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SUMMARY

1. Literature reports differ whether Nat or K+ is required for formation of an
acid-stable intermediate in acetyl [*?]phosphate hydrolysis by K-+-phosphatase
(acyl phosphate phosphohydrolase, EC 3.6.1.7) preparations. We have reinvesti-
gated this question by using detergent treatment and gel filtration at neutral pH to
isolate labeled protein.

2. Binding of 2P to the enzyme is stimulated by Mg?*, and decreased by K-+.
No Nat requirement is seen, although Na+* partially prevents discharge of labeling by
K-+. These effects are consistent with the corresponding ion effects on acetyl phosphate
hydrolysis by the enzyme.

3. K+-phosphatase inhibitors such as ATP, ADP, P; and 5,5'-dithiobis-
(2-nitrobenzoic acid) (DTNB) cause corresponding decreases in the labeling. Similar
effects of DTNB on the Nat-dependent ADP-ATP exchange activity suggest involve-
ment of the same intermediate.

4. Labeling by [32PJorthophosphate is affected differently by K+, a stimulation
being observed.

5. Quabain increases labeling by both substrates. That derived from acetyl
phosphate remains K+ dischargeable, whereas that from orthophosphate is less affected.

6. No transfer of 32P from acetyl phosphate to ADP, nor C from acetate to
acetyl phosphate, could be demonstrated under a variety of ionic conditions.

INTRODUCTION

Membrane preparations containing the (Nat,K+)-ATPase (ATP phosphohy-
drolase, EC 3.6.1.3) invariably also contain a K+-phosphatase (acyl phosphate phospho-
hydrolase, EC 3.6.1.7) activity in constant proportion!. The common K+ requirement
and particularly the sensitivity to cardiac glycosides of both these activities?.? is

Abbreviations: (Na+, K+)-ATPase, the membrane adenosine s5’-triphosphate phospho-
hydrolase (EC 3.6.1.3) requiring simultaneously Na+, K+ and Mg2+ for full activity; K+-phos-
phatase, the membrane acyl phosphate phosphohydrolase (EC 3.6.1.7) requiring both K+ and
Mg?+ for full activity; DTNB, 35,5’-dithiobis-(2-nitrobenzoic acid).

* This work was taken in part from a dissertation submitted by W.F.D. to the Graduate
School of the University of Arkansas in partial fulfillment of the requirements of the degree of
Master of Science.
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REACTION SEQUENCE OF KT-DEPENDENT PHOSPHATASE 651

strong presumptive evidence that both are enzymic manifestations of the Na+ pump.
Even the most highly purified (Na+,K+)-ATPase preparations contain undiminished
Kt-phosphatase activity* 3. The lack of a Na+ requirement for the K+-phosphatase
(indeed, inhibition by Na* is observed) suggests that this activity reflects the terminal
stages of the reaction sequence of the (Na+,K+)-ATPase.

A few investigators have studied the reaction sequence of the K+-phosphatase
using radioactive acetyl phosphate as substrate. HEMs® has reported that [3H]acetyl
phosphate does not label the enzyme. On the other hand, other laboratories have
reported either a Mg?+, Nat-dependent”® or a Mg?*+, K+-dependent? labeling of K+-
phosphatase preparations by acetyl [32P]phosphate using acid precipitation to isolate
the labeled enzyme.

Because of the above discrepancies in the literature regarding Nat and K+
effects on labeling, we have reinvestigated the question using an alternative isolation
procedure. NAGANO et al.1% showed previously that one can use detergent to stop the
labeling reaction (using [y-32P]ATP), followed by isolation of labeled protein by gel
filtration at neutral pH. We have confirmed their findings for the Nat-dependent
phosphorylation of the enzyme by [y-32P]ATP using the detergent method and have
extended this procedure to the acetyl [3?P]phosphate labeling of the enzyme. Our
results show that labeling of the phosphatase measured in this manner is neither
Nat- nor K+-stimulated, but requires only Mg2?+. As reported by other laboratories for
the acid-stable labeling”8, the presence of K+ discharges the Mg?+-dependent deter-
gent-stable labeling. These findings permit the postulation of a more reasonable reac-
tion sequence for the K+-phosphatase.

METHODS

Isolation of (Nat,K+)-ATPase

Bovine brain was obtained immediately after slaughter and kept chilled. The
gray matter was removed, weighed and homogenized for T min at low speed in a
Waring blendor in 5 vol. of a medium consisting of 0.25 M mannitol, 0.03 M Tris,
pH 7.4,at 0°and 1 mM EDTA. The resulting homogenate was then centrifuged and
the fraction sedimenting between 150000 and 6000000 X g-min isolated. The pellet
sedimenting at 150000 X g+ min was rehomogenized in the same volume of buffer and
the microsomal fraction again isolated, this process being repeated twice. The isolated
microsomes were suspended by hand in water with a Teflon homogenizer, the protein
content determined!!, and then frozen in suitable aliquots.

As needed, enzyme preparations were thawed and resuspended with a Teflon
homogenizer. The suspension was treated by the method of NAKAO ¢f al.1? to remove
more than 959% of the (Na+,K*)-independent activity, along with 709, of the total
protein, resulting in a membranous enzyme preparation with a (Nat+,K+)-ATPase
specific activity of 40-50 pmoles/mg per h. The ratio of K+-phosphatase activity to
(Nat,K+)-ATPase activity was 0.74 with a standard deviation of 0.16 (n = 20).

Enzyme assays.

K+-phosphatase activity was assayed in 1 ml of a medium containing 25 mM
Tris, pH 7.4, at 37°, 0.4-0.6 mg protein, 4~6 mM acetyl phosphate (Tris salt), 5 mM
MgCl, and 15 mMKCl. A blank omitting the KCl was subtracted to determine the
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652 W. F. DUDDING, C. G. WINTER

K+-dependent activity. This activity agreed well with the ouabain-sensitive phospha-
tase activity. Disappearance of acetyl phosphate was followed by the method of
LipMANN AND TUTTLE®, the assay being terminated with hydroxylamine reagent
after 3 min. The loss of acetyl phosphate was linear with time and protein concentra-
tion in the range used in these studies.

(Nat,K+)-ATPase activity was measured in the same buffer system except that
100 mM NaCl was also present and 5 mM ATP was the substrate. A blank omitting
both Nat and K+ was subtracted before calculating the Nat, K*-dependent activity,
which was equal to the ouabain-sensitive activity. Phosphate release was measured by
the method of GoMoRI™ and was linear with time and protein concentration in the
range used in these studies.

ADP-ATP exchange activity was measured by the method of GLazE AND
WaDKINSS, Each tube contained 5 mM ADP and 3 mM ATP and there was no
significant change in these concentrations during the course of the reaction. All other
conditons were as for the (Nat,K+)-ATPase assay, except K+ was omitted. A Na+-
free control was used to estimate the Na*-independent activity.

Labeling studies.

The standard reaction mixture of I ml contained 1.z mg of protein and various
concentrations of other species and radioactive substrate. Nat and K+, when added,
were at 100 mM and 15 mM, respectively. Incubation was usually for .10 sec, always
at 37°. The reaction was initiated with the radioactive substrate and terminated by
adding 1.0 ml of 0.2 M lauryl sulfate, Tris salt, pH 7.4. The clarified mixture was
placed immediately on a Sephadex G-50 column (1 cm X go cm) and the protein
separated from low molecular weight labeled material by elution at room temperature
with water. Fractions were collected and aliquots taken for duplicate protein assay
and counting on a gas-flow counter. Protein was recovered quantitatively and the
total incorporation of 32P into this fraction was divided by the amount of protein to
calculate the specific radioactivity.

MATERIALS

Carrier-free Hy3?PQ, was purchased from New England Nuclear Corporation.
The dilithium salt of acetyl phosphate was obtained from Worthington Biochemical
Company and converted to the Tris salt by passage over Dowex-50-Tris. Miles Labo-
ratories supplied disodium ATP which was also converted to the Tris salt. Sephadex
G-50 and Trizma base (Tris) were from Sigma Chemical Company. Sodium lauryl
sulfate was from Eastman Organic Chemicals, and was converted to the Tris salt.
Mannitol, trichloroacetic acid, EDTA and other chemicals used were reagent grade.

Synthesis of acetyl [32Plphosphate and [32P]lorthophosphate.

Carrier-free 32P; in 2 mM HCI was made 0.1 M in HCI and heated to 100° for 10
min to hydrolyze any pyrophosphate present. It was then applied to Dowex-1-OH~
(200-400 mesh, 1.3 mequiv/ml, 0.45 cm X % cm) and eluted with o.1 M HCI to
remove traces of radioactive impurities which remain on the column. The radioactive
material was collected and evaporated to dryness at temperatures below 50°. The
residue was taken up in 5 ml distilled water and evaporated to dryness five times to
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REACTION SEQUENCE OF Kt-DEPENDENT PHOSPHATASE 653

remove the HCI. The final residue was taken up in 5 ml distilled water and an aliquot
counted. If used for labeling studies, it was mixed with unlabeled orthophosphate
converted to the Tris salt, pH 7.4.

For acetyl[32P]phosphate synthesis!®, the carrier-free stock 3P; was mixed
with 25 ul 1.0 M potassium phosphate, pH 7.4, and evaporated to dryness. The residue
was dissolved in 100 pl distilled water, 40 ul pyridine was added and the mixture
placed on ice. 10 pl acetic anhydride was added, followed after 2 min by 25 pl 4 M
LiOH, and then by 1.15 ml absolute ethanol. This mixture was shaken for 1 h in the
cold on a wrist-action shaker, and then filtered through a sintered glass filter, trapping
the precipitated dilithium acetyl[32P]phosphate. This precipitate was washed twice
with 1.15 ml portions of ethanol and dried at room temperature in a vacuum desiccator.
It was taken up in 3ml of 0.1 M Tris, pH 7.6 at 37°, placed on a 0.45 cm X 7 cm
Dowex-50-Tris column, and eluted in the cold with distilled water. After adjusting
the pH to 7-8 with Tris, the concentration of acetyl phosphate was determined as
the hydroxamate and the total phosphate and 3P contents measured. Yields ranged
from 80-1009% and the product showed negligible contamination with orthophos-
phate. The infrared spectrum of the unadulterated radioactive acetyl phosphate
showed the absence of 1580-cm~! and 860-cm~! peaks attributable to acetate and
inorganic orthophosphate, respectively.

Synthests of [y-32PJATP.

Carrier-free 32P; was used as purchased in the procedure of GLYNN AND
CHAPPELL¥ to make [y-32P;]ATP. This material was neutralized with Tris base and
most of the salt removed by passage through a column of Sephadex G-1o.

RESULTS

Ion effects on labeling by acetyl [32P]phosphate.

The effects of Mg?+, Na+ and K+ on labeling of (Na+,K+)-ATPase preparations by
acetyl [32P]phosphate are shown in Table I. Numerous other experiments gave essen-
tially the same results, although the total Mg?+-dependent labeling varies somewhat
with both enzyme activity and substrate concentration*. The binding of 3P is
unaffected by Na+ or K+, but is stimulated 1.6-fold by the addition of Mg?*. The Mg2+-
dependent labeling is discharged or prevented by the presence of K+ in the incubation
medium. This K+-dischargeable labeling has been previously reported by two other
laboratories using acid precipitation to isolate the labeled membranes?-8, but was not
found by SacHs et al.?, who showed a K+-stimulated labeling.

Contrary to the previous reports cited”.8, using our method of assay we do not
see a stimulatory effect of Nat on the binding of 3P to the enzyme preparation. Rather
Nat seems to partially reverse the effect of K+. Since we were concerned that our pre-
parations might contain sufficient endogenous Nat to saturate a Nat-dependent
labeling process**, we prepared enzyme by a second procedure, substituting Tris

* Independent experiments show that extent of labeling is being measured, since total in-
corporation is constant between 5 and 45 sec. Despite variations in extent of labeling from prepa-
ration to preparation, the ion effects described remain reproducible. Addition of a large excess of
unlabeled orthophosphate to the detergent used to stop the reaction did not decrease the extent
of labeling.

i Th?s possibility is unlikely, since exogenous Nat+ markedly stimulates phosphorylation of
these same enzyme preparations by [y-3?PJATP (see DISCUSSION).
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iodide for Nal in the enrichment procedure 2, The labeling pattern observed with this
enzyme preparation resembled closely that seen in Table I. A Mg?+-dependent labeling
was again seen, while the value in the presence of both Mg?*+ and Nat was 74 % that
with Mg?*+ alone.

Labeling by [3*P]orthophosphate.

Because 32P; derived from acetyl [3#P]phosphate hydrolysis might produce
the labeling seen, we measured the binding of radioactive orthophosphate to the pro-
tein under the same conditions. Fig.T compares the labeling by both substrates over a
similar concentration range. In contrast to the labeling by acetyl [32Piphosphate,
which is decreased by K+, 32P; labeling is actually increased by this ion. Since the
time of reaction with acetyl [32P]phosphate never exceeded 10 sec, the actual con-
centrations of orthophosphate present were far below those of Fig. 1. Hence, labeling
by orthophosphate is unlikely to account for the Mg%+-dependent labeling with acety!
phosphate. Furthermore, the effect of K+ on the amount of [3?P]-labeled enzyme
produced differs for the two substrates.

Effect of K+-phosphatase inhibitors.

Table IT shows the effects of certain inhibitors of the K+-phosphatase on the
Mg?+-dependent labeling of the enzyme by acetyl [3*P]phosphate. Incubation of the K+
phosphatase with 4.5 mM 35,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) at 37° comple-

TABLE I

EFFECT OF Mg?t, Nat aNnD K+t oN LABELING OF (Nat, K+)-ATPase PREPARATIONS BY ACETYL
[**P]PHOSPHATE

Enzyme was incubated with acetyl [*?P]phosphate at 37°. The reaction was terminated and
amount of bound label determined as described under METHODS. Each experiment used a different
enzyme preparation. All values are expressed relative to the Mg?+-containing sample.

Expt. Mg+ Acetyl phosphate lons present Relative amount
(mM) (mM) of labeling
I 1.0 0.45 Mg2+ 100™*
Mg2+, K+ 7L.5
Mg?+, Na* 100.4
Mg?+, Na+, K+ 83.4
2 0.5 0.5 Mg+ 100™*
Mg?t, K+ 70.1
Mg?+, Nat 96.8
Mg?+, Na+, K+ 98.3
3 5.0 1-3 Mg?+ 100*" (n = 8)
Mg2+, K+ 54.6 + 82" (n=4)
Mg2+, Na+ 88.8 &+ 7.8 (n = 4)
Na+ 68.6 + 13.6™ (n = 4)
K+ 62.4 + 10.37 (1 = 4)
None 62.9 + 6.17 (n = 3)

* Values are mean + S.D.

** Labeling in the presence of Mg2?+ varied between 14 and 22 pmoles 32P per mg protein
with 0.5 mM acetyl [*2P]phosphate and 250500 pmoles/mg protein at higher substrate concen-
trations. The enzyme used in Expt. 3 was considerably more active than that used in either
Expt. 1 or 2.
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tely inactivates it in parallel with the (Nat+ K+)-ATPase (Table I1I). Under these
same conditions, the Nat-dependent ADP-ATP exchange activity of the enzyme is
also completely inhibited (Fig. 2). Inhibition of each enzymatic activity is reversed
by addition of dithiothreitol (results not shown). Results to be reported elsewhere
show that the Na*-dependent labeling of the enzyme by [y-32P]ATP is also blocked by
DTNB.

The inhibition of overall K+-phosphatase activity by ATP and ADP has been
reported previouslyl?, as has that by orthophosphate!®. Both nucleotides inhibit the
Mg?**-dependent labeling by acetyl [32P]phosphate. It appears that a portion of the non
specific labeling is also blocked by ADP and ATP. The effect of orthophosphate is

TABLE II
EFFECT OF SEVERAL Kt-PHOSPHATASE INHIBITORS ON LABELING BY ACETYL [3?P]PHOSPHATE

Enzyme was incubated with 0.05 mM substrate for 5 sec at 37°. In the DTNB experiment,
enzyme was incubated 10 min with DTNB before carrying out labeling. All samples contained
5 mM Mg2+.

Expt. Additions or deletions Labeling relative

to control

1 None 100
+ 4.5 mM DTNB 68
+ 4.5 mM DTNB, —Mg**+ 61

2 None 100
+ 5 mM MgATP 41
+ 5 mM MgADP 35
+ 5 mM MgATP, 4 100 mM Na+ 35

3 None 100*
+ 13 mM P; (Tris) 93

4 None 100*"
+ 15 mM P (Tris) 81

* 10 sec, 1.6 mM substrate.

** 10 sec, 2.3 mM substrate.

TABLE III
PARALLEL INHIBITION OF K+-PHOSPHATASE AND {Nat+, K+)-ATPase By DTNB

The time shown in the first column is the duration of exposure to DTNB prior to addition of
substrate. All samples contained DTNB during the additional 3 min required to measure activity
remaining (which represents av. activity over that interval). DTNB concn., 4.5 mM.

Time Relative activity”

(min)
(Nat, K+)-ATPase K+-phosphatase

21 24
1 17 19
5 0.3 4

10 o o

* Untreated control taken as 100.
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somewhat less than expected. The concentrations of orthophosphate used in Table 11
inhibit the K+-phosphatase about 8o % when assayed at 5 mM acetyl phosphate con-
centration.
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Fig. 1. Comparison of labeling of enzyme preparation by acetyl [*2P]phosphate and [**P]Jortho-
phosphate. Enzyme was incubated for 1o sec at 37° with the radioactive substrate and the
[32Plenzyme analyzed as described under MmETHODs. Circles, acetyl [*3P]phosphate; triangles,
[32PJorthophosphate. Open symbols, Mg?+; filled symbols, Mg?+, K+.

Fig. 2. Effect of DTNB on Nat-dependent ADP-ATP exchange activity. Enzyme was incubated
10 min with and without 4.5 mM DTNB. The ADP-ATP substrate mixture was added and
incubation continued for 16 min. Open symbols, control; filled symbols, with DTNB. Triangles,
Mg?+, Nat; circles, Mg2+ only.

TABLE 1V
EFFECT OF OUABAIN ON LABELING OF K7*-PHOSPHATASE BY ACETYL [*?P]PHOSPHATE

Enzyme was preincubated 30 min at 25° with 10-3 M ouabain in the absence of K*. K+ was
added to the samples indicated and incubation continued for an additional 3 min at 37°. Labeling
was then carried out as described under METHODS. In Expt. 3, values are mean 4+ S.D. (» = 3).
Each experiment utilized a different enzyme preparation. N.D., not determined.

Expt. Ouabain Relative labeling
No added cations Mg+ i Mg?*t, K+
I — N.D. 100 68.6
+ N.D. 370 258
2 — 64.5 100 N.D.
+ 69.7 228 N.D.
3 — N.D. 100 65.6 -4 6.7
+ N.D. 411 + 29 153 =+ 38

Exchange experiments.

The reversibility of labeling by acetyl [3P]phosphate was tested in two ways:
(1) We looked for a [!C]acetate—acetyl phosphate exchange reaction; and (2) we
attempted to demonstrate transfer of 32P from acetyl phosphate to ADP to form
[y-22P]ATP. Neither of these reactions occurred to any detectable extent in media of
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various ionic compositions. SACHs et al.® previously reported the absence of an acetyl
phosphate-ATP exchange in similar preparations.

Effect of ouabain.

The effect of ouabain on the labeling of the enzyme by acetyl [3P]phosphate
is shown in Table IV. Curiously, a very large increase in the amount of bound radio-
activity is observed, but this labeling is still partially decreased by K+. The Mg?*-
independent labeling is unaffected by ouabain. These results differ from those seen
with 32P; (Table V): With this substrate ouabain-treated enzyme shows an enhanced
Mg?+-dependent binding but the ability of K+ to increase or decrease this labeling
varies with the substrate concentration (columns 4 and 5, Table V).

TABLE V
EFFECT OF OUABAIN ON LABELING BY [*?P|ORTHOPHOSPHATE

Experimental procedure as in Table IV. Mg?+ concn., 5 mM.

32P; concn. pmoles 2P per mg protein
(mM)

Control Ouabain added

Mg+ Mg+, K+ Mg2+ Mg?+, K+

2.7 79 176 138 185

5.3 119 277 189 215

8.0 145 304 234 221
10.7 191 299 260 214
DISCUSSION

As previously reported using the acid precipitation method”.$, we find a K+-
dischargeable labeling of (Na+, K+)-ATPase preparations by acetyl [32P]phosphate,
but do not confirm the results of SACHS et al.® Our results do not discriminate between
K+ inhibition of labeling and a K*-stimulated dephosphorylation, but the latter
possibility seems more likely. In contrast to the previous reports?.%, we do not find any
Nat-dependence of the labeling with this substrate. The lack of a Nat requirement
contrasts strongly with the definite Na* stimulation of labeling by [y-32P]JATP seen
in these same preparations using the detergent-gel filtration method (Table VI, refs.
10 and 28). Furthermore, use of Tris iodide to prepare enriched enzyme!2, which
should deplete any endogenous Nat in the membrane preparation, produces no
change in the labeling pattern (see text). Therefore, while it is possible that the effect
of Na+t may differ when the intermediate is trapped by the two different methods, it is
nevertheless interesting that the ion effects observed in our studies are more easily
reconciled to the known ion requirements of the enzyme. The K+-phosphatase has no
apparent Nat requirement, in fact being somewhat inhibited by added Na*. Our
particular enzyme preparation shows Nat inhibition to a degree comparable to the
depression of the acetyl [*?P]phosphate labeling by the same concentration of Na*.

Little is known about the Mg?+-independent, K+-stable labeling. It is not
affected by either alkali metal ions or by ouabain, and on these grounds may probably
be attributed to some process not involving the Nat pump. This fraction is also
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TABLE VI
EFFECT OF Mg?t, Nat aND K+ ON LABELING oF (Nat, K+)-ATPase PREPARATIONS BY [y-32PJATP

Enzyme was incubated with [y-2P]ATP at 37° and analyzed for bound radioactivity as described
under METHODS. Expts. 1 and 2 represent different enzyme preparations. Numerous other enzyme
preparations gave essentially the same results.

Expt. ATP ITons present Relative labeling”™

(uM)
I 15 Mg2+ 51.8 4+ 9.9 (n = 5)
Mg2+, Na+ 100**
Mg?*, Nat, K+ 379 £ 1.6 (» = 3)
2 34 Mg+ 59-1, 64.7
Mg2+, Nat 100
Mg?*+, Nat, K+ 31.6, 42.0
Mg2+, K+ 28.8, 26.9

* Mg?+, Na*-containing samples taken as 1o00.
** Labeling in the presence of Mg?+ and Nat averaged 62.4 pmoles/mg protein in Expt. 1
and 108.4 pmoles/mg protein in Expt. 2.

apparently stable to 0.5 M hydroxylamine, whereas the K+-dischargeable fraction is
not (unpublished results). The K+-stable labeling is unaffected by the addition of
unlabeled orthophosphate to the detergent used to stop the reaction, and apparently
does not saturate easily when the reaction is carried out with added amounts of
unlabeled substrate (Fig. 1). This behavoir contrasts with that of the K+- discharge-
able labeling, which is already apparently saturated at 2 mM acety! phosphate. The
inability to saturate the system with substrate in the presence of K+ suggests some
sort of physical occlusion process, not involving specific binding sites. A similar effect
is seen with K+-independent labeling by 32P;.

The labeled protein derived from 32P; does not show a K+-dischargeable compo-
nent, but rather an increase in bound 32P in the presence of this ion. Other workers
have found amounts of acid-stable labeling with this substrate similar to those found
here!?.20, LINDENMAYER ¢f al.?! first reported a K+-stimulated, acid-stable labeling
using carrier-free 3P;, but this labeling was abolished by adding carrier orthophos-
phate.

These results are consistent with the following scheme depicting the reaction
sequence of the (Na*t,K+)-ATPase.

+ Nat

ATP + E¥E88s g _p 4 ADP (1)

E P &= EgP (2)
K+

E,P = E+ P (3)

Acetyl phosphate 4 E Me* B .—P + acetate (4)

Reactions 1—-3 have been postulated by numerous investigators as an overall reaction
sequence for the (Na+t,K+)-ATPase. Reaction 4 has simply been added to explain the
observations here. In this latter reaction acetyl [3P]phosphate is seen to phosphory-
late the enzyme in the presence of Mg?+ to produce E,—P, that phosphorylated form
incapable of participating in ADP-ATP exchange??. This reaction is considered to
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be irreversible because of the failure to observe [*Clacetate-acetyl phosphate ex-
change under our experimental conditions (see text). The lack of reaction of E,-P
with ADP that we also find (text) agrees with the results of KuME aND Post?? re-
garding the reversibility of Reaction 2. However, a dashed line is indicated for reversal
of Reaction 2 since other workers??-25 can reverse the pump under special conditions
using intact erythrocyte ghosts, where defined interior and exterior compartments
can be maintained experimentally.

Our results with K+ using the two radioactive substrates suggest that this
ion simply brings Reaction 3 into play, and that this reaction is somewhat readily
reversible: A discharge of E,~P occurs, but does not proceed to completion. Conver-
sely, partial synthesis of E,~P from E and P; is allowed in the presence of K+. Na+
competes with K+ for this step, but is not effective catalytically. Apparently the rate
of the forward reaction is greater than that of the reverse, since unlabeled orthophos-
phate does not lower the extent of labeling very dramatically. In addition, orthophos-
phate has been shown to be competitive with p-nitropheny! phosphate as substrate for
the K+-phosphatase!®, accounting for its effect on overall enzyme rate. Since we are
measuring the extent of an irreversible labeling process, the level of labeling seen will
not necessarily reflect the competitive inhibition by orthophosphate of its rate.

The effect of DTNB on labeling is consistent with, but does not prove the
view that acetyl phosphate phosphorylates the enzyme. This is supported by the fact
that DTNB blocks both ADP-ATP exchange activity and phosphorylation by
[y-32P]ATP of the enzyme. If the phosphorylated intermediate derived from ATP and
acetyl phosphate is indeed one and the same8, one would then expect DTNB to
inhibit its formation in either case, as observed here.

The stimulation of acetyl [32P]phosphate labeling by ouabain, with retention of
its K+-sensitivity, is somewhat harder to understand. It is noteworthy that the
amount of labeling in the presence of Mg?*, K+ and ouabain is generally higher than
that in the presence of Mg?+ alone. Ouabain appears to stabilize the labeled enzyme
regardless of whether orthophosphate or acetyl phosphate is the substrate. SEN et al.2
have previously reported the stabilization of the phosphorylated form of the enzyme
by ouabain?®. However, under our conditions, blockage of the K+-dependent dis-
charge is not complete, even though overall K+-phosphatase activity seems to be
completely inhibited. On must remember that with the labeling reaction we are
measuring a small amount of intermediate (of the order of pmoles), whereas overall
enzyme rate measurements involve 10% times as much material being handled by the
system. Since the turnover of the labeled enzyme seems to be so rapid (labeling is al-
ready at a maximum in 5 sec at 37°), a small ‘leak’ caused by K+ will rapidly dissipate
the intermediate even though very little enzymatic activity is occurring.

The effect of K+ on labeling by 3P; in the presence of ouabain is somewhat
variable, with a stimulation at low concentrations and a partial discharge at high
concentrations (Table V). This latter observation may relate to the reported discrep-
ancies in the literature regarding the role of K+ in this process!® 21.2,

Nucleotide inhibition of acityl [3P]phosphate labeling is independent of Na*,
an observation previously reported for overall K+-phosphatase activity® %. The
unsuccessful exchange experiments attempted (text, ref. 9) appear to rule out turn-
over of a common intermediate as the means of depressing leteling.
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