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The Role of Phospholipids in the Binding of Ouabain to Sodium-

and Potassium-Dependent Adenosine Triphosphatase
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SU\IMA ni

l’A Nt(�lJ(’Hn , l�;iAzUyA , A Nt) 1 tt)A , 81101(141 : lIne role of pii mspIs(ilij)i(is ins tint- binndimng tif

( Iunubnn itt t ( i st)(lnmns- rand � itassiunlu-cleI)emn(lennt nn(i(tm( emit- I ri I list ispimnit rust. _1I (II. Pliw-ina-

eel. 9, 330-339 (1973).

‘l’i it’ (�fI(5-t ( if t rent nuemut n�it in Plu�sPhnt ilil)rust’ �\. ( pint isplinut ide nucyl Iuycirt muse, I�(’ 3 . 1 . 1 .4 ) �n

the binsdimsg t�f ounubnuimu tti (Nnu� + 1� )-;\�FPnui-t (_\l’P jiinosphi�lyt1r�Inust-, IX’ 3.6.1 .3) nus �elI

nus on ( Nnu� + I�i1 ) � rut ivitv �vnus stU(lie(1 inn t 1st’ j)resens(-e t if vnnn’it ins t-t macnit rnufit Ins

I II � I� amud t it iner I igntnnds. i’ine t i rue e iurses ( if [‘H]oinabnuin binndimug t i �\l’ I �nuse i In r(-sp( muse t (I

Piit1sI)l5�liI)ru5(’ A \\�(q� tine sanuse inn tiue l)resemu(-e of i\1g24 + ATP rind of i\lg2� + Na4 + Al’l�
us uinuden’ c nut rol (�t Itn(iiti( inns. Ho�u’vt’r, tufter 1)Iuosl)hn( Ilipnise t rt’nut nnent t hut’ imnitinul raft’s If

t )urubai mi bimudinng ��t’n ‘ re(lu(ed a��prt Ixinnrnt ely t � i 40 #{182}t if t hue c nut nt il inn f hit’ j)n’esemn(t- t if \ I g�

+ K+ + A’T’I�, \1g2+ + P , tir ‘slg?+. Ins the I)r(s(’tuc(’ (If botiu pin�spinnttidylserinne nutnd phstls-

j)Iinlti(lVlinitisittll, tint’ tlunubaimu-binndinsg mute inu(r(’ruSt’(l sigmnifncarstly. line mntxinnunu rsnuounuts

(if (lunubnuin hinndiiug inn tue prt’senue of vamious lignunuds amid 1-231) �um [3H]oinnubainu wt’re used

ttl t’sfinurtte bimndimng (nsl)nscities nttn(i disstl(-iationn (-omsstntmsts for ouabnuimn. l’ise bimudinng (-rnpnu(’ities
of the tiuabnuimn-bimudimug site slno��t’d no n’ennarknuble chuamuge ms ru ctinnsequennce (If PiuosI)Intilil)nust

:\. I rerutnuemnt . ;\l’Pruse I)rel)snn’rstitlmns trenutetl eithner nvithn tir ��ithnout 1)iitIsPiuoliPruse �\ nuppnurenstl’

Iunt(1 I \�(i (lifft’remnt kims(ls of tiuabaimn-bimndinug sit es inn tine pres(’ns(e tif vari(ius pinysiolt)gi(’nul

hgamuds. The values for tine (hisstieiatitlnu eonsstnumst of tine lo�v-niffinsity site �vt-re apprllximunnutely

10-100 tinues tluose of tine high-nuflinnity sit(’ inn tint’ prc�t’rnce tif various iigsunuds. Tint values for

tlue (liss(icinuti(Imm c(itistnttit (If tine Isigin-affitnity site inn time I)m’(’s(-ti(t- of i’iIg2 I � AT1� �nmnd

‘sIg2’ -1-- Nrt 1 _j_ _�‘Fi� were nuot -Inamnged by phutisphohinust’ A fnenitmnuenst. �Fiie apprtrenst dis-

St i(iri I Il III (‘( Itnst ant ( if I hue ounuhaimu inighu-nufli nut y sift’ in t 1st ‘ I)rt’sems(t of 1\ 1g21 + � + ATP,

\1g2� + � , �ir \1g21 \vnus inn(’rerused by thue l)hntisl)huolil)ast’ A freatnuemut. Tine hgsuu(ls unseci re-
dated tI5(� bimuding rtffiniities of both fine Inigin- mmd low-affinsity sites (if flu’ (-onutrtil I)n’t’I)nuratit)mu

rus follows: ‘slg�� + l� � Mg24 + Nrt� + ATP � \1g24 + ATP, Mg24 + Nru4 + I� + ATP,
Mg24 + K + ATP Mg24. Tine nsumsuber tif highs-affinity sites ins fist’ presennce tif Mg2� +

P1 nuppeared tti be greater tisrunn us tine presennee of tither ligrunds. r1�hst� nnunuben of liI\v-nuffinity
sift’s imucrt’rn.sed 2-3-ft ild its f hue pmt’senu(’t’ (if K4 rus compared to its nubsemnct’. line nsunuber of

sites l)hnosphnon’�irutt’d tn the t’mnz\-me ins tIne presence (if Mg2� + Nrut + AlP was nupprt)Xi-
nuately fine same as fIst’ muumber of luigln-affinnify tiuabain-binndinng sites. Tine V,� vrulues witiu

the Inighu annd Itiw ctlnneenutrationss of ATP were reduced 70 � by plntispinolipruse A trerutmenut.

Tine nupparemut It,,, rut Itiw comucenstrationss (If ATP was decreased 50 �

Thut’se results suggest thuat tine emuzyme preprurrutiomu c(Instamnus I mole cans tif luigis- numsd low-

nuffinsity ounubnuinu-bimudinng sites per mtile of pluosPiutirylnlfed sites. Tine reru(’tivify of tine Inigh-
a1finuit�- site witln tiunubruimu inn tIne preserut’e (if Mg24 ± K� + ATP, Mg24 + P1 , runud Mg21, but

nutit \1g2� + \TP or i’i(g2+ + Nrr1 + ATP, wnus chuntnsged by phnospiuolipruse A treatmemnt

:150

(mvrg}t � t973 by �ca(l(-r,m1( Prm-ss, nnc.
\iI rights uf r(-J)r( Imieiiun mi immy frmi n-served.
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PlaInis inndieat es thnat t hutn’t’ art nut least t w I k its(is of t iuabnuims-bimsdinng e imnf irnuurn t it imus, (Itne ins-

duced by Mg2� + K� + ATP, Mg21 + P1 , (It �g21, ins whuit’h phstis�ihitilipids play a role, numud

annotiner, ftiunnl in tint’ prt’sennce of ‘Ig24 ± ATP tin’ of Mg2� + Na4 + ViP, iti \Vhui(’hn phit)s-

pist)hipids do nst)f play nu rtile.

nxTmn’ot)UC’lIoN

Treafnnennt of (Nru4 ± K�)-ATPnust’

(AlP �)lnospiuoinydrt)last’, E(1 3.6.1 .3) wit is

plnt)sphuolipnlse :\ ( pinospisrut ide at’et i 1Isydrt I-

muse, EC 3.1.1.4) results inn ltiss tif ATPase

activity. However, (Nut’ + F�)-depenudenst,

t iirabaimn-semssit ivie ATPruse runt ivity \\nus
rt’stored by tise additions of Plnosl)hnutidYl-

serinue amid pinospinatidylimsosittil ( 1 ). Tise

kinetics of [31Ijourubainu binndimng to (Nnu� ±
I�+)_�%�’fi)sns(� inn flue presennce (If \Ig2� ±

Na+ + K± ± ATP were nuearly fist’ sanue

for botlu thue ctinntrol 1)I’t’I)surnut it it! tinsel f isnst

treated witin l)ist)splstilipase A (2) . Phuysi-

t Ilogicnul ligansds inuflut-nsced fist’ senisit ivity

of (Nnn+ -f- l’i�)-Al’Prnst’ to tiunubnuims (3).
It \vnus sugg(’ste(l tiinut t’nirtiinun glyt-osidts

bimsd to (Xni� -F 1’��)-ATPnust witis two

(IifI(’r’ennt enzvnne c(inu!tln’munrtti(inns (3--I 1 ) . It
s(’t’med profitable ft i study furt huer tint’ (�ti((-t

(if 1)huosI)lutilil)nuse f merit nienst t imu fist’ bimndi nsg

(If ouabainu fti (Nnu+ ± K1)-ATPnuse its orden’

to clarify nit it t imulv tint’ nne(’hamuism tif tint’

tiuabaini effect but nulsti tint’ eflt’ct (If pint )s-

piuohpids on (Na4 ± K�)-AT Past’. mu this
report we pnt’senut nn study of thut’t’ffent (If

pinospintilipase A fr(’nutnnennt onn thut’ inuitial

r’rutes nunid nnnuxinnunnn amounuts of Iiuabainm

binndinug tti (Na� + Kj-ATPase its tint’

presens(’t’ of vrunious jiiuysitiltigicnul lignunuds t�t

tint’ enszyme sunud tins ATPnust’ aetivitit’s inn

tine prt’semsce of luiglu rind vt’r’y ltm�� (‘t inst-tm n-

trnutitinnsof ATP (12-16).

�m.t’FEltnA LS A ND �tE’!I�ODS

Enzijnie /)1-epalaIlol/. Tint’ nuuethntids t�f

partial pusrifi(’rutionu of (Na1 + K�)-AT Past’

from OX brains microsonues (1) anud l)hutiS
i)int)liPrust’ A tr(’nutnuemntof flue ennzynut’ isnuvt’

been reptirtt’d (17). (Nrs+ + K�)-depensdennt,

ouabain-semusit ivt’ \T Pruse runt ivit it’s �vt re

approxinurutely 13-2() nunnci 60-70 Mmtiles of

ATP per miliigranu tif proteins per inour ft r
the frersted anud (‘onutrol l)repnlratit nss, rt’-

spectively, unnder fist’ standnurd conditit in�

(17). \Ig2�-:\.TPase at’tiViti(’s tif btiths prepnu-

rnutionis wt’n’t’ nippn’tixinuatt’ly 3 pnnolt’s (I!

.�‘FI� pen’ nuuilligrrtnn ti! prtift’ins J)t’1 hit)u1i’.

l’iue connct’nntratiotu of pr(itt’ins �vrus dt’tt’n’-

nuinse(I by tint’ nn(’thnti(l of Ltiwr� ci a!. (IS).
J)eiem-in inaijo,, (if :(JJJ�tiaia HI biiiiliiuj in

(�\a� -F J�+)_4 TPase. Ins fist’ stntts(irurd
rissay pnt)ct’durt’, t lit’ fimsal ct innct’nst rrtt it iris inn

the itut’ubatititn nuixturt’ wt’n’t’ nus ftillows : 5 nuni

i\Ig(’l2, 40 nuuui Tris-runt’fnute, 0.25 nunut 1IYFA-

l’n’is, 0. 19 ut sut’rt ist’, vnirit aus t insnennt rrut it Ilis

of tiinabnuins ( 1-250 j.m\t ) , numsd 0.5 nug tif t’mi-

zvmt’ I)n’ot(’insp�’r nnnilliliterit! tu fiiunuivtilunnne

tif 0.05 nunl (pFI 6.1 ) nut 37#{176}.‘I’ist’ c(Inet’nst mu-

tionns of tine tithser lignuns(ls, �vhit’mu pn’t’st’tst

\vt’rt’ 140 munut stldiumus ni(’t’trut(’,14 nsnut KCI,

4 nuni l’n’is-��l’P, atn(1 0.) niut in’iS-j)isOsl)Iinut(’.
line rt’nut-tionn nint’dinu less I(IIltlurrubnuimuwt’m’t’

tin-st innnubnift’d itir 3 mini nut 37#{176}.lint’ n’t’ac-

I 11 It5 \vnis -tnurtt’(i b� ni(1(iit it In I If [:H]t Iunul)nuitn

nut 37#{176}.� vnurioirs t mine innter’vnuls tint’ i’t’ru’tit inn

\\as sttippt’d by tint’ nu(idititinn ti! 3 mini of i(’t’-

t’tilt:l unlnubt’lt’d tlunubnuins (pH 6.1 �vithn 40
nuuun ‘l’ris-nut’t’tnutt’) at nu fimsnt1 (‘tinunennt mit �( inn ( If

5 nunut, nutn(i tint’ n’t’nut’titinnnunixtur’t’ wnts flu-

nut’dinutt’ly pnnsst’tl tinrtiugin a niut’nnbn’:unmt’

filter as dt’scribt’d previt iuslv rind ct iutntt’d

(2) ftin’ ‘H. Whnt’nn tint’ rt’ntt’titIns niixturt’ (‘(Iii-

tainnt’d inurgt’ nunutiumnts of just Ispin( Ilipids, tint’
I’enit’t 1) Iti \\nis st( i1i1)t’d by t lit’ nttldit it 111 (II

6 tunl � etild, unnlnuht’lt-d .) nunt tlunubnuini (1)11

5.3 with 40 muuut Tris-nut’t’tate) rind censtri-

fugt’d at 164,000 X q ftir 3 mr rut 1#{176}.TInt’

prt’t’ipitatt’s wt’rt’ suspt’tu(it’(i wit in I ml of

0.1 N NaOH nitn(1 eounstt’d. I-’tir tunis etins-

c’t’tit mnutit 1(5 (Ii t’H ]t Iunubaimn uIst’(l inn tint’ bimudinug
t’xI)(’minut’msts, spt’t’ilnc bimntiinsg wrns nnienusurt’d

as thse diffen’emn-t’ bt’t wt’ens tint’ rtbst’nuce

nunsd iiresenst’t’ of 5 runt t-ntrn’ien. Tint’ brick-

grounsd was alwrnys less thuanu 5 . Tise

binsdimsg (‘nupnst’it it’s runsd tint’ thisst ieinut it inn

ctimnstnutsf fon’ tiurtbnuins went’ dett’n’nuinnt’d by

pltittinng thst’nnunuxiniuunuamintiunuttil tiutubruin�

binndinsg inn t hit’ � (II 1 -2.10 pM 1:1111

tiuabnuinn ac(’on’(hinlg to Scatclnan’d (19) as

d(’s(’n’ibe(l l)rt’vitiusl� (16). Tine binndinmg of

ouabnuinu to tint’ t’nnz\nuut’ inn fist’ pn’t’st’nnt’t’ of
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stimt’ ligrunuds was a slow prott’ss, requirinsg

nupproximrutely 2 mr tif inncubnutiomu tti n’eruch a

j)lnttt’aU, nus shown ins 1’ig. 2. \\‘e rt’grurded the

anutiunut btiunnd rufter 2 mr as nnnuximrul.
l”rons tint’ vnnlures of m’nnuxinsnnl tnnnnbnuins binud-

ing inn t’aciu t’xp(’rinnt’nut , tine rubsolutt’ nunuounts
of btiumnd tuitrubnuinn numud frt’e ourubnninn tons-

(enutrationns w.(’n.t’ (‘ntlcUlnut(’d runud tInt’
Senutcinnurti plots �vt’n’t’ (‘timsstmuett’d (1-’ig. 3).

Highu- rits(1 low-affimsity bimndinng art’ shstiwnu as

circit’s rutl(1 trianugit’s, respt’ctivt’lv. Tint’ inter-

s(’(’tionu tif fist’ ctirrt’sptinndinug linst’s onu tint’
abscissrut’ ��-as takt’nn nus flue nsunuber ol

bimndinsg sites, tinat tif tint’ inighu-affinnity sift’s

(Iir(’cfly nunsd thnnut of tine ltiw-affmnity sift’s as

t hue difft’rt’nut’e bet wt’enn t hut’ t �v i.

Assaij of (.Va� + K�)-;l 7’Pase. �VI Past’

ructivity wnis meunsurt’d by mt’ntnus of differ-

t’tn(’(’ spt’t’t n’ru annd fist’ (ixidruti(inn tif NAI)IJ,

(‘nn�)ltIyimng IL limnkt’d t’nzynut’ systenu inn nu
Ilitnucisi I 24 (Ioublt’-bt’nunu spt’ctrtlphnottlme-

I mr t’t�uij)pt’(l ��itIi nu t’tinsstnunnt-tt’nunI)t’mnutur(’
(‘(‘11 i5(Il(lt’t’ rut a �vavt’lt’msgths (If 340 mm. ‘Fhnt’

hnydrtil�sis t)f A.�FP �vnus ctiupled tti tint’ tixidru-
tit)nn of XAI)H usimsg l)�’rusvnttt’ kimsast’ (EC

2.7.1.40) numnd lnnttnntt’ delnydn’ogt’nnnust’ (EC
1.1.1.27) nus rt’portt’d previously (16, 17).
�I’hn(� nudvrtnstnuges of this russay prot’edum’e ant’

thuat ATP huydn’o!ysis crumn bt’ monnittirt’d cons-
tinuutiuslv nutnd imshuibittirv buildup tif A1)P is

prevemnted. Bt ith snumple and refert’tnet’ (‘(‘115
eonntnuinued 5 muM \1gCl�,, 140 mu stdium

rut’t’tafe, 14 nuni I�Cl, vnurious (‘tins(’(’nntn’ntfioniS

(If MgATP, 0.25 mut EI)TA-Tris, 190 nisut

suertist’, 40 muuu Tn’is-nuct’tate, 1 .; nuni pint is-

phntlt’rutl!pynuvnutt’, 0.2 nuni NADH, 0.05
mg nun! (If pymuvnit(’ kimsrust’, 0.025 nug ml of
1‘it’trtte dt’isydn igt’nsase, rand AiPtuse pIt It(’inn

rand plut)spisOlij)ids ms insdieatt’d inn tint’ figurt’s,

�vithu tir �vithtiuf 0.17 nuni ourubrsins, ins a

html volunnue (If 1.55 muul. Tint’ finnnul pH wrus

rudjunsted to 6.1 at 37#{176}.Pyr’uvrnte kinsnust’ rumsd

lnuntatt’ dt’Inydn’tigenunuse rsetivitit’s wen’e mu-

ways nuainstnuimned ins at lt’rtst is 1000-ftild cx-

et’ss t vt’r ATPnuse net ivity, mis dt’seribed

previously (17). Tint’ ATPast’ renuctit Inn was

strurtt’d by tint’ muddititins of MgATP. After

btithu cuvt’ttt’s \vt’rt’ st’t inn tint’ iutildt’n’, rip-

proxinuatt’ly 10 mimi wert’ ret1uirt’d ftir

equilibrafitimn t ti tht’ itndieaft’d tt’nnpt’mnttures.
Time tennpt’raturt’s \vt’rt’ nnnuinstnuinst’d rut
37#{176}± 0.1#{176}witin a (‘oo!rnics circulator.

]Ieasuie,neii I of /)/1 0S/)/1 ()l’ylate(l i/i let’-

nle(/iaie (hP). Tint’ El� level at tint’ steady

strut(’ (5 s(’(� mnftt’r tine start of the rt’muetionn)

wrus nnt’asured ins tint’ prest’nn(’t’ (if 0.5 mg of

ATPmnst’ prot(’imn per milliliter, 5 nnui \lgCl2,

140 nunt NaCI, 190 mun suncrose, 0.25 mum
EDTA-Tnis, 40 mut Tris-HCI (pH 7.4), amid

vnuritius (‘onsc(’nut rations t if [-y-32P]ATP mit
37#{176}.TInt’ reructitinn was started by tint’ ad-

ditioru tif [32P]ATP (final volumt’, 0.1 ml)
numud ternuinated by the addition of 3 nul tif

ice-cold 5 #{182}�percinloric acid ctunntainnimsg 5 mut

ATP nuistl 5 nnum H3P(). Tine dt’nuafinrt’d
emnzvnue suspt’nusi(inss wt’rt’ immt’(lisut(’ly lii-

tert’d fiurtiugis nn \lilliptirt’ filft’r of O.$-p

ptin.t’ size mnnnd wt’n’t’ wmusiit’d runsd (‘ouluft’(I by

flit’ metlitids of I’irnnsazni��nu ci al. ( 15). Tt

nit’nusure nnomuspt’ciuie lnibt’linsg, the rt’nnctitinn

mixture was tint’ sanut’ ms dt’scribt’d nubtive

(‘X(’ej)t ftir tint’ (InTmissioru tif S nnnt \Ig(’l2 nsnud
140 mum Nnu(�1 rand tint’ muddititiln of 10 mu
)IgATP mnmnd 14 muni KCI. [y_32P]�V1’P was

nt(id(’d t(I tisis nuixturt’ for S see. ‘Fine re-

nut’tionu was ternuinimnft’d ins (lt’seribt’d nnbtve

nnnnd ctlunnted.

(‘/,emnical�. [3H]Ounubmuins ( 1 1 .7 Ci nuunutilt’)

\vrts tihtmninned fn’tinn Nt’w 1�nnglmims(I Nuclt’run’

Corpommutionn . Oumnubnuin �vnus tibtnninsed from

T(ik�’ti Krusei C’onnpnnmsv, Ltd., Ttikvo.

f � numnntinsiunm srult (nuore tiununs

10 Ci/mmolt’) wmss obtaimsed fromuu the Hmudio-

t’Iienuicrsl Censtt’r, munnd was eonnvt’rfed to fine

Tris salt by pnussnugt’ thurtnngin mini Anubt’rlite

1H-120 ctilumns. Tine snumt’ prtlt’edur(’ wmns
ust’d to t’olmsvt’rt Nnu2_\TP raid K2HP()1 tti

Tris salts. Phsosphnmstidvlst’rinse frtim tix brnuin
amid �)htIsj)hnniti(lylin1osittIl fronu plants wt’n’e

tibtmninsed fro inn Applied Sciensct’ Lmubon’muftirit’s.

Put isj)hs( ili j)i(l nuict’lles wt’n’e I)repmurt’d mis

dt’seribt’d jsrt’vitiusly (1). P�-ruvafe kinnruse

fronu rabbit nuuscli’ mtnnd lmuetrnte dehuvdro-

gt’nimnst’ from pig nnnuscle nvt’rt’ obtaimnt’d frtim

Btit’isrinsgt’r \ Inunsnslst’inu (1orpor’af itins,Tt nkyti.

lint’ o)tin(’r chsemicmnls were of rt’nng(’nst grmude.

It ESULTS

Efieci (if /)/iO8/)/lOli/)a8e .1 ireainieni (111

in iiial i-ale of ouabain binlinq. The insitimul
phase tif tiurubains bindinng to the ATPase

preparrntionus with tir without phnosphtilipmus(’
�\. trt’mifnut’nst was muut’asured inn tine prt’semnce
of various ligrurnds rand 1 put [3Hjounubnuinn
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Fm u - 1. In i/ia! phase of �H}ouabain /Iindiilq to

(.Va� + K�)-ATPase

1)ata were obtaimned by the Millipore flIt rat iomn

msset hod described inn the text. Tine huimndinmg m�f

[3H]ouabainn to the preparationis (0.5 mg/ma!) was
msneasured ins 1 pun l3llloumnbaimn, 5 nsum MgCl2, 40

115M Tris-acetate, 0.25 mnsumEl)TA-Tris, nnmm(!0.19

ut sucroise; tine other plnysiologicai ligannds, wlmenn

presemmt, were 140 m�m sodiunn acetate, 14 mum KCI,
4 nuut ATP, and 0.5 mum P1 at pH 6.1 amnd 37#{176}.Al!

experiments were performed inn ohnplicate, msmmdtine

variat ions betweemi dup!icmite samples were wit him

±5%. The results showmn mire averages. 0 mmd �,

phospisolipase At remsted prepmnm-at iolnn; #{149}amm(I A.
cont ml preparationn. � amid A, the concemnt rat iomn

o�f KC! wmss 1.4 maui amnd tine comncennt rat iomns of tine

other liganids were the same as aii(IVe.

(Fig. 1). �fiue time courses inn tint’ prest’nmce of
Mg24 + ATP anud Mg2� + Na� + ATP
were mupprtixinnafely tiu(’ smunue (Fig. 1A
arid B). Tint’ inuitial rates tif ouabains binudirng

to piuosphnoiipas(’ A-treated prepmurmut ionss
inn the preseruce of tine othst’r ligands were

slower thanu thuose of flue coinutrol. Ourubmuins
bindinsg to tremuted ATPase muffer 10 st’c of
incubmmfionu uvas approximately 40 � of fist’
control amousnt in thn(’ presemuce tlf Mg2+ +
Xa� + K� + ATP (Fig. lC), Mg2� +
K� + ATP (I)), Mg21 (E), annd Mg2� +

Il3lOm (F). Tint’ differemnee inn tint’ timuue

(‘OUI’s(’S bt’f weo’mu to innt roil nnnid t n’eritt’(I prt’pru-

rations ins tInt’ pro’s(’nnce tf \lg2�, Nnu�, ati(l
ATP munud a ro’duced ( 1 .4 nuni ) t’tlnseemntrmitit)ln

oif K� \\mts less oibvious (i”ig. I B, trimunglt’s).

Ins oiun’ I)n’o’vi��is n-t’poir-f (2) mu similmur’ pine-

nnoinnt’nntinn was tibserved in fist’ prt’st’ns(’t’ of

\1g24 , I’�+, ATP, mumnda inigin(’r eonucemntratitins
oif Nmu4. Inn tint’ prt’so’nn(’e (If \1g2+ + A’T’I�

tine inuifirul l)lnruse tif binsdinmg ��rus rs(eo’lt’rnit(’d
by Nri4 mind inslnibitt’d by � ‘list’ t’fft’et (If

K� was numstagomuizt’d by Nmu4. Inn fhs(’ rub-

st:’nnt’t’ (If ATP imuorgrtnuic l)iiosPhimitt’ rut’-
ct’lt’n’nutt’d tint’ rt’mnctionu rt’numnn’kmubly. �1ii(�

mumnoiuinnt of oiuinubmnimnbinuolimig to tint’t’onntroil

j)I’t’pnirnit it its (tuft em 10 so’c o if inseubat it inn
�vitis [3Hjoiunmibruimn) ins the I)rt’senst’e tif i\1g2+

-h- H3P()1 was nip�)roXiflurutt’ly fwint’ I limit
ins tint’ 1r’t’senuce oil’ i\1g21 + Nrr1 + (��1�J)

Pluospisolipmuse A tro’mntnut’mnt t’mtust’(l a

nnnirkt’d reductionn oif (Nrr1 + K�)-ATPmust’

mietivitv, but inn fist’ P1’t’st’ms(’t’ (If tint’ I)iitis

plntilij)ids tint’ nativity \�mis itnnrt’mnst’d rip-
j)roixinuat(’ly foi tint’ (‘titstl’tIl vmulut’, nis tO’-

p(irted j)revitiusly ( I , 17).

l’int’ t’fft’cts tif phnoispismitid�lseritnt’ mitn(l

i)lu(is1)iunitid�limsti5itol tinu tine imnitimul rmutt’s of’
t)uabaitn bimsdinsg tti phtispintilipmist’ ,\-tr’t’mut t’d

runid ctimufrtil prt’pmsmnutiomns ins tine prt’sennct’ tif

Mg24, Mg21 + H3PO, ‘s1g2� + K� +

ATP, rind Mg2� + Na4 + K� + ATP \V(’rt’

studied (Table 1). Phtispinolipast’ A t merit-

nuent rt’duceol tint’ initial rrites tif bindirug

about 50 #{182}, but ths(’ additiotn (If plntlspiso-

lipids rt’sttirt’(l tint’ rates to mnpproxinurntely
tiutise oif tint’ to inst ro us inn tint’ pn’o’st’nut’t’ (If pint IS-

pint ilipids. Tist’ eo Inst rol n-mitt’s must u wt’rt’ ins-
cnt’nused by thit’ mudditit ins tif pint Ispinolipids.

It) nut’asure tint’ sat umnut i inn Ievt’l tif t inn-

bmuimn binndinng, bot In ATPase pn’t’pnummtt a inns

wt’r-e inseubmutt’d witlu 1 put [Hloiummubriini foir

lounger pt’rititls tif tinut’ inn the prt’st’mst’t’ tif

vmit’it )us pinysit ilo igit’mul ligmumnds. Thst’st’ t inue
to �umst’s ouf bitndinig mire slit uwni imn !“ig. 2.

Phnonspisoilipast’ A tn’eatmuuo’nnt t’mnust’d mmo nt’-

munmunkablt’ o’hrinngt’ its cit ht’n’ fine mute tin’ nuruxi-

nuunn anutuumst tif tiuribnuimn binsdimig in tint’

prt’st’nst’t’ tif �\lg2� + ATP tir �\1g2� + Nmu+ +

A’J1P. Tine binnding (if tuumibmsini ft i t hit’ ens-

zynue its tint’ pn’est’nnce of lignsrsds sucin mis

‘slg21 + Tu.� + \TP or Mg2� prtu(’(’t’dt’d

sloiwly. By 2 mr (If inneubmutitins, inouwevt’r,



REACTION TIME (hr)

Fm I;. 2 Time (O)iiS(S of [Iljouaba in bun/my to (Va + K) -_4 TPase

I:xI)em-i mmmcmmta! o-I(mmllit Inns ammo! s mmnhuo(ls art’ (Ies(’m-ihio’Il inn time lego’mnd t Fig 1.

hiimdimng nmt’amly nippn’oimu(’ii(’(l plnutenuu lt’vels.

Phsoispinolipnuso’ �\ tn’t’mutnnemmt cnuust’d a nunumkt’d

rt’dut’t it inn inn tint’ imnit mu! n’nit t’ ouf ouunubnuimi

bimndimmg imi tint’ pr’st’nst’t’ (If out men’ ligninuds

wisemu K’ tumid ATP �vt’n’o’ sirsuunlfrinnt’tuusly

ims(’ltloled our ounnuittt’d (l’ig. 1). tnder tint’
sanue t’oitsditiounss fist’ niunuximumnu nunuoumnt of
tuumibmuini birudimng ��nis loss nij)pm’t’t’inibly nil’-

ft’eted by l)inosl)Isolil)nis(’ trt’mifnnuennt.

J!�fT(’(’t (�f p/io.s-ji/iolipase itealineni on Luitul-
i/UI (-a/)a(-ii?J atul affin ily /0/’ onabain. list’

nnaxinnnmun amsnouunst of tuumtbmuimn binsdinng wmis

studied ins fist’ prt’st’nnt-t’ out liganuds rind

vam’io ills no unncenut mit it inns of [#{176}HJt uuabmuims (1 -25()

psi). Tint’ minmuxinnunnu nunnounnt of uuabruinu

boumsd was etinnsidert’d tou be muttainnt’d mifter mu
2-lur inst’ubnut it ins witlu [3HJt iuribains. Scat cinmurd

pltuts tuf pinouspintulipast’ A-trt’mited rand (‘(lintroil

ATPast’ tint’ shuoiwtu ins l’ig. 3. Simnt’o’ mu lmirgt’

mnunnge oif ounubainu co)nlct’nstrationns wnus emuu-

pltiyt’d, fhn(’ ploits �vt’mt’ dividt’d imutti two seg-

mnso’mnts, rt’prt’st’nmto’d as eirt’It’smnnuoltrianiglt’s,

withs t!ifft’rennt oirdimnatt’ st-alt’s, inn turdt’r t i

t’xannsinnt’ rsccunrnutely tint’ t’ffeets of ligmunuds

anud pinosphsolipast’ treat mt’nst rut mull N inn-
t’enst rmutionms (if ounibains. Tine difft’rt’nsct’ inn
tInt’ slopes of tint’ two st’gnu(’nsfs wmus evenu

nnuon’e obvituuss nvlnt’mn plt)ttt’d onn tint’ sanst’
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‘F�mtm,E 1

Effect (If phosp/�oiiipids On ill i/ia! rat( of ooabail( bindi.o�j

Time amnioiinmmtof Innabmni mmlhmntl imng was mmnemusureo! after 10 sec oif immeubat iouns wi tin 1 pun �1 I ]Iflmai)msi no in

the presence oif 0.5 mg/nil of ATPmuse I)routeins, 5 mont MgCl2, 40 mnn Tris-acetate, 0.19 umsnnt-rouse, 0.25 mmnum

J- I )TA.-Tm-is, in mmd i no t he pmesenm(-e amid aiisemmce of phlisphat idyl mnnoisit ol (075 mg/mnil) annol pinolspii:lt idyl -

serimne (2.75 nmsg/tmsl) at 1)11 (1.1 nina! 37�. Tine -onscemmt rmutioimmsoil tine ((timer ligansols, whens presenst , were 0.5

maui P, 14 maui K(’l, 140 mnnnms(Iohimmmno acetate, mona! 4 mmmi ATP. All expen-immiemnts were perfon-med inn dimpli-

oat e, mnmnd the variat iomns bet weemm duplicate smumsuples weme wit mini ±5�)� . Time n-esult s siso(wmm are muvermuges.

1igan(1s Amount of ouabain binding

Controls Phospholipase A-treated

No phospholipids With phospholi�uids NO) 1)hoSphOhpidS With 1)hOSphOIi1)i(IS

pmoles mg pmoles mg

\Ig2� 2.2 45 09 4.5

Mg2� + 113PU4 48.0 65.0 208 500
Mg�’ + K� + ATP 1.6 nt; 1)6 3.3

Mg21 + Na� + K’ + ATP 3.6 6.8 1.7 6.0
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Fnt;. 3. Seatcluai-(/ 7)1(1/S (If onabain l)in(/iny (mu (Va’ + K’) -A TPase

Tine maximnnmmmni anniommmnt (If momahainm bimnohimmg ((I tint’emmzvmnmt’ Pmcmiam-:Lt i��nms (t)5 mug (If pro1tninm/mnnilllit(�r)

�vnns nmneasun-ed muften- 2 hum-oif i mncubat ((ti inn time pm-esenmo-e oif various c(Imncemnt tnt II I�IS (If [III Imnah)aimm (1 250

pM) ammo! vamious pinysio(lougio-a! ligammols at p!1 61 amid 37#{176}as (I(’so-mihueo! imn Fig 1. The (‘� Imno’(’mmt nat imm of

KC1 , wineno pmesenit , was 14 mini . Fn-oummm the vnulimes mf I inc mmmxi mmmimmu munmmoinmmI (if (ulmabai mm lii mmo!i mmg inn t’acim
experinsenot , tine ahsohnt e amnI nmnt s (if huotmmno! iimahi:ni mmammo! fmen Iimaiuai mm em Imm(-emmt mat (Inns were t’ilt’nnhtt ed

mumno! the Semut o-hnurd j)lo(t s nvem-e consst n-tnt-i ed - 0 nina! A, 1)1mm(spin Ilipmuse A-I menm 1 (‘01 I)rt’PmLtat io mm; #{149}mnmmolA,

commt nIl! I)n’eI)nnmmnt iomm . �1�ime ((mo! innate st-ale was expmmmmlit’ol 10-f Ild inn I int’ case oif A :01(11 A All expem’imnmt’mmt5

nven-e Pem’fun’mms(’d mm dtmiilieate, nina! timt’ van-inst i((imS hut’t weenn din l)lO’:ute smumniplt’s weme wit inimn ±5�� -

s(’mtl(’. l-’ntumiu tint’ slopt’s, tint’ dissocimutaums counu-

stmutsts ft in’ tuunubmiims s\t’n’e oibtnuimnt’t! , mind fit inn

tine initert’t’pfs onu tine ribscissmit’, tint’ binudimng
(‘nupnueit it’s were oibtnuimmt’d (Tnublt’ 2).

Two i kinnds of tuumubmuins-binndinsg sit(’s won’t’

nuppnurt’mnt, witls Inigin munsd louw muffinsity foin’

ounrubmuins. For boutin fist’ Isigin- mitnd louw-ruffinuity

sift’s tint’ (liss(u(’imitit inn no imnstnumnt s nund bindimsg

cmtprucif it’s were (‘tltuupmur’eti ttu set’ nvhimit

cinanngt’s himud rt’su!t ed fn’oinn pint usplitulipmust’ A

treatment or tint’ nidditiomi tuf liganmds, tim

botin. Neithuem’ dissociath ins t’oumnstmumsts muon’

bindimng (‘mipacitit’s inn tin(’ l)r’t’st’nuee tif 1\1g2+ ±
(ur \1g2 ± Nmu ± ;\TP �vt’ro’ cimnunngt’tl

renumirkmubly b�- plsouspinoulipast’ A tm’t’mufmt’mmt.

Tint’ binsdinng capnicif it’s wen’o’ nippr’oxinnrutt’!y

110-120 pmoles nug of prott’ins ftir tint’ inigin-

affimnity sift’s munud 40-50 pmoles/mg of �)r’� u-
feinu four tint’ iow-affinsity sites ins thn(’ I)mt’st’nnt’t’
tuf \1g24 + ATI� mind Mg2’ + Nmu’ + ATP,

respt’ct ivt’!V.

I)issociationn (‘onustninsts (if tint’ inigis-nuffimsity

sites inn tint’ Pr(’s(’nnco’ ouf Mg2’ ± Nni� +
K� + ATP arsd Mg24 + K4 + ATI� were

inncn’eased mippm’oxinumntely 2-ftuld by put is-

l)in(liI)mise tr’emut nuo’nst ; t isis inn(’ro’nut’nnt wmus

nlpj)mun’t’nntly !t’ss its tiit’ j)I’(’st’tlt’t’ tif \1g24 munnd

)1g2’ + � l’ist’ nmunnbt’r of sift’s wnus naut

elunumngt’d sigmnifio’numntly by tInt’ fremitnuo’mnt

Houwt’ven’, tlnt’ro’ wnus a slight innerenuso’ inn tint’
nsunnubo’n’ oil sitt’s in fist’ prt’so’mnnt’ (if Mg2+ +

P ft in’ bt it In tint’ t n’t’nuted mumnd o’t mit roil pmt’pa-

mit it inns.

I )isso ut’inutio ti to imnstninsts oil’ flit’ it uw-muffnnsitv

sitt’s inn tint’ pn-o’so’nmct’ of vrurio ins ligmumnds

so’t’nuo’d to i be umnmuffecteol by t lit’ j)ilt isplut iii-

past’ A trt’ritmt’tit. Hoiwt’vt’r, K4 inmt’rt’rsst’d
tint’ nniunbt’n’ oil sift’s tu fist’ smtmuue mis tint’ isigis-

tuffinsity sitt’s inn hot Is tint’ trt’riteol mund t’onntrol

preprim’mititutis. Timis immtt’rt’stinmg t’fft’t’t tuf K+
wnus ma it t ibsen’vt’d wit in tint’ isigin-nuffinsity sit es.

‘lint’ vruhnt’s to in’ tint’ disso uninit iomu nt unnst munsts

oil tine isigin-niffinnity sitt’s imu flit’ pmt’st’ts(’t’ tuf

vnurio ins pisysio ut uginnil ligmumds wt’re tmnnt’ tt i

two orders oil’ nnunignmitudt’ snimillt’m’ thmuns

flsose oil’ tint’ loiw-niffinsity sift’s. Tint’ binndimsg

affnnities foir btutis sift’s inn fist’ prt’st’nsnt’ ouf

tint’ vmnn’i uurs ligmimmds ft ullo inved tInt’ o irden’:

Mg24 + P � Mg2’ + Nnt� + ATP �

Mg2’ + ATP > Mg2t + Nnr’ + K� +
AT P > � I g2� + K� + ATP Mg2t

Raiw (if (luaba ill-I) i11(lilI(/ (‘a/)a(’ity to



T�niI.E 2
Binding capacities of ouabain an(/ (/zss(uo-wtiolFo cons/all / (Ku)

The data were obtained from Fig. 3. Tine mmumbers of tuuabaimn-h)immding sites were obtained frouns inter-

cepts oun the abscissae, The nsumber of bimmdimsg sites with kuw msffimsity was ciurrecto’d four the value ftmr

high-affinity sites. 1)isstuciation comistamits four ouuahmoimm were muiutmoimned from the sloupes if the plouts.

Physiological ligands High-aflinity sites Low-affinity sites

(‘on trol freated Control Treated

Binding KD Binding ED Binding AD Binding ED

pmnoles meg /2’! pennies mug /2%! pmnoies 10/’ /2%! pmnoies ??!/� /2%!

112 0.13 106 0.13 40 5.8 42 5.6

120 0.12 12% 013 4% 6.3 44 5.9

120 0.1% 117 0.3 100 16.5 106 16.5

112 0.42 106 1.1 10% 23.3 114 23.3

130 0.52 104 0.85 60 18.2 64 185
155 0.11 135 0.15 40 4.8 44 4.8

(ATP] (mM)

356 ‘I’ANnGUoHn .�NI) nnmu.u

Mg2� + ATP
Mg’� + Nit4 + ATP

Mg2� + Nat + K� +
ATP

Mg�’ + K4 + ATl�

Mg24

Mg2� + P1

(�Va+ + K+)4 ‘J’J�a,�e p/w-s-p/ioi-ylaiion ca-

pacily. Inn order tou mo’laft’ ounabains binndinng
to the inulsibitions ouf (Na� + K’)-ATPast’
activity, tint’ munuouunsts oil I)iuospint1r�ltufed
infermediato’ wert’ mo’mnsured using flue same

lot of einzvme I)rt’Prirationu (‘mployed for

tine ouabainu binsdinug o’xpt’rimennts. Tho’
amounufs of phospho irylat o’d innferm(’diat e of

the conutrol preprurmition ins tine steady sfmutt’

in the pr(’senuce of MgI+, Na+, and 0.025-

1 .2 mum ATP tire sinown in 1’�ig. 4. Tint’ maxi-
mum amounnt of l)iuospiu(ir�’lat ed inst em-
mediate was about 1 1 S pmoles/mg, whicln
w’as approximately tine same mis that (If the
high-affinity tiuabainm-binudinsg sites iii the

presenuce of MgI+, Na’, and ATP (Truble 2).
It was previously siuowmu fhmit tine amounut of

steady-state phosphtirylafed intermediate
is approximatt’ly tint’ same for both freatt’d

and control preparatituns (1).
Effect of p/uosp/uolipase treatment on two

apparent catalytic .sites. So’vo’mal autinoms

havt’ reported t hat Limut’weavt’r-Burk 1)10 its

of (Na’ + K’)-ATPruse activity gave two

innteresting straight hnn(’s (12-16). Phtispluo-
Iipase A-treated ATPase showt’d a marked
reduction of (Nat + K’)-ATPase muctivity

at relatively higiu co)nncent rat ions of ATP

(1, 2, 17). Therefore it seemed profitmuble to

study the effect of phuospholipase freatmo’nut
on the ATPase activity at reiatively low
concentrations of ATP. (Na’ + K’)-

ATPase activities were nueasured inn thut’
presence of various concentrations of ATP,

Fin. 4. A moan t of .Va’-dependoim t p/mosp/mourylateol

intermediate (EP) in tho presence omf (-arious (00000 -

trations of AT?

The annnoumnt omf EP mit stemsdv stmutewas nseasmnred
rifler 5 sec of inscubataumn with I32PIATP inn the

presennce (if 05 mg of ATPase proteimm per nnilli-
liter, 5 nuum MgC12, 140 nnum sodiunn acetate, 0.19

nm stmcrose, 0.25 mum EIYPA-Tris, 40 mum Tris-HCI

(p!1 7.4), mnmmdvarious comscentratiomms of l1�PlATP
at 37#{176}.The mnmml(nmnt of EP was corrected for bmuck-

grounmd vahmes ubtainmed from time mmommsptaific

labelinsg.
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lJmupublishst’mJ oubsen’vmut ionns.

0) Z q � 00’ 002

(ATP)’ (miM’i

Ft G - 5 1, ifle(1’0(l (-(1� - RU ii, ploI/S uf (.\a’ + I�4) -

A TPase (l(li(’it//

(Nms + K’)-ATPmust’ moot ivities were mniemusinreol

inn I he presemmce ouf 0.014 rung of I)rmmteimm � mnnilli -
liter, 5 maui �1gCl2, 140 maui sooliumni mu-etate, 14
mnsnm KCI, 0.19 um su(’m((se, 0.15 mint 1’I )TA-Tm-is,

40 maui ‘Fm-is-mucetmste, mummolvan’i(Ius oomm((’mnt n-mit iumms

tmf �i4gATP at 1)11 6.1 munnol 37#{176}.()tiner muoldititmnms for

t he nsaimntemnmomnee of (‘(lOSt mnmit A’rP t’oinncenntrmnt iomm

tiurinig t he mussnuy nrc olescribe(! inn I he text . 0,

!)ii�s1)homli1)ase A-t m-emoteel pret):lrmnt iomm ; #{149}, tI umm-
roil pn’eparmot ionn - A. Louw commseenmt rmot nuns of ATP

B. high (‘Immmeemlt rat ioimms (If ATP.

mmd Litit’wo’miv(’r-Bun’k pltuts wem’t’ o-tunn-
stmuctt’d. A tvpicmul o’xntmplo’ is siuo)wnn inn

Fig. 5. TInt’ plot was divido’d instoi twu so’g-

mensts, A runsd B, to) aecoununntidate tint’ louw

munud hsigls rmumngo’s of ATP eomneenntrmutiomss ust’d.

irons tint’ slopo’s mmmd instemct’pts oil tint’ ven’tiemul

linno’ tine nippnsmt’nst I5,, amid I ‘,� vmuiuo’s wo’mt’

oubfruinued. I � vriiues four bouthu to unit moils

were 43.6 ± 4.5 (n = 3) mumud 2.32 ± 0.20
(n = 3) /hnuoules oil ATP per nuilligranu oil
proteinu pen’ intium ins tint’ pn’o’so’nno’o’ ouf isighu rmmsd
loiw nounnco’mut mat ionus oil ATP, n’t’speet ivt’l�’.

Tint iso’ vrulues wt’mt’ tlo’nreast’tl to) 13.1 ±

1.5 (u = 3) annd 0.76 ± 0.09 (/1 = 3) pnutuli’s

of ATP pt’t’ nsillign’ninu omf pn’outo’imn j)(’t’ momum,

rt’spo’ntivt’ly, by pistuspiutuliptiso’ A tmt’mutnunt’nnt.
K�, values fom bouthu constrols wt’re 124 ± S

(ii = 3) tunud 0.56 ± 0.05 (ii = 3) put inn tint’

I)r(’st’nnce of huighu rttnd louw (‘oumset’nntratiounns ouf
ATI�, mt’spo’ctivo’ly. r#{231}� comro’spounsdinug valut’s
for the treated pmeparatitunss were 104 ± 10
(n = :3) anud 0.44 ± 0.06 (a = 3) pSi. I(a-(
valuo’s foir bo it is pinospinoilipaso’ A-tmemutt’d

pro’parmutio inns us tint’ preso’nst’e of isigis minsd
low concenutrationss of ATP wo’me ro’dumced

to) mu�)pm(uxinsato’ly 30 � of tint’ eonstmols, rtnnd
the K,,, vmulue of tint’ higin-affimsity sift’ four

ATP ��nis reduced to) mul)prOXimatelV sO �
oil tine o’onntrol. Ins the pmo’st’msnt’ of 1)15015-

phumit idylso’minm(’ mmmd I)Iuosplnmit itlyl nut)S1 t 0ii
thuose vruluo’s were in(’ro’mised ttu mseamlv tint’
(‘oumutmoulvmilut’.’

n)nsc’UssnOx

Inn oiur 1)ro’vio)us ro’port ( 16) tine t’xistemnet’
of two difft’rt’nnt kinmds ouf (uuabairu-binsding

sites wmus demomssfmrutt’d inn tint’ Pmt’sensee of

Mg2� + Xmn’ + K� + ATl�. Oumabain
bounud tti tint’ isigis-muffinsity sift’ caused a
nsmsrked medu(’tiounn ins (Nmi+ + K+)_ATPmise

activity ins tint’ 1mt’st’mmct’ of highs and loan
coun(’t’mst mit iiass 0 if � ( 1 6) . ‘Fist’ presenut
t’xpt’rinuo’nnts sino inn fisrit ho utis pint uspinolipase

,\_-t mo’mitt’d amid t’omnf rt ul �\l’Pnuso’ Pn’t’Pmurmnt itimus

inmuvo’ tnvou difft’renst kinnds of ourubmuimm-binndinug
sift’s, with inigin mmmd low mnffimnitit’s, inn tint’

pro’s�’ns�-�’ 0 ii’ vrumioans phnvsit ulogical ligrunsds oil
(Nmi’ + K’)-ATPrust’ (I”ig. 3 minnd Tmible 2).
Tint’ nminmnnbt’m t)f �)inousJ)1sorylmutt’d sites out tint’

o’mnzvnuo’ nnrus nupproxinumitelv tine n-mmtnut’mis the

nnumber 0 if oumnbmn i nn-binsdinng sit es nvi t in luigh
ruffmmmity its tine Imo’so’nnt-o’ of \1g2’ + Na’ +
AT1� (Tmuble 2 munnd i’�ig. 4) . Iiso’m(’ were rip-

j)rtixinumutt’l� tint’ smunuue mnumbt’r tuf isigin- mmmd
ltuw-mufhnmity sites imn tint’ Pr(’so’ns(’t’ (If Mg2� +
Nm’ + K� + ATP (Truble 2). Tisese oh-

s(’rvmltio)mns suggo’st thumut 2 moilt’s of oumubainn

mim(’ miblt’ to) binud per t’mitrulytin site. Tint’ values

loin’ fist’ dissoleiritioinn (‘olnsstmumsts oIl tise low--

muffinnit y sift’s fo mr oiumnbmuinn were 10-100 times

flutist’ four tint’ inigh-muffinuity sift’s in tint’ pres-

ennee of various pinysioulogicrul ligrunuds. Tint’

diss utimit i(umu N mist minnts four boitin sift’s w-ere

insfluo’nsned by ligmunmds ins tint’ same mmunnnmer.
Ins tint’ presenmo’t’ uf ATP fist’ dissociation
eounmstmunmts for boiths sift’s nnero’ inucreased by

K+, anal this inm(-memuse was ammtagomnuizo’d by

Na’. 1mmtint’ mibsenmo’t’ of ATP tint’ dissolcimutiomn
etinnsfninit \vmus (Iecmt’mnSo’d by innorgansic pisos-

j)inttto’. K’ imncro’ntsed nuot unnlv tint’ dissolci-
nstitunu o’oinusfminst t�f the o’nszvnno’-ouabainn

t’oinuplt’x, as do’st’n’ibed rubolve, but rtlsti tine

disso mint ioinu c mnmstanst of tint’ enszvme-ATP

connplex, as reported X#{248}rbyansd Jenisens

(20) rind Ht’gyvniry annd Poust (21). TIne

ouinabriinn-binmdinsg nripmnnity tuf tine hsigls-
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\Vt’ wislm toi express onmr t inmimmks lou I )n’. I). Foster,

I )epart mnemmt (If Pimyso Ill� Vnnnmdem-bilt ITmmivo’r_

affinity site nnas ntpproximrutely constmunmt in

the presenco’ o)f ATP, but F-� inucreast’d tint’
capacity 0)1 the louw-affmnsity site mnpprt)xi-
mutely 2�:3-fold. Hegyvmury timid Post (21
rulS(u r(’pt)rt(’d that tint’ nmumber tuf ATP-
bindinug sift’s tuppemtmo’d to ho’ 2-ftuld greater
inn tine prest’nnct’ oil K+ tiutunn ims its absennce.

Our results mmix- ro’flect some mo’gulafory
mechuanuisnu inn (Yrt’ + I’�)-ATPast’ by 1’�’,
mis suggested by Hegyvar�- minud Post (21).

Mannv workers inave suggested fluat
(-ardiac glycosido’s bind to (Xa’ + I�±).
ATPase during two different (‘onformnsti(inmtul
states of tint’ ennzvme (3-1 1 ) . The 1)mo’so’nst
study also) inidicato’s tint’ o’xistemuce of at

least t nvo differemnt enuzvnno’ conuformatiomus.

Approximrttt’ly 70 I� of tint’ piuosplu(ulipids
inn the ATPase pmo’pam’ati(umn nvo’re ciuannged to

lvso t’omponnmnds by I)inoisPinoliPase A treat-

memnt (1). Hydromphuobinity in the vicinnitv (if

active sitt’ of tint’ o’nnzynu(’ nnumuv be diminnisised
by sucin treatmt’nst. Tine pnurtial loss of

invdmopintmbicity inn tint’ vicimnity of tho’ active

site might not tinily mo-duct’ flue initial rate of

o)uabainn bimndinsg to sonso’ o’oniformmutiounns of’

the enuzynno’ bunt rulsom inncmo’nsso’ tint’ dissociationu

co)mnstamst four oiuabnuinn (1”ig. 1(’-l” amid Table
2). However, 1)hitispin(ulil)rist’ tremutmt’nst did
nuot causo’ tinny memmurkable nhsmunnges either
inn tine raft’ oil binudinig on’ inn tine dissociation

co)nistannt oif other consformritioinns (1”ig. 1A
tumid B and Table 2).

The ouabainn-binndinng capacity of fist’ o’nn-
zvnue sn-mis mnot cinaniged significannt!v by

phosphohipnuso’ A tr(’atnsennt inn spite oil mu
marked reductions inn (Nmu’ + K+)_ATPase

activity. Tine ansoumut (If Xmu’-depensdo’nt

phosphiorylated info’mnuo’diate inn tino’ sto’adv
state was riot ciuamnged signnificamntly, mis

reported previously (1). Thnt’se fimudimngs
support our Iuypothnesis thnrut phuospluoulipid

molecules provido’ botin mu nsegative o’ismimgt’

and hydrophobicify inn tine vicinnity oil tin(’

active site rather thann being componsemnts of
tine active site itself (1, 2). lmndependenutly
ouf the above observations onu time roAe of

phospholipids, we have recenntly suggested
that the phase trannsitionn of phuospholipid
molecules may be related to some regulatory

mechanism of Na+ aisd K� tranusport across
the cell membrane (17). TIne ciuanuges ins
(Xa’ + K�)-ATPmuse muctivitv (1, 2) and

ouabain binding react ivit it’s effected by

Pinouspiuouliliruso’ �\. ti’o’atnnennt , mis shsousvnn inn fii(’
pro’st’nut study, nunmy be ro’lmuto’d to numumubsennt-e
ouf tint’ �inniso’ transsifion wish-in is o’ssemutirui

lout’ (Nni’ + K’)-:�TPaso’ muctivity.

Pinousplnomlipnust’ A freatnnuemnf (‘niused mu

nnnirl�’d ro’duntitunm oif (Nmu’ + F’)�ATPast’
muctivitit’s ins tint’ 1)rt’s(’nnt’t’ oil hnigin (1 , 2, 17)

mttnd loinn -ounsct’nntn’mitionnsoil A’FP, mis do’-

scnibo’d mubouvo’. Tint’se o)bso’rvati(uiss suggo’st

t hnst bout is t’notalvt it’ sito’s ( 1 2-�1 (I) nvithn inigin

rinn(1 lou�n ruffinnity tour ATP retluiro’ I)hno)spluo-

lipids nmnnti mint’ inn muncordansco’ svitin tutu’ torn-

eiunsiounm ( 1 6) , do’duned fronn ouabainn binsdimng

t’xp(’rinno’nnts, tismut botin o’nnzynisatie sit(’s mire

relato’d ttu flit’ (Nnu� + JnT’)-_\’FPnuso’ remuetiouni
(16).

St’vem-al muutisoin’s mayo’ suggesfo’tI tismut

nuaxinuunu anstiunuts of t’ardimut’ glynousido’

birndinsg nno’me (ubtnuinuO’(l inn fist’ preso’nsct’ 0)1

Mg2’ + Na� + ATP our Mg2’ + � (4, 5, 5).

F1onnevo’m, Semiteisar(l il�ts of oumn’ ouumubmuinu

binndinng dmutnu slnouwed thumut tint’ nnnmuxinuunn
ntnsounnt oil ouuabmuinn binndinsg snas insdo’pensdemmt

ouf tine ligmimuds us(’d t’X(’(’pf four \1g2’ + �

wisio’In sliglutly innnro’ased it. Tisis nounntn’a-

diet it ins nnruy o’asilv be explainno’d by fist’

fruct tisnit tine (uthno’r expo’rimemsts wert’ pt’r-

ft urnuo’d nut fixetl to unio-emnt mat io )nms oil o-nmrdimin

g!yeousidt’ runnd wit in ro’latively shuort iiscuba-

tiommu tinno’s (4, 5, 5). L’nuder those connditioinss

tine minuounut oil binudinug sinould ho’ regan’do’d mis

rate mif bimsdinng.

Bothu pisouspisolipmist’ A.-tmemuted and -unn-

trt’mitt’d t’mnzymt’ pro’pniratio)ns t’ontainst’d ann

Mg2’-ATPnist’ activity of 3-3.5 pmoulo’s of

ATP Ier nunilligram per Isour at pH 7.4.

I)urimng tint’ lomngem i iscubat ions in t in(’ p�esenee

of ATP, sat-in as tinat siuownn ins Fig. 2, cons-

sidemnible Al)P anud P1 sinould nulso inave bet’mn

prouduced. So’vt’rtul ruutino)rs (4, 5) havo’ me-

pourto’d fisat Mg2’ + ADI� (‘minu suppo un-f
binndinsg oil tint’ (-min’(!ini(’ glycoside to tino’ tIn-

zynue. \Vt’ o’mmmunuout t’xnludo’ tiso’ effet-t oil

AI)P munnd P1 onu tint’ nnnnnximunn ninnounnt out

ouumubtuin binstiimug (Fig. 2A ansd B). AltIuoiughn

this douo’s nutit o’ismningo’ oilnm (-o)ns(’lusioums, furthso’n’

study is rt’qiniro’d tou clarify tino’ effect oil

:\‘J’P, \.DP, mmmd P tunn tint’ ounnbtuin-bimndimmg

mt’cinmunnisnu.
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