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SUititA IFi�

i�tisticnvmmic tICi(! immimibited sodiuni- timmo! I)�ttmssiun1-(lel)emm(1elmt ttdd’nmOsitme tm’iplmosplstittise

(.��FP phsOsj)ilOiiydm’(IitLse, IX :�.6. 1 .3) by ttffectinmg tiso d!iffel’enst stel)s �f enmzynse turniover.

l’inst , et imtthlL’Vtiic acid bloci�’d Piio)spisom’Yitttio)mm of (iNts� -j- 1s�i+) -A’T’l �tsse svitls inmsigmmilicamst
o’flect 111)0)11 t lie (lel)im(ISi)hmOlVltitions stel) isliens time Ntt� : I� n’atio) \5tLS 10. It 5115(1 l)n’e\emmted

I lit � (‘xciltumgt’ n’ettctiOtm. ‘limo neductiomm mi specific activity of time emmzynme by

etiittcm’vmmie ttci(l \itis closely conieltited smitis tue degn’ee o)l iimiiibitiois of l)isosphsolYlatioms timid

A I ) P-A’Fi � excisttnmgo’. Secotmd, et iitmcnvmsic acid st tibihized t iie spotmt amso�)us distmppetirttmmee of

t I it’ phmospl lo)t’Vittt o’(1 U it (ntmm(o!ittt 0’ ttnitl slight ly (leen’etlse(l t he tq)�)tinenmt aflimmity 10)1’ l’mi�. ‘lime

I’tite (If (leCtt\ at t Ito’ j)ii(Isj)isolt’\ltite(! inmtem’mlsedlittte ins time l)n’(’s(’nsc(’ of ;\.1)P iias miot sigmmifi-

dttlit hY allect (0! by otiittd1’Vmmid aCid t n’ettt mmmcmii. ‘lime (leet’ettse ins al)I)tu’enmt ttflimmitv for imT± co)uld
miot be o)bsel’V(’(l itm aim assttv tsmediuns ssitii atm Nts± : I’�i� ratio of 4. \\hems the coinmcenstntttiomms

of Na� atm(1 l\_ \\-om’e (istumgeol to) those fatima! ins exti’aeeliulai’ fluid, etiittcn’ymmic aci(l-tt’estted

etmzynmme shiol\Ve(i a 20 3() � (!eCnetlse mmspecifiC ttctivitv a cornI)aI’(’(l to the usual tmssav svstcnsm.
1111’ mnlimihitio)Ii of j)la)sj)IiOn’VltttioIIm i)y etiitiCt’yIuiC :t(i(ltI�)�)eai’sto be of signmificamsee for imshiibi-

tmoum 0)! emmzvtmme tt(tiVit :�- lit t�tio, mihmiie time itabilizat ionm of tue Pim()sPiiol’Ylateo! immtenme(!iate

mmmav be IIIV( )i\(’(! ill ding-i il(!miCe(i ohmumesis.

INTI(OJ1)U(TION

‘liiet’e is (‘xtemmsive o’vioiemmce tittit sodiumsm-

ammo! Pot tiSSitifls-(l(’j)t’Ii(lt’mit adeimosimie ts’i-

I )i m(� )I sat tise ( .%‘i’ P i )I i( � )i toim’V(!n( )l ttse ,

3.6.1 .3) l)lttYS tt IimtiJ(In’ mole its tii(’ tI’tttmsPont

of mliOnlOVttietlt catiomis ttCI’055 cell nmmo’mmmbntsmmes

( I -4) . ��lt ii(Illght t hme t tttnmSl)Ort emmzynme is

10)11110! Itt time msmmcnosommmtti iittctiomm ot kiolmiey

ii( )mlm(Igemiato’s ( 1 , .5) , it i imim-oliyemmmemmt ins t1a�
ttct IV( t’(tibS( )n�l)t it )nm ( II st )(!iIImlm imm t I io� m’enmal

tubule iias tl( It beetm firmly t’stabhisin�oi. IFhses’e

is, iioivemer, oOi(’ omi’cunmstammtitsl eyi(lensce

sviiicim mlmmi)hmotstt’s (N:m� #{149}-f-1�+);�’fI)tss(� ims

tist’ (IIS(t’iLtiOti of stilt timmo! svttter. (ti)

(‘tuolenmolides, svliichi are sl)eCilic immisibitons O)f

(Nst� + F�i+)_ATPtsse, re(ltscc the rersal i’e-

tsbsot’ptiois (If sodiitmmm (6-10). (b) Both the
emmzynimtmtic iniliibitio)Is timid! titit niunctic effect

Of (anditsc glycosides cams be reverset! by

I)ottmssirsnm (11-13). (e) Pei’fusiomi of anipliib-
itimm kidmmeys isitis I)otttssismlim-ft’e(’ solutionms

great ly neoluoes soIdiunm tsbsorptiots ishtile

iIm(i’etisilig tiso’ (‘xel’etio)Ii of so(iiunm ins the

unimme (14) . (ol) \Viteti m’emmttl rettbsorptioms of

soolmunmm is chlm’()muiettil’i iticnettse(l or dimmmimm-

iSil(’(!, time memmal (Ntt� -h-- l(�)-ATPttse

cliammges its tits adaptive smtsy (15). (e) A. j�si-

t 1V(’ co)rrelat ions exists betsveet i tsatniui’esis

ttmi(l inmimibitioms of reimal (Ntt+ .+. ls:�+)_:�:I’l)tise

by OUtib�iiti (16). (f) (Nts� + Ki�)-ATPtise ins

fist tlistitl tubule is 4-5 timises nmone tictivo’

titanm ins time l)tOXiflittl Segflm(nmt (1 7). This con-
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relates smell ivithi the possible site of actions of

etisacrymsic acid amid ineneurials tit tue tis-

ccnsdiumg linub O)f Hemsle’s loop (15 -20).

Time l)OSsible fursctiomm of (Nat + K4)-
ATPase its sodiumsm reabsonptioni by the nemmal
tubule may be elueidtited by ex�)lonmmig its
role i mmdn’ug-imsduced diunesis. I msisibit moms of

(Na� + I’±)-ATP�tsc in. miti’o by tlsio)l-reae-

tive mstitnium’eties such as mercunisils (21-23)
tusd etlitterymsic acid (24) lists beers demsmons-

strafed. Although diuretic as ivell as nmon-

diuretic nicreunials imilsibitedi nat m’enmtil
(Xa� + 1+)_ATPttse ut viti’o, onsly thse

msatriurct ic meneunials effect is’eiy inmisibited

the cnmzynme isii(’ms itijected insto time whole
anmimtil (25) . iunthiernmone , time nmaxi mssssl

diuresis l)rodueo’d by etimacrymmic tieidl O)r

mereimm’ial diuretics could! not be enlsanmced

by ouabttins, timid nsatniun’esis insdueed by iii-

jcetiomm of ouabains w.tts nso)t further immcretised

by timiol-rcaetivc diuretics (26) . Moreover,

prior Im(!IsmimmistI’tit lOts of miotsdiuret ic nimercu-
rials dic! nmot affect o)uabaims-inm(hlced mmii-

triuresis (26). These ftsets suggest tisat tl5(�

receptors for tisiol-rettetive d!iuretics aimd

outtbains nutty be tise samsse.

There is sonic expeninmemst ttl evidienmee

whiieis imsdicates that diuresis immdueed by
etisacrymmic acid timid nsereunitils nitty imot be

meditited by insisibitions of (Nii� + K�)-
ATPasc. Diuretic ammd nmo)nsdiunetie sulfi sydryl-

reactive agenmts itmhibit dog kidmsey (Nts� +

J,+)_�T1)tmst�� in vitro, but tmotme of these drugs

affects time emszvnmse activity svhs(�Im tidniinmis-

tercd! itt 1110. Conmversely, altisougis tid-

nnimsisti’tstiomm of etiitsenvmiic tickl in 111(1 ins-
hibits time t’tst kidmsey microsommmal (Nts� +

Ic+)_ATPttse (27), it does I5O)t cause mstttni-

uresis ins rats (27-30). The bindinig o�f

etimacrymmie acid! to time menmbranmc fn’ttctionm of
dog kidmicy is 1000-2000 tinmes less tisttms time

bindimmg reoluine(I for sO (-� inhibition of time

enmzynsc tietivitv (24, 26).

Time consfiiet negtin’dirmg time role of (Nti+ +
Is+)_�TPsisc in etisaervnmic acid- atmdl mimen�-

curial-itscluccd mutt niun’esis (3 1 ) results fm’onm
limited! kmioss’ledgc of the nmecimtinmisnm of ins-

itibition of ctstions tnanmsport by sulfltydryl-

reactive agents at the molecular level. Cat-

ions transport is believed to inmvolve at least

tsVo) stel)s (32). Time immitial step eommsists of

time Xts+_indueedl plsosphorylatio)mm (If tue

emmzvnmme by A’FP iim tIn’ l)nest’tl(o’ oh \ Ig�+,

foilosst�! by tt l�4-itmdimced ole})iio)S})bonyla-

tioms. I I time c(Imme(’mmtl’titiOmm of \ lg�� is reduce(!
suflicienmtiv belosv fist’ levt’ls timat tine oiptinsial

for’ time OVen-tthl t’eactionm, it is possible to

(lenmonmst t’ate tin Na�-depemmdetmt A 1)1 �-A’I’l�

t n’tLtssl)iiOsI)l5Oi’Vltit 11)11 (33, 34) . I ms this its-

V(’stigatmotl etisticmvtmmc aci(! Istis been inso�1 tts
ti tool n’o’pI’esetit at mme of t isiol -m’eactive liu-

n’etics to stti(ly time tliffen’emmcesill time nsio(lo’s of

tsctionm of Vtlt’li)US stllfIsYCit’\l-l’etscti\(’ ttgenmts

omm the itmisibitioms of (‘�tt� -h- I’�i� ) -A’I’l�ttse

timid! to distimmguisim betweens time actmomms of

(!ilmI’etie tilm(l Imotm(hium’etie conmpoumsds. ‘lime

effects ()f etlmtscrvnmic ticid oti time fonmmsatiotm,

bncako!oivtu, timid! sttibihity � time pisosphon�I-

ate(l itmten’nmmedittte of (Nti� + Ki)-ATPtsse

lmttve beeim stll(hi(’(1. ‘limo’ sigimifictsnmce of these

effects 10)1’ It pO)ssible immimibitony role of

etisttcn�tiie ttci(! ttgtsinist (Ntt+ + lm±) -��‘FPtsse

imm time P1 stmnmsmtscolo )gicai act ion ( )f ti se (lying is

(hiSctIss(’t!.

itATEISIALS ANI) ‘tETIIOI)S

iIaleiial.s. ( Ntt4 + K+) -A’FPase fnommi

guitmett pig kidtmey tttI(l (�y_i2P) ���‘l’l �

l)1’(�I)tim’(’(I tis (lt’sct’ibe(! by l�)st ammo! Somi (3.5,
36) . ‘list’ elizymuse I)t’(’l)itt’tttio)ti \VttS StOned tst

40 � � sOhtitiOmi conttmmtmimmg 10 must itsiidtszule

titmd 0.1 hiM H41IYFA, is-itis ti��’ 1)H tt(1�U5te(l

to (i.9 ± 0. 1 ivitis HC1. lime specific tsct ii’ity
of the (Nti� + Ii�)-A’fl�ttse \Vt55 2.3 -4.5

utmits/nmg of pt’oteinm. ( )tme mnnmit cleaves 1

/.LtmSOlC of ;�‘fP j)(’t’ tm5itml.mt(.’ ttt 37#{176}.I mmongttmmic

uP is-tis o)bt tlmnst’(l fm’ nm ‘Frtteenltth, \Vtm it hans,

1\Iass. 1�mmiV(’t’sttilV iab’ied 4(’-Al)P mitis

purcitttse(l fn’onmm Scisivtsnz Biohli’settm’cls tis time
tm’ihithiiuns stilt ; SpeCIfiC act ivity wtss tmbommt

25 nm(1i/mssmmmole. Outtbain titmd fist’ (hisoo!mumss

sttlts (If �VFP tmmm(!�\l)P ss.en’o’ obtaimmed ftonss

Signmmti. ‘[lie soditimmm stilts of time mmuclcotides

isere co)tmvented to) ‘lt’is stilts by ionm exchianmge

eisromsmtstogn’ttplsy. Etisttcnvmmic ttei(I 55.��5 tt gift

fm’onm 1)r. .10)15mmF�. Btmem, )dem’(’k Immstitute for

‘liiem’ttI)eutic H’setincls, \Vest Poimit, Pa. ‘Flie

stock solutiotm of etlmttcn’vtmic ticid � pn(’-

1)are(1 as follosvs : 1()() t55M etistienvmmic acid
sd)hmtioIts ss�as nsmtioie by a(lolimsg 3o:� mmsg of

etlsacnvmmmc tici(l 015(1 121.2 nmmg of Tnis to 10

nml of deionmize(l mstttem’. ‘I’ime n’esultinmg solist ion
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had a pH of 7 ± 0. 1 atsd im.as used isitisits
15 mini of its pnepantttiomm.

Unsless of henivise immdietitcd, etisacrymsie

acid trcatnsenst svas carried out its follows.
Enszvnsc with ti pro)teils eommcenstrationm of

1 .2-2.5 nng/nssl mitts tretited with ts pttrtieular
comscenmtratiomm of etliaervmsie acid, svith or

w-itlsout tidded higamsds, for differenmt intervals

of tinme at 37#{176}.‘use emszyme us�as tisemi ivashed

three tinscs smiths 10 m�i insidazole-glycylgly-
eimme buffer, pH 7.4 ± 0.1, to renmove any

bormmmd drug or added higatsds. It svtts re-
suspeisded its time stsnmc buffer solutiots, timid

time specific tictivity, I)liosPiior�latmoIm ac-
tivity , tinso! f nttnmspisosphorylat ions tict ivity

ivene determsmimmed.
Pit osphm’!Jiation.. ‘Fite retmetiomi rnixt ure

eommttiimmed 0.4 nmmn \IgCl2, 16 mum NaCl, and

0.04 mmmii (y-32P)-ATP besides 10 nsimr imida-
zole-glycylglycmmme buffer, pH 7.4 ± 0.1.

Each tube constaimsed 1.0 nml o�f reaction

mixture svith eiszvme constaining 0.4-0.8 mg

(If proteins. r#{231}� rettctionm is_its started withs
(y-32P)-ATP timid sstts terminated ssith 5 %
triehioraeetic acid at 10 sec. Tue amount of

plsospisorvlateol immternsediate formed ivas de-
ternmimscd by j)nevid)rmsl� described methods
(32, 37). Totiil PhosPlitite isiss estimated by

ti nmodificatioms of time nmetliod of Bartlett
(3$), ttmmd j)noteits by the nmetliod of Loivry

ci a!. (39).

To est i mat(’ deplsospisorvltstiomi , time pro-

ce(hmre ms.as the sanme as described! for phos-

;)hs�r�’ltttionm except tiitit 1 .() mM KC1 is-as
tidded 10 seC tifter time (y-32P)-ATP anid time

reactions ivas stopped ivitis acid 10 sec later.
The 5j)eclfle activity of time enszymc is-as

deternmimmcd by tue nmethso)d described pre-
viously (35).

Transphosp/m orylatioti . Tue method is-as a
slight nsodificatiots of the onsc described by
l”ahits et al. (33). The m4C-tsucleoside diphos-
pliate solutions sstLs dried at roonm tenspera-
ture under msitrogems , timid carrier mmueleotide
ins time forns (If time Tris stilt was added to
obtains a stock solutioms of about 12 mCi/

mnmole. Time immeubatioms mediunm eonssisted of

4.0 nsir Tris-ATP, 1 mu Tnis-’4C-ADP,
0.4 mm MgCL, ± 32 nmmi NaC1, 10 mmi

insidazole-glycylglycimmc (pH 7.4 ± 0.1), and

about 0.10-0.15 nug of proteins ins a total
volunme of 0.5 mmml. Time samples, in 10-ml

centrifuge tubes, were incubated for 15 mm
at 25#{176}.The reaction was stopped by placing
the tubes its a boiling water bath for 2 mm,
and 0.1 ml of the reaction mixture ‘was re-
moved for protein determination. Then the

tubes were centrifuged at 33,000 X g for 20
mm and placed in an ice baths, where they
remainmed until time samples were chiromato-

graphed. Aliquots of 50 �l of each superna-

tant were applied ons No. :�\ii\i Whatman
cimromatogrtiplmic paper, along witis nucleo-
tide staisdards. Separations is-as achieved by
descendinmg chromatograpimy overnight

(about 16 hr) in a solvent system consisting
of isobutyric acid-ammonia (coticenstrated)-
ivttter in a ratio of 66: 1 :33 by volunme. On

time next day the ptipers ivere dried in air and
time isucleotides were identified by short-
wavelengtls ultraviolet light. Paper strips

were cut timid counted iim 10 ml of scinmtillation
medium (300 nug of 1 ,4-bis[2-(5-phenylox-

azolvl)]bctmzensc and 5 g of 2 , 5-diphenyloxa-
zole ins a total of 1 liter of toluene) in a
Packard Tri-Carb liquid scintillation spec-
trometer. The mierosomal enzyme fraction
obtained from guinea pig kidnscy eoistained

adenylate kimsasc. Therefore, for each cx-
ehatsge experiment with or without Na�,

adetsylate kinase activity is-as determined by
adopting the same procedure as described
above except that 4.0 m�i Tris-ATP was

onmittcd from time incubations medium. The
Nti+�stimulatcd net exchange ismss calculated

by subtractimmg timat found in time absence of
Na� and Tris-ATP from that obtainsed in

the presensce of Xa+ and ATP. Time Na+�

stimulated exchange was about 75 #{182}�of the
total ‘4C-ADP-ATP exelmange.

RESULTS

Inhibition of (�Va� + Ki-�4TPase by

ethacrynic acid. Duggan and Noll (24) were
the first to report inhibition of (Na� + K�)-
ATPase of guinea pig kidney cortex by
ethacrynic acid. They found that the K1 for
etimacrymsic acid msas 0.2 m�r. However,

Neelmay et al. (26) reported that at concen-
trations “approaching time limits of solu-
bihity” of et.hacrynic acid, i.e., 0.5-1.0 mmr,
only 50 % of time (Na� + K�)-dependetmt
portion of cnszyme activity was inhibited.
Since Xecisay et al. (26) did niot study the
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effects of prior incubation is-ith ethacrynsic

acid upon enzyme activity, we decided to
plot the time curve for cthacrynic acid mm-
hibition of (Nat + K�)-ATPase. Results

are show-n in Fig. 1. The enzyme activity
could be completely inimibitcd by 1 .1 m�i

ethacrynic acid when it was incubated is-it hi

the drug for 80 mini.
The protein concentratiots in the above

experiment was low- (12.5 .mg/ml) anmd unsuit-

able for studying time effect of ethacrynic
acid on the phosphorylation and dcpisos-

phorylation reactions. Whets time proteins cons-

cenitrations was raised to between 1 .2 anmd
2.5 mg/nil in the enzyme suspension, 1.1

m�n etisacrynic acid wtms unable to itmhmibit
the enzynse activity fohlow-ing incubtit ionm

for 90 mimi. It was of interest, therefore, to
study the effect of protein concentrations

upon ethacrytsic acid-induced inhibition of

( Na+ + I�+)..ATPasc Results are slmown mm
Fig. 2. As the ratio of cotmcentration of time
drug to lrotein was increased by lowering
the proteins comsceistration, timere w-as a nmone

rapid insimibitions of enzyme activity. Ummden

these conditions, 50 % imsimibitiors of tue

enzymatic activity was obtainsed witim mi I)m�0

tein concetmtration of 0.118 mg/mI. This

seems to insdicatc that tsonsspecifie bimsdinsg

of ethmacrynsic acid is high.

Effect of ethaci’ynic acid on phosphoi’yla-

tion an(l (lephosphorylatwn steps of (Nat +

K+)�ATPase. Since transport of Na+ anmd K�

involves N&-iniduecd pisosphorylat iou amid

K�-induced dephosphorylations (32), tIme

effects of ethacrynsic acid ons these tsvo steps
were examimsed. Figure 3 simoiis time results of

a simultatseous study of enzymes treated
witis etisacrynic acid for different instcnvals

of time, with respect to specific activity of

ATP imydrolysis amid Xa+�insdueed pisos-

I)hor�’lation. There ivas good corrciatio)ms
bet mseens these t sso parameters, immdicttt insg

tlsat inhibition of (Na� + I�) -ATPase by

ethacryniic acid nmay be mediated by bloekimmg

the pisosphorylatioms step.

N-Ethmylnsaieinmidc, a sulfisydryl itihsibiton

like etimaer�’mmic acid, hints beets sisosvns to

block dephsosphsorylation ivitliout any effect
Oti phosphorylation (40) . Therefore , we

studied the phosj)imor�lationm , depisospisoryla-

0 L- � _-��_-_

to tt �o 60 8’�

PREIPICUBATION TIME IN MINUTES
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Ftu. 1 . ‘lime carte for inhibition (if cnz gone

I urn over by ethaer//n a a(id

The react U)I5 numixt tire c(Init ai ned 1 . 1 mmmii et ha-

crvmmic acid ama! 12.5 ,ug (If proteimi. Time imucui)at iou

wnts carrieol out at 37#{176}.At time times imudicateol, time

enmzvnne tt(�t ivitv %%��5 tested i)V I ransferring 0.1
nil (If the treated emmzvmume suspenisiomi to 1.0 nml of

S(IltLtiOmi commtainminmg 3.3 mmmii N1g(�l2 timid :�.s mui�

(lis(I(liuni ATP, together with eithmer 8.3 nm�m

NaCI ammil 20.8 runt I(’l � 0.25 nuni omnahaini. 1nm-

zvnmmstic assay was o’arrieol out by I he mulct lund of

Post and Semi (35).

lOOp#{231}--�- T I

80F �. -

��60L � -

�4O-

30-

2 5 10 20

TIMES DILUTED

FmG. 2. L’Jieet of protein (on((ntratton upon

ethaerijnie (I(i(lir( (lU(e(l itt/i ibition (if (_\��+ .4.. J��)

_,1‘1 Pa -se

The Pr�tei mm ((Immcemmt rat ioim ( )f t lie origi intl enm -

zvniue was 1 .5 nmg/muml . Timis mv:s�s diltmteol as inmdicmtted,

ttml(l ea(h olilutionu mvas treated with 10 mummi etha-

crvmmic aci(I. ‘Flue enszvruse sirtss iti(’tibaled for 1 Imr

anmd I lieu sv:msimed I imm’ee t mmimes wi I im 10 mint i muiidaz(Ile-

glyeylgly(imme btmfler mm (Ir(!er ho remmmove immih)(nmnd

drimg. ‘I’ime emuzvnme was m’eslmsilemmde(l its 10 mum�m

inmi(htzole-glvcvlglvcimle i)ufler, till 7.4 ± 0.1, :011(1

i ts spe(i 6 � act ivi I s was olet ermni mmcd.



100

60

40

20

0

0

30 60 90

PREINCUBATION TIME IN MINUTES

TA1ILL 1

.LJJeet of etllaer!/it u#{149}(111(1 on phosphol-yla/ion , (lephosphor!Jlution , (tFI(! .j�tcifie

(ietivit!/ #{176}f(.\Ta� + K� ) -.4 TJ�(Ise

Incubation time . . - . . . � ,, . . Inhibition of �P llresemit fol- Block of K1-in-
- Specmtuc Inmhibmtmon of 1_i mncorporated mmm . . . .

with 1_i mM etha- . . . _ . . � � incorpo- lowing a(ldmtmon (luced dephos-
. . activity speCLfmC actmvitv absence of Is. . . +

crvnmc acmd - . ratm(In of K PisorYlatmon

/.LflZOlCS

. P1/mt �. . . (
,1111l pr(llein/ #{176} /unoles/,izg protein

hr

put oles/nzg

protein

(omitrol 126 230 -13

:10 102 18 22:3 7 412 10

1(1 82 35 134 41 .13 0

9() -16 4�1 85 65 35 (1
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FOG . 3 . (‘orrelat t o,t b(’tltC(i( etlta(r!I,t ic (1(-i(l

iptit ibition of en zi�iitc I urnon’er (tO (I of pltosphor��lution

‘I’ime eniz\-nume mm:s.s itm(lLi):Lte(1 witim 15 mum et ists-

(rvmmic acid fIr t ime t i nuse i mit envals i ml(li(ate(1 :011(1

timenm ivasimed ft-ce if lmmml)oumm(1 otiua(rvnlic acid anm1

restmsllemi(leol mis (les(’ribed i mm mISTERnA I_s .0 Ni)

MEiitOtI5. Piiospii(Irylati(ImI was (‘arried out at 2#{176}

i)\ t he immet uI td (lescriile(l i mmI he text.

ti(Itm, and six’cihc activity of the enzynme
tncate(1 ssithi ethsacnvmsic acid!. ‘Fable 1 shosvs

thittt although there is a good eornclationm
betmseems inmhibitioms o)f specific activity ansdl

�Ihsos�)hs�nylati�mm, there is mso sigmsificttnmt

efleet (if ctlsacrvmmic ticid tneatnssenst Oti I�i�

i mmd!uccd dephospi ioryltst ions of time enmzyme.

Ethsaervmsic acid!, tisenefom’e, nenmcts ivitim time

enmzvmmse f 0 blctck the p1 sosj)I toryiat 1(Ifl step,

ssitIs P1�d)bttblY little effect oti the depisos-

l)Ii�rYltifi(1ms step.
Effect of ethacrynic acid nit 14(’_4 1)P-_1 TP

e.rc/taw,e. Fl inmitial step of Nts� tmni(I J\+

trtimsspom’t appears to be m’evensible timid, in

ths(’ pnesei���� of Ntt�, :\ig++, � Itli(l ‘4C-
A1)l�, it is l)(Issible to (Ibtttits svimthmesis of

‘4(’-A’l’P, as iitts beets shiossms with elcetroplax
�#{176} emmzvmime (3.3, 34) tsmmd briefly reported for the

guimsent pig kid!nmev mmmierosdlnmIil pm’eptsrations

E (41). To conmhm’nim time effect of ctimaenvnie acid
S� lll)(Imi the �)isos�)lto)ryltitid)mi step, its effect otm

time ADP-ATP exchiatmge retmctiotm isas cx-

: timimme(!. Time results (1’ig. 4) show good cor-
relations betsveeis immhibition of ADP-ATP
exchttmmmgc iiImdl sl)ecifmc activity.

I�fTect of et/taci,jn ic acid nit stability of
/)hos/)horylate(l intermediate. Tue results de-
scn’ibed titus fat’ S(�Cfl5 to) insdieate that

etisticrvmsic tlcl(I specifically iishibits time

l)imo1sI)lmoIn�lati�ms step ivitlsomut affcetitsg time
NI�-immduced d!epimo)spiiorvlat ion. However,

Xeeisav et al. (26) have repo)rtcd thstit etisa-
ervmmic tteid-immduced! imshibition of (Xa+ +
K�)-ATPase could be reduced! by incretisinig

time eonsccntnatioms (If Js;+� F’unthcrmssore, V-

etisvlmaleimide lmnss beets shsowms to sttsbilize

a phsospiso-emmz�’nme fonnu isith reduced semmsi-

tivity to deplsosplsonvlation by K� (40). It
ivtts tisen’eforc of itmterest to investigate time
stability of tise �)hsosphm�nylated imstcrnmediate

of (Ntu� + F�)-A’FPttse treated isith ethia-

cnvnic ticid. Results ttnt’ sisossn its F’ig. 5.

Aften’ Plsd1s1)ito)n�’lImtioIs i\t55 blocked by tiddi-

tiO)ni of 10 nmii EDTA, time 32P-intermmmeditste
of time ssnmtretited emizyme decayed rtipidlv.

I n c(Iimt rast , nmarked stability is-as exhibited
by the cfhaervtmic acid-f neat ed cnzynme.

Although the spomitanseous disappearammcc

of the 32P-immferrnediate of time etlmacn’vmsic

tiei(!-treafed enmzvrne is�as gretitly reduced,
raj)id depisospisorylat ionm could be pno#{128}!uced

by tiddifiomm (If 10 mit EJYL� timid 1.6 nm�n KC1
(1’ig. 6).
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FIG . 4 . C’ontparisort of soditiin-stionulated ADP-

_i rJ,P exchange an(l specific activity of ethaerynic

acid-treated enzymes

Emmzyme preparnttionms were treated with 15 nmom

ethacrynic aci(l for differemst instervals of time (up

to 45 mini) at 37#{176}to obtaims 50� or less immhibition

of activity . Simmce Na+ emmhances iimhibitions (If
(Nat + K�)-ATPase h)v ethacrynic acid (42),

enzyme preparatiomms inhibited nmore timani 50%

were obtainsed by prior treatmemst with 10 mn�t etisa-

erynmic acid and 100 m�n Na+ for different instervals

of time (up to 30 mm). The Na�-stimulated net

exchammge reaction its control and treated and

washed enzynmes was determined as described its

the text. The rate of Na+�stimulated exchange of

the control emmzyme was 20.0 �mmoles of 1�C-ATP
synmthesized per gram of proteimm per minute.

Immhibition of phosplmorylation amid the
stabilization of time 32P-itmtcrmcdiatc ap-

peared to be two different effects of ctlsa-
crynic acid. To eonfirnm this, tins enzyme

Preparations ivas treated with 10 m�n ctlma-
crynic acid at 37#{176}for 30 mm. This w-asiscd

enizyme incorporated about time same tmunmbcr

of micromoles of 32� per kilogram of protein

as the untreated enzyme, aimd Imad the stmnmc
specific ATPase aetivit y. Hossever, time
treated but uninhibited cnmzvme eximibited
marked st abilizatiomm of time 32P-intermediatc,
ivhicls was not significantly different from
that showns by an enzyme that was 50 %

inhibited by etimacrynic acid (Fig. 6). This
inmdicatcs that ethacrynsie acid inmitiahly
stabilized the plmospho-enzyme complex,
following ivisich inimibitiots of l)ImosPisor�la-
tion resulted in blockade of time specific ac-
tivitv.

Effect of ADP ott /)hosphorylate(l inter-

niediate of (Xa� + K�) -A. TPase treated with

etliacrynic aci(l. (Nts+ + I�+)�t�TI)siso�
tretitedi ivitit V-etimylnsalcinmide produces a

phsosphorylated insternmcdiate ivitim decreased
setisitivity to I#{176}�tmnsd markedly imsereased

susceptibility to dephosphorylation by ADP
(34, 40, 41). We therefore tested time effect of

ADP upon the 3�P-imstermediate of time

ethiacrynic acid-f reated enzyme. Results are
simoivls in Fig. 7. ADP did imot significantly

alter time rate of dephosphorylations of time
ethtierytsic acid-treated enzyme . This mmdi-
eates that etisacrvnsie acid stabilizes ti potas-
siumsi-scnsitive j)isospiiorylate(! insternmediatc.

Sensitivity of 32P-interinediate of etltaeryn ic

acid-treated enzytne to loll’ concentrations of

K+. Close cxanminations of I”ig. 6 sisosss flint
aitliough K� depisospimorylated tIme 32P�
imitermediate (If (Xtt� + Ic�)-ATPtise
treated isitls ethaeryisie acid, the rate of

decay was slosver tisami flint of �tmmunstretited

eimzynme preparatioms (4 1 ) . Tlmis suggested

SECONDS AFTER EDTA

- --�----T--- -

FIG. 5. Stabilization of phosphorglated infer-

ntediate by ethacrynie aei(l
The reactioms niixture for the control enmzvmime

(�-R) or et hacrvmsic acid-t reated enmzvmmse
( #{149}-#{149})commtaimmed 16 ann NaC1 amid 0.4 mmiii

MgCl2. Time re:icti(Ims was started 10 sec ilefore

zero time with 0.04 mM 32P�ATP. At zero tinime. 10

n-sit (Tris) � E1)TA was added to cimelate time free

�Igt� timid block furtimer lIh(Isl)imorylatiomm. Time

reactioni was stopped witim acid tst tinmes imidicateol.

The co)mstrol emizvnme had a. specific activity of 276

j.tmoles (If P per numilligrttns (If 1)rOteimm �er imoimr

amid imicorporated 320 j.inmoles of 32� per kilograni

of proteimi. The ci imacrymmic aci(l-troateol emmzvmumc

was 50#{176}��inhmii)ite(1.
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SECONDS AFTER EDTA

I’n; . 6. LJTeII (if 10+ on .sI(ihilif// (If p/los p/lOr!/l-

(ItC(l 1 flterlil(’(/l (ltd of ((/1 (I��!Jfl i(� aei(l-frea(c(l (1(2//We

‘Fime omizymiie mitts t reated with cit her 15 mmmii

(I �- U. � E ) or 10 nui� (S- - -#{149})etimaorymmic

niCi(l at 37#{176}for t 2 hm (as (lescrihe(l for Fig. 2) . Time

rea(1 illmm nmmixl ore w:is I he s:simue as for Fig. 5. .\.t

zor(I t mmmc 10 mmmii (Tris) � El YEA (� � #{149}�- #{149})

or 10 mumsi (‘l’ris) � 121 )TA l)l(tS 1 .6 limit KC1 ( � E

sia.S tolled. lime re:icti((ml mva.i st()l)l)o�(lvtitlmitci(! mt

time ti muies i mi(Ii(:mI e(! . Flue -tl)P(ific act ivi t ies ( if t ime

limit reat od (IIZ\iul( ammol (�f emmzvnmes I moat ed mvmtim
10 mmiiitimid 15 mmmiielimacrvmmic :soi(lwere 147. 141.5,

timid 73 .2 LLiil( (I (�5 I if 1�, �o-m- � I I igia mu ( if t�’ 11 (1 II 1)01

imotnm. n(SlIe(1 ively

110 �

IOO�

40-

2 4 8

SECONDS AFTER NUCIIOTIDES

F’t ( . 7 . Se as if il’iI!/ of p/Iosp/Ior!/lafe(l 1 11 tcrln(’(ll -

(lie ()/� (/lIu(ryo( i (1(1 (l-freofe(l (P(27/fllc to . 1 J)J)
‘Fiie m(5(tiIImm tuiiXt �mme for the (((mIt LIII emmzvnume

(#{149} - #{149}.#{149}----�) :mmmd et lma(mVmIu :m�id-t ne:it cli

(imZ\Eil( ( 0 I,J . � � ) (�l mmI to mod 16 mummiN :s(�l

tilm(1 0.4 must )�lg( ‘12. ‘ITho realt iou mitts st tirteol 10 se

ilefl Ire Zen i i i nume \vi I im 0.04 mmmii 321) -ATP . At zero

timime tilt n:i(lil)aol ivo A’FP mv:is (611110(1 smith a 50-

f( )l (I PX(eSS IIf 11III ii Irle(l .\1l� ci t lm(-m my i t Im ( � �
#{149}----�) I)� wihimlIlli (0 0. #{149}�-#{149}) 5 mmiii

Al )P. ‘Fime reaot iomm \v:iS tot �lIl)e(l wi I ii a(i(1 tot t lie

timmmo-s imm(li(aIe(1. ‘Flit otimacnvmii :t(i(1-tre:mte(1 cmi-

zvnme \v:iS immuimilmihit ed

tistit ethaervnmie acid probably reduces time
� a�)parent tiffinmity for � The effect of low

� eoncemstratiomis of F�+ on time phospimoryiated
� immtcrmediatc of time etisacrvnic acid-treated

� cnszvme is sisoms-ms mi Fig. S. While 0.04 m�t K+
slosslv dephospimorylatcd an untreated ems-

-. zyme, ethacrymsic acid treatment conspictely
prevented depimospisorylations for at least 8

- sec. Evems imi time prcsemmce of 0.1 mm I�,
� slightly sloiscn dlisapj)caranee of the 32�_

- labeled immtermediate occurred is-itim time

et hstservnic ticid-t rented ctmzvnse. These
fimidimsgs inidlicafe a shift ins time tmpptsrenmt

�iffiuiity o�f the pi so)spii(Iryhtted i nstcrmediate
for 1’�.

The pulse-lttbehimmg teciumique of Post

ci al. (41) offered ti comsvcnienst nsctisod of
demonsstratimsg sinsultatseously time lack of

effect of lomi IK+ eommccmitration (115 time l)1505

pis(Irylatioms step timid time dccre�ised semisi-

tivity of etisacrynie Iieid!-treatcd enmzyme to

(le�)imospimorvlatioItm. Results tire simosvmm its
l�ig. 9. Time rate of depimospisorylationm mm the

pnescmmce of 0.04 mismm Is;:+ is_its nmarket!iv
slo)sver ivitim etisticrvmmic ticid-treated! elm-

Fto; . 8. Scn.titil’l �!/ of p/lo.sp/lor//lated infernlcdi-

(�f( of ct/i ncr//li 1 ( (Iri(l-tr(ut((l enz!/nI( to larinus (On -
(entrations of Im�

Tue ex1)o�ri numom1t :sl l)m(I(e(l I mItT mv:ts si mimilar t o

that (lcs(niiIe(i imm F�ig. 7 fIlm b)(Itim (�)mmtroi emizvnme

(� - ‘, . -- #{149})aml(1 ci iu:scrvmmic acid-treated

emmzvmimo’ (fl LI, 0- 0). except timat for uii-

lailele(l AlP, ci t Imem 0.04 mmmii (U -S D-�

or 0.1 numM (#{149}- #{149},0 �O) KC1 was added.

‘Flue react (II) was t hemm St lipped! at I ime imi(licated

I i mimes wi I ii a(i(l . Time ot imacrvmmic acid-treated

ctmzvnumo’s mvere iinminmhiiliited.
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FIG. 9. Effect of K� on formation and breakdown of phosphorylated intermediate
The immitial reactions nsixture for both commtrol enzvnme (j------�, #{149}�----s) zinmd etiitmcrvmsic acid-treated

enzyme (D-D , O-O) constaimsed 1.0 fliM (Tris)4 FH)TA to trap traces (If Mg� imi the emmzyrmme

preparation, as well as 16 mM NaC1 and 0.04 mit 32P-ATP. Time reactiomm wa� starteol by a solutio)nm comm-

taming 2 mnti unlabeled (Tris)4 ATP amid 1.6 nmtic MgCI2 nimmd was stol)l)ed at time imsdicated times with
acid. When presenit, 0.04 mit K� � O------O) was inscluded mm time iniitial retiction nmixttmre. The

data points shown by squares were (Ibtainmed ims time absenice of 1I�ttsssiummm.

zyme as compared to control (Xa+ + K�)-

ATPa�se. This confirms the decreased tip-
paremit affinity of ethacrynmic acid-treated
enzyme for K+.

Specific activity of ethacrynie acid-treated

enzyme at physiological concentrations of

Na+ and K+. Time ratio of time eomscenmtra-

tions of Na+ amid K+ ins tise assay mcdiuns
for (Na� + K�)-ATPase varies from 4 to
10 its the system in vitro (24, 25, 43). How-
ever, in the extracellular fluid, time Nti+ : I�
ratio is about 36 (44). Since ethacrvmmic

acid reduced the sensitivity of tue emmzymc
to F4, it may be a more effective inhibitor
of (Na� + I’�)-ATPase in a pimysiological
ionic milieu than in the routinely employed

assay medium in vitro, where time K� cots-
centration is high. Specific activities of
treated and untreated enszvnme ins time
presemmce of two differenst comscenst rat ion

ratios of Na+ and K+ are shiowni ims Table 2.
For the control enzyme there was nso signsifi-
cant difference at the two ionic conseentra-
tions, in agreement with the findings of Kits-
solvinmg et al. (45). Hoisever, with ethacrynsic
acid-treated enzyme there was a sigtiificamst
increase ins the inhibition of (Na� + K�)-
ATPa.se activity when the Na+ : K+ concen-

tratiomm ratio was raised from 4 to 36.5.
This finding suggests that etimacryimic acid
may inshibit enmzyme activity in tue whole
aninsal evemi though this is nmot observed in

the artificial assay systemsi in vitro usually

efl5l)l��cd.

IIISCU5SIO N

_.\. variety of thmioll-retsetive mmtitriuretic

agemsts have been shsoms-tm to immisibit tue
renstil nuierosomal (Nti+ + K+)_ATPtise
in, mitre (21-24). TIme data suggest that
inmimibitiors of tisis emmzyme could be the
mecistttsisnm is’iserebv these drugs immhsibit
renal sodiuns tramisport. Establisimmcmmt of

(Xa+ + I’�)-ATPnsse its time rensai receptor
for ntmtriuretic agents has beens imamsspened,

first, because nmomsdiurctic sulfhsydryl ins-
isibitons have been sisowns to react with

(Xti+ + I�)-ATPase, and, scconmc!, because

Iso correlations exists betmvccms diuresis ttnmd

inhibitions of (Xa� + T’�)-ATPase is-items a

natriuretic agent is adminmistered in nun.

Although much information is available
regarding time effects of various sulfhydryl

inhibitors on (X& + I’�)-ATPase, few
studies have beets directed toward de-
terminming the precise mechanism of such

inhibition of enmzvme activity. Studies msitIm
(-y-32P)-ATP indicate that in time presence
of Na+ and �s1g++ radioactivity is immcor-

porated into the cmmzyme protein (32). If

K� is added after time formations of time pisos-

pimo-proteimi, a rapid breakdow-nm of time
proteins complex takes place, liberating
free inmorgatmic phosphate . These observa-
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L.tle(t of .\�n �:Im (Oil ICfl I I(i.flOil l�Ut 1(1 (111 etll (i(r//rl Ic

(l(1I1-ifl(Ill(CI1 11(11 ibition

1,; IIZVIIICS \5�(�(� t reat oil it :37#{176}iou h 10 musE

Ct ima(rvmsic a(101 for 3() nuuimi i mmexperimmiemmt 1 ‘ititlm

15 mummiet Imacrvmlic aci(1 for 3() mmmiii iii experinmmemst 2,

or wit im 10 mmmii oh htmcrvuic acid plus 1()0 nummi Nti’�’
for 1 5 E15iIi i m1 CX 1I(’�1 mumemit 3 . ‘Fime t rent ed emszvn�es

womo- iva_hed free (If drug ama! Na+, amid sl)eciuic

tt(t iVi I iCS ( )f t rent ed a mId limIt reate(1 mumicros(Imuses

\VPI( (iCt emmimi 1(11 IS o1es0-mii)e(1 i mm t ht t ext

.1.xl)ermnme nt

Specific activity

- +

Nsi’�’:K’� Na :K’�

= 4 (.‘� 36.25 (B)

(A-13)/� �

/.tnloles

J)�/,ng
protein/hr

J�xpoTmimImPm1t 1

(omitrol 139 151

1-:t lm)(mVmmi( ((101-

tm(-ate(1 121 05 10

I�X1)(’miImm(Tm1t 2

(iilmtrol 12 125 0

1:t im:u-mvmiic 1(1(1 -
treated S� 55 33

I�xjicmmrmmctmt 3

(outmol 108 116

J�:t imt)(mVmliC ((ill -

I meti t ed :�m 29 2(1

ti(Iti� l�tl P()tit tush! Sets (46) to jInOl)o)se is
f\V(I-StelI 1’t�ttCtiOts sclsenme fun time break-

dowms of \‘fP. If the mimagtmcsiumsm B)ti con-

cetitrtttiomi is n�e(!uced sufiicienstiv beloss time

levels OiItiI’imtil fun time over-all r(’itctiOli,

it is possible to denm(Inmstnafe a. soldiunm-

depetmolemmt AI)P-ATP t rtumspltosphoryla-

tioni (33, 34). F’mmn’tiset’tssone, tneatnmemst of
fist 0’tiZVtl’i( isitii V-etiiylnsmaleimsside, whiels

does hot block sodiutss-immiueed pisospiidIr�ltm-

tionm, greatly stinsulateC AI)P-ATP cx-
cimtttmge (34, 40). These observations led
Alb’ms tttidl his ass(Icmates (33, 47) to Pmo-

pt:)st’ f lie f( )llomvi tmg tmsimlt istage react idIli

sciseme (see also ref. 41). Ouabaimm, time is-eli-
know-ni inshibiton of (Nti+ + K+)_ATPase,

1)robnmbl� acts at stel) 3 (37, 45, 49), svimilc
N-etisylmsstileinmidc a mid oligonmvcnm prevent
transfornstitionm (If L’1-P to L’2-P (40, 50, 51).

Very little is knsowms tibout time site of actions

of ()tlmer inshibitors of (Xti+ + I�+)_ATPtisc,
immeludlinmg diuretics.

Besides imihibititmg (Na”� + I’±)-ATlmasc
ill 1110 (27), ethnscnvmiie acid has beeni sisoisnm
to) immimibit Nti� frttmisl)ont aen()ss scverttl lions-

m(’mstsl epitimelitml tissues, such as snmahl mi-
testitse (If Imtimimstcr (52), n�tit (.53), aisd rnsbbit

(54) amid isoltited toad isnitmitnv bladlder (55),
:snm(! to immhmibit Xti+ efflux from isunman erytim-
nocvtcs (56) . 1�untiscrnmore, Chcz et al. (54)

imnsm-e rccemmtlv diensonmstrated inilmibit ion of

linmkcd sodiuns tilid! l)o)tassiummm trtmnmsport ins

ntibbit iletil t5mUCOS�i. Ins time pnescmmt ss-ork,
etisticrvmmic acid imtts founid to block so(limnnsm-

st i nmtmlat (�(! pimosphoryltitiomm to) a degree
which connclatedi well isith time inhibitions of

sh)ecific tsctivity (Fig. 3). \‘Visens time Xtt�: K�
commcemmtmatmon ratio sm-as 10, ethacrynmie ticK!

(lid! not block 1)oftissiltflm-ilsohmccd d!ephos-

plmonlytltio)nm (Table I ) . This inmdicates timtit
ctimacnvtmie acid ticts at step 1 ins time above
seisemise. This is furtimen supported! by the ob-

5eIi_(i�(! insisibitioms of the AI)P-ATP exchanmge
mt’ttCtit)tm its ctimttcrvmmic ticid!-tnetite(l emizynme,

sshicim ptsrallelecl time inmlmibitions of specific

activity (1-’ig. 4).
Althougis both V-etimylnmtsleimimidc timid

ethtiervmmie acid ate sulflsvdrvl imsiiibitors,

their l)miImstin’� sites of tictionm tippear to be

(lifferemst . \Vlseneas etimacrymsie acid inmimibits

fornmtit iO!I1 i (If f lme h)isosphmorYlated hit er-

tflc(liate , .V-ef ls’vlnmaleinmide pcrnsits sodium-

i nsdluced pimospimorylttfiolnm but I)revensts the

conmvensionm (If a p�ttissium-inmsenssitive imi-

tcnflsed!itstc to a POtaSsiuflm-Scnmsitive OIme.

Hossever, _\-ctiiylmssalciflsidle scenss to re-

act at ttmm additional site, amid unmder certain

eonmditions it is l)Ossible to dcnsonmstrate
inhibit ions of I)isosPim�nYitmtionm atmd exchanmge

by X-etisylnmaleimide (42, 37).
Time site (If actions of ctistiervnmic ticid at

step 1 appetirs to be diffeneist from flint of

Outibtiini. Tisis is further subst ant iated by

stud!yimmg time bindimig of TH-ouabain to
etisticrvnmic ticid!-treate(i eimzvnmc (38). En-
zvts’se pnepttntmt ld)tis ivincim \s’rc inmimibited

50 � or mmmore by cthmticnymmic acid boumid 3H-



INHIBITION OF (Ntr� + N�)-ATP.�sE BY ETHA(ItYNI(’ A(’It 659

ouabaimm tis mmell as ummtneatcd (Ntr� + I��i+)_

ATPase.

So) fttr sse isave discussed omie niode olf

immisibitiots of (Ntt� + I’�)-ATPtisc by

ethacrymmie acid. This secnms to be of mm-

l)ontnimmcc its time inmhiibition of etmZVfl’ie tie-
tivitv otiiv in vitro. Tue eomscemitntitioms of

etimacrynsic acid cmployctl to itshsibit (X�s’1 +
K+)_ATPasc is nmueh higher titans tioses
neoiuired to inm!uee isatniuresis (24, 26), amid

there ttppcttrs to be a c(Insideriible ans(Iummt of

msomispccilic binding ( Fig. 2) . Ti senef one,

unless the kidney has sonic special nmceistm-

msism for trammsportnmg or eonmeemst rating

etimacrytmie acid at the receptor site, in-

isibitiots of l)ii05Pi501’YltttiOtm is aim unmiikcly

biocisenmical nsechsatmisnm of pr�dhmetioIm of
diuresis by this drug.

Etisacrymsic acid Isas beets founsd to stabi-
lize time j)hsospimor�ltited instcrnscditite by
markedly slosvitmg doisnm time spomstaiseous

brcakdoivmm of E2-P (Fig. 5) timid by dc-

creasing its susceptibility to loss- colnieclstra-

tions of i� (Figs. S amid 9). Sinmec ADP did

niot (!cplsOsphmoryltite the etisacrynmie acid-
treated cnmzymc signmifieamitly faster fistinm

unstreated cnmz\-nme (Fig. 7), tue stttbilizcd

form nmust have beets E2-P rtmtimer tunis
E1-P. Timenefore, time seconid nmo!c by which

etimacrynsic ticid inimibits (Xtt� + K�)-

ATPase a�)pcars tdl be by shossimig (lois-ti

depimospisorvlatioms by K� (step 3). Not onmly
is this site of actions of etistservnie acid

identical with flint of ouabains, but timcne

are other conmnsTsots features. Both these

insisibitons stabilize Eu-P (37), ansd their
degree (If inhibitions of depisospisorylationi is

affected by time conmcentratioim of K� (39).
There are, imomscver, sonic diffenemmecs be-
tweens timese tis�(I drugs. While time stabili-

zations of E2-P by etimacrynsie acid is a little

usiore marked timanm by ouabaimm, its senmsi-
tivitv to K� is less affected. This latter effect

probabl� makes etistieryisic acid a nmueim
iveaken itmisibitor of (Na+ + I��+)�’j’I)tise

its compared to ouabainm.
Of time two modes of insisibitiots of (Na�

+ K+)_ATPasc by cthsaerymsic acid, viz.
stabilizatiomm of time PiiOSPi5Or�ltttcd miter-
mediate and inmisibition of its formatiomm, the

former precedes time lttfter (Fig. 6). Stabili-
zationm of E2-P seems to us of imnsemmse

j)hmarnmtieologieal sigmmifieamicc. If thmis type

of inmhibitiolms ii.et’e achieved! um time isisole

anmimtii, 150 dicencase ins (Ntt”� + I�”�’)-ATP�sse

tictivitv \V0ItI1(l be observed iii ohio at

Nti+ : Fi� comscemstratiomm rtitios of 4-10,

svisieh hitive beets emsmployed by 155(1st I)l�e-

ViOl15 \\d)m’kti�m’S. Hommever, tIme enmzymsse nssnty

turns d)V(�t nmonc slosml�- iii nina, sinsee time

Na� : Js�+ n�atio iii the extrtmcellular fink! is

36, amid 1115(1cm these eomsditionms insimibitionm

by ctisaenymmic acid nmay be mssome readily

observed (Table 2). This poinmt is (�Imnrcmst�ly
ummd!cr inmvestigationm.
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