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SUMMA I(V

ATP, CTP, nimnel ITP sUI)i)olttdl a rapid initial rn-it-c of [Hjouabain birndiiug to rat brain-i

(Xa� + � imp to 4 tirn(-s that Sup�)orte-d by A1)P. hit-se nuc!eot-ides ntlso pre-

vc-nt(-c! the 1nt1)id initial incorporationn c-if fine [‘y-2P]plnosphate- of [y_’2P}ATP it-ito ti-ic- c-nzyme-.
[ .�:uj)](l\.fjc!jne- tri�)hosphate- labe-lc-d tint-’ e-nzvme to ti-ne same c’xtenit n-is fry-32P]ATP, suggesting

tinat nuclc’otides other ti-nan ATl�� l)hos1)i-ion’�late this enzyme’. In support- of this, the pios-
pinoryla-tion-n fron t’�’-3P1CTP re-quire-c! \1g1, was stinnulatc-t! by Na4 , an-nd was nnot oh-
s-rvc’c! in-n tic Pre-sen-ice’ t)f !‘�� , ane! the label innccfl-porated innto tine ennzyne fn-on [-y-2P]CTP
turned over at the same rate as tinat from [y-32P}ATP. In other c-xpc-rirnennts the initial rn-itt-s

of inycino!vsis of ATP, ITP, UTP, ntnnd ADP in the abse-nce of nndded l(� matciiecl tine initial

rat-s of [H]ouabain bine!inng su�)ported by tine-se sunbst-rat-e-s. Tint- i-c-suit-s sunggest- ti-in-nt these
substrate-s give’ rise’ to sufficient pinospi-no)c’n-nzyme to accottnnt for tine- innitial rates ef [H]oua-

baini binc!inng support-ed by f-hem. Concentrations of ADP sufficiennt to innhibit the- pinosphie-ir�’-

latic)n-i of this e-nzvrnc by ATP also inhibited tine initial iate of tine AlT-supported bii-nc!in-ng of

[3H]ouabain, sungge-sfing that ADP cann bind to this ennzyrno’ without stimulating [H]ouabain
binding.

\Ian�’ of t lie’ argumcnnts which inave been

dcve’loped conco’rnning the e-ffects of nntucieo-

tides omn ti-nc (Nat + K�)-ATPase (ATP

1)inosPl-iohiye!rOlasc, EC 3.6.1.3) and the rc’-
!ationships among the partial reaction so--
ciuences of this enzyme system hinge on ti-ne

assuml)tiOn ti-nat only ATP cntt give rise to

significant- nunnounts of 1)inosplloennzYnne (1).
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Michigan Heart Association, (irauit �-I. 11. 12783-

05 from the National Institute of Mental lie-alt-h,
and General Research Support Grant NIh RU
05623-04 to the College of Veterinary Medicine,

Michigat-n State University, frotn the National

Institutes of health.

In-i p;-nrficular, tine roic- of the i)h-nosl)inor�’lated

intermediate of tine (Na+ + K+)_ATPn-ise� iii

t i c Xa+_stimulated hi neling of [3H]ouabain

to this erizynne is utnelcar. Son-ne authors have-

suggested ti-nat the sodium-stimulated binnd-
ing of ouabain occurs aSto-r ti-ne sodiurn-stimu-

kited phosphorylnution of the c’nzyme (2-4).

Other workers have proposed that binding of
a nucleotide to tinis enzyme is sufficient to

stimulate [2H]ouabain binding (5-7). Such

proposnds are based on-n the apparently low

nmc!eotide specificity of ti-ne [3H]ouabain-

binding react-ion (5-7) n-is compared with ti-ne
i-nigh specificity of ti-ne over-all (Nat + K�)-
ATPase reaction for ATP (8, 9), tI-ne assump-
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tion being that ti-ne nnucle-otide- specificity of

tie phosphoryiation step is ti-ne same as ti-nat
of the over-all reaction-n se-clue-nec. Howe-ver,

[3H]ouabain binding c-xpc’riments are usually

performed in the absence of K+, i.e., condi-
tions unnder whicii ti-ne rate of hydrolysis of
the phosphocnzvme is minimal (3) . Ti-ins,

because of the slow rate of dc-pinosphorvla-

tion under these conc!itions, relatively poor

substrates of this cnnzyme may give rise to
considerable an-noun-its c-if phospi-ioc-nzvme
and thus stimulate [3H}ouabain bindinng. In
this comn-iunication we pre-sent- direct c’vi-
dencc- ti-in-nt [y..32P}C’fl� is able to phosphory-
la-fe this enzyme fully, as well as indirect

evidence- which suggests that other nucleo-

tide triphosphates ct-in also form variable
a-mounts of pi-nospi-noe-nzymc-. Tine- release of
Pi from ti-ne-sc nucle’otides in f-i-ic- absence of

F_;:+ was also measured, anne! con-nparcd well

-ivitli tIle- initial rates of ouabntin binnc!ing

suppoited b� these substrates. r1�ilc re-suits

support suggestions that nnuc!eot-ides other
f-han ATI� ca-n give’ rise’ to consic!c-rable-

amounnt s of 1)1nosphoc-nzvme unc!er appro-

1)rintfe conditions ant! that the sot!ium-
stimulated mechanism of [3H]ouabai n hint!-
ing is directly reiatc-d to ti-nc’ forrnationn c-if

l)i-iosl)l-nocnzYnr-i(-.
Rat brn-iin-i (Nnr� + I�)-ATPase (spe-cific

activity, 100-230 �.inoles of P per nni!lignann
of I)rOtcin ler houni) was j)1e’pare(l anc! as-
saved by ti-ne n-i-ne-f-i-nod of Akc-ra et at. (10).

The hydrolysis of inue!eotide- suubstrafc-s in

the absence of I� was mennsuro-d by modify-

ing tine assay n-ne-ti-nod as follows. The enzyme

conccntrnttion was increnised 4-fl-fold to

(30-90 i�g d)f protein-i 1e-r millihte-r, anti the

assay Period -n��as e-xtencied to 30 mm. Be)th

ti-ne-sc- measures increased ti-ne yield of P

il-n f-I-ne absence of J�+ ‘fiie conncenntration of

Na \�n��5 re-dunce-cl to 10 i-n�-iM, since’ ti-is cc)n-

centrn-ifion i)roclucc-s full i)i-nc)sI)l-nor�’lationn of
tie- enzvnne (11) ant! ntiiows nuaxinial titnnn-

ovcr il-n tiw absence of added I� (12). Hv-

cirolysis in-n tue absc-nce tf Nat anc! tine’
presennce e)f ounabntin was dcducto-c! as hack-
ground 1\1g’-dep’nc!ent VFPnnse (10). [H]

Ounbain binding studies were perforn-i-no-e! by
tine method of Tobin annd Se-tn (4), witin tine

following modifications. Sinnee’ onily the in-nit inni
rate-s of bitndinng were being measure-d, tine’

ounubain-n concentration was lowe-rt-d to 20

I-nM to give an easily n-ieasurable initial rato’

of binding. Rat brain enzynw was used be-
cause the stability of the ouabain-enzyrne

complex in this species (13) ensures that ti-ne

measured initial rates of [3H]ouabain binding
will be close to the true initial rates. The

binding reaction was terminated by adciinng

3 ml of 2.5 miu unlabeled ouabain in ice-cold
25 tOM Tris buffer, PH 7.4. This addition

imme-diately stopped the binding of labe-lc-d

ounbain and cooled ti-ne reaction mixture to
about 10#{176},at which temperature ti-ne c-inzytne-

ouabain bond is relatively stab!e (4). ‘l’i-ie
tubes were then cooled to 0#{176}in an ice bath

and centrifuged, and the 1)re’cipitates were
soluibi!ized and count-cc! n-is previously tic--

seribed (4).
Labeling of f-he enzyn-ne with [y-P]nuclo’o-

tides was pcrforn-ned by a modification of ti-ne

ni-nefinod of Post et a!. (11). j�y-3P]ATP was

obtained from Xc-w England Nuclear (1or-
poration and diluted with carrier ATP as

required. fry-2P]CTP \vtts obtained from
Amersham/Searle and c!iiut ed with carric-r

CTP as required. All labe’linng experiments

were perforn-ned tnt 0#{176}inn 1 3-n-n! Corex centri-
funge tubes. Each tube contained 0241.3 nug

of enzyme protein, 50 nri rfris buffer (pH

7.4), 100 mM N�+, 1 n-n:�i \IgCi2, anid otiner
additions as indicated in-i a final volume of

1 nni. Tue labeling reaction-n was stntrtecl by
tle ac!clition of 0.03 j.nrnole of tine {y�32PJnu�

c!eof-ide and Stopilet! n-it tine inc!ieatec! tin-ne-s
by tine addition of 5.0 ml of ice-cold 3 #{182}�
trici-nloracet-ic acic! con-ntain-nui-ig 1 in� unlabeled
ATP and P. rj�j solution was then tuft-n-c!

through a Milliporc- filter of 23-n-nm over-n-ill
diameter, jore size 0.5 � Each filter was

\vasi-n(-d four tin-ne-s vitin S n-nil of the tnicinlor-

acetic acid-ATP-P � solution, t-ransferrc’d to
a counting vial, dissolve-c! in Bray’s scintil-
lnntionn mec!iuni, anc! counted in a Beckman

LSE 1 00 liciuiel scinntiilt-ition sj)c-ctropilotom-

c-te’r. Each c-xpc-riment was i-ierfortr-ie-tl at

least four tin-n-ies, and values shown n-ire- n-no-tnt-is
± standard crrors of n-it lc’nist four e-xpeni-

nut-nt 5 . Because diffc’Fe-fl t- e-nzynne 1)re’l)n-ina-
tions were used in-i c-acm exl)tninnellt, the
highest inc!ivic!unal group of vaiuo-s in-n c’nch
e-xpo’rnnent was designnncfec! as 100 � , nine!

e)then valunes were- expre-sscd as a perccnntage

of ti-nose values.
Previous workers inave shown tinat various
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nuclc-oticle fri�)iiospinate’s and dipi-nosphates
�vi1l support [H]ouabain binding by this
e-nzynne (3-7). However, because c-if tho’

relative stability of fine ouabain-cnzyn-ie-

cotnple-x (6) , the innitial rates of ouabain

bin-ic!in-ig night be- expected to show ti-ic’ gl-e-at-
st nucleoticie-depe-nndent differo-nce-’s, ratiner

t 1-in-in-nestinnatio ns e)f bineli nng after arbitrary

i)c-riods of up to 30 nininn (7). Figun- 1 shows
tint-it il-n rat biain e-nzvnnc P1t-i)aratiOns, ATP

nund ITP produce-cl esse-n-ntially tine- sanie mi-
tin-il lflt(’s of [Hjouabain binnciing. UTP was
se)mc\vhnt loss e-flectivc’, n-in-ic! ADP prod-i-ieee!

c)fllV about 23� of the- i n-nit nn1 n-ate- observed

‘-11�UTES

FIG. 1. Initial rates of [Hlouabain binding supported by nucleoti(le sub.st,alcs

Ut-it brain-i eu-izvn-ne was incubate-cl with 20 in�u [lhjoiuabain-i in-n tine presen-ie-e of 1(10 m�t Na�, 5 �
aund 50 niM Tris buffer, p11 7.4. At- zero tin-ne the binding reaction was iii acted by t he addition-i of t he in-

cheated n-iuclee-itide (2 nst) and stopped at the time poinnts indicate-cl. Binding at e-nnch tin-i-ne ��int is cx-

pressed as a percenmtage (-if that occurring in the presence c-if ATP at 5 nmlin (53.9 ± 5.3 pnc-iles/mg of

prot ci n ) . Iach poi u-it is the rueat h st andard err-i-in- of four ex1)erin�enu t 1l det en’tni oat ions.

TABLE 1

Initial rates of [mHjouabain- binding in the presence of A TP and CTP, as percenta�Ie.s of inaxicitol lnncling

with AT?

Hat brain (Nat + K�)-ATPase was inncrubateel with the specified n-nucleotides (5 i-inn), anni the reactioni

was stol)ped as described in ti-ne text. Other conditions were as described in-i Fig. 1, except that the

I 1Ilouabain conmcentration was 60 1M. Binding at 5 n�inn inn ti-ne presence of ATP averaged 75.1 pnoles of

[11]oua-bain-i pe� milligrauru ef pre)tein. All valnues are expressed as a �)ercentagc of timis ± ti standard

erre-ir of the n-neat-n of fotur eleterininationus.

Nucleo-
. 0mm

ode
I mm 2 mm 3 mm 4 mm 5 mm
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T.--inILE 2

Effect of .Va� on [llJouabain binding supported by different nucleotides, expressed as percentage of binding

in the presence of Na�-ATP

hat braiu-n (Nat + K�)-ATPase was incubated with 20 flM !3lllouabain annd the indicated nucleotides
(2 mi�m nucleotide and 2 mnn Mg� ) in the presence and absence of 100 n-n�n Na4 for 5 mm. Binding inn the

presence of Na�, Mg2�, and ATP (64.5 ± 9.5 pmoles/mg of protein) was taken-n as 100%, ar-nd other values
are expressed as a percentage of this ± the standard error of the n-neat-i of four determinations.

Na4 ATP ADP ITP UTP

( C.

+ 100 47.0±6.3 118±4.0 75. 0±8.0

- 45±4.25 25.0±5.3 57±5.0 40 ±3.6

T�u-nn: 3

.V uclcot ide in hibit ion- of phosp/ior!/latioci b�,

E-Y-PIATP
Rat brain-i en-izyn-ne was inciuhated wit In ti-ne

innclicated niucleotide (0.1 zu�n) f-icr 40 sec and 0#{176}

arid then labeled with 0.04 nyu {y-32PIATP. The
labeling reactioun was stc-ipped after 2 see, as mdi -
cated in tine text. The values indicate the K�-

sen-nsi t ive i nc--irI)elrat i-i-in c-if 32p innt o t inc rnenmni)ranes,

eXpresse(1 as a percenmtage cf that c-iccurrinng with

ATP alone (abonut 250 pmc-iies of 32P per nililigram

cif I)rotein) . \‘alues are t he meanms ± stau�1ard er-
rors of finir dc-termi nat ions.

Nucle-iide [�P1Intermediate

cc

Noun- 100

CTP 16.0 ± 12

ITP 17.5 ± 7

UTP 36.2 ± 13

AI)P 18.8 ± 7.0

��-it-ii ATP. In of-her exj)erinnents, CTP sup-

portt-d binc!ing n-it tue sanie initial rate as
ATP (Table 1), ntnc! thc’ binding supported

by tine-se nnucit-of-idc-s wnis stinnulatc-d in-n e-aci

case by Xnt� (Table- 2).

Tine-se diffe’rcnt- itnitial rate-s could ce)nnceiv-

ably re’flect differing abilities of ti-ne nucleo-

titles to phos�)lnOrVlatt ti-ne e-nzynne-. Howt-vcr,

since most of these- nucleoticies are’ not avail-

able with labeled tc-rt-n-iinal pi-iosj)inn-it e grc)ups,

the over-all e-xperinc-nta! appre)acln was ne-c-
essarilv indirect. One fe-st for Pi-ic-ispi-not-Y!a-

tiot-n by ti-ne-se- nucleotides woult! be to nncic! the

test nuc!eotide n-n-i-ic! then chailcnngc- with

[-y-2P]ATP. A deere-rue-nt- inn the initial incor-

aportion c)f 32J) migi-it. be e!ue to the prior

formation-n of pi-nos�)hoenzvme by the test-

nucleotide. Table 3 shows ti-nat in-n four sucin

expc-riments all ti-ic- nucieotides tested pro-
duced substantial inhibition of 32p ineorpo-
ration from [‘y-32P}ATP at 2 scc. However,

an e-qually Plausible- inte-rpretation of these
data might be that- simple binding of ti-ne’

innlabe-ied nnueleotides prevented ti-ne phos-

pi-iorylation from [#{176}y-P]ATP.
The recent avai!nibiiitv of [-y32P]CTP a!-

!owed us to test tinis phosphorylation

Itypothesis directly withn two terminally !nn�

beled nuc!eotides, as shown in-n Table 4. If
rat brain enzyme �vas exposed to [y-32P]ATP

or [�y2P]C’f1� uinc!e-r inndent-ica! conditionns
for 3 see, [7..32I�]CTI� gave rise to S2 #{182}�of ti-ic’
an-io-in-it of pinosphoci-nzyme ti-nat {-y-32P]ATP

did, and at 30 sec the’ n-ni-n-noun-its of phosphno-

enzyme were’ similar. Howe-ver, if unlabeled

ATP was added 5 sec prior to ti-ic [�..32P]CTP,

no labeling was obse’rvc-d, nnor was anny ob-
served at 30 sec if unlabeled ATP was ac!ded

immediately after ti-ne [‘y-32P]CTP. Tine-se

results suggest tinat while CTP by itsc-lf is

able to l)hosi)i-nor�’late- tine c-nnzynne’, it catunnot-
do so in the presence of ATP. Otiic-r expe-ri-

me-nits (Table 3) showed ti-nat this Iabelinng
from [�y-3PJCTP has nnat�’ c-if tine propertie-s

of ti-ic !abe!inng from [y-P]ATP. Formationn

of ti-ne I)hosPinoenz�nne rectuired Mg2+, �

stimulated by Nnt+, and was not observed

in the presence of J�+ or of Xnv� 1)1-its J%.�+ If

ouabain-n was al!owee! to bin-nd to ti-ne enzyn-n-ne

prior to ti�ie addition-n f Nne� anti CTP, the
Na,+�stiunulated labeling was not. obse-rved.

On-icc formee! , the �-nhospi-nate inncorporat ed

from �TP turn-ned over n-it f-inc sn-in-n-ne rn-itt’ as

that from ATP (Fig. 2), suggesting ti-nat ti-ne

sanne I)hosphe-ie-�z�’nie- was fornne-cl in each



0 sec

ATP

100%
82.0 ± 6.3%

0%
ATP

Tris-l I)TA
Tris-J1)TA + Na�
Mg2+

Mg-i� + K�
Mg4 + Na� + K�
Mg2+ + Na� + ouahain + P�
Mg-i4 + Na4�

/0

6.7 ± 1.1
7.7 ± 2.3

28.9 ± 2.5

9.2 ± 2.2
11.2 ± 1.4

16.4 ± 0.7
100.0 ± 0
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TABLE 4

Labeling from [y-PJCTP and effects of unlabeled A TP

The nucleotides were added to the rat brainu (Na’� + K�)-ATPase at the tinnes indicated by tine- sub-

strates, an-nd the reaction was stopped at the -i-in-n-ne-sindicated by ti-ne figures. Tncorl)oraticu of 2P is cx-

pressed as a percetntage eif that occurrinng from [y-PJATP at 5 sec (336 pmoles of 2P per tnilligram of

protein). Prior addition of unlabeled ATP reduced the labelinng from [-y-PICTP to less thai-n that- ob-

served with [732P]C�fP plus 16 mM K�, and is indicated as 0% labeling. All nucleotieles were added to

give a final conncentraion of 0.05 m�, except for unlabeled ATP added after CTP, which had a final con-

centrat ion of 0.2 m�n. Each value is the mean ± standard error of four experiments.

5 sec 10 sec 35 sec

[y-PIATP
[y-’PICTP
[y-PJCTP

[y-PICTP

108 ± 11.3c2�

2.6± 1.2%
6.2± 1.4%

a 1)ashes sigmnify that no addition or measurement was made.

TABLE 5

Cha rac’teristic.s of cation-depecident labeling from

E�-2PlCTP
Rat brain ennzyme ic-i 50 mM Tris buffer, p11 7.4,

was inncubated for 5 sec with 0.05 m� [-y-2PICTP
in the presence of the indicatedligands. The ligand
cc)ncentrations were as follow: MgCl2 , 5 mM;

Tris-EDTA, 5 mM; NaC1, 16 tman; KC1, 16 mM;

Pi , 1 n-nM; ouabain, 0.25 mM. For the experiment
with ouabain the ennzyme was first- incubated with

the Mg2+, Pi , and omnabaitn for 15 mm. NaCl was

then added, and the labeling reaction was started
within-i 20 sec. The values represent- the amount of

32� trapped in the Millipore filter, as a percen-itage

of that trapped after labelinng in the presence of

Mg2� and Na4 (370 pmoles of 32� per milligram (-if
protein). Each point represent-s the mean-i ±
st-anmdard error of four experiments.

Additions 32P incorporation

case. It- seems reasonable to assume that

CTP phosphorylates this enzymes ir the

same matnner and to the same extent as ATP

docs, but not in ti-ne presence of ATP (see
ref. 14).

If n-ill f-he nucleotides tested phosphorylate

this enzyme, then the phosphoenzymes

forrne-d from each substrate should be chem-

ically similar and thus the incorporated

phosphates should turn over n-it ti-ne same rate
(Fig. 2). Thus f-he amount- of P, released from

each substrate in the absence of K+ should be

directly proportional to ti-ne steady state
levels of E-P. Table 6 shows that the rate of
re!ease of P, from the nucleotide substrates
used in Fig. 1 corre!ates we!l with the initial

rates of [3H]ouabain binding supported by
them. Tinese data agree with other evidence

that ITP and UTP can phosphorylate this
enzyme (15-17), and suggest that ti-ne differ-
ent levels of phosphory!ation of the enzyme

by these substrates account for the observed

differences in the initial rates of [3H]ouabain-n

binding.
Among f-he nuc!eotides tested, ADP is

atypical in ti-nat it is a much more effective
inhibitor of phosphorylation by fry-32P}ATP

(Table 3) than a substrate for this enzyme

(Table 6). This discrepancy is presumably

due to ADP competitively displacing ATP
without phosphorylating ti-ne enzyme (11,

14). If this is so, it should be possible to

inhibit ti-ic ATP-depenndent bit-iding of [3H]

ouabain with concentrations of ADP which

prevernt the phosphorylnition of this enzyme

by ATP. Figure 3 shows ti-nat concentrations

of ADP which almost comp!ct-ely inhibited
the phosphory!ation of this enzyme by ATP
(11) markedly inhibited ATP-dependent

[3Hjouabain binding. The data show that

ADP at- rnil!imo!ar conc-ntrations bound to

the enzyme (14) tightly enough-n to block ti-ne

phosphorylation from ATP, b-i-it did not sup-
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FIG. 2. Rate of turnover of phosphoenzyme formed from [y-’2PIATP and [-y-2P�CTP

Rat brain enzyme was labeled wit-h [-y-P]ATP or [-y-3P]CTP as described in the text. Five seconds
after starting the labeling reaction (indicated as zero time), 2 mis unlabeled ATP or CTP was added,
and the reaction was stopped at the indicated times. The amount of labeling found at each tin-ne point
was plotted as a percentage of that observed at zero time wit-h ATP �) or CTP (0). Each point is the

mean ± standard error of four experiments.

port more ouabain binding than cou!d be

accounted for by the re!ease of P,. The data

suggest that the Na�-Mg2�-ADP-enzyrne
complex per se is not the binding species.t

These results show that CTP can phos-
phorylate the (Nat + K�)-ATPase, and

strongly suggest ti-nat the other nuc!eotide
triphosphates can a!so. This hypothesis is

borne out by other data which indicate that
ITP and TJTP can also phosphorylate the

(Nat + K�)-ATPase (15-17). The observa-
tion that [#{176}y-32P]CTP-dependent labeling was

displaced by ATP after 30 sec explains the
report by Fahn et al. (18) that only ADP

reduced 32� incorporation from fry-32P]ATP
at 1 mm after labeling. However, their ob-
servation that [#{176}y-32P}ITPdid not phosphory-
late electric cc! (Nat + K�)-ATPase is more

‘When this paper was submitted for publica-
tion, Hansen, Jensen, and Norby had reported
[Nature New Biol. 236, 122 (1971)] that NaADP

does not support ouabain binding and that ADP
inhibits NaATP-dependent [H]ouabain binding.

The data presented here support these observations
and indicate that in ti-ne presence of Mg�, ADP

also inhibits [lllouabain binding due t-c) ATP.

TABLE 6
Sodium-.stirnulated nucleotide hydrolysis

Rat brain enzyme, 10 mM Na4, 5 man (Mg’�-

nucleotide), and 50 flM Tris buffer (pH 7.4) were

incubated for 30 mm at 37#{176}.Ouabain-inhibitable
release of P is expressed as a percentage of that
occurring from ATP (8.7 ± 1.6 j�moles of P, per
milligram of protein per hour. Results are the
means ± standard errors of the number of deter-

minations shown in the last column.

Nucleotide Hydrolysis n

%

ATP 100 6

ITP 96.9±14.0 4

UTP 62.3 ± 10.6 4

ADP 24.8± 5.3 6

difficult to explain, and may not. apply to
enzymes from mammalian-n species (15, 16;

but see ref. 17).

Many authors, assuming that ti-ne nucleo-
tide-dependent format-ion of phosphoenzyme

is highly specific for ATP, have attributed
ti-ne effects of CTP, ADP, and other nucleo-.

tides (5-7, 19, 20) to simple binding of these



�-:

262 SHORT COMMUNICATiON

0

-c

100

80

60

40

20

Fic,. 3. Inhibition of ATP-supporterl llllocwhain binding by ADP

The curves sinow the initial rates of [1llocuabaimn binidiung supported i)y 0.1 n�t ATP (0), 4 mi�n ADP

(Li), an-id these suubstrrntes combined (L�). Other conditi-i-ins were the same as described in-n Fig. 1. Values
are expressed as a percent age -i f t he hi nudi ng observed wi t h 0 . � mm-it ATP at 3 n-n-nini (25 ± 5 .5 Pnloies of
[:(IIlo(ui)flifl i-ie-r milligrani c)f 1)rc-iteinl). Fach value is the r�ean ± stanndnird error f four determinations.

nnuele-otide-s by tine- e-nnzvme-. They have- sug-

ge-sted t-hntt binding of nnucleotides by (Nat

+ J�+)&’fI)ntse- induce-s conforniational
eiuntngo-s il-n the’ c’nzynnc- which are the basis of
t 1-ne nnucie-c)t ido- -d -pe-tndent- modifications of

u s j)n-irti-i-il re-act ion stquence-s [[3H]ouabain

bundiung (3) annd /)-nnitroj)hc’ny! piiospiiat-ase-

:tctivit-v (20)]. The-se intc’rj)re-tnttionS must be

e-asse-ssec! inn f-itt- light of tine- data present c’el

I ce-re, �vi nich support intcrpretat ion-is attrib -

uting a i)rimn-iry i-ole’ in-n these even-its to ti-ne
formation of I)ilosi)hoenZ�’flie . In i)art-icular

ti-ne-se observations support the suggestions

of Robinsonn (21), Se-n an-nd co-workers (3, 4,
22), and Mat-sui nine! Schwartz (2) concerning

tine role of ti-ne phospiuoenzynie in the nuc!eo-
t ide-stimulated i)inosl)hatntsc and [3H]oua-

bainn-binding reactionns.

Ti-ne mechanism by which the ouabain-

inni-nibitab!e release of P1 from ADP occurs

is not clear. “ADPase” values of 1.5 % (9),

10 (� (23) , and eve-n 68 (;;� (24) of the rates

of inydrolysis of �r�p have- been reported by

various autinors. Tinis variation from prep-

ntrationn to l)r(’p-i-iration supports suggc’stions

that ti-ic- re-lease may occur via conta-min-nating

nclcnnvlate kinase (4, 23, 24). 1-�urt-hc-rmore,
otiner (-xperimc-nts in fins laboratory have
shown that ti-ne addition of glucose an-ic! hexo-
kina-se can significantly re-e!uec the initial

rate of [Hjouabain him!ing due’ to ADP.
Ho�ve-v-r, inint!c-r son-i-nc’ cinccnnisf n-it-ice-s dADP,

re-port-edly n-i poor substrate for ntdenylate
kinase (24), en-in-n support the same initial rate

of [H]ouabain binnding as ATP. This

phennomenon is be-ing inivest-igated.
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