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The effects tii K� ton (Iso’ omuabain-(Nmt� + �+)_A,rf1)RSO, [Mg2#{176}-do’�ot’miclo’mit, (Nat + I’�)-

activated A.TP �ohutosphuoohiydroolmise, EC 3.6. 1 .3] c’ooniiolo’x ovo’rc’ sf-udio’d using j)tOrtimtlly Ptinifio’dI

rat brain emizymo’ pro’para(i�mus. Thc’ d!issoio’iafioomi rmoto’ ool (ho’ [3H]ooumibaimi-o’mozvnio’ c’oontplt’x

prepared ivifli ATP, Nmi+, tumid ‘oIgi+ do’o’ro’mused slstorplv with fo’mpt’rmufimro’ bo’(wo’o’mi 37#{176}mont!
22#{176}in (ho’ abst’tuo’t’ oil KC1. Poo(assium s(mubilizo’d (Ito’ o’oonijolo’x tot 37#{176}.Tluo’ o1issooo’imufiootu rmoto’ tof

the [H]ouabain-o’ntzymt’ comp!o’x itt (Ito’ pno’so’no’o’ tol K(1l wt� to’ml)ermufure-itiso’musitivo’. linus

the dissociatioon raft’s umudo’r (host’ (woo o’oomoditiomuus mopioromao’ho’dI o’mochu oot-ho’r at looii’ fempo’na-

(ant’s, amid ccomuso’oluemuf!v mu K+ effo’ct mtt)t oibso’rvo’d bo’loow 1 7#{176}.Phtomnizimu, which lutos bo’o’mu shioown

(0 imicrease (-lit’ K+ affinity oil (Nmo#{176}+ K�)-ATPaso’, o’mihmimico’d fl-it’ s(mubilizimug o’ffo’t’t oil K#{176}

on flit-’ o)uabaimi-o’tizvmo’ c’oompio’x. ( )utobaimo -o’tizynso’ o’ooniplo’xo’s it mnmno’oi ooi( Ii subst rmt-to’s somt’lt

as l)-muifrt)phc’mu�’l 1)htosPhmito’, mi(’O’fyl t)htoslohmOfo’, ton cmonbminsyl I)15005101it0t0’, iuu flit’ pro’so’mut’o’ oil

Na+ mind! �\Jg2+, �vo’re alsoo .s(mibilizo’d by K�, oviuero’mos (hoist’ ioormo’cI with ‘ulg2� tumid I� \\o’o’r

not. hut’ dissooo’im-i(ioomi u’mifo’s oil [3Hjoouabaimi froomsi flic’ o’uizvnso’ ito tin’ joro’so’moo’e oil K� wont’

similmir ro’gandlo’ss oil (ho’ phioms�)ha(o’ iigtonc! tiso’ci tom sul)l)oorf (Ito’ hitiding. Tito’ Fo.#{176}-ilichuo’o’(!

stabilizafiouu cof (ho’ oouabaimi-t’nzyme c’oonsplo’x loornio’c! with ATP, Ntu�, amtd \1g24 wmus no’-

versiblo’ who’mi II� was remoovo’d. Atfo’mp(s to o to mmivo’rt- t lit’ ootutobmoimu -o’mizymo’ co onoplo’x l)ro’Ptoro’oI

iou flit’ pm’o’so’nt’o’ oil i\1g2+ tumid P1 front a K+_itoso,tisitivo, too mu K�-setusifivo’ o’oomiloormmtfiomn �vero’

unsuccc’ssiut. Do’ooxV(’hohc acid jomorfially momttmigoomuizo’cI K+ o’ffo’o’fs tom-i (Ito’ rmtfo’s oil [3Hjoouabmoint

binding and dissoociafioiru in the pro’so’mio’e oil ATP, Nmr, tout! \1g2+. It is (‘ommicltudo’dl that K+

stabilizes (lit’ ooumubaimo-o’nzvme c’ompto’x by mul(o’rimug its (‘oomitigura(iommi tout! that I his o’ffet,t oil

Ic+ is closely ro’lttfo’d to) its o’ffo’o’t- oomi (Ito’ muativo’ �ohtosplio-euiz�’nio’. hit’ sttobilizmifiooru mt�opo’tiro’o!

ft_i result froinu mu-reduo’ed muo’co’ssibilif-v oil flit’ oouuabaimt bimuding sift’ out the o’mtzymo’. Tluo’ ooumo-

baiui-o’miz\-nso’ o’oompto’x pro’j)miro’d imu (lie jiro’so’muo’e oil A’I’10, Nmi+, mom-id �oIg2+ mimic! I ro’mtto’tl with

i��;:ci � dissinsilmor ft�o tho’ ootoabmuin-o’muzvnto’ o’oonsplo’x loro’Pmoro’oi ovifli #{176}olg2�tumid P1.

INTi000DtTCTION tiroolmiso’, EC 3 . 6 . 1 . 3] htts bo’o’mt l)oosfulmitt’ol too

(Nat + T�+) -ATPaso’ i::� I gi+_dt��o(�mid!o�mif , undergo o mi t’vo’to’ oof Co ottlo mrntmit it mtitol f rtumusifioomis

(Xmu� + l’I�)-ao’fivtifed ATP 1)htmsl)hi(mliY -�-�- --�- � - -
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as it luydrolvzo’s ATP (1 ). So’vo’rttl scho’mo’s

huavo’ beo’uu pm’t’st’mOf o‘ci ciot oio( imug f Ito ‘ m’oolo’s oil

substrates timid ao’fivmofoors, such as ATP,

Na+, \1g2+, tumid K�, itt tho’ imuductiotu of such

o’omifo)rmatic)nal chtuuigo’s imu (ho’ o’mizy mae ( 1-7).

Tho’se scho’mo’s asso’ssed (hit’ roolo’ tol 1� as

inducimug do’phuosphioorylmutiooui oil flit’ phos-

Phoo-o’nZYmo’, 1(0110 owing do’phio ospluoorvtatio)n,
if is pnoopooso’d thstof (lie o’mizvmo’ chamsgo’s it-s

o’oomtfigurmufioomo. Flloowo’vo’r, if so’o’ms nsooro’ rt’a-

stomoabto’ (limit K+, moc(imig mot mimi o’xf-rmico’llular

sit(’, must pnooduo’o’ mu t,t)miitirfliafit)mitil t’hmurige

iti (lie emizymo’ too tot’o’o’lo’rmufo’ the imitnmoo’t’llulmir

liydm’omlvfic o’lo’avmugo’ oml (lit’ t’mizvmo’-phooosphuato’

bcomud. Stools a so’luo’nuo’ was jortopoiso’d by

Hoobirtson (8) , brused upoomo I�#{176}-stimulmufo’d

phutisphaf-ase act ivity St utlic’s. Ro’c’o’mof 1:1-,
Cliartiock et a!. (9) poosfiulafed, but did not-

jou’oovide o’videnco’, that t’� imoduces to- co)mufo)r-

maf-ionial clumitige tol floe Pitt ostolooo-o’uuzvmne

ivluichi in turn ltuo’ihi(muto’s flit’ ro’to’ase oil P�

iroom flit’ o’moz’m’mo’.

Nmigai et al. (10, 1 1) hmovt’ dt’mnomosfrated

thmuf- Nmu mimic! K� imuduo’o’ chmimiges imu (he

fluont’sceuic’c’ O)i 1 -aititimio o-S-mimopht hialetoesul-

iomumtt-o’ bcmumud too flit’ o’rtzvmo’ promto’in. Tho’y

mado’ tuom mtffo’nipf (to so’j)tunafo’ (lit’ l)rooI)ooSed

0’Oorifoonmiumuf ioomumul o’himumogo’ tnt om flue do’johuos-

johoirylafitomi. Simuo’e it is poosfulmu(o’d fhmot boith
0�0 mnioornsmufioomial o’hiamtgo’s tumid c!o’johit iSj)hioorvla-

titoti ttoko’ pltic’e vo’rv nmoj)it!ly mot’to’m’ (lit’ addi-

tioomi ol Is,T�, it is c!iflit’oulf too stuc!o,- (hue time

so’oluemto’o’ til’ t-hoo’st’ reao’fioouus in momufive o’miz\’me

Ioro’I)armutitomis. r#{231}i ivhit’(hier t�i� toc(s toni the

tohioosPhioo-o’uiZ�’rno’ too inciute to o’oomoloom’nimu(ioonal
t’hsamtgo’ tom’ ft�i lmoc’ili(mito’ flit’ do’phioosphioonyla-

fiooti is mitot kmioown.

\v(’ hoavo’ lOro’ViooUsIY clomiioomisft’tito’d (-hat

Ts;:+ stabilizes (lit toumobtoimu- (Nmo� + I��+)_

ATPaso’ contplo’x foormeci in flit’ Ioreso’tio’o’ oil

Na+, \IgI+, a-usc! ATP (12). Thto’ oouabain-

o’tuzyme co)mpto’x lormo’c! in fIst’ lreso’uuc’o’ t-ii

1’oIgi+ mimic! Pi �vmis stablo’ wifhuoouf K±, timid! ifs

stability was utomiffo’eto’cl by K�. Sitoce Ni�

also ro’duo’o’d (lie rmo(o’ oil toutubtuiti bimuding to

(Na+ + TcC)�ATPaso, \\.e iorooiooso’ci that

I�;�+ imoduco’s to coonloormmotioonal t-rmimusitioori oil

(lie emuzvmiio’ imi snob a mtuiumso’r (hat (lie ac-

oessibility oil outubaimi hiuic!imig sift’s is re-

cluc’t’d. If- atsom ioml!oows (limit the ooumubtuin-

o’muzvme c’oomiolo’x ioornso’d ivitlo �\Ig�+ mutici J)�

is imuseuusifivc’ to l’i� mind thio’m’o’foom’o’ (lift!’-

o’nf- fno)rn that lonrn(’d with ATP, Nat, and

Mg2t

Thuo’ 1)�unI)ose (ii this study was to invest-i-

gate further the o’ffo’ct oil j#{231}+� (lie ouabain-

euszvmo’ t’oomplex.

\IATE1t1.-OLS .-iND METHODS

Male Sprague-Dawley rats w’eighing 200-

300 g were used. Enzymes wo’re prepared

froint brain microsoommil inactions following

deoxychsoolic acid amid NaT treatment as

do’scnibed Previously ( I 3) . Protc’in comuceii-

(rmutioin wmus assa�’o’d by flue method colLowry

et al. (14). The (Xa� + J�)-ATPase ac-

tivi(\- was c’s(imafo’d as described previously,

by assaying the mumoumit oil P, released Iroom

ATP during a- 10-mimi iuucubation at 37#{176}.

The 1)ro’so’nif o’nzym(’ Pro’l)anafions had spe-

cific (Nat + I’�)-ATPaso’ activities of 3.4

�.omoolo’s oil � relo’aso’d from ATP pen nsilli-

gram oil pr(oto’irt Ioc’r miututo’ (mean of six

preparmut iO)mis) . i\ Ig2�-dependemit- ATPase ac -

fivity, assayed iii (ho’ absc’nce of Na+ amid K+,

ui’as a�)�)rOXimately 5 ( � oil the ttital ATPase

activity mussayed in the presence of Xa+, K+,

amid i\Ig2t The (Nat + K�)-ATPaso� ac-

tivifv ro’porfed litre is (hue difference bet �veen

flit’ toitmul mtrtd \igi+_d!e�lo�mu(io�tf ATPmust’ ac-

fivi(-ies mind wtts coonijolo’to’ly imihibittuble by

o)uabain,

Thit’ bimudiuug oil (3H)-onmabaimu by o’muzyme

l)reParafiOons \\�mis t’stimisated tot 37#{176}b\- incu-
bmttimug flit’ o’nzymo’ Pro’l)murafiommi (0. 1 nig of

pro)to’imi tier nsilliiifo’r) with 0,1 ILI\I [3H]ooua-

bain (No’w Emoglmuuud Nuclc’ar Corpoinatioon;

sjoecific aofivitv, I 3.2 Ci/ mmole, diluf cci
with 9 limurts oil t’mornit’r toi�itibaimi) iii mu mixture

coorufaimniug 10 mim NmuCl, 5 m�i \IgCt2, 5 miii

Tnis-ATP, autci 50 msm Tnis-HC1 buffo’r (pH

7.5). Thuo’ bimidimug ro’mio’tioouu was started alter

a 5-mimi �)reliniimtary inocubmifkon pt’nitmd by

addimig the o’rizynso’ Prc’t)arafioui. Atio1uofs

were fakemi at 1 , 3, 5, am-id 10 mimi mind asstivo’d

loon boound [3Hjooumubaimt. 1or ligauids tither

tItan ATP, the t’oonuplo’xo’s �i’o’ro’ pro’pmiro’ci by
incubating (Ito’ o’uizvmiio’ pro’parafioui tumid! 0.1

.osm [3H]oouabmiiui ivi(li 10 mum NaC1l, 5 unit

�rgcl2, and 50 nium Tris-HC1 buffer (pH 7.5)

in flit’ loro’so’mto’o’ 0)1 5 msiit p-nifro)phemuvl phois-

phmit o’ , aco’t yl 11h10151)hitit 0 ‘ , or o,turbanivl l)hi05

iohiatt’, tom’ with I niui �\lgCt2 tumid 10 mit
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Tnis-HC1 buffo’r (pH 7.5) in flue pro’so’mio’o’ oil

1 mim Tnis-phoosphuafo’. After a 10-mitt ro’mic-

titoti period tot 37#{176},fhit� binc!itug oil {3Hloiumibaimi

was stoppt’d by adding 0.1 miii unlmubt’lc’d

ouabain f-co the mixf ant’.

When the dissociation of [H]ouabaimu from

the enzyme ii’as moonifored, the o’uuzyme con-

centratic)uu was 1 mg of protein per milliliter

during the bindimug reacfiooit. Alto’n a 10-mm

incubation, flit’ nsixfure was diluted 10-fold

w’ith a solufioti co)nfaining nuonnadicoactive

(ouabain (fimual c(oncentration of oouabain,

0.1 miii). Since flit’ (ATP, Nat, and Mg2�)-

supporto’d bimidimug of ouabain saturates at

approximately I �oii ouabain undo’r tho’se

conditions (15), this proocedure effectively

preventc’d the iurfhio’r binding oil [3H]ooua-

bain. \Vhett flit’ dissoociafion reaction was

monitored at (o’mI)enafures other than 37#{176},

1.0 ml of flit’ binding mixture ii’as trans-

ferred to) 9.0 ml (ii “sfoopping solut-iton” (10

mm Tris-HC1 buffo’r, pH 7.5, contaimuing

0. 1 1 miii unlabelo’d osuabain) previously in-

cubated at various temperatures. Subse-

(luent decay cii bound [3H]oiuabaimi ui’as moomui-
torc’d by taking I .0-mi ahiciuco(s tut 5-mimi

intervals up to 30 mm and assayimig the

amooumut- of boouuid [3H]oumubaimu. Imi sonso’ o’x-

peniments the [3H]oouabainu-emuzyme complex,

frec’ from ATP, Na+, timid Mgi+, was ob-

taino’d by cemufnilugimug the incubafioouu nsix-

fount’ loin (woo 30-nun po’nitods at 100,000 X �j

tumid 0#{176}alter a 10-mitt binding period!. Thic’

so’diment was nesuspeuudo’d each time uvif hi

10 miii Tnis-HC1 buffo’r (pH 7.5). Simuo’o’ flit’

ouabmuin-enzyme coomptex of rat braimo o’mi-

zyme is stabit’ at 0#{176},the dissociafioimi oil flit’

bound [H]ooumibmuiuu wtis minimal durimig (hut’

centrifugation amid ro’suspension. Disso oo’imu-

tiomu of (he compto’x was subsequemotly nit mmii-

tored at 37#{176}as above.

Boumid and umibo ound [3H Ioouabai mi wo’re

separatc’d by filfo’nimug milioiuots thurootugh

\Iillipore filters (muvo’rage pore size, 0.8 �zm).

Tho’ fiifratioomu oil miii aliotuot timid subsequeuot

washuimug of (hit’ tiltt’r with 10 ml of 50 mum

Tris-HC1 bufft’r foomk less than 20 soc. The

radiomactivity trappo’cl cmli (ho’ fitter (boouuid

ouabmun) uvmis mtssmivo’d by liquid scimufillat ion

countimig after clissolvimug fho’ filfo’r in o’fhuyl-

ene glycol moomioimsto’fhyl etho’r. Co mutt iuig off! -

c’ienc’y (muppromximmuto’lv 30 ) was moomtifomreci

by flit’ o’xto’rmumil sfmtmutltird chmimuuuo’t m’motioo

nio’tlsoa!, t’tolibm’mi(o’c! with into’m’ntil sttimu(imil’cis.

‘i’hit’ ansooumut 0ml ho outud [:oJ4 Itmoimibmoimuoobservt’o!

itt (hue ttbso’mit’o’ oil i\�FP ioas lo’ss thumouu 2 � � tol

fhmit oobso’rved in flit’ pro’so’m-io’o’ oil ATP momuol

\\‘as subtrmut’(eci Inoom (hut’ lmufter vtituo’ too o’mul-

(‘liltu-to’ (hit’ 5l)0’0�i110’ (A5FP-cio’po’uudo’mif ) bimiding

repor(o’d in this papo’r.

Dtufmo wo’ro’ mumuatvzo’ci loon stmitisfic’til sigmuili-

t’mi!io’t’ by S(uc!o’mu(’s t-(t’st. Cho’nsio’als �

t)unchased moons Sigmmu (�ho’mical Coomptuuuy.
Tnis smuts oil mio’etyl piuoosphumife mimic! carbamyl

johoosjlumuf o’ wo’re 1)ro’lomiro’o! iiif Ii Ambo’nlit o’

C( -120.

RESt’ LTS

I�!Teets of’ /)/1lO1’iZifl on bilI(li)1(/ aioei o’eleas(’
()�f [3H]ootahain by (\�� + K�)-ATIasc.

Boobiuusoomu ( I 6) demoomist rmuto’ci (limit plilonizimi

imior(’aso’s flit’ mu-ppmiro’tif aflimiity oof (Nmi+ +

J,�+)_A’j’J)mise tcoward K� motto! do’creast’s it

foowmurci Nmu+, tumid o’tittc’luc!o’cI thmut these moe-

fitomus oml t)htooriZin mono’ chit’ too a hc’terootm’o o�oio’

alloos(o’nic’ moodific’atiomo oof (Ito’ o’muzvmo’. 1 mi

oonder fo do’momnstnmitc’ that (Ito’ c’ffec’t- oil K�

0 Ott flit’ 0 oumuhtuin-enzvnso’ imtf eractioomi is mooof

l_utiioll__ut’ mimic! is coonsisto’nt with (lit’ effo’t’f oml
Is:+ � mimutive o’nzynio’, flit’ influo’muco’ oil Phito)ni-

zimu tao K#{176}�inc1uoedi (‘himumigo’s ill the nato’ oil

a-ssocimutioiut motto! dissooc’imufio omu tol {0H lomuabmuin

w.mis stoudio’d.

Philoonizimi (3 mum) mtloomuo’lmuilo’d too molter flit’

rate oil [0Hlooumohtiimi bimuding too (Nmo+ + 1��)

ATPmise tot 37#{176}iti fhic’ ioro’so’mio’o’ oil ATP, Nmo�,

and \1g2+ (l�ig. 1 ). Tho’ rmite oil tHlooumibaiui

bimuc!iuug ivmus miiarko’dlv m’c’duo’o’ci by 1 nut

�I�;+. LTuucio’n (hit’ ltif(t’r o’tmiuditiomt 3 mit phlomni-

ziut iurflio’r ro’t!uco’d (ho’ u’mofo’ oml [3Hloouabmoimi

bimuc!imig. linus 1)1510onizimi limit! hO) o’fft’ct omu

(ATP, Nmu4, tim-it! \ lg2�) soup�ooorto’ci [H Jo onto -

bmoin bimuc!itig by itso’lf, but nsarkedlv o’mi-

hominuo’o’d (lie effo’o’f- oil K�.

lti oond!o’u’ too study flit’ o’tit’ct oml iohulomnizimi ommi

I�i+_imucluco,t! si mobilizmitioott oil flit’ tooumibmuimi-o’mo-

zymo’ o’oomiolo’x, flit’ [0H jo oumobmuimu -o’mizymsse coons -

jolt’x ii’tis I)ro’llmort’c! by imu’tihmtt imog [3Hlo otmabaimi
with (ho’ o’mizynsc’ prepanmufiommi itt tlte pro’so’m-io’o’

oil ATP, Nmi�, mumool ‘ulg2�. Afto’r ATP, Nat

and )oIg2+ humuc! bo’o’mu no’n-ioovt’(i by o’o’mit-nifugtu-

f it-out mimic! u’o’susjit’mtsiooui , (hit’ �.0j_1 � mutubaimu-t’mt-

zvmo c’oomplex iotis mulltowo’cI tom disstio’itift’ tof

37#{176}in 10 mum l�ris-HCt hoiffo’r (pH 7.5). l�hto’

(!t’(’tiV oil (lit’ [:oH ]ooumubaimi-o’mizynso’ t’totnplt’x imi

o’itho’m’ flit’ I0m’t’sO’tut’t’ 0 or mohso’mo’o’ oml’ l��+ omm’
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Fit;. 1. EJTeo#{149}tof /)/0lOO/’i.t�U0 (000 :tJJJ00/(j1)(ljpOloiiool-

?FOfJ to) (‘s’a� -j- K�) -A TPa.se

Ftuzynle toreptilmot ion (1 .0 iiug of lrot eioi ito a

toital vohonio’ oof 10 out ) total 0. 1 git [�iI]oiootohoaiti �s’ere

int�’iilottt ed ito the Pl’esetio’e (Of �l() tliM NtoCl , � aiim

i\lgCl2, S truim Tt’is-ATP, noah .() oiuum Tris-HC1 hoof-
fer (p11 7 .5) tot 37 #{176}i � t he tuhso410o’o’ (o’ i roles) or pies-

etio’e (sitotires) (Of 1 aiim KCI . ( )ioeoi syflll)Ools, noo

phkmrizitu presetut ; soliol sytiihoools, 3 � phlot’izin

added . � t t he itoci io’mtt ed t inies tuft er todol i t iooro 0 of t he

eiozynie, muliojtooots were muroalyzed foot’ bootond [��I4]_

totial ott i a . %�toltoes tile ineatis ( of fo oooo do’t o’t’roi i to to I ioons

wit Lu different enzvnie Pl’ePtirttt otis ; vo’rt io’al lines

i tidictote st tttidtut’tl erro ors.

l)htlt om’izimt it otlo oived first -0 m’cit’t’ kimiet it’s, Figaro’
2 shiows (hue po’rc’o’nfmigo’ oil booouuid 1#{176}Illoouabmuimu

ro’maimuiuig urudissooo’imuto’cI moi(o’t’ a 10-nun iuu�’u-

ba(iomn Po’nioodl. Pootmossiuns (0.05-S miuum) re-

duco’c! (-lit’ t’mofo’s oil c!issooo’imuf itomo ito mu dooso’-

do’po’miclo’m-if mmumouier. Phuioim’iziuu (3 oust) shilf-o’d

(h-it’ o’urvo’ (cm (Ito’ lelt, itutih’totimog (limit � was

moire effo’t’tivo’ in (Ito’ pro’so’mio’o’ oml j)lilcom’izimt

l-imiuo u-i it� mibso’mit’o’. Although (Ito’ shift omi flit’

t’um’ve di000’s motif moppo’mum’ m’o’nsmou’kmible oti mu-bog-

anithumio’ �1��i+ o’otoo’o’mifrmutioomo joloof , flit’ (‘0 O!i(’t’ti-

trafio)mis oil j�:�+ mio’et!o’cl (to m’t’c!i�ut’t’ t!issoic’iafioimi

i’mttt’s 50 � � imo flit’ mibso’no’o’ mum-it! pu’o’so’muo’o’ oil

phuiomniziuo io’(’ro’ 0.30 mimic! 0. 1 6 mum, m’o’spo’c’-
tivi’lv. ‘Titus :� mum johuloonizito sigmiitit’amitlv in-

o’ro’muso’d! flit’ tofTimoifv loom’ K1 (p < 0.01 ).
Teinpci’atui’e (Ie/)e!!(I(’I/(’e 0/ ./S.+ (�,fl’C(’t on

(l/.s’.s’oeiation i’ate.s’ of oaaba in -eiizyino’ (‘olnI)Ie,o’.

‘�‘ uitunsbo’r oil imivo’stigmufom’s humovo’ clensooti-

s(rmtfc’d fhsmut (lit’ (Nmo� + l�#{176})-A’FPmuso’ ro’mic’-

KC1 (mM)

Foo . 2. LfJ’C(t of pio lo,zz too (000 K�-o ooolooceol stabili-

raIio�o of ouoiboizio - (_Va� -3- 1k�4-)-A 7’I�ise (0100 plex

l�OiZ’o’tilC lirePtol’tot into (0.8 nig omf jou’oteito in a

tootal vtoltotiie tof 40 ti-il ) anti 0.01 ��ut ]3H ]ooimabajn

(13.2 Ci/tiinitole) were int’tolimoted in the presemut’e of

20 tuuim NaCI, 5 iouuu i’oIgCl2, ‘� joiuo Tris-ATP, arid 50

t-i-iim Tris-HC1 hitoffer (p1-I 7.�o) tot 37#{176}fcor 10 nun.

Tue onixt ooi’e wtis o’etit t’iftoged toorio’e at 10(1,000 )< g

foot’ 30 lain tot 0#{176},atd the o’estolting sediuuients were

rt’stospended itu 10 tnim Tris-IICI hiuffer (pH 7.5).

I )issooo’ mt itoti o)f t ho’ 11 joototohoaiou-etizynue o’oonuplex

(toppo’ooxinuat ely 60 jog oof pt’totein ito to to ottil vooloonie

tof 6 nil) ovas tiuoonittoro’d tot 37#{176}in I he J)I’esetic’e of 10

flOit ‘ft’is-H(�l hoofl’et’ (pH 7.5) mind phltn’izin tot’ KCI

tos i tool io’at cot . �rhe tuono onto 1 o of tin total [��1I ]touabain

i’eti-uai to i ii g uttodissot’ ito t ed aft-er ti 1O-tnin ita’ubat ioru

was expressed as to pero’etuttoge oof that at the he-

ginnirog oof t lie iti(’OOhOtOt ion . Valtoes tore nueauos oif five

oletertuuinat iotos wit ho tliffeo’etut enzvnue lireptira-

t i001us ; vert io’tol I ties intl io’tute st andai’d errors.

Asterisks itu(lio’mote vtilooes significttrttlv different-

(p < 0.01 ) frooni o’tort’o’s�ioono1ing (‘oorutrol values by

the I)ttit’ed t-test.

titomi is highly t o’onpo’m’motoum’t’�so’musitivt’ ; luemuce

flit’ (�oinO’t’l)f (limit flit’ (Nmi� + 1’i)-ATPaso’

ro’act it mti pm’� it’t’t’tis by differo’iut- msuo’(’humimuisms

aboovo’ mimic! bo’boow the ‘‘c’niticmul’’ fenspo’rature

has bo’o’mu tlo’vo’looioo’t! (9, 17-19). (i1humuu’mioock

(‘1 out. (9) I)005(tiltttt’tI (htut bo’loow (his critical

(o’nuloo’t’aturo’, ro’jooot’to’d too lit’ bo’two’t’uo 18#{176}mimic!

20#{176},(ho’ phuoms�)httm-t’mizynso’ looso’s its ability to)

tossi_itTot’ mu tc+_st,misifivt, 0,0 omui mrnsafn omt. Thus

flit’ [#{176}Hlooumobmuimt-o’mizvnso’ t’t implex \\�tos pre-

licurt’d! tot 37#{176}tumid ifs oiissooo’imutioomi u’ato’s uvt’re
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monitored at vanioous (ensperafuno’s in ami

at-tempt- (to clt’(t’rmitit’ wloether mu sinsilar

critical temperafuro’ o’xists Icir the s(mubilizimig

effect oil F�i+ ton the complt’x.

Iii theso’ o’xpo’nimo’muts the bimiditug oil

[ Hlooumubaimu was s(tippo’d by (ht’ middifiout tif

nc)minadiooactive totuabain (to (he biuic!imig nuix-

(uro’, timid flue raft’ cii soubso’quent c!o’cay (if (hue

[ H]o ouabain -enzyme coomptex was nit omui(ored

in (he presence oil 0.1 mum unlabo’led ooumobmuiui.

Undt’r fli(’Se o’oom-idi(ioomis the do’cav tof flue

couabmuimi-eiuzvme ctomplex milso�o It otto iivo’d first -

cnder kimietics o)vo’r flit’ temperature rtumuge

studied (12-37#{176}). Iuu II’ig. 3 (lie first-oorck’r

raft’ coons(-amufs, ‘alculmufo’d from (he liuuo’ar

rt’gro’ssionu limit’ fitto’d too six points ombt-mi-iuied

mit timo’s namugimsg from � too 30 mitt loon o’much

t’xpenimo’mut , wo’ro’ plomtfo’cl agaimisf flit’ (ens-

‘.4

Ut

0
0

I)

0.4
0.4
li

0.,
0

Ut
0.4

IL,

Ft o ; . 3 . i’eno pei’at 0/ iC ofJ’ett.s’ on- (1Z.SSt)( 10 1 it),, iiito

conslaools of onabain-A TI#{176}ase (0000ple.r pICpOI’e(! in

the presence of A TP, .\‘a�, a�oil �fgO+

The loll Jtouuohtoin-enzvnse cootuiplex was prel)tored

by ita’ooiimot ing i�#{176}i1tomuahaiti vo’it h t he etizytne torch)-

arat ioon ito I he presetu’e oof ATP, Nto�, tototi Mg#{176}#{176}mtt

370, The binding (�)f labeled 0011tOl)aiti � tertouuototed

by t he addit-itomo omf tumilabeled totlal)ain , atiol smuhose-

quent- (let’a’Oo’ (if t he [#{176}H]oototibtoin-enzyi-iie t’otnplex

was nuoonitoored at- vmorioomts tenipertottores in t he

ahseroo’e (0 ) oor presetice (S ) o)f S tint KC1 . First -

ordeo’ rate o’(orustalits for the dissoicitit ioon -os’ere
oi’alt’tolated foor individooal o’xperitioents. \‘tohuio’s tire

nieans oif five eXl)eriflletuts toti ohifferetit etuzvtne

preptorat i(ot-is ; vert ictul lines itidictote stmotodt-tt’d

errors.

perafuro’ which prt’vai!ed durimug flit’ c!iss mci-
a(ioiti remuctic)c’ dissoocimimu. Thitiomu raft’ slit own

imu I’�ig. 3 is stcnvo’r (hmin that shoown ito 1’ig. 2

beo’ause of flit’ l)ro�s(’utt’o’ oil 1 mum Na+, ivhit’hu

sfmubilizt’d the c’oomplo’x slightly (12). Thuo’

rtoto’ omf dissociatioouu mit bus’ to’mpo’rafuro’s (12#{176}

mind I 7#{176})was t’ssemufially (-ho’ smunso’ ito (lie

pres(’muce or mibsemuco’ oil K+. The rmtfo’ oil (!is_
50)t’iti(itiui imi (Ito’ tibst’tic’o� oof 1�i+ iuuo’m’emused!

nsarkedlv mit high ft’m’npo’ratount’s, \viul(’ imu

(ho’ 1)r(’semice oil � it- o’lomingo’d Ian lt’ss. Thus

K+ iorevemito’d tIn’ itut’reast’ in rate oil dit�-

s000’iiofioimi mit higher (o’mperaturo’s : (ho’ ton-

loornsmo(ioomi imuduco’d by K+ at 37#{176}ro’so’msublo’s

(ho’ comuloormafiommu mit I 2#{176}in tht’ presemoco’ tumid

mobsemuce of I�.

Slability and J�+ .s’en�s’i1n’ity of [311]ooooboin -

enzyin e COil? ple.o’ Join? e(l ui’ith (llffel’en I /)/O (IS-

/)llate liqands. If limos beo’ui nt’poort-o’d ( I 2, 20)

(limit (lit’ ouabaimt-emszvmo’ ctomplt’x iomrmssecl in

flit’ l)ro’seuuc’c oil ATP, Na+, aIR! \1g2� dis-

soocimofo’s relmotivo’Iv rajoiolly mit :37#{176}ovluo’t’o’mos

(limit lonnso’d imu (iso’ joro’st’tice oil �\Ig2� timid 1�

t!isst)cititt’s moore sloowlv tot (ho’ samt’ tensjoo’rmi-

fart’. Tho’ pro’so’too’o’ oil K+ dunimog flit’ dis-

soociatioon reac,fit mm-irt’oluced (ho’ (!isso mo’imo(ioon

u’a(o’ oil tht’ loom’nso’r o’ommplo’x (to (limit 0 ml tlte

!mifto’m’ t’Oitflj)lO’x bout imoilo’ol tom luntho’t’ t’o’ciuo’’

tho’ c!isso io’itufit it-i rtoto’ oml t lit’ oouabmuimt-o’mizvmsso’

(‘Olflij)lt’x f’omnmno’o! ivitlo \lg#{176}#{176}and P ( 12).

Simuce PhutosPlumotmoso’ soubstrmoto’s, such mis /)-

nitno mplio’tovl tohiomsiohitoto’, moo’efy! l)lt osjihimift’,

atid cmom’bmonsvl joiuoosiolimtfo’, aisto siijojoo mit E:OH

toutobaimi biruc!imig (21 ), i( oi’mos oil imito’m’est (to

c’oonspmoro’ (lot’ stmobilitv motid J%:-�+st’musitivitv oil

the ooouabmoimi -o’mizvnso’ to omplo’x lo onmsto‘(I ioif Ii

vmirioous phtomsj)hmoto’ ligmumods.

Tho’ (!O’(’tiV oil tho’ [Hjoouabaimi-emizvmiuo’

conupbo’xo’s hornso’d wit-h (Iso’ vanioous ligmomools

it olloouvo’d fim’s( -oordo’m’ kimoo’tit’s. 1’igum’o’ 4 shot iii’s

first -t ou’cio’r rat o’ o’oomisfamuts ft in disso mt’imi t io omi oml’

flit’ coomplo’xo’s, Iii fist’ mobso’no’o’ oil K� flit’

omumibmuimu-o’uizvmsso’ t’ton--iplo’x loornuo’c! ito tiio’

preso’m-i(’o’ oil A�FP, N:t+, murod i’ilg2’ had flit’
iuigho’st chissooc’imotiooti m’ato’, tumid (hat fomm’nseoi imu

(ho’ tiro’so’muo’o’ oil \Igi+ mumic! P lumid (lie loowo’sf

ciissomc’ia(iommi u’mito’. hit’ omuttbaimi-emuzvmne to omit-

Plt’Xt’s loonnso’cI ivithu /)-uiit no mpho’mivl tilu oslohon to’,

tuo’o’tvl I)1i005l)litift’, ton o’minbmtmyl I0hu0islohitOf 0’

lumici imuto’nmnt’climoto’ ciissta’iafioomi rmito’s. ‘fhio’

higher chissoocimotioon rate oil o’oomplo’xes 1010’-

iimuro’d with Nmo�, \lg#{176}�, min(1 ATP, ji-toitt’oo-
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Fmt, . 4 . I)issoe iation rato’ (OFOS/OlOl ts of ootaba in -

A TI’oise coiioplex po’cpa 10(1 01 it/i tliffcreio I plo o.s’ph oi Ic

ljf/(l10 (IS

The ]#{176}1ljomoabain-etizvtuie complexes were pre-

ptored wit-li vmori(mus phoos1)htote ligmunds at 37#{176}.Tiue

hitiohitig tif labeled ooottthtui to wtus ternuinated I�’ t he

ttd(lit it)ti tof noont’todiootoot ive 0000tOh)tiili , and stobse-

qooent (le(’a\’ (of the (#{176}1l]oomotohotoin-enzynue o’tonil)lex

wtis niootiitored tot 37#{176}ito tiit’ absence (oilier-i liars)

or l)resetot’e (hatcheti hturs) (Of .5 iiiit KC1. l)isstocia-

t�otu t’tote o’onsttonts were tabulated frooouu the slope

oof to I itiear regressio to Ii tie fit to’d t o t he send-

Itogari I iuti i(’ plot of 5-30-ni in values for ea(’h cx-

Periti�’tut . \alimes represent nueans oof five experi-
loieti t s wi t ii different- enzyme P1’el)mortot iotis ; veo’t ical

I itoes itodio’tut e st totidmorol et’rors. 1�NPP, p-nitro-

lohietuYl jihoosphtote ; At-P. ao’etyl PIo(osl)hate

(‘turh-P, t’tirl)atnvl phOOsl)hltute.

1)hio’mOYt johit�sPlimift’, tot’t’t-’1’l ph000sj)himite, tin car-
hmomisvl bohomsl)huato’ o’tould ho’ sloiivo’t! by F�i+ to)

t ho’ (iisstmciatic)ti rti(o’ oil flit’ t’OOtTOlOtt’X Pre-

iomiro’cl with \1g2+ tOli(i P,. Titus flit, rmu(e cii
(bisso it’flO( it Ott 0 ii flit’ 0 iutibtiiii-euizvnue corn-

1)10’x0’5 110 (he tubso’muce oil K� wmus vmuniablo’ and
io’po’moclo’mof omIt flue jimutiuivmi�- by ivhuiclu tluo’v

uio’re ioom’nsed, ivhso’ro’mos (hsaf in flit’ jom’o’so’mic’e iii

1�;:+ \�,.tis imuoiej)emud(’tt( of (iso’ pmif-huwmuy.

Jf(i’el.S’al �kf K+ o’jIcct 011 ouahain���(�0a+ +

� ‘I’Pase c(illopleo’. Itt tirdt’r too c!o’to’rmine

ui�hio’t hoo’u’ t lie T�i+_imiduoo,d! s(mobilizmotiooou of (lie

0 mumubaimo -o’muzvnio’ to iIisl)leX ui.mts ro’versible,

(Ito’ 0 oumobtuims-c’muzvnio’ o’onsj)lc’x wmis pro’I)ared,

imoo’ubtit o’ti with I�Cl tot 37#{176},stibso’quo’uutly

uvasho’d fro’c’ froons I�(1l by ro’loo’moto’o! o’o’mutnilu-

gatioomu mono! nesuspo’mtsioomo mit 0#{176},min(l mollowed

Fit,. 5. lleoeisotl of K� effect on ouabajn-ATPase

(olllpleX prepare(1 ilo the ��o’ese,oce of A TP, �Va#{176},and
.iIg2�

Tie ]o14]�ottui)tiir_etl7\.tlie complex was pm’epared

by int’imhat ing ]#{176}H]oualotoin with the enzynie prep-

arat iooti it-i t he preseuu’e (of ATP, Na�, tot-id NIgO+ at

37#{176}.After to 10-nun inciohatioti period, 1 unit KC1

WItS added to the niixtoore tuid ino’iuhated foor an

adclitiotimul 2 tom. 0 (pottossiooni-treated), the dis-
5(00’ itit ion tof ]�J1 J(010ai)a i ti ft’o iii I he enzynue was

niootiitoored after ternuititot ing labeled ouabain

binding ioy the additioti oof ti(inr’adiooao’tive ooioa-

lit-ut-i, D (potassimuli-i-t retoted tuid wmoshed) , the
ooooahtoin-enz�’nue (‘(olnh)lex was ceo-it riftoged and re-

soospended tit- 0#{176}t(O retnoove KCI, atid dissoo’imotion

wtis tuutonitored tot 37#{176}in the preseno’e iof 10 tiiM

Tris-HC1 buffer (p11 7.5) ; U (pot tossimoon-treated,

washed, and 1.0 iuiui KC1 added), the washed oua-

b)ain-etizyflie o’oonoplex wtos o’esmospetided with 10

liii’ Tris-HCI buffer (pIT 7.5) containing 1.0 tuuit

KCI, toad dissoociat itoru �s’as nionit-oored tot :37#{176}.

\‘tilmoes tore nieans of four exi)erinlents with differ-

ent- enzyme lirepartot ioltis ; vert ical lines indio’ate

stnnclat’d errors.

foi c!issoocitufe at 37#{176}.l”igure 5 sluoiivs thuo’ ne-

suits cii such stuo!io’s po’nloorrned with the

ootimobmoimu-t’mizvmisc’ to oniplo’x I)nt’pmuro’d in flit’

hinesemicc’ iii ATP, Na�, amid \1g2+. Aftc’n the
adc!ifioimi oil KCI, the outibaiui-t’muzyme corn-

i)lt’X c!issooc’ia(o’d at to stt�ow raft’. When KC1
was nt’tiiO)vt’d, luowt’vo-’r, flue IcCl-tro’ated

co�mssplc’x dissoocimut o’ci rapidly. The hall-life of

flit’ t’oonutolt’x under (Isis comidifitomu ii’as ap-

tirooximafo’t�’ S mssimt, ovhichi is typical oil that
t)i tt 0 ouabai ut -o’mizynso’ co on-iplo’x prepant’d us’it-h
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ATP, Na+, amid Mg2+ amid dissoociatimug in

the absence oil J�+ tin Na� (the rate is laster

(han that shown iii Fig. 3 because of the ab-

sence of Nat). The addit-ioin of KC1 (ti flue

dissociation mixture caused a marked ro’duc-

f-ion of the dissociation rate oil the (‘omptex

previously treated w’ith KC1 amid subse-

quentiy washed free cml KCJ. TItus the re-

moval of KC1 reversed the stabilizing effect

of J��+ on f-he ouabain-enzyme ccimplex Pm’e-

pared in the j)resenco’ cii ATP, Na+, arid

\Jgm+. Since the resultimug complex was mtiw

sensitive to KC1, it appeared (hat (ho’ no’-

moval of KC! ro’sulted itu a complete reversal

cii the K-#{176}-effect.

\Vhenu similar studio’s ivere penfornued with

(ho’ c)uabain-euuzyme complo’x prepared imu

the presence of Mg� and P�, KCI added at

the end oil (he binding reaction lailo’d to

stabilize the complex further. Repeated ten-

trifugation and ro’suspension also failt’d to

produce a complex which ui’as sensitive to

KC1 (data uuoof shonvuu, but see Table I oil

ref. 12).

Effect of deo.o’yeholic aci(1 on bill(lifl(/ and

release of [HIo-uabain from (Xa+ + Kj-

ATPase. The o’ffect of 1’i� in ro’ducing the

accessibility oil (hue oouabain bindimig sitc’s was

studio’d jut tho’ pro’st’nco’ and abso’mico’ oil dl(’oxy-

cholic acid. The o’ruzyme was o’xpooso’d! too de-

oxychtilic acid (approximately 0.37 mum) chin-

itig the promco’ss oil pro’paratiomu. This tnc’at-

memtt at- 0-5#{176}imucreased (he euuzvnte activity.

Hoivevo’r, at 37#{176}(ho’ prc’senco’ oil 0.3 noun

deoxychoolic acid duniuig the ATPase assay

reduco’d (Nat + I’�)-ATPaso’ activity

35.2 ± 2.4� (meaiu ± standard error of

four expo’nimemu(s). Thuc’ pro’sence oil 0.3 miii

deoxycholic acid also reduco’d (ho’ rate cof

( ATP, Nat, amid i’uIg2#{176})-suppoirfo’d [3H]ooiumu-

bain binding at 37#{176}imu (lie abso’uuco’ ooi KC1

(1’�ig. 6). KC1 (5 mum) aisoo ro’duco’d flit’ raft’

oil ouabaiuu bimuding markedly. In (Ito’ presence

of 1’Cl, hoow’o’vt’n, (ho’ imuitimil raft’ oil oouabain

binding ui’as gro’mifer wluo’n 0.3 musum deooxv-

cholic acid! was added to the mixturo’. Thus

deoxychootic muo’id ro’duced (hue o’ffo’o’f oil K+ tout

the nato’ 0)1 (ATP, Na+, amid i\1g2+)_soipponfedl

[Hjoouabaiuu bimiding.

�Vhen (hut’ same [Hjouabaimi-ATPtise corn-

Plt’x ui’as preparo’d in (ho’ mibso’muco’ oil deoxy�
choilic’ micid, amid (ho’ rate of [3Hjoouabaiuu

control

v��1
150

1OO� I deoxycholic acid 0.3 nuM

I
50 / /+�____

I 1�’cii�..-�---- KCI 5 mM
� �‘-�“\deoxycholic acid 0.3 mM
K- � 5mM

(1 � I I 1 , I I � I I

5

Tinue ( mm )

Fio; . to. Effects of (IeOJ’!JelOolU acid ooo (A 7’J), .Va#{176},
O�O(! ,�hIg?+) -supported bi!o(!i�og of ]311}oolaba oFo too

(Vat + K�)-A 7’Pase

The ATP-deperodemot hiinudimig oif [31l]oitutthitiiti wtos

nutonitored at 37#{176}.KCI (5 oiitom) or deoxvchtohie tuo’ioi

(0.3 muuim) was added too the reaction niixtoore tts

indicated. \‘altoes tire beaus oof four experitoietots

uvith different enzyme lireioaratiorus; vertio’tul litoes

ituolio’ate statidat’d errtors.

dissoiciatiouu was rnoutito)redl at 37#{176}im� flit’

abst’muco’ of KC1, 0,3 nun (Ieoox\’chuoolio’ tio’id!

failed too imufluemuce (Ito’ dissoc’iatiouu rate (Fig.

7 ; opo’mu vs. solid o’irclo’s). In the prt’semtt’o’ toi

5 n-tim F�ICl, 0.3 mum c!c’oxycholic moo’ici emt-

hanced (ho’ rmoto’ oof [3Hjoouabain disso oo’iatio ott

( 1’�ig. 7 ; oopo’mu vs. stolid squanc’s). Alfhiomuglu

the magmtifouo!e ooi the o’ffecf oil do’omxvo’huoolio’

acid in (hut’ Pro’so’mu(’o’ oil KC1 was snimoll, flit’

diffeneno’o’ \\�tos stat-isticailv significmomut (p <

0.01),

Thus do’ooxvo’luoolio’ micid had to msuiruimismtt

effect- tori bimuding timid clissoociafiommi oil [IH Jo mouto�

ham ito (he absc’uuc’o’ tml NC!. In flue pro’so’mto’o’

oil T’Cl, htowo’vo’r, cio’ooxvcliiolic mit’io! imio’ro’toso’ol

the initial rmi(o’ of (A�FP, Xmi�, mimic! Mg�)-

suppoirfo’d! [3Hlooutobaiui bindiuig ant! mols o iii -

cro’asc’d tho’ nmi(e iii dissociation oil (Ito’ ooumo-

bain-o’muzvmite coimplex, (in partimuliy mumifagt

muized the �;:+ o’ffecf oiuu oouabaimu bimuditig motto!

dissociafiomu.

1)1SCUSSION

Sevo’rmul imuvestigmuttors (9, 22) hiavo’ (bo’mssommi-

sfrafo’ci (limit mimi Arnluemuius Plomf omi (Nto� +
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Tinue ( nun )

Fi o, . 7 . LJJ’e(’ts of deox!,/oo!zc (1(1(1 010 (!iSSOeiOltiOll

i’atc.� of ]3H]oolabain-A TJ’a.s’e (ainpiex po’epai’eoi in

the prose�oe�’ of A 7’!’, �Va#{176},0110(1 .lff/2+

The [0H Joototibairi -ATPase t’omplex was prepared
i)\’ itot’ooioat ing ]311]-ouabaito with the erizytiie prep-

tutu iooti iti the l)reseri(’o� oof ATP, Na�, and j�jgCl+ tot

37#{176}.Binditig tof labeled (010ahtiin was terminated by

t he toddit iou-i (if noonradioiao’t ive (000aba-in , and sub-
scot ooetut (lecay (Of the ]tHjoootiiitoin-enzynue t�onuplex

was niootiitoit’ed at 37#{176}in tue ahsent’e (circles) or

loreseiio’o’ (soimoares) oof 5 rout XCI . ()pen syniliols, coo
oletoxvo’htolit’ acid present- ; solid synubools, 0.3 mum

(lt’(oXVrii(olio’ ao’id present during ti-ic disstoeiatioon

Vtohites are tuiearos oof foomor experioiwnts wit h differ-

eat erozvtiue I)reparatitons; vertio’al lines indicate

sttutoolttr(l erroors. Asterisks indio’ate values signifi-

o’tontlv different froni thoose iii tue ai)seIicc tof de-
oxvo’holit’ tio’id (p < 0.01).

1’�#{176})-ATPmuso’ activity m’o’vo’muls ti bremuk poiuit

ht’fwo’emu I 8#{176}tumid 20#{176}.(1hsarmiooo’k et al. (9)

suggesto’cl (limit fht’ o’iszvmo’ o’momunoot assume

fl-it’ K�-so’utsifivo’ conltonnsafiomt (E2-P, l’�ig. 8)

bo’loow (lois cni(iom-ul to’mj)o’rmutouro’. Tho’ jiro’so’nt

tlmutti imic!icafo’ that a sinsiltur t’nitio’tul to’mnjoo’ra-

fart’ c’xists for 1�+ ((0 stabilizo’ flit’ ooumtbaimu-

A.l� Pmiso ‘ to it-o-ijobo’x pro’ptor(’cI mo t lit’ � oro’so’uico’

oil ATP, Nti+, amid Mgi+, Smite the d!issooc’ia-

titito rti(o’ oil suo’h a toumu-btuimo-eruzvnse o’onsplex

wmts (Ito’ stimne in the ioro’so’mtco’ tim-ic! mobso’muco’ oil

i�;:� bo’loouv 17#{176}amid the c!issooo’iatioon raft’ mo flit’

� 0ml’ I�i+ was no’ltut ivo’lv ounmoffc’c’f o’cl by
tt’misbot’rat tint’ c’huamige, it ii oak! toppc’mur that

flit’ omomtobmoimi-o’mizymo’ t’oonipbc’x is iuu a K+_in_

so’misifive io)rns with ro’sloo’o’f too touabmuiuu dis-

sooriafiomm (( )tmE�, 1’ig. 8) tot ttiii� fo’mpo’m’miturt’s.

NPP

Mgt#{176} H�O P1

K+V

:2-P �Ex’P Et

0u1 OU4�g1�

�i
OuE2’P

t� OuEz
IPIK+ .....�

OuE2�OuEx

Fun. 8. Reaclioio sequence for (.\‘a+ + K+)�ae_

tio’ateoi A 7’I�ise (1(0(1 its i,ohifoition 1)1/ oooabairt

1: , native ‘onfigmot’totioo oof the enzynue; Ei - P,

transient high-energy foirm associated wit-h E1;

E-P, phoosphorviatecl o’onhgurati(on (if the en-

zvme ; E1-P , t ransient pot assimom-phtospho-enzvme

coonuplex ; NPP, p-nito’tophen\’l phosphate ; NP,

p-nitrophenol ; Oto, oualiain . Note that- inter-

median’ steps ouoay exist.

1’urthermooro’, jihloonizimi o’iuhanco’d (ho’ o’ffect

oil j�;+ � booth bimidimug timid dissociafiooru cof

F3HJouabain iii tluc’ pro’so’ruce of Na+, \Igm+,

tumid ATP. It has beo’n demonstrafo’d that in

thit’ presemuce oil ATP, Xa+, amid \Igi+ [Hj

o)uabaimu binding omc’curs to (-ho’ I�+..so�nsifive

form (E2-P, 1’ig. 8) oil the phospho-o’nzyme

(23, 24), amid (lie c’ffo’cf oil K� oon the na-to’ cif

omuabmuimi binding is duo’ essc’ntially too it-s

o’ffc’cf iuu decro’musing the c’ooncemufration 0)1 this

particular form oil the j)hosphoo-enzyme (5,
23). Addifioimimult��, likt’ its o’ffo’cf (on thc’ pluos-

l)h(0-t�1iZyfls0’, tt K+ o’ffo’ct oomu the oaua-bain-
o’mizvmo’ c’oonuplo’x nimoy be dt’nuoimssfrafed by

substifutimug o’itluer NHm�, Rbt Cst o)r

loon K�, but mutof Nmo� ton Li (12). Thus it

tuppemurs (limit flit’ effe(’f oil T��+ on the outobain-

o’muzvnu(’ coompto’x pro’pared imi flit’ preseuuct’ cii

ATP, Nmi�, mouucl \1g2#{176}(OuE� --* OuE�, Fig.

8) is related too thmit oil K� on the uiative

phospho m-o’uizvmo’.

Tho’ prt’so’nf data amid the ro’sults rt’poorfed

�irevioouslv by us (12, 24) amid ootho’r woorkc’rs

(5, 6, 25, 26) are comisisfo’mu( w’ifh the sc’heme

iirt’so’nfo’ci iui Fig. 8 icon flit’ o’ffect of F�+ on
(Na+ + I#{176}�)-ATPmuso’ in (ho’ presence oil

oouabmuin. Siuict’ (ho’ o’xfrtucellular J��+ concen-

(ra(ioin (5.6 nut) is sigrtificauutlv luigho’r than

flit’ humitl-maxinimit d’oomuc’o’mufrafioomu 0)1 � ne-

t mired to o itidoa�e a- to omulo ornumufioonal chamug’

(1 miii) (12), OuE� univ be flue predoomina-mif

ltmrm omi fl-it’ imuhiibi(o’d o’nzvme in oir’o. Thc’ ro’-
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latiomiship bc’fuvo’o’mi E� amtd! �E1 is uiomt vo’t cbo’mur,

althitughu (lucy max- ro’pro’so’n( (woo c!iffo’rt’muf

foorms oil (he euizvme, mis prcojiomsec! by Rombimu-

soon (8).

The [3H Joumubain-t’muzvnut’ co ompbo’xo’s Prc’-

j)ared uu-itli diffo’remuf �ihoisphato’ tigmomtc!s limit!

differemut dissoio’imufioon nato’s in (he mubso’muce oil

K+. In (he l)r�’s�’uucc’ of K+, hioowevo’r, tilt (lit’

oumiba-in -enzynso’ c’oomplt’xo’s humid ( hut’ sminse

sloiw dissoociatioin raft’ ro’garcito’ss oil flit’ l)hi0i5

})ha(o’ ligand uso’d (ci suppomnt oiuabmiimu bimud-
ing. Thus it muppo’ars (limit (Ito’ ooumubmuimi-o’mt-

zymo’ c’omptex prt’part’ci ivit It /) -nit nooplio’tivi

l)ht)51)hitlte, tic’t’fyl I)hitisphitit(’, or cmorbmurnyi
phosphate is a mixturo’ oil mit beast (woo dis-

tinct ft orms oil omumibain-t’muzynue coornplo’xo’s:

a Jt�+_5(,Ii5ifiVt, ioorm (()uE2) , which himus mu

high dissoiciat on rate, mimic! mu K�-imis’misif ive

form (UuE� ton ()uEC), uvhich has a booui’ dis-

soociatioomi na-fe. Tho’ proopoontiouu of each form

oof (hut’ ooumubaimi-o’tuzymt’ coonuplo’x tit’pt’mtds

upon (lii’ j)artictilar PhoosPlimufc’ ligmumud used

to Stlpp(ir(- ouabtiimi bimiditug. It is umslikelv

that (hit’ ioormmufiouu of a lc+_iuuso,nsitivo, cooni-

plex is suppoirt’dl by P1 rt’t(’mis(’d mcmi vmim’ioous

phosphuaf e ligmincis durimog t Ito’ incubmot i omu at

37#{176}ton o’oonaino’cl as an imjiunito’. Xci ro’lmo-

tiouishuip bo’two’emi Js�+ st’nsitivi(y timid (hut’

co)nco’mit rmit icomi oof P1 w’mis oibsenvt’d.

Pos( et al. (23) ro’poorfed (limit oiuabmuimi

causes ( lie muc’cumnutafio)ni oof mi phiosphio i-cut -

zymc’ uvhuich is iuuso’nsitivc’ tom � uu’ifh rt’spo’o’f

(-0) clt’jolit is�)hoiry1tif it oui. Nt’vo’rt hio’lo’ss ( hc’ coiuti -

bain-o’mozvme co)nuplo’x 1)ro’Pmtno’dl with ATP,

Nat, mimic! Mg2� was so’musifive too K� with

ro’spo’c’f tt�o {3HJooutobmuimi dissoc’imifio mm-u rmuft’s.

Fur(ho’rnuoore, (hit’ half-lilt’ oil (Itt’ phioosplio m-

emuzvnut’ in (lit’ joro’so’uice oil omuabmuimu is ro’lmu-

tiveh’ short (23), whuo’retis (ho’ ooutubmuumu-t’mt-

zynut-’ o’oanplc’x ro’(ains K+ so’tusifivify with

respo’ct (to (hit’ m’mofe oil ootumubtuimu d!issoot’imitiommi

evo’tu muito’r st’vo’ral hoaurs oil o’o’mifniiuga(ioon

amid ro’suspemisioomo tot 0#{176}.Thins it wooutd tijo-

Iear ( limit dephio osphorvlmitio out mimic! to omufiormnti -
fit imumul t’huango’s mint’ indo’po’uudo’uu( Pht’mio mnuo’mumi,

altlsoough (ho’ (‘oomuioirmntifio)mial o’hmoutgo’ msstiv

acc’t’lo’mmote (he m’mi(o’ oil c!o’phomsphiorvla(ioomo imu

tho’ abso’nce oil omumibmuimu. Tluo’so’ no’sutfs

stromiglv suggest (limit flit’ biuudimug oil K� too

( Na+ + K+)_ATPast� causes mu o’(onloirmmo-

(itinal ( rmuuusifio ito imic!t’pemsdetut of dlo’ioho)s-

phoorylaf-io on.

Tue o’o’nf nilugmo t it mi mili(l ro’suspt’misio mm-iuvhio’hu

rt’nuo ovo’d 1’�#{176}mo mu lit’ ooumubtoimu -o’mszv fli(’ coom-

j)l(’X pro’par(’d imu (Ito’ iiro’so’ui�’o’ oil ATP, Na+,
motud u1g#{176}mimic! (ro’afed with K#{176}nestul(o’d in a

ro’vensmul oii (lit’ Fo+_imi(hut�(�di s(tibitizatitmii

(( )uE� -f ()uE2, l”ig. 8). Cemutnifugatiomi amid

ro’susI)o’uusio)n oil f Ito’ oooumubmoimi-o’muzymne coini-

Plt’X prt’pared itt (hit’ Prc’so’m-i’o’ oil \lgi+ miri(!
J)�, huoowo’vo’r, imuilo’d too l)roochuco’ mu o’oonuplt’x

which rmul)idlv dissociato’d ton ui’mis K+_sen.si_

five. Thus if wooul(! appo’an (limit the ouabaimi-

o’nizvmo’ coomp!o’x 1)ro’par(’dl wifh ATP, Na+,

tumid Mg2� amud frc’afed with IcCI (( )uE1) is

mutot ido’muficat uviflu (he o)uabmuiuu-o’nzyme doom-

j)leX Pro’Paned uvifh )dgm#{176}mimic! P (OuuE), mit-
(lio)ugli thc’se (woo loirms of flit’ omuabaimu-o’mo-

zvmo’ c’tomplex himuve similar dissoocimufion rate

coonsfamuts. Tho’se (uu’o) foorms may ro’prest’uut

tWO) differetuf c’olmoi(ormaho)uial states oil the

o’mtzvmo’. Alfo’rmuat ivelv , f lit’ otuabmuin hi miding

sift’s toti (hue etizynso’ may bt’ differo’mit. Two

diffc’ro’nf ouabmuimu binding sift’s on o’tichi o’ui-

zvnie molecuic’ hmuvo’ beemo 1)ntol)oised! ro’co’uitlv

(27).

J)eo mxvchitoth’ mocici partimil ly amttagoomtizo’d

flue effc’ct of J�+ tomi the raft’s oil both (ATP,

Nto+, and :� IgI+ ) -stup�iorf o’cl [H Joumubmuimu

biusc!imig timid (hue o!o’cmuy ooi flit’ nesuttinug onto-

baimu-t’muzyune contplo’x. Thuest’ dmufa are imi

migreenso’uut- w’ifht flue ombso’rva(iooris oil Tmini-

guo’lui motid lida (27) (hat lihsoosloli(mtipaso’ A

fretitnuio’mit of (hut’ o’mizvnio’ lmuilt’d too molten (Iso’

apparc’nt dissoc’iti( itoh t’t omustarut 0 ii [mHjooua

haiti ito (lie liro’st’muo’o’ tot’ Nmu1, i\lg2�, tumid ATP

bu increased it ito flit’ pro’seuu(’e oil )Jg+, [�+,

amid A’i� t. Hoouvo’vo’r, t host’ miu(lioors rc’poortt’c!

that Plt0051)httmlil)tist’ A fneafmo’mif do’cretuso’ci

(lie rmu(o’ oil [HJootuabaimi bimuding iuu the pro’s-

o’uuo’t’ oil �oIgi+, .�+, tot-ic! ATP, whit’reas flue

pro’so’mif data imudicmu(o’ tom-i itucrease in the rate
o-if [3H Jootuabmuimu bimic!imig w’i( Ii tlt’ioxychuo ii ic

ac’ic! frt’afrn(’tu( in (ho’ joro’so’mut’e oil Nmu#{176},K4,

\Igm#{176},timid ATI?. \Vluo’(lier (lie dist’ro’pano’v is

chit’ oo (he diffo’ro’mices imi trc’motmo’mtt ton toi (hue

prc’�o’mic�’ ton mibso’tuo’o’ oil Nto+ is moomt knouvn.
Our data suggo’s( (limit mu lipi(lic barrier ro’gu-

latc’s (lie accessibility oil flue oiuabaimi binding

sites tori flit’ (Na+ + K+)�ATPmise or, al-

(erntitivety, (hmif mu lipid momiefy o’ommufrois flue

affiiuif�’ 0)1 T’s� loon (lot’ emuzvnst’,
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CONCLUSIONS

I’�room flit! moboove studies if is coomicluc!ed

flimo l)o(mussium stabilizes flue ouabain-

(Na� + K+)_ATPase comi)lex 1)rePard’d wit Ii

ATP, Na+, mind ‘uIg2� a-bcove 22#{176}but fails toi

do so below 17#{176}.The dissoc’imu(iomu rmute of flue

oumubain-enzyme complex in (hue I)ro’semice of

F;+ is mimuimally affected by temperature

chimumuge ; philoni zimi emihaiuct’s ( hue st abilizimug

efft’o’t oil Js:�+ � flue oouabaimu-o’muzynie coornplex.

The effect oil I1+ tori (ho’ ooumibmuiui-emuzvme

co�mplex mippt’aI’S ttii bc’ rela(o’(! too ifs effect omu

flue tiat-ive phoosphuo-euuzymsuo’ timid to be due

to mu ct)mufommiumutiomuai chamuge ito (hue emizyme

rmo(huer than toi deplicosphitoryta(iomi. The con-

ft)rniati(ouumii chamige in (he ootutubaimi-emuzynie

o’oomplex imuduceci by J�+ ton iooiv (o’nupo’ra(ure

is reversible upon removal oof K+ ton upomu

ro’ivanming.

p-Nitrophieuuyi 1)h0)51)hitif e, tio’ef yl 1ihos-

phuaft’, and carbmumyl I)h0sIOltti(t’ cmomi induct’
� forms of (lie ooumobaimu-enzyme

complex. Imi the iresemuce oil K+, o)uabain-

t’muzyme co)mpbo’xo’s have (hue sttm�ie sloiv dis-

so icitifi(ln nmot es regardtess t)f f he 1)huo)sPhat e

ligamici used too sul)I)olrt (he ooitobmoiui bimuding.

I’imimol ly, flue ouabaimi-emuzymo’ (‘0 omptex pre-

j)turo’dl uvith ATP, Nmu#{176},mimic! Mg2� tumid treated
with -t�;� � IiOi)f ido’muficat with (lit’ oouumtbain-

c’mizymno’ o’o)niplex pro’pmurt’c! uvithi P� timid Mgi+.
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