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SUM MA t(V

‘FoBnN, ‘FHO\IAS AKERA, ‘FAl, KU, DAvin, ANt) LU, \IATTHIAS C. : Hevo’rsibihi(v tub (he

imi(c’rad’(ioon tub s(ncuphuani(huiclini hromoacc’(mu(d’ with (hue carciioo(o onic sferooid bimiclimig site

t)f sodium- timid po(assium-d!epo’ndemi( adenut osine fniphosphafaso’. iIol. P/oarmw’ol. 9,
676-685 (1973).

Thic inifo’rac(iooni tub strouphuamuthuidin lirounuomic’o’(a(c’ (SBA) wi(hi raf braimi (Nmuc f. El)- ATPaso’

(A’FP phuoisphuoohydroohmisc’, EC 3.6. 1 .3) was inves(igmu(o’c!. SBA displaco’d [3Hloutabmuimi fm’onu

(ho’ Na+�, \Ig++_, amid ATP-depo’ndo’mi( binidimig sito’ toni (he enzymo’. ‘Flit’ muppmird’n( muffinui(v

cub SBA four (ho’ cturdioo(ounic sferoid bindimig sitc’ tub (hut’ o’nuzyme was out lo’musf oono’-(huircl tub fhia(

oof ouumibain boor thus site. \Vheni SBA � muhhcuwo’d too l)ilid (oo flue OtirdhioutO)tuiO s(o’roid bimichitug

site in flue pro’so’nic’o’ tub Nat, Mg�#{176}, mimic! A’FP our tub Mg#{176}� and P� , [tHjoouimubainu added mit vmunioous

intervals affer SBA eciuilibrafc’d with all (he c’ardioufoonuic steroid bimidiinig sifes. If SBA was

allouwed too binid too (hit’ c’nzvme in (lie preseno’e uf �Ig�0 tumid P� our cob Xmu+, \ig++, tumid UTP,

ifs subseo1ueiif phuoosphuouryla(ioon bronu �‘y-32P]A’FP �vmus ro’cluced by 60-SO . Exposuiro’ ouf (his

inhiilito’d eluzvm(’ (00 high co)mit’c’nitrmufioomus tub ED1�A ro’sul(ed mi ro’c’ouvo’rv oob l)ht051)hit0t’Ylmutitotu

capacity iii less (han 5 mini at 37#{176}.Sh�ce SBA dio! miouf irrevc’rsibhy ooo’cupv (ho’ cmurdlioofouluic

sferouid binding si(c’s our give rise too irro’vo’rsil)bo’ ituluibifioumi tub (lit’ o’nzymo’, SBA cities not

apl)t’ar (0) be tin effc’c(ivc’ affinity lmibo’I boor (Xa+ 4.. Kc)�A’FPase. Bc’cmiunso’ mu challo’nge too (lit’

counicept that (Xa� .4.. I(+)_A’FPaso� may ho’ (lit’ cmircliou(oonic rec’ep(our boor cardioutomuic sto’-

roids [B. 1”. Rothu-Schuechter, G. ‘F. Okita, R. E. ‘Fhonuas, amid F’. 1’. Hic’luardsonu, .1. Pliai’-

inacol. Eu’p. 71/iei’. 171, 13-19 (1970)] is based on (hut’ supposed! irrevo’rsibihify of flit’ SBA-

(Xa+ + J�+)A’Fl)ast� interaction, tour results bo’muvo’ suic’hi amu in(erpr(’fmu(iOun oupen to ciuestioni.

INTROI)UCTION tub (hut’ muminou micid ro’sidumc’s mit or mio’an’mu bimud-

Affimuify lmubo’ling is mu mt’(hoocl of mutfaching Hug sift’ on a biopoulymo’m’. Classically ami
mu chemical label couvalemutly to otio’ our moumo’

amid 0 emueral l3esearch Suuppoort (ramut N 111 1111

This work was suppourted by mu gratit froomuu the 05623-04 too the Couliege oof \‘eterinarv Meclic’imue,

Michigan Heturt Assoociation, (�ramit M.H. 12783 Mieluigan State University, fronu the Natiomumul

froumiu the Natiounmul Imistitute of Mental Ilemulth, Imust itutes ouf Ilealtbu.
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muffitiity laloo’l coonupooumud coumutmuimis mu ligmumicl

uvihu high mufiinify boor a binuclitig sitc’ tutu (hut’

bioopculynuo’n mumud mumuoufhic’r m�o’titt ivc’ got 0111)

which itufo’m’muets im’n’o’vo’nsiblv mit om’ moo’mun’(hut’

bimidimig sift’. Simuc’o’ (lit’ muffimuify gnouup bnimugs

flue rc’muc(ivc’grouunp too our mio’arflit’bitoching sift’

tub (hit’ biopoolvnuo’r, (lie 1)roh)mibihit� tub mu site-

din’o’c(o’d n’c’muc’tiootu shuooulcl bo’ ninth gnc’muto’n

thuati (limit tub muoumispo’cific imifo’m’muo(ioomms (1).

Bo’cmiuso’ (hut’ c’mundiac glvcosides bitici sj)o’-

OiIt(mill\’ tunic! with high muffinuity too (Xmi� +

[�+)�‘Fl)mist� (A’FP �)huoosphiouhiydlrooltuso’, 1’C

3.6. 1.3), mu(fo’nup(s himuvo’ l)o’c’n numuclo’ (to nioo(liby

(ho’so’ glvcousiclo’s with mo’muc(ivo� gnouups (limit

\vo)uld tuffinui(v lmulic’l flit’ enizvnio’. i�huis mijo-

l)t’Otithi humus bo’t’mo uiso’d liv Ilookimi mutud tO o-

wourko’rs (2, 3), u�hoo a((achio’cl varioous hualoo-

mucc’fmuto’ gn’ooutps mit POOsifituti �3 ouf s(rophimuto(huichin

tumid uiso’d (hut’ ro’sul(mumi( s(rophimimo(huichito-3-

himuhoaco1mufo’s too imohoibif (Xmi#{176}+ I�#{176})-A’FPmuso’.

‘This iflhiihifiOOmi mujopc’aro’c! too b:oo’ irro’vo’rsiblc’,

timid! o’tuniy ro’sul(s broom (heir lmubounmufoory sug-

gestc’cl (himuf if � dun’ (to si(o’-cliro’c(o’cl

alkvlmt(ioon tub tho’ o’mozvnio’ svsto’ni (2).

l’uit�fhio’m imovo’stigmitioomu tub tout’ tub (loose

St It uphitiii( hoithimu d!o’m’ivmu(ivo’s, sf to uphimiti( huichimu

brounuoomuco’tmuto’, shuo�vo’d if too hut’ cmudiou(oomuio,

tund it humus sinco’ been usc’d (to itivo’sfigmu(o’ (hut’

t’O’lmitiOOtlslOil) l)O’( iu�o’o’n (Nmu� + � ) \‘Fl)miso,

itihibi(ioomutumid!(hut’imuoo(roupiotuefioumuoof’cmurchimuc

glycosido’s (4). ‘Fhc’so’ studio’s shuoowo’c! (limit flit’

l)oisi(ive im000fnt)pic miotiomi cub SB� is rmupidly
ro’vo’rsiblo’, in c’oomu(rasf (to its sunp�ooosoch1v it-

ro’vc’m’siblo’ itohiibitiomu oob (Nmi#{176}+ 1’�#{176})-ATPmuso’.

ILo(hu-Sc’huo’c’huft’r et at. (4) coomalttobo’cl thimut (hit’

i tio ofrtupit tt’ot’p( our bom’ ( hut’ omurchiao glvcoosiclo’s

must boo’ clisfinuo’t broom (hut’ (Xmu� + T�)

ATPtuso’, flit’ implicit mussumpfiooni in this

tonio,lttsioomibo’imog (limitstroophtututhiidhinbroumoo-

acetmu(e rtipidlv clissouciafo’s frounu (ho’ umu-

iclo’mi( ific’cl cmun’chio of tonic t’t’ct’pf ours.

Itt (his ro’poom’t we n’t’-c’xtuiiuitio’dflit’ itotc’m’-

mucfion tub SBA’ wifhi (Nmu� + K�)-ATPmuso’

in vitro, using � lmibo’himugtumid [:oH](uusl)aiti

bimudimug fechunuioiuit’sthat went’ tuouf mivailmilile

clunimug (hit’ ouriginomul invest igmufiounos tutu the

itufc’ractio)mi of SB,\.. with (Xtu� + N�)-

A’I’Pmuse (2). Xoo o’viclo’mict’ � ouhfaimoed

which suppoor(c’d flit’ (o)mic(’l)t tub spt’citic

si(o’-c!iro’c(o’d, ini’o’vo’rsibbo’ Imibelinig our tub si(t�

dino’cfo’d inro’vc’rsibho’imuhuibitioumiouf (hit’ (iNmu� +

1�hoe tibboreviat ions umsed tire SBA, st rophtomu -

I hiiolimu-3-Iuuoomiuooticettite ; (‘8, camdioot tommie siem’ooioi.

K�)-ATPmiso’ by SBA. It muppo’mum’s (limit

S13,�� is ticot tin o’t’lo’c’tivo’ sifo’-dliro’ofo’d imohuiboi-

tour (mutfimui(v lmubo’l ) boom’ (Nmu4 + K�)-Ai’Pmuso’.

‘Thins ( hut’ l)t’(’Vit uttsly t.o’ioo oct to! t’t’Vt’m’sil)ilify oof

SB��-imoduc’o’cl s( inuutlmut io umu oof’ to it ii n’muct n on oof’

joo’rbuso’c! m’mubbif hio’murfs (4) is o’mttiro’lv coti-
sisfc’no( �vifhu (hit’ t’mlI)idl dissooc’imutioomm tub SBA

brouni (INmi + l’��)-��’FPmuso’ t’o’poom’to’d hio’t�o.

MATERt.iLS ANIO .METHOI0S

En zyit, e /)i’e/)alat i�1l (1 B (I label/tog. lituf

brmuimo �\‘FPaso’, boro’I)muno’d ho�’ thio’ nuo’fhoood to!’

Akt’rmu munich Broucl�’ (5), w�tis uso’d thum’oimghooout.

Ifs spt’tiho muo(ivi(y was musstuyo’d mus do’-

sc’nibo’d liv ‘i�oobiti ci al (6), mumucl its pn’outo’imu

toomofo’tu(, box’ (ho’ nuo’fhouol to!’ Loowrv et al (7).

i�to(mul ��5FPmuso’ muo’tivitv vanio’d ioo’(wet’mu 150

mind 300 j.onuoulc’s tub P Pt’t’ milligrmuni tub pnto(c’imu

joo’n hioottn, tunic! nuoore thumumo 95 0 � tub (hut’ ac’(ivi(v

\vmus 0 ouimubmiimi-so’musi(iyt’.

Ltulio’limug ouf flit’ o’tizvnuo’ frounu [“y�#{176}2P]A1�P

tumidl [3Hjooumubmuitu uvtus Po’t’foormo’ol liv (lot

nic’f hoo�uc!s oof Toobimi et al. (6) . I �huousphuoom’vla(ioomi

to!’ (hut o’iuzvnuuc’ liv Ey_;oil)]�rfl) � to’rmninmufc’d

ivi(hu (richiloormuoc’tio asic! 3 5(’t mubto’t the mucicli-

tioumi oof [y_:oi1)JA1�1), t’xct’pt whuo’mu U’TP wits

Pm’t’st’muf ito (lit’ svsfo’rn. \\‘huo’to 1J1�1� was

l)I’t’St’li( (1’ig. 6) lmubo’himig frounu [‘y-#{176}2P]:��f P
i��mus mulbooivo’d too pr000o’(’d for 5 so’c boo’cmuuse

mi(tmuinumo’mof tub flit’ sfo’mudv-stmuto’ lc’vo’l ouf flit’

[32PJo’mizvnuo’ itmoclo’m’ ( huo’sc’ ooondi( i o onus muumuv be

sO)fluo’\Vhiti( sl oowen (8).

Bt’omittst’ ouf ifs loouv uvtuto’t’ soolubili(v, S13�\..
ivtus uso’cl mis mu soohut(iomi iti \ , ,\‘-ohinio’thuvl-

fournumumiclo’. ‘flit’ co onmcemifm’mu t ion oof di moot huvl -

bournumunuiclo’ itt mumm�’ txpt’ninit’mi(mul svstemuu ohid

tit)( c’xc’(’c’d 0. 1 #{176}o . ��Jthuciumghi (lois coutuoo’mitrtu-

(itoh humid moo sigmoifictunut o’fft’cf oomi mumuy ouf thuc’

j)tit’tuflit’(c’t’s studied, mini o’ciuivmilo’mu( to otoet’to-

fratioumu tub clinie(huylbourmnanuido’ � miclclc’ol too

all ct omitrools. All o’xpo’ninuemmfal citutmu tune pro’-

sc’nfc’c! mis tho’ nuc’mumus ± s(muimclmuncl o’m�ro it’s oof mut

lc’must fooutr dc’fo’t’mimumufioomos. All t’xpt’ri tiit’tit5

\\t’tt’ pc’rboum’nuo’dh mit 37#{176}.

Reagents WU1 o’li�i� icals. Str uiohuamuf loichimi -3-

1)10 umomuco’tmu(o’ ��‘mus pt’o’pat’o’clmuccoordimug (to flit’

proco’duro’ of Hookito ci al. (2) with slight
niochifmctufitomo. A. so olufioonu out bm’oomoumuoo’f vi

liroomido’ (0.23 nug, bro’shily thisfillo’d)itt bun-

fio’d dioxmumic’ (5 miii, fm’o’shulydis(illo’ci ouvo’r

CmuH2) � muclobo’cldroupuviso’ unuder mumuitroogo’iu

mu(nuoosphuo’no’ too mu sobufioun tot s(rophimimi(huichitm

(0.5 g, 1.24 nunuoubo’s) tumid pyriclitoo’ (0.21 ml,
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2.6 mmoles) in punific’d dioxamie (20 ml). The

mixture was stirred at room temperature for

1.5 hr under ni(roogc’n; water (75 ml) was

then added, and (he dioxane was ro’moved

under vacuum at rouorn femperature. A

white precipitate was obtained, which was

collected by filtration, washed with wafc’r,

and dried. After rc’crystalliza(ion from

methuanol, 0.321 g ouf pure SBA w’as ob-

taimuc’d (m.p. 195-196#{176} with decoomposition;

repourted rn.p. 191-194#{176}). Its structure was

further established by its infrared and NMR

analyses: � 3500-3600 (‘rn_i [011, 1780,

1760, 1710 (C==0), and 1610 (C=C)J;

NMR (CDC13-DI\ISO-d6) #{246}4.00(2H,
0

SBrCH2CO-) in additiomi to peaks present

in sfrophumuuthuidini.

[y-#{176}2P]A’FP was obtained from Xc’w

Eioghand Nuclear Corporatiomu and was

diluted with carric’r ATP to give approxi-

mately 5 X 106 cprn/rnole of ATP. [RH]-

Ouabain (also from New Eiugland Xuclear)

was diluted with carrier ouabain to 500 Ci/
moole. Bromoace(vl bromide was ol)tainued

from K & i�: Labourafonic’s, arid (hit’ miuolo’o(ide

substrates were oubtained from Sigma Cherni-

cal Coompamuy. All o(hc’r c’huc’mioals w’c’re

reagent gradc’.

RESULTS

Thuc’ inhibifiomu c’urvc’s four both ouuabain

amid SBA on (Na� + Ic�)-ATPasc’ h� (he

standard 10-mm (Nat + K�)-A’FPase

assay are slucown imi Fig. 1 (6). In this test

system the two drugs were indistinguisluable.

However, although it may ho’ assumo’d that

ouahain imuhibits (Xa� + K�)-A’FPmusc’ by

binding to flue carditotcomuic sfo’rouid binding

site, this assumptio)n cannoot be made for

SBA. SBA may inuhihif the enzvnie either by

hindiiug at the CS binding site, by alkylating

other reactive groups in (he enzynue system,

or by a coombination of these mechamuisms.

Therefore the ability of SBA arid brorno-

acef ate too displace [2H]ouabaiuu fronu (Xa+ +

K+)�&TPase was tested too determine

whether SBA could interact with f he CS

binding sites of this enzyme system.

Figure 2 shows (he actions tub SBA amid

NEG. LOG INHIBITOR. M

Fno;. 1. Inhibition of rat brain (.\‘a� + K#{176})-A TPase buy oouabain and SHA

Bat braimu (Na4 + K#{176}-)-ATPmuse was imucubated with coomicemutratioomus oof ouumabaimu or SBA showmu tin

the abscissa, imi the presetuce cof 100 ni�u Na#{176}-,15 mn�n K�, amid 3 m�i MgATP, at 37#{176}four 10 nuimi. O-O,

imuhuibitioun of (Na#{176}+ K#{176})-ATPase activity oobserved imi the presence of the imidicated comicematratiomus ouf

SBA; #{149}-�, iuuhibitioimi observed in the presence of the imudictuted cmomicemutrmutioomus of ouuabaimu.



FOROMOACFTATE 10,,M

100

/5

50

25

MINUTES

Fit;. 2. LOis placenoeni ouf [:IHlooabuoj000 frono (.\‘a4 + K4)A TPa.so b)!1 SR,4
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25 mimi, which muvertuged 2:31 ± 27 proitoles ouf �hl ]oouahmtimu per nuilligrmunu oof lurouteimi. At S mimi 0.1 tn�t SBA
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broumo umico’(mute oomi [�I1 Jouumubtuimu binding ( o

( Na+ + K+)_Ai�Pmist� itu (hut’ pro’so’ruce tub Na#{176}

minid! fVTl�. ‘Flit’ ooumuco’mifnmutioumo tub I\Ig�+ iii flit’
sysfo’m wmus n’ecluoc’d (to 0.1 mM too sloow the

rmu(t’ ob muoonspo’oific \ lg�#{176}-A’FPaso’ tiot ivity

amid thus ahloow’ [#{176}Hjcouabmuimubinuding too be

noainu(muino’d ouvo’r (hue iuo’rioool tub (ho’ o’xpo’ri-

memut. Fivc’ mimiuto’s mubto’r (hut’ bimidimug ro’ac-

fit.uti � sfmirto’dl, (‘ithut’r SBA (0. 1 miii) our

bm’oumoumicc’(a(e (10 ntim) wmus muoldo’d too (hit’

binuditog sys(t’tiu. SBA 1)n’cudhunco’d tin immechiato’

rc’spoomiso’, m’mupicllv displacimog (hit’ spc’cifmoa113’

boiinucl [#{176}H]outub)tuimu bro unu (hut’ cmi zvmc’, wluo’retus

brounliuac’o’(a(e litid liftIt’ o’ffo’ct.‘Flit’ expo’ri -

merit sho ow’s (limit SBA cmiii imi(t’ract wit Ii the

CS loituditig sift’s of (Nmu#{176}+ K�)-ATPase

amid thuaf its clisplac’o’mo’n( tub [#{176}H]ouabain
from (lie t’nzvme is joroubmubly micotdepemudt’nf

0)11 ativ muonspc’cifio imi(o’rac(ic)nu cob thuc’ l)roomou-

mucc’(a( o’ group wit hi t his c’muzymo’.

lou tt’st whuo’(huo’rton’mucutSBA couuld inuto’ract

irno’vem’sibly ivithi (hut’ (1S bimudinug sites ton

(Nmi1 + K�)-ATPmuso’, (he prtoco’durc’ tub Fig. 2

was nioodifio’d as shown in Fig. 3. In mu rouutino’

[tHlooutmihaimu binoching o’xpo’nimt’nut (6) thuo’

I3H]ootiibomuimi itso’cl co omosists o of mu miuixt tnt’ to!’

c’murnic’m’mimic! (n’muc’o’r ouumuhmuitu. It SIL\. itutc’m’mucts

ro’vo’rsiblv uvi(hu (Ito’ f#{176}HjottmubmiinIoinchimug sift’

if shuouulcl l)o�’ poossiblo’ to ro’phuo’t flit’ omnt’m’io’m’

ouumuh)muimowith tutu mippro upritut o’ to omncc’motrmut it at

oof SBA. � smunut’ minuooutut tub (macem’ shiooulcl

1)0’ s�o’Oiiiomully booutnnid (ci flit’ o’mozytno’ mus iii

(lit’ rc’gular [:oHjooliulouimi himodimog sys(o’nu.

\Vluo’mu thoo’ otun�m’it’i ooumubmiiti w.mus m’cnioovt’tl

frounu (hut’ binchimog sys(o’nu flit’ mitnnuboo’r tub

conttofs joo’t’ nuimou(o’ tubEoH]cuuulouitu spt’t’ifit’muhly

bouutocl (tu flue etozynuo’ incm’o’mused mu littlo’ loss

(hamu 3-foold. By fnimul mutud o’rtoum mucoomnoemifnmi-

fioumu tub SBA was booumocl which wouuld mip�om’ooxi-

nua(c’lv substitute boot’ the omut’nio’t’ ouumubumuimi.

T”iguro’ 3 shoouws thmut mupprooximmu(t’iy (hut’ smumo’

eo1uihibnium lo’vo’l tub [1H Jooutubomuimu liiiuc!imog

wmus ooh(muitoc’d if 0.8 �m SB:� #{149}wmus solo-

sfifutc’cl foot’ (ho’ 0.23 j�I c’mum’mio’m’ouutmubaitu ( 0).

‘Flit’ simpbo’sf immto’m’pro’(mu(ioumu tub this m’o’sulf is

(limit SBA inoto’rtuo’to’cl rovo’rsilolv with (lie

[3Hjooumubmuini loimiclimog sift’s tunic! subst ituftd

f’tom’(hoc’(‘mum’nio’rooumuhmuimoimuflit’bimichimogs�’stenuu.

I.’tut!o’r t ho’so’ to omudit it otis, flit ‘molt oro’, SBA lotus
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Fit;. 3. .\‘a- (010(1 ATP-depeiodeiot boiom(liomg (of

FTI1lollabain tO root burain (.\‘a+ + J’��) -A TPa.so’

ill. the pro s c/ice of carrier oulahailo. or SBA

0-�----0 , birudimig oof f3h1]ouumibaimu too rat brtuiru

(Na� + K#{176})-ATPmuse tuuder the coomichitiounus oof

Fig. 2 whetu the svstenu corutmuiEued tracer oouahmuimi

amid 0.23 � carrier oouabmuimu ; #{149}----�, loimidimug
when tra(’er ouiabaimi wmts added too the svstetuu

sinuultmuneottsly with 0.8 j.o�i SBA; � -- ---a anuci

.�--., l)imuding of t he smimne amuuoourit tof tracer

tof [31l]oounmubaimu too thie rat brmuiru erizvmuue whuen the

SBA wmis tudded mit zero t inie timid t he t racer [�l II
o)uabmuin at 7.5 mind 22.5 muuin, respectively. Binding

of [3H]ouualoaimo is expro’ssed as a percenuttuge tof thmit

observed mit 45 muiinu mu the presence tof labeled

mind unlmuloeled oounabmuimu, which wmus (‘o5 X 10�

clptiu ‘rug of protein. This value c’oorro’spo)nds too

2()0 ± 10; pnuoles of touttuh)tuiti hoounid � miuihhigrmimuu
ouf enuzvmuue proteitu.

mubouf omuc’-fhiird (hic’ mupparent affimui�’ (of

ouabaimi for (Xmu� + Ic�)-A’FPasc’.
A furthuc’r tc’sf for rt’Vc’rsil)ilit\’ to!’ flue imu-

(traction 0)f SBA with (Na + + F�)-ATPmuse

is shcownu imu l’ig. 3. Hc’re flue rmuf braimu o’mizyme

%\‘mts incubtufed w’i(h Xmu+, \fg++, munich ATP,

and at zero time OS �M SBA was added (0)

floe euuzynie. At 0, 7.5, mind 22.5 niitu (he

tracer [#{176}H]ouabain was addo’cl to (ho’ s��tenu.

Either a (inue-dc’pemidemif, irreversiblo’ ouccu-

pmution of (ho’ [3H]ouabainu bimuding sito’s by

SBA should result mu a (ime-dc’pemido’mit loss

of [3H]ouabmiimu binding emupacity, ton, if fhe

imu(erac(iounu tub SBA wit hi the CS bimudimug site

wo’re ro’vo’rsil)lo’, (ho’ binding sites would re-

nuain acco’ssihle to [#{176}H]ouabain af mill finues

tunic! [3Hjounmuhaini binditog u�oould muiways

o’quilibrmufc’ at (ho’ samo’ lo’vo’l, inudc’pc’mudemit

tub flit’ ourdo’r or imo(o’rvmul bo’(ween mudchifionus.

s showmi hi Fig. 3, binditug o)f [#{176}Hjouabaimu

o’ctuilibrmuto’ol mit c’sso’iufimullv (hut’ sanio’ lo’vel
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whether or not (hue SBA wmus adclc’d simul-

famieouslv w’ith oual)aitu (�) or at 7.5 mm

(LII) ur up to 22 mimi (�) before the [RH]-
ouahaimu.

A similar experinuemut, o’xco’pt tlua( glyco-

side bimidimug was supp(orfc’d by Mg#{176}� and
P1 , is shiow’ru iii Fig. 4. As fooumud prt’vi(ously,

prior exposuro’ (to SBA did noot ro’dtmco’ (he
c’ciuihihrium lo’vel ouf [TH]oumuhaimu binding ob-

served. Xo’ifho’r experimemuf suggests an

irrc’vo’rsiblo’ in(o’rac(ioun tub SBA w’ifhi (ho’ CS
20 31) 40 45

t bindinug si(c’s on (his emuzymo’.

Although (huc’e o’xpc’rimc’mits muloumuc’ sing-

gc’sto’d that SBA dot’s riot imufermuct irre-

versibly with the cardiac ghycoosido’ bituding

sites tub the (Xmu� + K#{176})-A’FPmuso’ sysfo’m,

it was mulso dc’sirablo’ (to do’moonus(ra(e ro’acti-
vafioun ouf thuc’ SBA-inihiibifed enzymc’ undc’r

appropriate co)mudifiouns. This would hoc’ POOS

siblc’ if (ho’ mioumu-CS-bindimug si(o’-diro’ctc’d

interaofioomus tub SBA wo’rc’ insufficio’mu( to

cause irro’versiblo’ inhibitiomu ouf (ho’ o’mizyme

svsfc’ni. Figure 5 shuouws (he iruhuibifioumo of this

enzvmc’ system l)\’ SBA in (he pm’c’so’ncc’ of

\Igf+ amid P1 timid (ho’ subso’ciuemit netuctiva-

(iO)Ii cob tho’ inhuibifo’d c’muzvme. In (his expc’ri-

nit,ti( rat bm’aimi A’FPtist’ wmus imicubated
w’ithi min �u1g�, 0.5 nyu P, mumud 4 z.�t SBA

tut 37#{176}.\\riio,mi (ho’ o’tiz�’mo’ � chumuhlo’miged

w’ifhu Na�, :\Ig��, amid [y_:I2PJA’FP 9 or
24 mimi affer flit’ muddifion tub SBA, (hut’ cmi-

zvnu(’ syst(’m was oobso’rvo’cI too ho’ tibouu(

75 ( ( ituhihito’d. Howo’vo’r, if 10 m�m ED’FA

\i.mis addc’d too flue system ti( o’i(ho’r 9 our 24

miii and flit’ svs(o’m was sul)so’quemifly dual-
lo’mogo’d with Nat Mg�, timid [-y-#{176}2P]A’FP

at (lie imidicmufo’d fimo’s, (hit’ t’muzymo’ bully

rc’coovc’red ifs mubihi(v fo itucourpc)ra(o’ phu(Os-

iohumufo’.
F’iguno’ 6 shows mu similmur expt’t’imt’mif,

iti which SBA wtus ahlow’o’d to bind via the

muuclo’out ido’-sfimultu(o’d pmi(hiwmuy. No ormtully

ATP is (he nuo’lo’oofido’uso’d too suppoort bind-

hug by (his pathuwtuy, but ifs usc’ ito this

si(ua(ioon i�’ouuld ro’sulf itt mu suhso’quo’muf

vturimublt’ dilutioumi oob (lit’ [‘y_#{176}2PJA’FP muddo’d

too (o’st boor nc’muc(ivafion oof (hut’ t’mozvmt’.

Tho’ro’boore U’FP \‘,‘mus uso’d iios(o’ad cub ATP

iti thic’ bitiding s�’sfc’muu. U’Fl#{176}is a vo’ry c’f-

fective suppor(o’r oof [:IH]ooumubmuiiu bimudimig

too (Xmi4 + N#{176})-A’FPmuso’ (5), mimic! such

binding is cjuali(mutivo’lv sinuilmur to A’FP-

dc’pt’niclo’n( binidimug (9). Ho uwo’v(’r, U’FP is
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3H1 OUABAIN MINUTES

Fit;. 4. � and P1-depoindonI buindiny of II t)llabu(Ii/i tto (.Va’ + K4)-,4 ‘i’Itzso in 1/me pre.s’eno( of SB_-I

The experimemutal coumuclitioomus were the smumuue mis itu Fig. 3, except that Nmu’, )o1g#{176}�,timid! ATP were re-

placed h�’ 4 iuu� NIg++ amid 1 nu�t P . S- ---- �, loimuolimug oof trmucer 000al)tuiti with 0.23 � emurrier ooutmihotuimu at
imidicated zertu tinoie ; 0�--0 , bimudimug ouf Ihhloouimul)muimu whemu the trmicer ouumuh)muiml timid O.SMM SBA ssert’ mudded

toogether at zero time ; #{149}--- mimud �-- - --� , bimudiimug oof trmucer [�hl lootttibmiimu wloemu it wmis midcleti 7.5 tumid

22.5 nuimu, respectively, after the additioomu oof SHA. Bimidimug is expressed tus mi peicetuttige of t limit oiccuirrimug

imu t lie presemuce ouf t he labeled pluts carrio’r oouimihomuimutut 45 nu�imu, o�’hoichi muvermuged 78 X l0� oi�onuniug oof �roo-

teimu nm 239 ± 15 iunuooles of Ihlloooiahaimi ier nuilhigm’muniuhf lorloteimi.
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I I 1

MINUTES

Ft u . 5 . I?eoooueI’!/ 0)f pboou.i/)Imorqboltio)/i after at/ti it 10)/i t)f EDTA in on Z!/i1o( 1 ii h jbitod buy SLIA in time pic-

sence of �iIg�#{176} a/it! P,
Rat braimu (Nti#{176}+ K#{176})-ATPase was imicuibmuto’d withu 5 nuM ?i1g�� amid 0.5 nutim P1 , mumuci4 j.ni SI3A was

added at zero time. At 9 mimic! 24 nuimi after thc’ tudditioomu of SBA, the emuzynue was exl000seol tmo 100 mint Na#{176},

10 fluM � tumid 0.05 nni i’i’-32PJATP. Thue labelimug remictiomu was stoupped 3 sec lmuter with trichuloortucetic

tucid : #{149} #{149},minouooumut oof imuloelimug ooloserved. #{149}-� amid 0 - -0 , mimuuooumut oof lmibelimig ouhuserved whemu

10 mM El)TA wtts midded tmi the svstenu mit 9 or 24 miii, respectively, timid thie etuzynue wmus thuemi alloowed to

react with 100 muM Na�, 10 nni Mg’�, timid h -32P]ATP at the times imidictuted. Lmiloo’himig is expressed as

ti percemut age tof t limit mol)served whemu t he Ntu#{176},� tumid [� �32l) IATP miii xl utre wmis mudded I to mimi emuzyme

svstenu imu the presemuce mof 4 runt \Ig#{176}#{176},0.5 nnm I� , 4 j.ni SBA, mimic! 10 tint El)TA. Umucier t luese coomiditioomis

32� imucourpo)ratiootu miveraged :398 ± �4 pnuoiles nug oof prooteimu. Labelimig ooccutrring whemi I hoe Na� was re-

pltuced with 20 mont K#{176}was dedumcted as bmuckgrouumud. Mg#{176}�tumid P multotue doo moot imuhibit the phooosplooorylat ion

oof the enuzynue frmonu �- -12P}ATP ummuder I he cooiuclitioomus oof this experinuuent
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F mo; . to . I?ooon’er!j (�,f phosphorylat ion (IftoI (10/0/il SO/i of EI� 7’A to 0/1 2/, /1! C 0 /0 h -ob i/ed bu!, S1�.4 o im I/or prese�o cc

of _Va (1/0(1 (‘T1�

l� mut l)m’tuimu (Ntu� + K ) -,VITPase � imuctubuateol wi t hi 20 nu�ii Nmu�, 0.2 nra \IgCI a, timid 2 nuM UTI3 at 37#{176},

timid mit imuo!icmuted zeroo t moe 4 .nm SBA � mudded too t hie system. At 3, 9, ammo! 24 mimi 0.05 nnm N-12PIATP

wtis middc’cl t mo t he systeniu, timid t hue labelimug react ioomis wo’re termimiated .5 sec aftem’ eachu tuddit iuomu. � --

imihibmt iooti oof 32j) imucoom’poortit imotu oobsen’ved umider t hese coomudit ioomis ; #{149}- -#{149} mimic! 0 - - -0 , iiucoorporatioomu

oof 32P observed whemi i mint El )TA was adcietl too t hue system at 9 mom’24 mnimm (:um’l’ows) , respect ively, mimic!

laloelimug fmoonuu b_2PIATP (ioluns 10 hiM Nlg4 ) 0y;�� cmirried outit mit t he imudicmito’t! t inue pooimuts. Lmuhuelimug is

expm’essed as to �)ercemuttige oof thuto.t ooh)sem’vec! whemu thud! emizvnue was imucuh:ilecl wit Ii 20 mint Nmi1, 0.2 nuuM

rug-t-4, 5 mint El )‘I’A, 4 .nn SHA, amid 2 ni�i UTP tumid labelimug � carried ootut wit Ii 10 runt Mg#{176}�anud 0.05

hiM [� _a21)1:t_Tl) IJmider these coomidit ioomis labelimug avermigc’d 289 ± 32 jomouolo’s OIf :121) per nuihhigrann ouf p��-

tci mu. A , amiumotimut mof ltu-heli mug oohservecl whio’mu t he emuzvnue was i muculomuted wi I Ii 20 muu� Nti , 0.2 nn�ut

S mu� E1)TA, 0.4 pM SHA, mimic! 2 ant UTP foor 30 mimi timid themu imibelec! with [y-T2PJATP ammo! Mg�. Ltuhelimug

toccuum’m’imug wiuemu I hue Ntm� ss’tis replaced wit hu 20 nnn � � deduicteol mis backgrmmummid.
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mublo’ (o imihiibi( (ho’ �)hioosphioun’ylmu(itoi1 tub (lois

emuzvnio’ fm’om ATP curtly utmido’r caro’bunlly so’-
lo’((t’t! co omucli(ioumis (8) tunic! nuoonrnallv will ti(u(

ro’c!uco’ flit’ sfc’mtdv-sfa(c’ bo’vt’l of (ho’ plios-

l)hi00m�’lmi(i00tu ft’ounu A’FP (10). l’igum’o’ 6 shoows
(ha if (lit’ nut brmiin o’mozvnue is inucunbmu(ed

w’ithi Xti�, \Ig�”#{176}, ITT!), amid SBA, sub-

stmumitimil (60 � t ) inhibitiouno tub (lit’ Piitusl)hito-

rvlmitiooni broom [y:u2I)J�’Fp ouo’curs. Houwc’ver,

as boutmud previously, (hut’ additiomi out o’xco’ss

EI)’FA to flit’ systo’m rt’sults in (ho neo’oovo’n’v

tub lmubo’limugtutu (hut’middifiotu tub o’xcess

amid
Thio’ m’c’couvc’rv tub pluousphiourylafioumo in this

(‘xpo’t’inuo’n( Was toot ciui(o’ coomplt’(o’ mit 30
mimi. This, iuouwo’vo’r, was riot c’viclo’muce boom’

si(o’-olim’eo’(o’d inhiibit-iomu oof (lie c’nuzvmo’ by

SBA, bc’c’miuso’mu siniilmir boss iii phioospluooryla-

fioomi cmupacifv wmus ohso’rvo’d if (lit’ o’mozymo’

w’tus imuoubmu-fed wi(h Xa+, UTP, tunic!SI3A

mi (hue pt’t’sc’tico’ out 5 mM EDTA. LTmido’r (ho’so’

coonucli(io otis o’turdimuc glyeosido’s do) nuof bimud

spo’oifically to) (Xmu� + Ki�)-A’FPaso’ (11).

m)lscUssmoN

l’huis imivo’s(iga(ioumi tub (lit’ m’o’vc’n’sil)ili(v cob

flue inuferactiounu tub SBA wi(h flue CS bimiding
sift’ t)f (Na+ + N�)-A’FPmusc’ was proomp(c’cl

1�’ flit’ woork ouf Roo(hi-Sohoo’chufo’r c/ al. . (4).
‘Fho’se wounko’rs shuowo’c! ( hat (ho’ it-ut ofmoupic

actioutu tub SBA in (hue po’mbuso’d ral)bif heart,
like (ho’ inuouf-roopic tiO(I0)i1 tub ouuabmuino (12),

is rmupidly rc’vc’nsih)lo’. 1�noum (his cubso’rvmu(ioni

fhio’y suggo’s(o’d (hmu( (Xmu� + K�)-A’FPase

ctuliflO)f ho’ inuvoulvo’c! iii (hut’ tmurc!icu(ounic’ muo’(ions

oof these drugs, sinuct’ fho’y eounsido’mo’cl (hat-

SBA imufermuc(c’d inro’vo’rsibly with (ho’ en-
zymo’. ‘Fhic’yo’xphtuitued (ho’ir itimuhility (to shouw

a no’duetioomu imu thuc’ (Xmt#{176}+ K�)�A’FPase

activity tub micnoosomo’s broom SBA-pt’nbusc’d

luo’murts by mussunuimug (limit (lit’ ‘‘irro”vt’rsihlo”

SBA-o’nzymo’ ooumplo’x dissoociafed chmniiug

(ho’ pro’parmi(ioomu of (hut’ o’nuzyme. ‘I’luo’ycouni-

sido’ro’d f hat f ho’ir ccunolutsioons were suppo urfo’d

by the oobso’rymu(ioumu(limit (hue incul)a(moun tub

cmurdiao (Nat + K�)-A’FPase with huighi

counio’o’ntrafioumos tub SBA four bong po’nioods
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in i’iI�’o rc’sulfc’d imi mu boss of o’muzymo’ muofivifv

(13).
-‘.‘ moore coonusisfo’nt o’xplamumufioumi boon those

ooi)so’rvmt(iolus woumld ho’ (hutif SBA iiu(o’rmuots

ro’vo’m’sihl�’ with (hue cardiou(oomuic’ bimuding sift’
of flit’ (Xa� + I’�)-ATPmuso’. Thins SBA

would J)roduld’t’ ifs j)OOsi(ivo’ imuoufroupic ac’(ioun

l�’ iiu(ermuc’finug m’t’vt’rsil)l’V wit-h (hut’ CS

binding sift’ tub (Nat + N�)-A’FPmuse, amuol

f-ho’ rapid ouffse(- tub (hue phumu-rmmucohoogical

o’ffect would ho’ mussoucia(ec! with (hut’ revo’rsi-

hihity tub (his inu(o’nmuc(ioumi. This revo’rsibili(v
�vouuhd mulso o’xplmuin (ho’ imumubilify ouf I�ou(hi-

Schc’c’li(c’r ci a-I. (4) to do’niounstrmu(e inhihi-

fiounu tub tho’ (Xmu#{176}+ K�)-ATPmuso’ broom SBA-
(no’mu(o’d huo’mir(s. The inihuibifiouno oul)s’c’n�’c’d

in oitro hi’ ()kifmu (13) wouulcl ho’ duo’ (0) titOmi-

s1)O’t’ifo(’ binding tub SBA to (hio’sc’ Pro’Pmura(itunS

at (hut’ high drug o’oonioeni(ratioomus uso’d mu his

t’xpo’nimo’nu(s, proubably coumjoliemito’d l)y

thio’rmmul denmu(urmi(io unu oob t hit’ o’nzymc’. Too

difinguish i)t’( ivt’eti (hc’so’ pt ossibi li(io’s �

unido’rfooouk mini imuvo’sfiga(ioumu of (hoc’ ability

tub SBA too imu(c’m’ac( irro!vc�rsiblv with (lie CS

l)inuding sift’ tub (Nmv� + F0)- A’FPaso’.

‘Flue t’Xpt’t’i rno’no f mu1 mipprtumuchi used rc’pmo’-

so’mufs an iniprtuvt’memi( oomo (hooso’ muvmuilmuhho’

ivhuc’n f hie cmut’dimuc’ glyco osiclo � munumuboguc’s wo’ne

firi�f devo’loopo’d (2). It � tuout fhic’mi poossib)le

fo study lit’ o’nuzymo’-glyc’ousido’ inifo’rmuct-ioomu

directly, timid (hit’ oumuly parminuo’(c’r mouiiit cored

wmus enuzynio’ inhuih)ition (2). ‘Flit’ devo’hopmo’nut

tuf (echumuiciues to study (hut’ biticlimig o)f f#{176}HJ-
Oual)muimi fo (his o’rozymo’ (6, 8) pt’rmifs mu

direct inivo’s(igmufiounu tub (hut’ o’ffo’oth tub SBA
ton (he CS himidimig site. Our ro’sulfs shoow’ (limit-

SBA will imidc’o’d info’rmuc( mit (lit’ CS binding

sift’, alfhough (lit’ appmuro’io( muffinity tub (-luc’

enzyme boor SBA may boo’ soumewhuaf less

than bon ouumubtuimi. Howevo’r, sinuce SBA hutis

(ho’ ability fo imuteract miootispo’c’ificmuhlv uvifhu

mumuy of flit’ pnooto’imus pro’so’nuf in (hid’ l)imuding

system, the o’ffo’cfivo’ coonct’mu(rafion of SBA

in (he bindimig system will mulwmuys ho’ lower

(luani (limit muddc’cl to (hue s�’sfc’m. Thuo’n’efoure

the (rue affinuity of the CS bimudinug si(t� for

SBA is proob)mubl�’ somo’whumu( closer too its

affinity boor ooumubain (hani (hit’ 3-fold cliffo’r-

c’mice suggc’s(ed hoy (hc’ data pro’sc’mu(c’d in

Fig. 3. ‘Flue mupparc’mut discro’panucy be(w’o’o’nu

(-he data preseiufec! in Figs. 1 atud 3 is proul)-

ably duo’ to (hit’ gm’c’a(o’m c’oomucc’n(rmutiooio o)f
nuembramue pn� u( tin prc’so’mi( i nu mi fTHJooumubiinu

bimudimug (‘Xl)t’tiflut’tut , uvhuichi uvouunbol �ot ‘m’muuit

gro’a(o’r moounuspo’oifmo bimidimog tub SBA. mutiti (bus

ro’ducc’ (lit’ coomuc’o’mufra(ioumu ouf fro’c’ SBA.
Raf braimo (Nmu� + K4)-ATPtise wmus so’-

bo’o’to’d boon’ (huo’so’ o’xpo’nimo’nufs b)O’O’miUso’ flit’
oonigimial woork suggo’sfimig thutuf SBA muituy be

mu sifo’-clireo’fo’c! inhuihitoor tub (Nmit + K�)-

�&1�Pmuso’ (2) wmus Po’rfooI’n�odI ivithi bo’o’t’ bonmuimu

( Nmu+ + Is�+)_,%’Fl)muso� joro’pmunmufio)mos tumid
1”nicke tumid Klmuus (14) Pm’o’so’nifed suppoon’timg

clmitmu t)b)ftuimut’d wi(h guinio’mu pig brmuimo (Ntu� +

I��)A’FJ �ti�t�’ l)no’Ptura(iounus. Simocc’ (lit’ I itothimug

Of glycousiclo’s too m’muf braimu (Nmu� + Nt)-

ATPase pro’pmun’mu(ioumis mib)I)t’arS (to be muf bo’must

mis s(muble mis ito nuoosf. o(huo’n (issuc’s, mimic! is

much mount’ s(mibbo’ (lumumi (limit- ouo’o’ummm’imugtoo

nmubbif out gutino’mu 1)ig ioo’mum’( (Nmu� + J,.�+)

A’FPaso’ (15-17), wo’ fo’lt thumut- (hue inst oob

(his pIc’I)min’mutioufl w-o)l�tld bmuvour mumuv fo’miclo’muco’

boon’ imihibifiounu by SB-� (0) ho’ irno’vo’nsibbo’.

I�igurc’ :�, which shoows (limit thuo’ Pm’itOI’

muddifiono tub SB1� fo� (hut’ o’muzymc’ svs(o’tui ohio!
hoot rc’c!uof flit’ subsequno’mo( binudimug out f#{176}HJ-

oounmihmuinu boo’ (bus svto’nn, is sfro)mug c’vitlo’nuco’

foot. (ho’ m’o’vo’rsibili(y o of f lit’ iru(o’rmuc’tio onu oof

SB�� i�i(-hu hio’ cmum’ditu(outuio sfc’roid bituchirug

si(c’. If’ (hut’ boindinug tub SBA w’c’no’ inn’o’vo’n’sib)bo�

tomit’ \Vo)utld o’xpc’c( mu pmoogm’essivo’ do’cm’o’muse ito

t ho’ sunbso’quo’ni( binudinug out f#{176}Hjoumuhmuimu,

whuenemus (hut’ bimudinog to’muclo’cl (to imoc’ro’must’.

This o’fft’e( tub SBA too inucro’muse (ho’ sub uso’o�uo’mu(

bimuding oof [:mHjouunub)uimi \vmis nuoust numunko’d

w’hio’n bimuclimug w’mus suippoum’(c’d l�’ )ijg±± tumid

P1 . ‘fhieso’ oobso’m’vmu(io)mos tune c’consis(o’tut with

mu couvmubo’nuf inu(erac(ioomi tub SBA wifhu (hut’ en-

zvmo’ muf sites co(huc’r thomumu (he c’munclioo(oomuic

s(ero)id bimudimig sift’s. This remuc’fiomi tub SBA
mit ofhit’n’ sih’s ro’duoes the counco’nufnmufio omu oof

SBA tivtiilmib)he to) coonuj)ete four flit’ CS himuci-

ing sift’, tumid spo’cific [:oHjooutmul)tuiti I uimuchinog

imicro’miso’s. It is inotero’s(imog (hat 1”nio’ko’ munich

iclaus (18) ool)sc’rvo’d thumut this o’mozvmiio’ is

moro’ no’muolili’ imihibi(o’d in’no’vo’rsibly boy high

concc’nofn’mufioumos cob SBA. ito (lit’ muhso’muco’ tub

Na+ tunic! ATP; (his fimudimig is coomisis(o’mo(

with our dmitmu, whuich suggest (haf � tunic!

P1 acco’bo’rmu(o’ thuc’ tuoonispo’cific’ imu(o’rmuotioomu tub
SBA with (hue enzvmo’ sysfc’m. These cx-

pc’rimo’nu(s muno’ milsoo ito goooc! migro’o’mc’n( with

(lot’ dtufa tub Skou amid Hihbo’rg (19), whuou no’-

ported (limit (lit’ pro’semuco’ tub \Ig++ amud ATP
servo’s (to proo(c’cf (Nmr#{176}+ N�)-A’FPmuse froum

sult’huyolryl inuhiibit ours.
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‘Flit’ data discussed t-huus far show (hat
SBA will interact with hie CS binding sife
cob (Nat + 1�)-ATPase (I�ig. 2). This rc’ac-

tiounu mmuy he reversible, in (hat SBA could

substitute boor carrier o)uabaimu mu (ho’ [TH]-

tuuahmuimi l)inding system (Fig. 3) amid pnio�r
incubation cob the c’nzyme with SBA did

tiouf inuluibif fhc’ subseciuc’nu(- i)imiding cob [0Hj_

000mul)aimu (1’igs. 3 anud 4). ‘Fhuc’re arc’, howevc’r,

circumstmumuces umudc’r whuich this in(c’rpro’ta--

tiouni w’oould ho’ mi c’rroor. If SBA reacted ir-
ro’vo’rsibly ivifli (-he CS bimuding sites, (ho’

buss of 51)t’dific [‘�Hj oouahain binidimug capacif��’

coould be mmusked if SBA interacted else-

w’hc’re 0)11 (lit’ o’nuzynuo’ at a suitable rate. mu
(his case flit’ loss mu spc’cific hinuding sifes

w’ouuld bc’ oompc’nsmi(o’d for l�’ (lit’ loss tub

bro’e ‘ ‘ cmun’nio’r” SBA tumid mupparc’nf incrc’muse

iti flit’ 51)t’t11tc’ mucfivi(�’ cub (hic’ [:oH]ouuahaitu.
Although (his �)c)ssihihity is unliko’lv, it

\V0)ulld m’o’sult imi somo’ sit e-diro’et-ed irrc’vo’rsibbc’

inhiibifiomu cub (ho’ o’muzyme, mimic! it wmus (luenefooro’

dc’sirmubbo’ too demoumosfrmuto’ (hat (ho’ c’nuzvnuo’

could be ro’acfiva(o’d af(o’r ifs inufo’rac(ioomo
with SBA. Previoously such o’xpo’ninuo’mu(s

limuvc’ ro’ciuiro’cI no’pea(o’d wmushuinig I)r000’o’durc’s

to ro’movc’ SBA amid mulbow (hit’ mussmiv cub en-

z�’mc’ mic’(ivi(v. Sinuoe fhuc’so’ prouo’o’duno’s art’
sloo��’ mutud imuo’vifai)ly associmi(o’cl with mu loss of

i)rofo’iti tumid o’nuzymo’ muc(ivify broom (hut’ rc’ac-
(i(uti sysft’ni, (hit’ bormatioonu cub l)lioosi)hO-
enzymc’ broom [-y-32P]A’FP was uso’d mis a

nuc’asunm’o’ tub c’tuzvmc’ activity. This was l)t05
sibbo’ bc’omuutso’ bouumod cardimuc glycoosides mu-

huibit f ho’ phousl)hiooryla(ioun tub (lois o’muzynio’

sys(o’rn lout unul)ouunid cmurdiac glycousido’s

cloo muoof inufo’rfo’n’o’ w’ithu (hit’ phutosphiounylati(unu

5(0’!) (1 1, 20). F’iguro’s 5 tumid 6 sluouw’ (limit
�vhc’thuo’r (hut’ SBA is bound mu (hut’ pro’senucc’
ub Nat, � timid U’FP our tub \1g� and

P1 , (lie o’xpousurc’ t)b (ho’ system too a high

co)mioc’nufrmuflooiu tub chelatoor resub(s imi reac’-

tivationi tub (hue o’nzyme. This pro’sumahly

coocurs bt’omiuse (hue chio’la(ioomi tub \Ig+� tore-

vents fur(hio’r binuding tub SBA tumid o’xpouso’s

(ho’ spounutanuo’oous dissociatioun tub this cinung

(11, 15-17, 21). Tho’ rmi(o’ ouf recovery cub

phiosphionylmitioti wmis rc’markably rmupid (16),
suggo’s(imug (limit (hue SBA dissociates broom

this o’nzymo’ moore rapidly fhumumi ooumubmuin,

and (his nuount’ nmupid offso’f tub SBA is o’oomu-
sis(c’nif with (lit’ lower appmurt’nf muffimiify cob
f hit’ o’mizyrno’ boon SBA ohso’n’vo’d mu Fig. 3.

This rc’latively rapid dissoociation cob SBA

from (ho’ enzymt’ is cconsis(c’nt- wifh (he
recemuf data of Yoda (22), w’hich inudica(e
(hat aglycoonies c!issoocia(c’ moore readily from

flit’ CS binding site on (Xa� + K�)-ATPaso’

thumunudou glycoside-coonfaimuinig molc’cubc’s.

The comiclusiomu from these expo’ri ments,
(hat SBA is not a si(c’-dirc’c(ed inhibit-or

t)b (hc’ 1)1iOSPh0) form cub (Nmv� + J�+)_A’FPmisc�,

is mu gouod agreo’ment- �vithu rc’ct’nit unpublished

oohsc’rva(ionus repoorted by Hokin (3, 23).

This author reports (hat (he phosphonyla(o’d

fourm tub (he c’muzyme is nuout specifically mih-

kylmued l)y sferc)id hahoaco’(atc’s evemu (houghi
(ho’so’ mugo’n(s are spo’cifioalhy b)ounc! at the

CS binding si(c’ t)b the phuosphuo-emuzymc’,
mis no’ported hc’ro’. Hokimi i)tuitito’d tout thiat

fbuo’sc’ (ul)servafiouns art’ cootisistent with (ho’

data tub IRoo(h-Schc’o’lu(o’r et al (4) amid (limit

thio’ir dafa are nuot iii coonfhio’( with (ho’ liv-

l)00(hit�SiS (loaf- (Xa� + I�)-A’FPasc’ is (he
carclioofouuuic reco’p(oor boor o’murdiac glycousides.

Hookinu tumid Daub (23) mulso sumgges(ed (himif

(hut’ imutc’radllon tub SBA wi(hi dephcospho-

rvlmuft’d (Xa#{176}+ 1’�)-ATPase is at bc’st mu-

mixo’d rc’ac(ioun, bc’ing dint’ pmir(l�’ too mulkylmi-
(itomi mit tluo’ CS i)ilidiflg sift’ timid PartlY too

hit o’nmucfions elsewhc’re tutu ( hue c’nzymo’. This

imiterprc’fa(icun is coiisis(o’mi( ivithu o’arhic’r

ob)sc’rvmu(ioomos (3) (haf it was muof pOssib)lt’ (0)

label (Na#{176}+ I’�T�)-A’FI-�mise specifically w’ith
radioolmuhc’bc’d SBA bo’cmuusc’ ouf (ho’ very high

backgrouumid radiouac(-ivify oubsc’rved. Even

w’huc’ni (lit’ bmic’kgnooumid lmubc’himig ntis reduced

90 � l)y l)nioun imuc’umbmu(iomi tub (lie c’nzyme
wihu ,V- (2-broomoaoo’(yl)anuihimuc’, (he lahelimug

ouf (ho’se prt’paraticunis ntis still many times

gm’o’mu(o’n hmimu (he iuumher of 32P (tumid (hero’-
ft oro’ [#{176}H]ooua-haimu) binding sites. Hokin ‘s
oul)so’rvmitioulus muro’ further supported by flic’

data pro’so’mi(o’d hero’, which suggest (limit
SBA inu(t’racfs reversil)lv �vi(hi (hit’ CS hinud-

mug sift’s tub (Nat + Kt)�A’FPase mind that

irnevo’nsible imuterac’(ioumus ooc’c’un o’hse�vhiero’ on.
(hut’ o’nzymo’.

‘Flit’ emuso’ with whichi niounspecific imuto’rac-

tioumus may ouccur duninug (hut’ mufhni(y labelinug
of nc’bafivo’ly impurc’ o’mizymo’ or drug ne-
cept our prc’pturmutitoiusis mit(es(o’d too by flue

m’o’co’no( study of Winto’r tumid Golds(o’ini

(24) ton (hit’ muffini(y labo’himug of morphinuc’

reco’I)toors. 1)o’spifc’ the fact- (limit these authors
usc’d nioorc’ soophiis(icmmfo’d pluou(ooohio’niiomul muffin-
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ify lmubo’himug ro’mugc’n(s, sunbsfmun(imul mit unispc’o’itic

lmubt’linig ouccurred and (lucy w’ero’ unimublc’ to

dofo’cf mimiy inucrc’asc’d specificity tub lmubo’limug

in fho’ir c’xpeniments. ‘Fhieso’ oobso’rvafio onus

and (hie dmifa r(’portc’d huo’rc’ show (limit pmur-
ticulmir care must be (akc’nu in studio’s u(ihizimug

affiuui(v labelimig to emusuro’ thumuf mimuy lmubo’hing

amid/out’ inihiihi(ioumu micfumublv ouccutrs mit flit’

desirc’d rc’cc’pfor sift’.
\Iooro’ ro’een(lv Okitmu (13) has rt’pOorf(’d!

that- (he inuo)(ro)pic ro’sponSt’ product’d b�’

S BA, oumubaini, anuci st roophuanut huidimi in

Lmunigo’nclourff prc’parmufioumus of isoulafc’d rmuhbit
ho’mur(s is mtssoociafc’d with mu boss in flit’ �‘iebc!
cob (Xa� + K�)-ATPaso’ activity broom (huo’so’

heart-ms. This occurred o’vo’mu fhuoough mu 30-mimi

drug wmushoouf period i�’mus milhouwc’d, dluninug
whuichi thie sfro’nug(h tub oounu(rmucfioumu tub those

hc’arts ro’turnued (0) (hit’ baso’himuo’. �Fhueso’ ne-

sul(s himuvo’ i)O’t’ti interpr(’(o’d as ei’ido’nuoo’ 1 limit

SBA irro’vo’rsihlv imihibits (Nmu� + l’-t)-

ATPmuse ( 1 3) . Oki(a and co)-wourkc’rs huavo’

ro’cenfly reported tho’so’ tumid oothut’r t’xpt’ri-

menuts mu moore detail (25), miga-inu basiiug (huo’in
mmi(t’rpro’fmificutis ton (ho’ suggo’s(ioonos of Houkinu

(3) f-ha-f SBA is a si(o’-dirc’c(t’d irro’vo’rsibho’

imuhuibifoor cof (Nmi� + K�)-,\’FPmuse. Umufoun-

f uniat clv, hut ow’o’vo’r, ouuimibaiii tumid sf nophutu i-

thidin, booth n’evensibbo’ inhiibito it’s tub this

c’nuzvme (2, �3, 1 1 , 12, 14-18), Produtced mimi
(‘venu gremufc’r boss tub (Nmu#{176}+ K�)-A’FPmuse

muctivitv umuclo’r (hut’ sanuo’ counudititomis. Beo’muuse

of the mupparc’nif (‘must’ with which booth SBA

mind ooumuhaiti dissoocimufo’ broom (Nat + K+)_

A’FPmuso’ prt’partufitunus (15-17), o (huo’r po ossible

o’xplmumumitaomus boon fhuo’so’ oubso’rvmufiouns slitouildho’

coiusic!c’rc’c!.
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