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Time associationi rate (‘olnmstanmts (La) of cardiac glycoside-(Nni� + l/r)�ATPasc (EC 3.6.1.3)

(‘(Iumml)leXd’S at 25#{176}mm�resemmce of magmiesium and phmospimate amid of soldhummi, mmmgnesiumn, aumd
ATP svere cletormiumed by enzyunatic assay after (lilutiomi. Among time various cardiac ummommo-
glycosides, ‘i-a svas dcpeuident oum the umature elf the steroid moiety (aglycotme) 1)ut mmot 0)11 the
sugar moiety in bothm ligaimel systemmms, in conmtrast tol the elissociationm rate constamits of time

(‘omplexes fornmed mm time system conmtmmilmilmg magumesiumnm nommdpimo)sphiate. Timo order of ka values

wmms time same as the order of L0 values for differo’uit st(’nouels in time missmiy systemim. 1)igi-

toxigenmin competed svithi ouai)ain in both ligmnmmcl systeims. rFim(�s(� results suggest thmmmt asso-

(‘jationi reverses the so’quence of time dissociatioum ro’actiolmm, as follosvs: association of time
steroid moiety of the cardliac’ ghycosidc with time steroid-specific site c)f time enzyme, confor-
niational chatige of the sugar-specific site, and association of the sugar moiety syith the
sungar-spo’cific site. Iii time case of cardiac glycosido’s, the miuimmbc’r of sugars in the oligosac-

o’imaridc mmioiety produm(’o’d a corresponding bulk effect on the assoc’iatiomm rate comistants in

both ligand systcumis. l”or a gie time association rato’ (‘olnstammts decreasveui aglycommed iii time

followinmg o)rdo’r: nimoumoldigitoxide > bisdigitoxide > tridigitoxide > tetrmidigitoxide.

I NTROt)UCTION

\Iamiy studies have l)(’d’fl (‘arried out on

the immimibitioum of (Nat + K*)_ATPasc

Timis wolrk was moided by grmonts fronm the Nmo-

ional Institute (If Neurology and Strolke (NS

01730) moutd time Nmmtiolumal Science 1oundatioini (GB-

12477) 101 1)r. Lowell E. Ilokin. It was presented

itt part before t he Fifth Inmtemnat io(nal Coumgress on

Phanummaco oh ogy, Smut Frmontcisco, .July 23-28, 1972

(AlIst macIs (of \o(ltnntteer Papers, P. 25%).

(EC :3.6.1.3) by candiao’ stemuiels. F’rotii cx-

perinments using radioactive oluabain amid cli-
goxin (1-7) it has beoum recolgmmizo’ol that a

cardiac glyco Isidle-o’iizynme c’onmpho’x is forme’d
in time presence of (‘o’mtmmimmligands. Hosvever,

as desc’ribedl am aim e’ariu’,’ paper (8), tIme in-

imii)itio)ii elf (Nat + K�)-ATPmmse b� (‘ardiac

glycosieles is far fronm aim equnihibmiuni or

steady-state o’olumditiomm, muumcl time strumcture-

activity relmitioinmsiiips olf o’arohiao’ glycosidc in-
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imihitioni shiould be ro’-examincd by estinnat-

ing the assc)ciatiomm and dissociation rat(’ comi-
stammts in time prcsemm(’e of suitable ligands.

The association rate of the OUaI)aimi-

(Na+ + i�)-ATPase complex has been
studied by kinmetic analysis of the time course
of ATP hydrolysis by (Nat + K±)-ATPase

(9), or by measurememmt of h)ound radioactive
ouabaimm (10). Hossever, time rate has umot

beeni reported for other cardiac glycosides.
1mmtIme previous paper (8), coumcerlmed with

structure-activity relationship studies of car-

diac glycosides, time dissociation rate (‘Clii-

stants of various cardiac glycoside_(Xa+ +

Js+)�%�’f’I)aso� complexes svere reported, amid

(‘ono’lusuonms colmm(’ertmutmg the itmflucncc olf (‘e’r-

taimm functiommal groups on dissociatioum sverc

suggested. This paper pre’scmmts the associa-
tion rate commstanits. Bindiimg svas initiated imm

the pr(’seum�’o of \Ig++ atid J)� or of Na+,
Mg++, and ATP, aimd time associatioim rate

was determined b)v assay of eumzymatic ac-

tivitv after termimmatiomi of time i)inding reac-
tiomi 1)5’ 10- (IF 20-fold dilutiomi.

MATERIALS AND METHODS

1)igitoxigo’nmin bisdigitoxide’, digoxigenmiti
bisdigitoxide, digoxin, mind digoxigeimium tctra-

digitoxidc sie’me purcimas(’(l from Boeimriumgo’r/

\Ianmnhcim Corporatiomm. All other cardhiO-
tOuii(’ steroids amme! enz�uime preparation maid

missay procedures used ium this study sverc the

same mis those usod prcvielusly (8).
Determ in atwn oil association rate constant.

When magno’siuni mimic! phosphate wem’e used

as promeltimmg higaim(!s. the enzyme prepara-
tioni si-mis first inmcuul)mtto’d svithi MgCl2 , Tris-

pimosplmate, mumd iniidazolle HC1 buufli’r (pH
7.3). Association svmis iumitiated by time adeli-

tiOlti (If c’ard!imic glvcosic!e. The fiummil cotm(’emm-

trmitioims of time comp(Iiments of the ass(Iciatiomm

m’cact 101mmsiere the follclsiiumg, ummless othmerwise

itmdicated: mibout 0.2 mg/mi of enzyme Prel)-

aratiomm, 1 mM Tris-phmosphmmite, 1 niisi MgCl�
mimic! 20 fliM iniiclmmzo lie’ HC1 buffer (pH 7.3).

Time fimmal volume wmms 0.5 nil. After suitable
immtervals, time mmmto’nactioim b)etsieeim gly(’olsidle

mitmdl emizyme si-mis stoj)p(’eI by dihintiolim witim
5.0 ml of 1 m� Tiis-EI)TA (pH 7.3), amid

0.5 tim.l(If time dilunted s(Ilutiomm wmms missmived

iuimmo’diatelv by timo’ linked pymuvmito’ kiimaso’-

Iao tate do ‘hmvda �gei hmiso’ spo ‘(‘t r Ipim Ito (nmmet ui0’

nmo’timocl (8). mi (‘ad’ii set (If o’xpo’rinmemmts,
toltal mncul)atioim tinme (immit ml iimo’ul)at loll mimmel

asse)ciatiomm r(ao’t 1(lii ) ss�mis kept commst miimt (unsun -

ally 5 nun unmho’ss time associationm sins t(Io)

si(Iii). 1’(lI’ the zero-tinic ita’ubmitioimm, time car-

diac glycoside solutioim si-as addedl mifter (lilun-

tionm ss-ith Tris-EI)TA soluntioim. All j)rolo’o’-

dures wore carried out at 25#{176}± 0.2#{176}.
Tim time Xmm#{176}-Mg��-ATP syst(’t’n tiio fiimmil

volume’ of time reactiomm nnixture svas 0.25 nil,
atmd tim(’ final (oltmc(’tmtratio)tms (If thmo’ (‘elnmpo-

mmemmts ss-erc: mibount 0.6 mg nil of enmzyme, 58

tii�t NaCl, 2 m�m \ I gCl2 , 4 nmiisi AT B, ai md

20 mM imidmizohe HC1 buffo’r (pH 7.3). Time
ro’actieln � starto’dI by the additioni (If time

ATP-cardiac gly(’o Isido mixture to) nminminmuzc

the produ(’ti�ni of pimospimmite during thm( iiii-

tial immcubatiolnm. ()thier procedures were the
sanme as those folr time Mg�-P� systemim.

RESULTS

Kinetics of association (If cardiac f/i ycosnie -

(.Va� + K�)-l TPase complex. Time over-all

reaction cmiii be shmolsvum as follosvs, where ka

and kd are asselciation maid dissociatiomi rate
o’ommstants, rcspo’ctively, aimd K, I, amid El arc

a(’tuve emmzynie, iuiiiib)itOr, and time (nzyme-
inmimibitor coniplo’x, respective’hy.

K + I . El

El

As do’Seniil(’(l iii time j)i�0’\’i�1n5 lIaI)(’m (8),

10-fob! dhilutiolni of timo’ ro’mi(’ti(lim svsteni me-

duces time associationi rate to loss than 1 �,

maid iii time o’aso of cmiudiac glycosides time

dissociatioim rcaetioinm is slosv. Thmcrefore, after

dilutiomm timo’ chmammgc in etmzynmmati(’ activity

during time assmiy is tmo’gligiblo, aimd (lilly time

stablo coniphex of emizyme mum(l cardiac gly-
cosiclo’ ro’maiims mis timo inactive form e)f time’

e’nzvnie. \�imo’im til(’ o’oniplex fornned is rein-

t ively st mii)le aft or dilut ion (‘0 Impared svit h

the time required for missmmv, this dilution

metimod is useful to e!eto’rnmiimo’ time associmi-
tiomm or dissocimitiomm rate (If timat complex.

Time iiiimii)it i lim I IV o’ardimic’ mmglvcotmes, winch

are reversiblo’ nmimil)itors (11), r(’mi(’imed a mmesv

(‘qimuhibniuni 00 lrrespelmm(hmmg to) time diluted
(‘olmm(’o’ntrmitio lii (If clrumgs mifto’r elilutiolmm h)v

mi(!dlit 0 lii (If Tris- El)TA (Fig. 1). Time inhibi-
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FIG. 1 . ‘J’immue uoumr.�e of (Va’ -f- K�) -.4 ‘I’Pa.Se

imuhi ibitiomi b!/ cardiotommu i, .�tero)i(l.t

�5Imoguuesiiinui amid � lsl)Immtt c were used as l Ite

Pt�0(1fl( 1t i tig I igmin(Is . I ut Imibit ioini i�mos ut mn(hie(I �vit Ii
0.5 �mu emirdimoc stero(id (� , iuunmohmtgeutiut ; 0

st rophtmttt t hmi(Iint A, digitoixigettiti) in 0.2 /.LM

cmirdimoo uum((ui(Igiy(’oside (�, (oumobmoiti , helvet icu

side; A, ohigit(lxigenint nionto(digit (Ixide) . ()t her

experi nmmo’nit il olo’t ails were t ho same mis itt t lie text

tiolti h)\ o’mtrehiac glye’osido’s was umot altered,

amid f lliolwo’d pso’ue!e-first-ore!er kino’ties.

S1o�’ X 2.3 olf this inimihitiomm curve is the

pseumdo-first-( lrelcr rate const nut.
The v(’lo(’ity of time’ missele’iat him (If (‘arehao’

glvcosieies svithm the (Nmi� + K�)-ATPase

si-as directly prop(lrtiolmmmil to t hmo’im’coim(’eimtra-

tiomms, mis shloIwni below (Figs. 4 maid 5).

Thero’folre timo’ kitmc’tie’s olf mmss(l(’immtiolmm(‘mmiibe

givetm by Eq. 1, svhmo’re i’, is tlmo’ missolcimition

rmito, k, is time so’(’olumd-om’e!o’u’ rmite (‘Oliistailt for

0550 I(’iiit ioIii, [L,, I iS t hm(’ (‘0 )iico’mmtrmttid)tm(If un-

belutmd (ao’tivo’) o’imzvnmo’, f1J is thmo’ (‘oumd’o’imtma-

tiomi of o’mtrclimic glycosido’, muid l,�[I1 is time

I)Scuhdol-fiist -(Ird(’r rato’ (‘(Iimstant wimo’tm the
c’olulco’mmtratioim (If inhibitor is [Ii.

i, (Ii

Effect of li(JO1n(/S (Ill association ral(’. “lii(’

missociatioim into’ was e!epenmdeimt on tho’ ((1mm-

co’umtrmttholim of o’micim higminmd (Figs. 2 maid 3).

Fhmeso’ ligmuimds prob)aI)ly exert their (‘fleet omi

the emmzyimmo’ rmutimo’r thmuum oIfl the ghyoolside,

I)(’cmiuso’ tlmo’r(’ was no significant e!iffereume’e

immtime reiativo’ mato’s (If assolcimitlo Iii (If ouabmmai

aimel (hgitoxigo’lmnm nmomm(l(iigit(lxulo’. mm agree-

�0

*

imiouiit iVithi ounm o’arhiem oiunahitative results (1 1),
Nmm+ atmd ATI� om� \lg+± aumd ATP Pioluimotedi

time asSociation cli o’mum(limic glycosides with

time otizymmie’, biit \Ig++ mtloiume or tolgether

with Xmt+ did iiot. B:o� commtrmist, others (3,
12) have founiel tIme biimdiimg of radioactive

ounllmihim to 1)0’ stitiiinlmito’c!II\ i�Ig++ alone

iluit not by Na� amid! ATP alomie. Timo’ i�easoii

for tho’so’ d!iffei(’ii(’o’s is oIi)so’um’o’ mit thus tinme’.

A .S’sO(iatiofl rates 0/ i’arious car(liac mono-

(/l!JcO.Si(I(’S tnt/u (\(Ju + ls.��j-1 TPase. Time

1150’tic!OlfiI’StOlidlO’I imito’ eoiistmuimts (1s,1[IJ) of
diffo’to’nt cmiudiao’ umm(IumoIgly(’olsidcs mm time

�lg��-l� svsto’nim at 25#{176},as mi functiomi of time

0’O ltio’( ‘ii I rmit ho Ii 1 0thi’V( ‘5 0 If o’arhm (‘0 Iflij)O luniid, are

simolsin iii 1’ig. 4. �fhmo’v are strmiighmt hinmes aum(I
into’nso’o’t timo’ Z0’iOl politmt, as l)re’(lioteel IIV

5(0’O Ii id- lrde’r kiimo’t jo’s. “Time sb ll�’ 0If eacim

o.um.v(’ givo’s I�,, . “lime vminiat iou elf k,, bet sve’eum

glyo’osic!es svithm tho’ sanm(’ sugar nmoiety ssas

ummuno’hi lmurgo’m’ t himtmm t limit 1let \\(‘en glycosides

si-ithi tlme sonic st(’u(liei mmmoiie’ty [see’ Table 1 of

t imo’ � li(’Vl( 1115 IlmiI)0’l (�%) I . ‘lii(’ieli)Id’ it o’miii be

(‘Olnohnelo’d timmit � is o’X(’hunsiV(’lV clo’po’imc!e’nt

Oi i t hh( ‘ stero 11(1 1loi’t i Ii n o 11 e’mii’d!iac mmmonmelgly(’e(-

sie!o’s noel iim(io’p(’iu(io’nt Olf the sumgar I)ortiomi.

TEhmo’ olrdlo’r Of /, I If o’achm glyc’elsidle jlmirmillels

t I me I iou vmilue of 0 nob o’olmno’sI)o ltmchtmg miglycoimme

(so ‘e laillo’ 2 of t lie � I1 ‘vio 1115 1Iitjlt i (8)1.
1mmtimo’ Nmi±_\1g�±_ATP �ysto’nmm tho’ lIver-all

ls:,,IIl I value (If emmcim (‘mim�olimto’ glycomido’ with

(Nau + Is�i+ )�TI)miso was (�unmihitmitiVo’ly time

sammie as in timo’ \Ig±+_P� svsto’nim (Fig. 5);

that is, 1,� simms elei�’imoJo’int(Iii time mimiture’ of

t he st o’n.olie! l)01mt i( l� 0 II I he o’muidimto’ glycomsicles.

1-Ioii.ei-o’i., tho’ h� s’mohuie of eao’lm o’mmrdiac

nmoiimoglyo’osiele in time’ Nmo+_Mg++_ATP sys-

tc’nm was lOl\i(’I than tim(’ (‘0 iiro’spoitmehimig vmiluc

iii timo’i�’ilgu��P1 systemmi (“[millie 1).

In temact ion bet ueen (IifJi/OX �f/C� lii �ll oh oua-

bain. Simice cardimie’ miglyco 10(5 are reversible

nmhibito Irs of (Nat + K� )-ATPmiso’ (11), and

thom inhmiilitioum dumrinig assmiy o’aim be nmini-

nmizo’d IIV (lilution mis shmolsvim am 1”ig. 1, iimter-

act io in I Io’tw(’o’mh (‘mmrdimuo’ ghvcosieies mine! cam’-

eliac’ mugl comics ummigimt 110’ puedii(’to’el if bindimig
of tlmo’sto’molielmim(li(’tV is timo’ osso’umtimil ro’mmctioim

mm t ho’ cardiac glvo’o osido’ I Iimmelnhg Sedhunen(’o’.

�1Thmo’ iimtemmioti(lim I)o’tsVoo’th OI1nmoIImLhtm.time least

active glycoside uso’eI hone (TaIlle 1), mmmd

digitoxigo’iiimm, the nmo 1st active miglycoumo’ (Tmm-

1)10’2 (1! the’ Pm0’\’ioluiS jli1j10’i (8)(, is pholttedl iii
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FIG. 2. Effects of noagnesium (A) and phosphate (B) on oissociatzo,, rate of oimabain or digitoxigenimi

ntouiodigi(oxide with (Xa� + K�)-A7’Pase in the .1Jgol�P1 system

Phosphate (1 mmu) anmd various conmcentratiolns of magnesium (A) on 1 nmM nmagnesimunm anmd vmiriOItls O’OItt-

centrations of phosphate (B) were used as ligands. Inhibitors were 0.4 �m�n ouabain (0) or (1.1 �M digi-

toxigenin monodigitoxide (X). Other experinmeumtal conmditiommswere the sanme as in Fig. 1. Percenmeages of

relative association rate were normalized by takimmg the associationm rate of each inhibitor at the saturated

higand conceumtration (1 nmi� magnesium and 1 m�n phoisphate) as 100w. Iii absolute terms 1OW ooirre-

sponds to 0.31 unint for 0.4 �.LM ounabain aumd to 0.28 mitr’ for 0.1 � digoxigenmirm uiiO)lm(I(!igitOlXide.

0 05 ‘0 20 40

AlP (mM)

FmG. 3. Effects of magmi e.si miii (A) , 50(1111 iii (B) , a iiol A TP (C’) aim (1.s.So(iut iou rate of uinaba in or

digitoxigeumium niouiodiojttoxiole with (Xa.+ + K+)_A TPa.se �fl tile �sa5 - .11g41-4 I? .s�,.steni

Unless oltimerwise slmolwnm, 5$ tOM sodium, 2 m�n ummagutesiunm, amid! 4 m�t ATP were museol in emoch

experiment. As the inhibitor, 0.5 �M o(uabaium (0) or 0.2 �mu digit xigenmitm nmolnoldigit oxide (X ) wmos

mmdded to the react joint mixture. Other expeninmeuital conditionms were time smime mis in Fig. 2. In mihsoltite

tennis 100�� relative missodimmtioui rmmte o’orrespolumds to) 0.3:3 nmium�’ fur 0.5 �i5I oummbaium anmd to 0.28 miur’
for 0.2 �i digitoxigenmin monodigitoxiole.

10

Figs. 6 amid 7. In I)olthi timo’ i\Ig++_I), maid

Na+_�1g�(_ATP systenms dhgitelxigenitl mmii-

tagolmuzeel time immhmibitiolum by ouabainm.

Association rates of cardiac oliqosaccliaruies.

Tim time tsio series (If cardimic eligitoxides (‘(In-

taimmiimg the smimo’ aglycoiies, time K�[I] value

docreased in time olm’do’r mmmono-, di-, mamd tn-

digitoxides (Figs. S mimic! 9). The nmmigimitudc

of time t’himiimges iii eac’im so’rio’s oif (hgitolxi(les

vminiod si-it hi time mmat unto’ o If t he aglyc iuie or

witim time higammel system, I)ut the oroler (If

time mussolcimitioltm rmito’s in each series sins

commsistemmt.

i)ISCUSSIdIN

Tim time previous paper (8) it si-as shmo)wnm

that time dissolciatiomm rate constmimmt (If time

cardiac monoglycoside_(Xa+ + K+)_ATI)ase

Comi)iex fornmeei mm time presenco of Mg�� mimid

I)iiOsPhmitc wmis del)(’mmd!(mmt omi time’ mmature (If

the sugar nmoi o’ty. Ho avever, oinr presemit

study (If the missoo’iatiomm rmite of nine (‘mirdimio’
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02

0I

nmonmoghycosieles withm thm(’ cnzynmo’ iii tivo

higaime! systo’nms (\lg� audi P� ; Natm, \Ig++,

mind ATP) simolsis that ass(l(’iatioim fohlelws

sce’ommd-order kinmet ics audi t limit t he associa -

tion rate constmmnt is del)e’mmdo’mmt on tho’ mmature
(If time sterolid monety, in (‘ontrast to dissol-

(imitiomi. Thins is thm(’ sahio’mmt diffo’reumce bet weetm

�issox’iatioum and disso )(‘iati oim r(’act ions.

The associmitioim rate coumstammts for mmseries
of cardiac nm(limolglycosides bore time same no’-

lmitioimshiipssvitim o’achm olthm(’rsvhietimer associa-

tion iimis cmirmi(’d out in timo’ i\Ig�-P� system

oir iii time’ Na+_Mg±f�ATP syste’umm. Hosvever,

tho’ mmbsolut(’ values of timo’ association rate

commstammts (lbtmiiil(’(i imi time’ Mg�+_P� systo’m

svo’re lmtrgo’r timmam those olbtanmed immthe Na+_
\1g4+_ATP systo’m. Thus humdimmg contradicts

time ro’sult folr oumib)ani obtmummed by Van
Witmko’l et al. (i3) but is iii mi(’(’(Ird witim the
r(’polrt (If Taimiguo’hmi mimic! lidmi (14). Time (his-
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DIGITOXIGENIN (pM)I )igit oxigemmin

ummolumodigitox-

ide
Digit(Ixigett ins

6-deoxygluco-
side

Digiproside
Helveticoside

Convallatoxin
Cvmmtrin

I )eglmmcocheiro-
toxin

1)igoxigenini
1110 (ulodigit (IX-

ide
()umobaimm

02

2.8 ± 0.2

1.3 ± 0.1

1.4 ± 0.1
1.3 ± 0.3

1.3 ± 0.1

1.5 ± 0.2

1.3 ±0.1
1.2 ± 0.1

1.2 ± 0.1

1.2 ±0.1

cne’panicy mighit I)c time result of different ox-

penimcntmml commditiomms, espee’ially time reac-
t iou temperature, and/dr time commcentratiomms

of ligamids.
Time large differemices in associatioim rates

of cardiac moimoglycosides auid ohigosaccima-

rides mighmt he explained by thmo large differ-
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Fna. 6. interaction of (iuabaiui iuih ibitioui u’ith (higitoxigeui iii iii the ,lfg++_J)j .systeuui

Assoo’iatiomi was carried out iii the i�reseumce of 20 m�m inmidazole HC1 (pIT 7.3), oumihaimt anmd digit oxi-

genminm mis indicated, 1 mM �LgCl, miumd 1 nm� Tris-pheispimate. After ternninatioum by 20-fold ohilution with

1 OhM Tnis-El)TA, the enzynmatic activity was mossaved. The abscissa shows the reciproo’al value of time

I)seudol-first -order rate constanmt of ouahainm wit h the ermzvme.

TABLE 1

$eeoumd-order (i.s.5�)CiatiOul rate COui.St(i ii t.s’ (If ea rdi oie

lnouioglycosi(le.s at 2.5#{176}

Itt thme �uIg�-P1 system bolthm compolnents were

1 nm� ; iii the three-liganmd systenm time concentra-
tio)mms were: Nmo�, 58 mit; Mg��,2niM; ATP, 4un�t.

Cardiac glycoside Mg�-P1 system Na�-Mg�-
AlP system

�.i1f��tm fun1 ji.if1 iflifl��

2.9 ± 0.1 1.4 ± 0.2

FmG. 7 . lii teract iou of ouabaiui inh ibit ilium ii’itii

2 6 ± 0 3 1.5 ± 0.2 (ligitoxigeuilui in the .Va�-3fg�-.4TP .systeuui
All experimenmtal conmditionts were the smime as imm

Fig. G, except that 58 nut sodiunm, 2 nut mmig-

rmesiunm, and 4 m�m ATP were used mis ligmmntds in-

Stea(l of 1 aiM niagmmesium mini(1 1 nut phosphate.

emmce iii molecular weight bctsveemi them, i.e.,

the bulk effect of time sugar moiety. As time

molecular sieigimt varied little amoumg time
1.2 ± 0. 1 0. 9() ± 0 � monioglyc’osides used here, the bulk effect of

each sugar moiety migimt I)e mmcgligible, and

time effect of tim(’ mmgiycone nmoietv svouhd be
0.80 ± 0.06 0.64 ± 0.02

predommnanit.

1mm time previous paper (8) tim( followimmg
reactiomm se’quiemmcc wmis suggested for thm( ciis-
sociatiomm of thm( cardimmc m Inoglycolsidie-

(Na+ + K�)_ATPmmso’ (‘oImplex: dissociationm

of time sugar pdlrtiolmm of time cardiac glycosiehe
from time sugar sit(’ o)f time enzyme, mme’ommfor-

matioumal chmaumge of time sugar site frelm mimi

active to an inactive form, and dissociationi
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FIG. 8. Pseudo-first -order rate oouistauits of various digitoxigeumium and digoxigeuiin digitoxides in the

Mg#{176}��-P� .sys/em.

Curve A-i, digitoxigenin mommodigitoxide; A-2, digitoxigenin bisdigitoxide; A-3, digitoxin; B-I, dig-
oxigemmin moumodigitoxide; B-2, digoxigenmirm bisdigitoxide; B-3, digoximi; B-4, digoxigenin tetradigit-

oxide.

:1

CARDIAC GLYCOSIDE (pM)

Fic. 9. Pseudo-first-order rate eoui.slauit.s of

various (ligitoxigen in amid d�goxigeui iii digitoxides

in the Xa�-.1fg��-ATP system

Curve A-i, digitoxigemm mommodigitoxide; A -2,
digitoxigermin i)isdigitolXide; A-3, digitoximm; B-i,

digoxigermimm nionodigitoxide; B-2, digoxigenin
bisdigitolxicle; B-3, digoxium.

of the steroid portioum from time steroid site.

The m’esults imm the pr(sent paper immdicate

that time association rate commstammt of the
enzyme-cardiac glycoside comph(x is de-

l)efldetmt ciii the nature of time steroid moiety

amid not on time sugar moiety. Time association

stel) betsveen time steroid moiety amid time

stc’roid-specific site of time enzyme must pre-

cede the rate-determining step or be the
rate-determining step itself, and the associ-
ation step between the sugar moiety amid the
sugar-specific site of the enzyme must fohlosv

the rate-determining step. Aithougim mmo in-
formation was available about time rate-
determining step of associatiomm or time coimm-

formational chammge of time sugar site duriimg

association, it is likely that association

reverses the s(quo’nce for the dissociation

reaction, i.o. , (a) reversible binding elf time

steroid tel its receptor site on the (Na+ +

c� T�)-ATPase, (b) a coimformational change
of the sugar site from inactive to active, and

(c) binding of timo sugar moiety to its re-

ceptor site. The kitmetic results show-mi in

Figs. 6 and 7 do not permit any conclusioum

as to whether time interaction of ouabain
asse)c’iatioum svith digitoxigenin is competitive’

or nommcompet itive, because the maximum

velocity of o’mmzyme immhibition by ouabaiim is
very hugh. The ammtmigommism of digitoxigenilm,

hoss-evo’r, is e’onsist(mmt svithi time above asso-

c’iatioln mecimammism.

While this mamiuscript si-as imm pre’paration,

Liimclemmmaver amid Schsvartz (10) pumbhi shied

second-order associatiomm rate comistants for

oiuabmium at 30#{176}and 37#{176},as ss(ll as ml folrmnu-
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latioum felr time scidium miumd potassium effects

mi time Xa�-Mg�-ATP system by following

b)iuidiuig of radioiactive ouabaium to time en-

zyme. From their data it is possible to cal-

culate the asso(’imition rate (‘(Immstmlmmt of oua-

baimm ummmder commditiomms used mm thus paper,
assumimmg that missociation foillosvs time Ar-

nheniums equatiomm. Timis calculated value is

0.65 �.si’ niimit, anid mugree’s with ounm value

of 0.64 �.L�E’ nmimm’ (Table 1).
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