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SUMMARY

SMITH. THo�IAs W., \VAGNER, HENRY, JR., AND YOUNG, i\ImCHAEL: Cardiac g]ycoside

mt (raction with St )lubilize(l myocardial sodium- and potassium-depemident adenosine
triphos�)hatase. ..iJ.oI. Pharmnacol. 10, 626-633 (1974).

(1anint myocardial microsomal membranes were exposed under optimum binding conditions

to S IM[1HIOUabaiIi, a ctincentrati()Ii producing only partial inhibition of the (Nat f

ATPase activity in this preparation. Microsomal membrane components were then solu-

biliztd with the nonionic detergent Lubrol-WX. After eentrifugation at 100,000 X g for
I Ii aII(l gel 1)ermeatiomi chrtimatographiy on Sepharose GB, [3Hjouabain � found exclu�
sivelv in fractions containimig (Na+ + I�)-ATPase activity, amid closely l)aralleled the
enzyme activity profile. In Lubrol-solubihized preparations, bound [3H]ouabain penetrated
the gel with a compomient of apparent molecular weight 600,000. Sucrose (lensity gradient

(‘emitrifugation and liquid isoelectric focusing of Lubrol-solubilized preparations also re-

sulted in close correspondemice between the iresence (if [3Hjouabain amid (Xa+ 4.. K+)_

ATPase activity. Lubrol-solubilized (Nat + K�)-ATPase interacted with ouabain in a
manner similar to the membrane-bound enzyme, as judged by identical half-maximal
inhibitory comicentrations of 60 n�i. Thus solubilization of myocardial microsomal niembramie
components resulted imi preservation of ouabain binding amid did not disclose amiv high-

affinity receptor separable from (Nat + K+)..ATPase by these techniques.

I NTRODUCTI ON

A great deal of imit crest has beemi focused
in recent years upon (Na+ + K+)�ATPase

as a possible receptor for the therapeutic

and toxic effects of digitalis �n the heart.
Since the studies of Sch#{228}tzmamin (1) and

Skou (2) it has been apparent that car-

diac gly(’Osides imihibit mtmiovalent cation

transport as well as (Na+ + K�)-activated
ATPasti activity, amid Repke (3) postulated
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on the basis of his early studies that this
inhibition might underlie the effects of

digitalis on the intact heart. A number of

previous studies have shown Xa�-, Mg++�,

and ATP-dependemit binding of cardiac gly-
cosides to membrane fractions containing
(Xa� + K�)-ATPase activity (4-10), and

ouabain bimiding has been shown to parallel

(Nat + K�)-ATPase inhibitiomi (7, 9, 11).

Observations of cardiac glycoside binding

to myocardial (Nat + K�)-ATPase have

thus far been limited to studies of membrane

or “microsomal” l)rel)aratiOnS, leaving open

the possibility t.hat cardiac glycosides might
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be specifically bound to membramie com-

Ponents other than (Na4 + J�±)A’fj)as(
In view of continuing controversy regarding

the role (if (N& + K�)-ATPase in the

mediation of cardiac glyeoside-induced mo-
tropy (12-15), th( present studies were un-
dertaken to t(st the hypothesis that sonic

molecular species other thami (Na� + K�)-

ATPase might be present iii microsomal

preparatiomis, which \Vould specifically bind
cardiac glycosides and thus provide ami al-

ternative receptor site.
In these studies advantage was taken of

recent lv developed techniques for t he solu -

bilization and partial Purification of canine

myocardial microsomal (Na4 + K4)-ATPase

(16), al li aving delineation of ouabain binding

to solubilized components of the microsomal
rnembramie fraction.

M ETIIOI)S

1llicrosoiiial (\ra+ + K+) 4 tJ’I�ase

Preparat inim

Camlilie IT1V( cardial nii(’ros( imal � )r(’} ara -

tions (ontainimig (Na+ + Kt)� AlPas(’ were

prepare(l t hirough t he s(’(’OII(l deoxycholate

extraction step by minor mo(Iification (16)

of the Ifl(’thOd of Schwartz et a!. (17). This

preparat 1011 was used in Lubrol -\VX solu -

bilizatiomi I)I( icedures as describe(l subse -

quently.

[3H]Ouabaimm Bindin q to M icro.somn al

Preparations

[3H]Ouabain (12 Ci mmole) wis obtained

from New Englamid Nuclear Corporation.

Thin-layer chroniatographiy on silica gel G

using a choloroform-methanol-water (63:

30:5) solvent system showed that at least
90 � of tritium counts ran with the same

I?, as that of (‘ryStalhimie ouabain (obtained
as the octahydrate, Sigma).

Prior to detergent solubihizat i( in lroce-

dures, canine myocardial microsomes were

susp(’nded to a fitial concentration of 2

mg/ml in 5 ml of buffer contaimung 50 mu

NaCl, 1.25 mur MgCI2, 5 mui disodium

ATP, 1 mui H2Na2 EJ)TA, amid 50 mut
Tris-Cl, pH 7.4. A low concentration of

[mHIouabain (S miui), sufficient to cause only

partial inhibition of (Nat + K�)-ATPase
activity, was added, and the mixture was

\varme(1 tti 37#{176}for 1 5 miii. ‘Ihl(� 51I51)eIiSR)Ii

Yvas tile!) (llihl(’(1 rapi(hlv on i(’(’ and (�(‘Ii-

trifuged mtt 100,000 )( q for 3() nun. After
careful refit ival t f t lie suj)ernatant solut 1( 11,

centrifuge tube \�.��115 \\�(1�(1 rinsed geiitlv with

buffer 1111(1 residual (lr(iplets wer(’ renioved

�vith filter ��ai�er or a sniall cotton swab. i’he

I)(’ll(’t \\���5 then resuspendetl in I)reparatitin

for s ilubihizat i( iR 1)It i(’e(lures.

_1/ i(io.s�)?iia1 (.Va� + K4)-A TPase

*“iOIUblIiZUtlOli

In sOltlbihiztitD)il (xI)erim(’nts, 10 nig tif

mi(’rosomal proteili \��(q(� sl.lsI)(Ii(led in a.

voluni( of 10 nil (‘oIItaiIliIIg 0.32 ut su(’rtms(’,

1 mut H.1 1’1)TA adjusted to I)H 6.9 with

run base, 1111(1 0.2 � Lubrol-\V�Xi (donated

by 1(11 AIneri(’a, Imic., Bri(lge�)ort, CoIIII.).

‘fhi mixt ore ��as hiOfli( igcniz(’(l by hand �vi t Ii

10 strokes in a groun(l glass homogenizer

and allowed to stand omi ice ftir I 5 miii. live
ad(Iitional strokes \\(‘re then applied, fol-

lo�ved by I S nun Itimiger on I((’. ‘ihie cont (lits

\��( tutu transferre(l t() centrifuge tuh(’s

and 51)UIi for (�i0 huh at l()0,000 X q. ‘Fhie

sujiernatant solution ��as (‘ar(fullv reni(iv(’(l
and used as stilubihize(l enzyme. A thin band

tif whitish niaterial was present at thit’ toj)

(.if the (‘entrifuge tiibt’ in SoflM’ (‘xp(’rinhelits

amid � (liscar(le(l. l’ightv tti nimiety P(r (‘(‘lit

of the (Nat + l’� )-ATPast activity Present

ill tht’ nii(’r(istinial I)I’t’Paration reniaine(1 Ill

the supcrnatant phase un(ler these (�( )fl(hi-

tiomis, IIII(l stabit’ a(’tivity � nuaintaine(i

for at least 1 \\((k \vhicIl St(ired at 0#{176}.
I�urt ll(r (it’tails )f t hese I)rt icedures muid

discussi fi of 5( ilubilization criteria art pre-

sented elsewhere (16).

Gel Pemnmeatwn (‘immoiimato�jmapimy

Furt her fract it )nat it �n of mvocardial micro-

somal membrane (‘oInl)onents uvas accom-

j)lish(’(1 by g(’l I)(rnieati(irl chironT1att)gra�)hv
(iii ( agarose. Sepharose 611 (Pharmacia

Fine Chemicals) w�qs extensively washed

with (listilled water and 0.15 ut NaCl to

remove azide, theli equilibrated with buffer

comitaining 320 m� sucrose, 40 mui NaCl, 1
mut disodium EDTA, 50 mur Tris-HC1 (1)11
(iS), and 0.2 ‘t Lubrol-WX. A 2.5 X 60 cm

gel (‘OIUIflIl wits (htlt(’(l at (‘(instant pressure

under downward fl�s� at a rate of S mi/hr.
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Samples uvt’rt’ apj)hied in a vtilunic tif 4 InI,

ILI1(1 constant volun�’s uvt’rt’ (‘tiiiected by

dr(ip counting.

(‘alibratit )�i Of (‘( ilumns �vas a.(’(’t )mj)hiSh(’(1

by appii(’atitili tif 10 �ng (‘�Lchl of the follouv-

ing proteins : j)01’(’iIIe thyrtiglobulin (Signia)

iLl)t ilerritimi (Calbit ichi(’fli) , rabbit y-globuhin

( Pt’ntex) , RI1(l ovalbunnn (Caibiochem) . The

Vtii(l volunie � d(termilili(’(1 with blue

dcxtran r152()()0 (Pharmacia), atid � was

(‘ai(’ulated a(’(’tirding to IAl.U1’(’IIt arid I�iI-
lander (IS). Tritiated �vatt’r � used in

(‘lIL(’hi run t n�ark the salt v(iiuIn(’ and to
Ilitinitor the (OnstaIi(’V of the (‘011mm t’lu-

tion pattermi.

t8�i1(mO5e 1)ensity (imadicimi (]eimtmiJu�jatiomm

Step gradients wt’re ftirnit’d with varying
(‘(incent rations t if Schwarz i\ I amin ultrapure

sucrose in 1 mum H.1 EDTA adjusted to pH

6.9 with Tiis base. Nitrocellular tubes (1 X
:� iii.) were prepared with 5 inI (‘lUll tif 25 #{182}�

22.5 �, 20 � , 17.5 #{182}�, and 15 �. (w/v) su-

(‘r()se in 1 n:iM H.1 II)i�A.., pH 6.9, and 5 nil

of Lubrol-solubihized enzyme iii 5 #{182}�sucrose.

r1�1 tubes were centrifuged at 24,000 rpm

for 24 hr, using au S’%V25.1 rOt(ir iii a Beck-
nian/Spinc(i Illtid(l L2 I)m’t’l)arat i\’(’ itlt racemi-

t rifuge. ( �ra(li(’nts � ‘ bled by puncturing
the bottoni of thit’ gradient tube and (‘ohlect-

ing 5 inl fractions. Sucr )s( � (‘on(’ent.ration in

individual fractions was estimated from

measurement of the refractive index, using a
Zeiss Abb#{233}refractometer.

Isocleeti�ic I�ocusumq

Proteimis were fractionated by liquid iso-

electric focusing with an LKB 8102 electro-

i( icusing column (440 ml, LKB Instruments,

Stockholm) at 4#{176}(19). A stabilizing gradient

of 0-4(1 � sucrose (Schwarz/Mann, ultra-

l)uI(’) \t,�5 use(l; carrier ampholytes, at a
concentration of 0.4 in the l)H range 4-6,
us�em’e included. The pH gradit’nt \\��5 (‘stab-
hished prior to the introduction of the sample,

which was added in 9 ml tif I mui H1 EDTA,
0.2 � Lubrol-’sVX (pH 7.0), and 10 � sucrose,

using capillary tubimig. A p�w�’r supply was

utilized which maintained the Power applied

constant at 3 W (20), amid the time of

Prt’semice of the sample in the column miever
ex(’ee(le(l 1 2 hr.

The ct)Iit(’Iits of the c(ilunin ��ere eluted by

gravity, amid the absorbance at 250 mim was
monitored continuously with an LKB [vi-
cord II spectrophotometer (‘qui�)j)ed with a
micr(iflow cell amid a I 4-cm linear recorder.
The 1)H of the effluemit was measured with a

Radiometer model 26 iH meter. Blamik focus-

ing columns were rumi in the pH range 4-6

for the sanm length tif time amid under the
same comiditiomis ill order to establish a cor-

re(’t baseline for thii’ distribution and ab-

sorbance of ampholvtes.

Protein Con centration Determination

Protein (‘omicentrations wer(’ determined by
the niethod of Lowry ci al. (21), except where

Ill)ted , using crystalline bovine serum al-
bumin as stamidard. Whiemi required, standard
solutions were made in sucrose-Lubrol-\\X--
Tris buffers t(i match samples to be measured.

Lubrol-\VX at concentrations from 0.01 to

1.0 mg/mI did not interfere with protein
measurements umider tht’se conditions. Pro-

tein elimtion from the 6 #{182}agarose column
was monitored by reading the absorbamice

at 250 nm t)n a Zeiss model PI\IQ II/M4Q

III spectrophotometer.

Protein concentrations of fractions from

isoelectric focusing experinit’nts could not be

determined by the Lowry 1)ro(’edure because

of interference by ampholyte content, amid
were therefore measured by fluorometry (22)
on a Hitachi Perkin-Elmer fluorescence spec-

trophotometer, model MPF-2A, equipped

with a Hitachi recorder, model QPD 33,
again using bovine serum albumin as stand-
ard. This procedure also proved useful in
measuring protein con(’entrations of solu-

tions containing Lubrol-WX, which at highei

concentrations also interfered with protein

determinations by the Lowry techmque. The

Pres(�r1(’’ of ampholytes or Lubrol-WX did
miot interfere with protein determinatiomi by

fluorometry, which had a sensitivity of 5

j�g/ml and consistently agreed within 15 %
with protein concemit rations measured by

the Lowry procedure.

Enzyme Activity Measurenmeimts

(Na+ + K+)�ATPase activities were mea-

sured by the following techniques as iioted in

individual experiments.
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Linked enzynie assay (7). Hydrolysis (if

ATP to AD1� and P1 was coupled through

the iresence of CXCCSSPS of phosphoenol-

pyruvate, pyruvat(’ kinase, and lactate de-
hydrogenase to an NADH-NAD� transition,

which was followed at 340 nm with a (‘dlford

recording sj)(’(’t r( ii)hu)toniet er, the cuvette

compartmeiit of Whi(’h was thermostated at

37.0#{176} ± 0.2#{176}with a Haake c(instant-tem-

perature (‘irculat ( )r. Concentrat n ins in t ‘ach

cuvette, in a final volume of 2.0 ml, wer(’:

NaCi, 100 mur; KCI, 10 mur; MgCl2 , 5 mui;
phosphoenolpyruvate, 2.5 mu ; NADH, 0.5
mum ; Tris-ATP, 2.5 mit ; �)yruvate kinase-

lactate dehydrogenase (Sigma), 20 �l; Tris-
HC1, 50 mur, adjusted to pH 7.4. The reac-

thin was initiated by the addition of 10-50
,.tg ()f enzyme proteimi. After a constant slope
of A340 vs. time I)10t for at least 10 miii had

been re(’orded, ouabaimi was added to a

final concentratiomi (if 0.1 mum, amid a con-

stamit slope was again rec(ir(led for at least

10 mm. The difference in slope before amid

after addition of ouabain was calculate(l and
comiverted to (Na4 + I�)-ATPase activity.

In ouabain (‘( inceiit rat ion -effect st tidies, en-

zyme inhibition was (‘ai(’ulated from slopes

recorded over a 10-miri pt’riod beginning :10

mimi after addition of ouabain to give final

concentrations varying from 10 nui to 0.1

mum. This assay method was uSe(l for samples

which contained 0.2 � � or more Lubrol�\VX

because of interference by Lubrol-WX with

colorimet nc determination of inorganic J)hios-
phate.

Inorganic pimospliate assay. The rea(’tion

was carried out in duplicate in a volumt’ of

1.0 ml containing 100 mui NaCl, 10 mM KC1.

50 mum Tris-Ci (pH 7.4), 1 mur EDTA, amid

5mM MgCI2 in the pres’mic� or absemice of 0. 1
mM oiiiibaiii. Ami amount of enzyme protein

showmi to provide a linear rate of P hibera-

tion for at least 30 mm was first incubated

for 5 mimi at 37#{176},and the reaction themi was

initiated by the addition of ATP to a final

comicentratmon of 2.5 mur. After 30 mm the

reaction was st()pped by the addition of I

ml of ice-cold 20 trichloracetic acid. After

standing on ice for 10 mm, tubes were

centrifuged at 3000 X g for 20 mm.
One-milliliter aliquots of the supernatamit

fraction were themi assayed for P content by

the method of Fiske and SubbaRow (23).

Blanks were run by a(1(hing enzyme lIli-

mediately lri�r to t ri(’hl(ira(’(’ti(’ acid addi-
tioli. Standard (‘urves wer(’ (‘t)nstructed using

0. 1 , 0.2, 0.4, 0.6, 0.8, amid I .0 mui KH2P(i)4

ill assay buffer stiiutitiiis.

Other

\Vater iIse(l ill all (‘xl)eriments was glass

double-distilled. All reagents other thian

t hose Sj)ccifictiilV (ies(’ribc(l were of t he
highest available c )mmer(’mal grade amid were
1.1S(’d without further Inlrifi(’ation.

1EStTL’rs

(Na4 + ii��: t)_�’fI�i5(’ a(’tivity in the

canine myocardial microsomal Prel)aration

was highly s(’nsitive to ouabamn, as shown

�Il 1’ig. I . Solubilization of the enzynie with

Lubroi-\VIXI had essentially no effect n

onabamn sensit ivitv , wit h b it h microsomal

and s(ihtlbiliZ(’d l)reParat it )llS showing 50%

inhibit ion at 60 miur ouabain. lurther purifica-

tiomi by density gradient centrifugation was

was also without effect tin ouabain sensitivity

as pltitted in Fig. 1. Lubrol solubilization did
have a pronoumiced effe(’t. on the percentage of

total enzvmatm(’ activity wlli(’hi was ouabaimi-

ioo��

V I �-
� �-e � 0-6 � �

FmG. 1. Vuabain comtc(’ntratwn -effect curves for

cult imie iii tiomardia! nhicro.sommma! (.Va’ -f- K’) -A TPase

(0 ) , L ubrol- II�.V -sti!ubi!izet/ enzi,me (�) , and

I�ubro!-IIX -aol tub, !tzed enzqmne further purified omi a

sucrose density gram/it-itt (U)

Zero and 100’ inhibit u �n r(’fer to values oh-

ained in the absence arid in the presence of 0.1

mM ouaiiain, respect ively. Values are means of

duplicate determinations, which differed by less

than 5’(
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0, absorbance at 280 Tim; #{149},(Na± + K�)-ATPase activity as a percentage of the most active fraction;

#{149},[�H]ouabain distrihut ion (ctiunts per minute).

inhibitable. This value rose from an average
of 41 ± 5 #{182}�(SD) iii five microsomal prepa-

rations to 52 ± 4 � for Lubrol-solubilized

enzyme.

J?elattoum of [311]Ouabain Bilmdi?mg and Solu-

bilized (Va4 + K�)-A TPase Activity in Gel

Permeation. L.tperimnents

\Vlieii inicr�ist�ni�’s labeled withi S mium
I3H}ouabain ��ere solubihized in 0.2 � Lubrol-

\VX and partially purified by 6 � agarose

gel 1)ermeatioli chromat ( igraphv, [�II]ouabain

(‘(limits closely followed the elation profile (if

(Nat + K+)-ATPase a(’tivitv. [3H}Ouabain

a�)peared at the front in (‘onjun(’tu)n wmth a

pt’ak of nonsolubihized (Na4 + K+)_ATPase

activity, which ran in the void volume

(Fig. 2). A sectind 3Hlouabain p(’�1k invari-

ably appeared coincident with (Na+ + K+)_

ATPase activity which penetrated the gel.
This peak had an apparent molecular weight

(if 600,000 as compared with a series of

marker proteins, as shown in Fig. 3. However,

t he amt )unt t if Lubrt il -WX rcmai nmng I155( i-

ciatt’d with the solubilized enzyme has not

been det(’rmimied, so that the value of 600,000
may be an overestimation if substantial

amoumits of detergent remain btiund. The
aniount t if [tH]ouabain closely paralleled

(Na4 + K�)-ATPase activity in t’ach frac-

xc

MOLECULAR WEIGHT x

FIG. 3. .lIolecuiar weight e.stimnation of [�B]-

onaba in binding coimupon en t wit ich penetrated

Sepharose GB, (1.,#{149})compared wit/i marker pro-

teins

Kay was calculated according to Laurent and
Killander (18). (Na� + K�)-ATPase activity

appeared coincident with this [‘H]ouabain peak.

See the text for further details.

tion, amid 85-90 % of total 3H counts were

found in the two peaks (if enzyme activity.

The remaining 10-15 % of counts were found
in the salt volume and presumably repre-

sented free [3Hjouabain. No evidence of

{3H]ouabain binding to fractions other than

those which contained (Nat + K�)-ATPase

was observed. A late free [3Hjouabain peak

coincided with the elution volume of tn-
tiated water.
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When these experim(’nts were repeated

using microsomes labeled with I �ui [3H]-
ouabain, an identical distribution of �H

counts was observed.

Relation of [3H]Ouabain Binding and (Na+ +

K�)-A TPase Activity after Isoelectric Focvs-

ing

[3H]Ouabain bound to microsomes with
subsequent Lubrol-WX solubilization and
isoelectnic focusing was eluted from the
column in close conjunction with (Na+ +

K�)-ATPase activity (Fig. 4). A second,
relatively broad peak of free [3H}ouabain
was present at the location where the 1)repa-

ration was applied to the column. There

was essentially no protein present at the
location of the free [3Hlouabain peak, al-

though binding to a minor component buried
within this region cannot be excluded with

certainty.

Relation of [3H]Ouabain Binding and (Xa± +

K�)-A TPase A ctivity after Density Gradient

Centrifu ga/ion

(Nat + K4)-ATPase activity, [3H]ouabain

binding, and protein concentratiomi after

centrifugation of a [1H]ouabain-labeled and

subset ftl(’Iit lv Lubrol-solubihized Preparat.i( )fl

On a. discontinuous sucrose gradient are

plotted in I’ig. 5. As with preparatiomis

1)artial1Y l)1irifle(l by agarose gel j)ermeatit)Ii
and isoelectnic focusing, [3H]ouabain dis-
tribution closely 1)aralleled the 1)rofile of
(Na4 + I(4)-ATPase activity. No evidence
was n()ted of binding t fractions other than

those with (Na4 + Js+)%�Tl)ase activity.
\Vhen [3H]ouabain was added to membramie
preparations in the absence of ATP, �\Ig44,

and Na4, 95 % of the tnitium counts were

recovered in the top two gradient fractions.

DISCUSS! ON

An impressive weight of (‘ircumstantial

evidence has accumulated in recent years

implicating the myocardial (Na4 + K4)-
ATPase system in the niechanism of at

least some of the actions of cardia(’ glycosides
on the intact heart. (24-26). Other workers

have called attention to apparent dissocia-

tions between inotropic (1 ;) and electro-

physiological (27) a(’tiOIis of cardioactive

steroids and (Na4 + K�j-ATPase imihihi-
tion, and alternative possible mechamiisms of

action have been hypothesized (12). It is

apparent that cardiac glycosides, ParticU-
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FIG. 5. Distribution of 131fJOu(ibaiit. bound to

t�a it 1 PIt, iii yocar(1l (I ! ii, itrt)st,mit(’a , fo!!tii,’e�/ bij 5()lu-

i)iliZallOit tuitit Lubrol-lI�V (111(1 sucrtise (lemisity

gradiemi t t�e it trifugation

., (Na+ + K�)-ATPase actiVity as a percentage

of t he niost �tct ive frartitin ; 0 , protein concentra-

t iou estimated by the Lowry procedure; A,

[�1-1]ouabain ctiunts.

larlv thiose (if relatively hiu� polarity, are
found imi myocardiuni at other sites in addi-

lion to the (Na4 + I�)-ATPase complex

(28, 29). However, th(� fact that colicentra-
tiimis of cardiac glycosides of the order of
I0-I()0 mium 1)roduce readily ap�)arent mo-
tropic and electr(ij)hvsiological effects omi

the myocardium implies a relatively high-

affinity receptor or receptors. Because pre-

vious studies of cardia(’ glycoside interactions

with myocardial (Na4 + K+)_ATPase have

used microsomal preparations tif marked

molecular het (‘rogeneit y, the present studies

were undertaken to test the hypothesis that
a receptor might be found which was disso-

ciable from membrane-bound (Nat + J�+)
ATPase activity after solubilization of myo-

cardial micros( imal )reparat ions.

As shown in Fig. 1 , s(ilubihization and

Partial purification of myocardial micro-

somes exerted no nieasul’able effect on the
mt eracti( in between t iuabain and (Na+ +

K+)..ATPas,� as judged by the (‘oncentra-

t 1(ill effect curves. Thi unchanged half -maxi -

mal inhiibitory concemitration of 60 num docu-
mcnts the high affinity of the (Nat + K�)-

A’�l Vase (‘0flij�l(’X ft ir ouabaimi, as �revi0usly

observed (:30, 31). Kline el al. (32) have also

reported ouabain sensitivity of (Nat +

K�)-ATPase in Lubrol extracts of beef brain

microsomes, which was similar to that of
their microsomal starting material. Although

the brain enzyme required substantially
higher ouabain concentrations (0.7-1 .0 MM)

-% to produce 50 � inhibition, this difference is

j)robablv due, at least in l)art, to differences

� in methods used to determine ouabain effects

on (Na+ + I’�)-ATPase activity.
Binding of [3Hlouabain to the microsomal

membrane fraction used in these studies was

carried out under conditions which result

in a maximum yield of [3H]ouabain bimiding

to the entire member fraction (30). However,

gel permeation chromatography of Lubrol-
solubihized myocardial microsomes after cx-

posure to [3H]ouabaimi under these conditions

resulted in a distribution of �H counts which

closely paralleled the distribution of (Na+

+ I’�)-ATPase activity. There uvas no cvi-
deuce of a high-affinity binding site separable
from (Na’ + K�)-ATPase activity by this
technique. A low concentration of [3H}-
ouabain (S nut) was used in these experiments

iii order t(i allow simultaneous determina-
tiomi of the distribution of [3H]ouabain and

(Nat + I’�)-ATPase. No lower-affinity

binding sites were observed in experimemits

usimig 1 MM [3H}ouabain.
1ra(’ti(iriati(in by isoelectric focusing (Fig.

4) amid by sucrose demisity gradient cen-

tnifugatiomi (Fig. 5) (if Lubrol-solubihized

myocardial microst imes previously exp )sed

to [3H](iuabaifl als(i provided no evidemice of a

high-affinity receptor site separable from

(Nat + K�)-ATPase. In each instance the

distribution (if [3Hjouabain C( iunts (‘l( isely

paralleled the distnibutiomi of (Na� + K+)..
ATPase activity. Thus bound [3H]ouabain
may be a useful marker imi punificatiomi pro-

cedures.

It must be pointed out that while these

experiments provide no evidence for a high-
affinity cardiac glycoside binding site other

than the (Nat + K4)-ATPase complex, they
do not rigorously exclude the existemice tif an

altermiative receptor site or sites in intact

mvocardmum. Such a site could have been

removed (in rendered less able to bind [3H]-
ouabaimi at any of the multiple steps leading

t i the det ergent.-solubilized preparat io�is, or
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could have boumid [3Hjouabain only under

different liganding conditions. Furthermore,
one cannot exclude the 1)ossibilitv that a
high-affimiity receptor complex distinct from

(Nat + Ic�)-ATPase might copunify by

each of the fractionation techniques used in
these studies. Finally, even if specific cardiac
glycoside binding imi myocardium were
limited to the (Na4 + K�)-ATPase complex,

it would not necessarily follow that the

effects of cardiac glycosides are exerted omily

by inhibition of Na� �ir K4 transport by

this enzyme system.
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