptake (pmol/mg protein/5min)

<
]

o
i

e

1

.41 uM L-Leucine

ele

100

300 300

Protein applied (ug)

%1 Marker enzyme analysis of placental subcellular fractions
Whole Micrqsomal Microvillous

SA* SA RSA** SA RSA
Alkaline phosphatase (6) 0.355%0.228 1.44 £0.728 4.06 3.77 +1.64 10.6
5-Nucleotidase (3) 0.231%£0.033 0.676+0.105 2.93 2.02 +0.382 8.74
Succinic dehydrogenase (3) 0.011%0.001 0.008%£0.001 0.73 <0.001 N D ***
Arylsulphatase (6) 0.007+0.002 0.013%£0.005 1.93 0.006+0.003 0.86
DPNH diaphorase (6) 0.230%0.070 0.464+0.163 2.02 0.131%0.002 0.57
Lactic dehydrogenase (6) 0.279%0.201 0.039+0.039 0.14 0.035+0.029 0.13

The enzymic activities were determined in duplicate as described in Materials and Methods.
Values represent the averages+S.D.. The numbers of placentae studied were indicated in

parentheses.

* Specific activity : micromoles of product formed per mg protein per min.
** Relative specific activity : SA of the fraction/SA of the whole homogenate.

*** Not determined.
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14 MR BITA T ¢ TR EEE D g

WO RBENFAT D, LB >TARR TR
MD7 4 V8 —~B7c)200ug LT v 2 &L
eBH X5,

3. BMEEIMMORE

3-O-methyl-D-glucose T /g % S #4b U 72
B, MOIAHLEELEBRE & ORICERBIRNTE
Dohic(F3), EBRABETRNL L S ZDE
MOMERZ v 2 Bic ) DE/NEABETH S,
6 FIORRME L h RDIFERIE, 0.59+10.12x1/mg
BV Ry THON, LI DT TFoEE I,
BNRAEE LC059u:]l/mg % Vo7 BT,

X 3 Determination of intravesicular water vol-
ume by 3-O-methyl-D-glucose. Membrane vesicles
were incubated with the substrate for 60 min at
25°C. Slope shows intravesicular water volume in
ul/mg protein.

5 i v
®

O / L I
0 5 10
3-0-Methyl-D-Glucose concentration(mM)

Uptake (nmol/mg protein/60 min)
oo

X4 Effect of substrate concentration on the upta-
ke of L-alanine (left) or L-leucine (right). Upper
(@) and lower (O) curves represent the total
and the mediated uptakes, respectively.

5

L-Alanine L-Leucine &

"~
T
T

w
\

N
]
\

Uptake (umol/ml IVW/30 s)
S,

f—ry
T

. L
f/ /:
),
K. l &
5 10 0 5 10

Amino acid concentration (mM)

(=]

<

HERESSE 15

4, EERE LD AR L DR

Ala, Leu & % 0.075-10mM O & CEBR A ¥
ool M4wRdTXo5i, mMEEH10mM ©
LEFICE Lo, EBRIFETERL -
Akedo & Christensen?d F¥: 1z & b sk 7 Ik
EH Kd ik Ala Ti30.18+0.06/30s (mean=S.
Dz. n=6), Leu Tt0.26+0.05/30s (mean=+S.
D,n=8) ThbH, Zh%H\L T mediated upta-
ke xBHL, ZERECH LT = vy 145 &10
mM TH# & bzEFEMMcEL: (K4), 2o
mediated uptake (Y)W C X S kst in 2
7o,

Leu TR S /RT X5 Cm¥ER 7= » M1
AOEMFERD, X b Kmidd.2+1.8mM
Vmax (%1.16+0.35xmol/ml IVW/30s (n=8)
EREIN, L, Ala THBERHRE L L3
O, W T ey MR 2ADOERE LD, EEM
OSSO Km ¢30.38mM, Vmax 130.354mol/
ml IVW/30s, {EFHFHEOH 5D Km, Vmax &
% hn3.5mM, 1.53gmol/ml IVW/30s T
7z,

COFERMNS, Leutd Ala S XS it Bisotk
B R CTHOIAETRT WS Z EASRE i,

5, B4 4 vREARORE

100mM Na*-gradient &£ T ¥ X O Cation-
free DB T CRIGHRH BV AL E & OBF%
NI, R6EIRLA X 51 Ala Tk Nat-

5 A double reciprocal plot of the mediated
uptake (Y) of L-leucine versus its concentration.
In this membrane preparation the kinetic par-
ameters were 6.1lmM for Km and 1.74umol/ml
IVW/30s for Vmax.

1
o1
[=)

Do
1
T

1/Y (umol/ml IVW/30 s)~

0 5 10 1
1/[L-Leucine] (mM)~!
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X 6 Effect of Na* on the time course of L-alanine
(left) or L-leucine (right)uptakes. Experimental
procedures were described under Materials and
Methods. An inward 100mM Na*-gradient (@)
was established at the initiation of incubation. In
the cation free experiment (O) NaCl was re-
placed isoosmotically by mannitol.

0.5

L-Alanine (0.1mM) L-Leucine (0.1nﬁM)

0.4+ + g
o \\\\
’ Na*-gradient i |
. .
ol

0.3F o

Uptake (nmol/mg protein)

0.2 7
Na*-gradient
0.1 L e T
' 1 Catlon—free ,o/.
7{ 5o _%ation—freer
% 5 100 - 5 10

Incubation time (min)

gradient f£7E T T overshoot I & MR & iz 23,
Cation-free TlxA& & D HIT, BEHREILHERL
7z. 100mM KCI, 100mM Choline-Cl =% Cation-
free LEEETH Y & bz Lit-gradient % FH\ 7=
BE& b overshoot BRI AL inhotz, ko
Z & XY, overshoot Bk Natics £y A7
5 ENRENT, —F Nat-gradient H# F T
D Leu DE D :AAKE T 2 Fwigind 525, Ala
T b iz overshoot R ILFRD Lo oz
(K6FE)., coFEND Leu DR D ARIKT 5
Nat-gradient ® #2103 Ala DEL Y A LIz 3%
BELHLNCESDTWB I ERNRI R,

6. T I 2 BREERDO BT

Ala, Leu ®E(D Az, A, ASC, L @2 ED
X5 eEIETECTV B R RICHEE Lz, 100
mM Na*-gradient 77 F CDHL b 1A & %100%
L, Ala & Leulc>WCEH L (®7). 100
mM Li*-gradient #7# 7 T © Ala ® B b A &%
46.7+£8.6%, LeuTI351.4x7.0%TH v,
Cation-free Ti%, Ala, LeuZ* h Fh, 24.5+
1.5% 57.2+4.2% T &>, BiihEu X 585
¥, Ala Tl39.4£3.8% TH o775, Leu TR Z D
EENKEL, 40.7£6.2% THhot, DRI
BTl L7 X 5 KB BB Leu TR E WL E WD

15

K 7 Effects of cations on L-alanine (left) or L-
leucine (right) uptake. Experimental procedures
were described under Materials and Methods. L-
Phenylalanine (12.5mM) was used as an in-
hibitor 'of Na*-independent uptake. The values
are given as percent of the uptake in the presence
of 100mM Na*-gradient and are the means + S.
D. of three to five placentae.

100F o
L.-Alanine (0. 1mM)

L-Leucine(0;1mM)

50F

Percent of the uptake in the presence of
100mM Na'*-gradient (%)

O SRS
Cation . : Na* L1 —
Inhibitor | — - -

ZEE—FT B,

U EDHERCESWTCERDEEL KD B &,
REBRSEMHT Tk Ala 084, A $%55%, ASC %
20%, L ?15%, Hifig10% CcH b, —H Leu ©

&, A%45%, ASC RTEH 5T, LR15%,
ﬁm#ﬁm%f%ot
Z =¥

BElp, JREMT, BRERERBRAD T §
MEEXETS L, £ D7 1 /BT, HEM
R >R > kM olE & 720, WEME
D RHARIMINR T 5 2 BB T 7 2 BHVEE
BMICERE IR TV B EEZ DR TWB3, L
L, PREERDT, slice 7o & DREFEDOEERFHECILE
BB T HREBREOTMNARET S LT
7otz

FIRARE D /N %2 BV 7o SBER I 1T~ o D F)
KRB 50, TE 1L icmoMRAR S X 548
A E BRI cE, B EOEEAD
HBEBITCTESD, F2ERIGEHEDRENES T
HH, fod 2 FFEDRRATO 1 4+ v oRECRE
E—BILTHIENTE, Bt 5
BRESIAFH RETF v+ DA EITLB A
by ZOHEER SIDBZ ENTHETDH 5,

NI | -El ectronic Library Service



Japan Soci ety of Cbstetrics and Gynecol ogy

16 v RIS RIS T 3 BRI O T

Ruzycki et al.?®ik, FaMEMER N Ny~D AIB
DY ARBIZDWTER L, BB\ THH
FHEBY B E LRER T ¢ 2 BEREEES
REFINTVEZEEMELTEY, BBKKT
57 3/ ERERARE O B IR BRI N E A
bhA Lo oT &,

P X N R EEOBEE IOV TIRE
5 —FHE L, BER LR B E IR
FHODLENEEFRELTEY, 73/ BITE
AT HO TR, BRI AE R
B &SI IO T 5929 18 5 W R
B/ o RER, 0.59ul/mg s v 2 THDY,
Boyd et al.?D & L720.5ul/mg & v 271 X
S—H LTk, ZofEXRNELEO LEMED
BN ED0.5-1.2ul/mg & v S 2 1IERIL T
W%, L2L, Ruzyckietal?33.6ul/mg £ v
R EREBOEEYREL D, TOEVDIR
RIe o\ CEARETH S,

7 3V BROE D ABDRE T A — & — %KD
7o, v MRREBTRIER DL, REZh
NEBT 3 7 BThHBH AIB®228 1.proline?,
Al DT DR TH D, KRERICELDIITHT
Leu lZ 2 W TDREE T A — 2 = LN
72, Leuld T LCLRTHEIND Z L0516
NTER O = RS Km, 41ImM L L%
DEKm EE2bib,

hiE7 3 VBROERRELTLSAMBRTWD
A, ASC, LRI E4« D7 3 7 BEDEL Y A LI
L, &4 DEETENTB792) KEEETIL
b CIRBEEE~D Ala, Leu DEL D 1A LI E)
CEAERDEES NP LM I hi, Ala TIRAR
55%C ASC, L %0 Z Auicfe & Biliing10%, —
77 Leu Tk ASC R Tk 59, ARLR%
NZEN45%, 15% CTHFEILEII40% % 5o 5 Lt
B X ki, Enders et al V2 EAB TR 8D
TR LT S VBBEOEVESH Y (KERT
130.1mM, Enders et al.'Vix0.01lmM), % 7/X
ISR S B2 2T 5 O TEMIcHE T 5 &
L TERLA Ala il oW TIHEL LSRN
BohTws, LeuldEE LCLRTRIA TN
HEINTWBHIZS D b3 Nat-gradient 7

HEmEEDE 1%

TR TRIS% LE T Tehsoie Z S onT
3 oFEKRE LT, Nat-gradient IZ X h AR0E
BIiciEE L&D 2 &, LHRD Km 2°A%D Km
90 . 4mMPIZ L "I0fE K & < T D 72 D 120.1
mM & WS ERBETRARPERBE A &
ENEZzbhRhB,

7 3V ERDREBIIAE D = F A F — IO TULHE
kLOELORENR DL, MEAT A AZHA WV
%£B T, (Na*+K*)-ATPase DIHEH TH %
ouabain % ethacrynic acid #¥in3 % & ZH i
B0 AZBEADT B EnREI A, Ll
BN X A7 3 2B oETicX b (Nat+
K*)-ATPase "E# =31 F - HHET 50T
1370 <, (Na*+K*")-ATPase Iz X > CTIBE S 1
7c Na*, KI o BEARIK X 52 BEX/LFH R T v
e ADREELTWAB I EBRPE LMD TE
7o191028)  E gL @ R B i 12 (Nat+K*)-
ATPase i2FEET, EERAOMRECRHES
5D EDREB T LAY Lich D THREBIZE W,
Th 7 3/ EREE#ET, Nat-gradient 75 EiC &
DETHERAER AT vy vy VOERE= F L
F-RIL/eoTWB EELDLNBYY,

Christensen® (3 Ja B i EE/Na~ o AIB ©
By 0 sAZ A3, Nat-gradient i@ & v 2 BRILL E L 3
¥4 % &5 Ruzyckietal®o#sEw5 AL, &
DBEEIBBC BT D7 3/ BEEOREITR
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