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SUMMARY

The microsomes of turtle bladder epithelinm contain a K+-stimulatable,
ouabain- and/or Na*-inhibitable p-nitrophenyl phosphatase with an absolute require-
ment for Mg2?*. The optimal pH range was 7.2—7.3 in the imidazole-histidine buffer
system used. Treating the data in terms of Michaelis-Menten kinetics, the apparent
K,'s were as follows: for p-nitrophenyl phosphate, 0.6 mM; for Mg%**, 0.6 mM;
and for K+, 1.0. Substrate inhibition was observed for p-nitrophenyl phosphate,
Mg?+, and K+ at concentrations exceeding 4.0, 4.0 and 160 mM, respectively. 0.1 mM
ouabain, or 100 mM Na*, completely inhibited the p-nitrophenyl phosphatase
activity, and each inhibitor reacted competitively with K+ for enzymes sites (K;
for ouabain = 25 nM and K; for Na* = 3.0 mM). The inhibitory action of N-ethyl-
maleimide was dependent upon the time of pre-incubation of the microsomes with
N-ethylmaleimide. Related to the question of whether p-nitrophenyl phosphatase is
the same as or distinct from (Nat 4 K*)-ATPase, i1s the fact that p-nitrophenyl
phosphatase activity is inhibited competitively in the presence of ATP.

INTRODUCTION

Microsomal preparations from many tissues have a (Nat +4 K-)-dependent
ATPase!~%, which has been related to the transport of Na~ and K* across the cell
membrane on the basis of evidence recently reviewed by Skou®, HEINz® and ALBERS”.
Microsomes also contain other enzymatic activities including a K+-stimulated acetvl
phosphatase and a K+-stimulated p-nitrophenyl phosphatase. Acetyl phosphatase
has been found in kidney and brain microsomes®?, and p-nitrophenyl phosphatase
has been found in the electric organ of eels!®, red blood cells'* and white blood cells!2.

In all cases reported®-'2, both acetyl phosphatase and p-nitrophenyl phospha-
tase were inhibited by ouabain and Nat. Whereas the relationship between either
of the two phosphatases and transport is not yet clarified, WooniN axnp WIENEKE!?
has claimed that the K+-dependent p-nitrophenyl phosphatase may be related to
K~ transport in the white blood cells.

The purposes of the present paper were: to investigate the K+-dependent
p-nitrophenyl phosphatase in the microsomal fraction isolated from mucosal cells

* Mailing address: Institute for Medical Research and Studies, 220 East 23rd Street, New
York, N.Y. 10010, U.S.A.
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of turtle bladder; to evaluate the kinetic parameters such as Ky, K; and v, of
p-nitrophenyl phosphatase activity with respect to the concentration of p-nitro-
phenyl phosphate and with respect to the concentrations of Mg®t and K+; to deter-
mine the effect of pH; and to determine the effect of various inhibitors such as
Na*, N-ethyhnaleimide, ATP, and sodium azide.

METHODS

The procedures for isolating mucosal cells from freshly excised turtle bladders
together with those for the ultracentrifugation, fractionation, and isolation of the
microsomal pellet have been described in detail previously!. Protein concentration
of the microsomes, determined by the method of Lowry ¢f a/.13, was used as the nor-
malizing parameter for enzyme activity.

The composition of reaction mixture, expressed in terms of final millimolar
concentration was: the disodium salt of p-nitrophenyl phosphate, 4.0 (only in case
of Fig. 1); or usually the imidazole-histidine salt of p-nitrophenyl phosphate, 4.0;
MgCl,, 4.0; imidazole, 20; histidine, zo; KCl, 1o mM. The final pH was 7.3, and an
enzymne aliquot of 0.5 ml containing 150-300 ug of protein was added to the incubation
mixture, the total volume of which was 5 ml. The final concentrations of imidazole
and histidine were increased from 2o to 30 mM by the addition of substrate, the
imidazole— histidine salt of p-nitrophenyl phosphate. The flnal concentrations of imida-
zole and histidine were also 30 mM when the disodium salt of p-nitrophenvl phos-
phate was used as substrate.

After 5 min of pre-incubation, the reaction was started by addition of p-nitro-
phenyl phosphate, and incubated at 38° for 20~30 min. The reaction was stopped by
addition of 5 ml of cold HCIO, 6 °,. Control tubes, carried through all incubations,
were of two types: those without p-nitrophenyl phosphate and those without the
enzyvme. The non-catalytic rate of hvdrolysis of p-nitrophenyl phosphate was zero,
but the lot of p-nitrophenyl phosphate used contained P; amounting 2-3 % of the
concentration of p-nitrophenyl phosphate. Aliquots of the final mixture were analyzed
routinely for P; by the method of BERENBLUM AND CHAIN

The initial reaction velocity was determined by measuring the increment of P;
released into the incubation flask after 30 min of incubation of the appropriate amount
of microsomes with p-nitrophenyl phosphate. Ior an initial concentration of p-nitro-
phenyl phosphate of 4 mM, no more than 159, of total p-nitrophenyl phosphate
was hydrolyzed during the first 30 min of incubation. The amount of P; released
was proportional to the time of incubation for as long as 40 min of incubation at
38°. For a given batch of microsomes at a given time, the rate of P; release was
directly proportional to the amount of protein (150-300 ug) in each incubation
flask. After storage of the microsomes at —20°, the p-nitrophenyl phosphatase activity
decreased with time. The half-life of p-nitrophenyl phosphatase, estimated from
the time-dependent logarithmic decrease of the activity, was 18-19 days.

During the experiments on the ATP-induced inhibition of p-nitrophenyl
phosphatase, the p-nitrophenol released (instead of the P;) was measured spectro-
photometrically in order to insure that the hvdrolytic product originated solely
from p-nitrophenyl phosphate, and not from the added ATP. The spectrophotometric
neasurements were made at 25° in a Beckman DU monochromator fitted with a
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Gilford Model 220 absorbance indicator and a Varian Model G-14 strip chart recorder.
The concentrations of the reactants were the same as in the phosphate experiments.
The substrate was added, mixed, and the change in absorbance measured at 348 mu
(ref. 15), the isosbestic point for p-nitrophenol and p-nitrophenolate ion, where
€ = 5.4-10° M~1-cm~! for both species. The reaction was linear for 1-10 min, and
the initial slope was taken for the calculation of the enzymatic rate.

Preparation of the imidazole-histidine salt of p-nitrophenvl phosphate

1 g of the disodium salt of p-nitrophenyl phosphate (Sigma) was dissolved in
20-30 ml of water and added gradually to a 10-cm column of Dowex 50 X8 (H* form).
Then the column was washed 3 times with 10-ml aliquots of water. I'lame photometric
measurenents indicated that passage through the column replaced more than gg %,
of the Nat+ with H*. The entire effluent (pH 2.0) was collected, and its pH adjusted
to 7.3 by the addition of a mixture containing equimolar amounts of imidazole and
histidine hydroxide.

RESULTS

Table I presents values on mean rates of hydrolysis of p-nitrophenyl phosphate
in four experiments on microsomes under the conditions denoted in the first column.

Under all conditions except Condition d, small increments of P; (over and above
the non-enzymatic blank) were released into the incubation fluid. Apart from the
significance of the small, but detectable releases of Pj, the largest of the small incre-
ments (Condition e) was but 3 % of the amount of P; released, 12.2 umoles/mg per h,
in the presence of Mg?+ + K+ (Condition d).

TABLE 1
EFFECT OF CATIONS AND OUABAIN ON p-NITROPHENYL PHOSPHATASE ACTIVITY OF MICROSOMES

Each value represents the mean 4- S.E. in four experiments. Final concentrations of additions
in incubation mixtures were: imidazole, 20 mM; histidine, 20 mM; Mg?*+, 4.0 mM; K*, ro mM;
Nat, 100 mM; and ouabain, 0.1 mM.”In all cases, final concentration of the imidazole—histidine
salt of p-nitrophenylphosphate was 4.0 mM and the final pH was 7.3 (see METHODS).

Additions p-Nitvophenyl phosphatase
activity .
(umoles Pifmg protein per h) .

(a) Buffer alone 0.15 4- 0.08

(b) Buffer - Mg?+ 0.37 4+ 0.20

(c) Buffer + K+ 0.20 4 0.10

(d) Buffer 4 Mg?+ 4 K+ 12.2 - 0.84

(e) Buffer + Mg?t 4+ K+ 4 Nat 0.40 - 0.25

(f) Buffer 4+ Mg?+ 4+ Kt -+ ouabain 0.45 + 0.15

The activity of the (Mg?*+ + K+)~ dependent, ouabain-sensitive p-nitrophenyl
phosphatase of the turtle bladder microsomes, was considerably greater than that
found in the microsomes of other tissues!®-12, Not shown in Table I are similar re-
sults from sixteen other experiments on freshly prepared bladder microsomes where
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the mean value 4+ S.E. for K*-dependent p-nitrophenylphosphatase was 10.1 + 0.7
pmoles/mg protein per h. The mean values for the Mg?+ and (Na*t + K+)-dependent
ATPase, concomitantly determined in two of the four experiments of Table I, were
26.9 and 40.8 gmoles/mg per h, respectively. The next set of experiments was des-
igned to determine the kinetic parameters of the K+-dependent, ouabain-sensitive
microsomal p-nitrophenyl phosphatase.

Kinetic parameters

The microsomal p-nitrophenyl phosphatase activity is a polycomponent reac-
tion, the velocity of which depends upon the concentration of co-factors such as
Mg?+, and K+ as well as upon that of the substrate, p-nitrophenyl phosphate.
Therefore, the measured or apparent values of kinetic parameters such as K,, and
vmax are functions of both co-factor and substrate concentrations. In what follows
(Figs. 1-3), the apparent values for Ky and vmax are those set by the experimental
conditions defined for each case.

Fig. 1, a Lineweaver-Burk plot of values of reciprocal activity in arbitrary
units versus reciprocal concentration of p-nitrophenyl phosphate, was obtained from
a set of incubation mixtures in which the concentration of microsomes, Mg?*+ and
K+, were fixed while those of p-nitrophenyl phosphate varied from 0.4 to 15 mM.
Treating the data as if they followed simple Michaelis-Menten kinetics, the apparent
Kom (Ks) (between the limits of concentration of o0 and 4 mM p-nitrophenyl phosphate)
was 0.6 mM; and the v, between the same concentration limits was 8.3 umoles/mg
per h. The plot also indicates a pronounced substrate inhibition for concentrations
of p-nitrophenyl phosphate in excess of 4 mM. Not shown is a plot for the same data
in the form of 1/v versus substrate concentration from which the apparent K; (or
Ks) for p-nitrophenyl phosphate was estimated to be 16 mM.

Iig. 2, a plot of values of reciprocal activity in arbitrary units versus reciprocal
Mg?+ concentration, was obtained from a set of incubation mixtures in which the
concentrations of microsomes, K* and p-nitrophenyl phosphate were fixed, while
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Fig. 1. Lineweaver—Burk plot of reciprocal p-nitrophenyl phosphatase activity in arbitrary units
versus reciprocal millimolar concentration of p-nitrophenyl phosphate. The concentrations of
buffer, Mg?*+, Kt and the pH were the same as those described in Table I and in METHODS.
(Activity)-1 is in arbitrary units, taken from raw absorbances prior to correcting for dilution,
aliquot, time of incubation and protein concentration, all of which were constant in any single
set of experiments.

Fig. 2. Lineweaver-Burk plot of reciprocal p-nitrophenyl phosphatase activity in arbitrary

units versus reciprocal millimolar concentration of Mg?+. Other than the Mg?*, the concentrations
offthe constituents were the same as those described in Table I and in METHODS.
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those of Mg?" varied from 0.4 to 25 mM. Between the limits of Mg2?+ concentration
of 0.0 to 4 mM, the apparent K, was 0.6 mM and the v, was 7.2 umoles/mg per h.
Pronounced substrate (Mg?*) inhibition was observed for Mg?* concentrations in
excess of 4 mM and the apparent K; for Mg 2*was 16 mM.

On the basis of data in Figs. 1 and 2, the optimal activity in 10 mM K+ occurs
when the concentration ratio, [Mg?*]/[p-nitrophenyl phosphate] = 1.0. This is
similar to the [Mg2+]/[ATP] ratio required for optimal activity of the Mg?+ and (Na++4-
K+)-dependent ATPase activity in several tissues?5.7.

Fig. 3, a plot of values of reciprocal activity in arbitrary units versus reciprocal
concentration of K+t, was obtained from a set of incubation mixtures in which the
concentrations of microsomes, Mg?*, and p-nitrophenyl phosphate were kept constant
while those of K+ varied from 0.5 to 100 mM.

Between the limits of K+ concentration of 0.5-10 mM, the apparent K, was
1 mM and the v, was 14.1 ymoles/mg per h. Substrate (K*) inhibition was observed
for K+ concentrations in excess of 10 mM, and the apparent K; for K+ was 100 mM.

Since the addition of 100 mM Nat* resulted in nearly complete inhibition of
the K+-dependent p-nitrophenyl phosphatase (see Table I), we decided to examine
the effect of lower concentrations of Nat upon the kinetic pattern of the K+-depen-
dent p-nitrophenyl phosphatase illustrated in Fig. 3. Therefore, the p-nitrophenyl
phosphatase activity versus K+ concentration in the presence of a fixed concentration
of Na+ was determined for a family of such Na+* concentrations, ¢. g. in the presence
of 0, 5, 10, 20 and 50 mM. The K+ concentration was kept below 10 mM to avoid the
inhibitory effect of K+ itself.

Fig. 4 shows five Lineweaver—-Burk plots of values of reciprocal activity in
arbitrary units versus reciprocal K+ concentration in the presence of no Na* (the lower-
most line which is in the same activity range as that of Fig. 3), and in the presence of 5,
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Fig. 3. Lineweaver-Burk plot of reciprocal p-nitrophenyl phosphatase activity in arbitrary
units versus reciprocal millimolar concentration of K+. Other than that of K¥, the concentrations
of the constituents were the same as those described in Table I and in METHODS.

o

Fig. 4. Lineweaver—Burk plot of reciprocal p-nitrophenyl phosphatase activity versus reciprocal
millimolar concentration of KT for a family of Nat concentrations. * — %, [Na*t] = o; O—C,
[Nat] = 5 mM; m— m, [Nat] = 10 mM; O—0, [Nat] = 20 mM; @—@, [Nat] = s50mM.
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10, 20, and 50 mM Na+. Data shown were taken from two consecutive experiments,
one covering Na* concentrations of o, 5 and 10 mM; and the other covering Nat
concentrations of 0, 20, and 50 mM. The line for 100 mM Na*, not shown, is co-linear
with the ordinate.

The five plots shown in the figure indicate that the higher the Nat concen-
tration, the lower the p-nitrophenyl phosphatase activity over the range of K-
concentrations used (1—-10 mM); and that the v, for all five concentrations of
Nat was 10.4 pymoles/mg per h, which suggests that Na* competes with K+ for the
K-activation sites on the microsomal protein. The K; for Na+*, 3 mM, was estimated
graphically from the extrapolation of the plot of apparent K,, for K* versus Na-
concentration. This suggests that the affinity of the p-nitrophenyl phosphate-related
protein for Nat was approx. one-third of that for K- (K,, for K+ = 1.0 mM; see

Fig. 3).

Effect of pH

The effect of pH (over the range 5-8.5) on p-nitrophenyl phosphatase activity
was determined in the presence of 8 mM Na* and 20 mM K+. The concentration of
K+ used, zo mM, was twice that of the other experiments on (Mg2+ + K~)-dependent
p-nitrophenyl phosphatase. This K+ concentration was found sufficient to eliminate
the inhibitory effect of the 8 mM Na* contained in the disodium salt of p-nitrophenyl
phosphate, and provided a convenient means of varying pH (by substitution of
equimolar amounts of KOH for KCl) without changing the final concentrations of
K1, imidazole, histidine, Mg?*, Na~ or p-nitrophenyl phosphate.

Ifig. 5 1s a plot of values of p-nitrophenyl phosphatase activity versus final pH
of the incubation mixturc in one of three parallel experiments on microsomes. [t can
be seen that a pH of 7.2-7.4 was required for optimal activity under the conditions
used. At pH 5, the activity was 38 9, of that at 7.3; and at pH 8.5 the activity was
52 %, of that at 7.3. Data from the two other experiments, not shown in the figure,
fell about a closely similar pattern.
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IFig. 5. p-Nitrophenyl phosphatase activity versus pH of the incubation mixture. The millimolar
concentrations of cations were: Mg?t, 4; I{*, 20; Na*, 8; and p-nitrophenyl phosphate, 4 .

Iig. 6. Semi-log plot of percentage activity of p-nitrophenyl phosphatase versus concentration of
ouabain for three levels of K+t concentration:1, 10, and 25 mM. Other than ouabain and K,
the concentrations of the constituents in the incubation mixtures were the same as those described
in Table I and in METHODS.
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Ejfect of ouabain

The next set of experiments was designed to examine the dependence of ouabain
inhibition upon the concentration of K+ in the incubation mixture.

The microsomal pellet in the presence of Mg2+, K+, appropriate buffer, and
ouabain was pre-incubated at 38° for 5 min before starting the reaction by addition
of p-nitrophenyl phosphate. Increasing the time of the aforementioned pre-incubation
from 5 to 30 min did not significantly change the degree of ouabain-induced inhibition.

Iig. 6 presents a plot of normalized values of p-nitrophenyl phosphatase activity
versus the logarithm of ouabain concentration for a family of three different K-
concentrations. Data presented were taken from one of two identically designed
experimental sets. In each set, the K+ concentrations of the incubation mixtures
were fixed at the three levels (1, 10 and 25 mM) denoted in the figure.

For each of the three concentrations of K+ used, the plots of percent activity
versus log ouabain concentration were linear over the range of ouabain concentrations
denoted along the abscissa. The linear nature of the three logarithmic functions
indicates that the greater the K- concentration (from 1 to 25 mM) the greater the
concentration of ouabain required for any degree of inhibition between the limits of
10-90 % of the control level. This pattern resembled that expected of a competitive
inhibition between K* and ouabain. As anticipated, the plot of 1/activity versus
1/K+ concentration (for each of the ouabain concentrations used) generated a set
of straight lines intersecting at a common value on the 1/activity ordinate, where
Umax 10T K* was approximately the same as that in Figs. 2 and 3; and where the gra-
phic extrapolation of the plot of K, for K+ wersus ouabain concentration indicated
that the K; for ouabain was 25 nM. Nearly complete inhibition of K*-dependent
p-nitrophenyl phosphatase was achieved in the presence of 0.1 mM ouabain, at all
concentrations of K- used in this study.

Effect of N-ethylmaleimide

The addition of N-ethylmaleimide is known to inhibit (Na+ 4 K+)-ATPase,
K+-stimulated acetyl phosphatase, and K*-stimulated p-nitrophenyl phosphatase
from various tissue sources’.8. Moreover, the degree of inhibition was partly depen-
dent upon the time of pre-incubation of microsomes with the inhibitor.

Current experiments on N-ethylmaleimide in the turtle bladder microsomes
were first focused on the relation between the time of pre-incubation of the microsomes
with N-ethylmaleimide and the subsequent degree of inhibition of p-nitrophenyl
phosphatase activity. Two sets of experiments, each involving a control and four
concentrations of N-ethylmaleimide, were performed. IFFor each level of N-ethyl-
maleimide, the time of exposure of enzyme to N-ethvlmaleimide, Mg?+, K+ and
buffer (before starting the reaction with addition of p-nitrophenyl phosphate) was
5, 20 and 30 min. In each case, the same times of pre-incubation and incubation
were applied to the three control mixtures which contained enzyme and all of the
aforementioned constituents except N-ethylmaleimide.

Fig. 7 presents a plot of values of percent activity versus concentration of
N-ethylmaleimide for a family of three pre-incubation periods (5, 20 and 30 min)
in one of the two sets of aforementioned experiments.

It can be seen that the degree of inhibition of the K+-dependent p-nitrophenyl
phosphatase activity increased with increasing time of pre-incubation of the enzyme
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with the inhibitor over the entire range of concentrations (0.01-5 mM) of N-ethyl-
maleimide used. For a concentration of inhibitor of 1 M, the inhibition was 25 9,
after 5 min, 52 9, after 20 min, and 73 % after 30 min of pre-incubation. The concen-
trations of N-ethylmaleimide required to induce 50 % inhibition of activity were:
=5 mM for 5 min of pre-incubation; 1.25 mM for 20 min; and 0.38 mM for 30 min
of pre-incubation.

100-[: 12 /Z ATP=1.2 mM
®
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I'ig. 7. Percentage activity of p-nitrophenyl phosphatase versus concentration of N-ethylmale-
imide. Pre-incubation times are shown within the parentheses over each curve.

Fig. 8. Lineweaver—Burk plot of reciprocal p-nitrophenyl phosphatase activity in arbitrary
units wversus reciprocal millimolar concentration of p-nitrophenvl phosphate in the absence and
in the presence of ATP, the concentration of which is indicated next to cach linc.

Of interest are previously reported data! showing that 45 ¢, inhibition of the
(Nat -+ K+)-ATPase was obtained with 0.1 mM N-ethylmaleimide after 30 min of
pre-incubation of enzyme with inhibitor, a result quite similar to that shown (40 %)
for inhibition of the K+-dependent p-nitrophenyl phosphatase with the same amount
of inhibitor and the same time of pre-incubation (see the lower of Fig. 7).

Of further interest is the fact, reported previously from this laboratory?, that
N-ethvlmaleimide (final concentration, 0.1 mM) reduced the short-circuiting current
of the turtle bladder to zero 30 min after its addition to the bathing media.

Effect of ATP

Because of certain similarities between the reactions of the inhibitors, ouabain
and N-ethylmaleimide, on K+-dependent p-nitrophenyl phosphatase and (Na+t4- K+)-
ATPase it was decided to measure the activity of the former (p-nitrophenyl phos-
phatase) in the presence of ATP. In each of two experimental sets, p-nitrophenyl
phosphatase activity was measured in the absence and in the presence of two concen-
trations of ATP. The p-nitrophenyl phosphatase activity in the presence of ATP was
assayed by measuring the p-nitrophenol released as described in METHODS.

I'ig. 8, a plot of values of reciprocal activity on arbitrary units versus reciprocal
p-nitrophenyl phosphate concentration, was obtained from a set of incubation
mixtures in a Na~-free medium in which the concentrations of microsomes, K+, and
Mg2+ were fixed for two levels of ATP (0.17 and 1.2 mM) while the concentration
of p-nitrophenyl phosphate varied from 0.33 to 6 mM. The three lines generated
between these limits of substrate concentration intersected at the same point on
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the ordinate (1/v,,,), suggesting that ATP competes with p-nitrophenyl phosphate
for occupation sites on the enzyme. The value of v, shown here was obtained at
25°, and consequently was smaller than that estimated in other experiments at
38° (see Fig. 1}.

Effect of sodium azide

Addition of sodium azide to a final concentration range of 0.01-1.0 mM had no
detectable effect on the K*-dependent p-nitrophenyl phosphatase, even after 30 min
of pre-incubation.

DISCUSSION

Some of the properties of K+-dependent p-nitrophenyl phosphatase reported in
this studv are similar to certain properties of (Na* 4 K+)-ATPase that have been
reported by us! and others? 2,

In the case of the turtle bladder microsomes, the pH, the Mg2+t/substrate ratio,
and the Mg?* and K+ concentrations required for optimal activity of either p-nitro-
phenyl phosphatase or ATPase were about the same!. At the optimal K+ concen-
tration, the concentration of ouabain needed for 50 % inhibition of either activity,
K+-p-nitrophenyl phosphatase or (Na*+ K+)-ATPase, was 0.3-0.5 uM, a sensitivity
to ouabain of 10-100-fold greater than that reported for 509 inhibition of either
microsomal activity in other tissues8 1617, The ouabain sensitivity of acetvl phos-
phatase was only 20 % less than that of (Na* 4+ K+)-ATPase in guinea pig kidney and
brain?, but was approx. ro-fold greater than that of (Na* 4+ K+)-ATPase in beef brain®.

Other similarities between the two activities can be made with respect to
the effects of N-ethylmaleimide and the competition between ATP and p-nitrophenyl
phosphate. Thus, pre-incubation of microsomes with o.1 mM XN-ethylmaleimide
for 30 min resulted in a 40-45 % inhibition of either (Na+ 4+ K+)-ATPase or K-
p-nitrophenyl phosphatase; and ATP appeared to compete with p-nitrophenyvl
phosphate for occupation sites on the protein (see Fig. 8).

The main difference in the cationic effect on the two enzyme activities was
that of Nat which stimulated the activity of the (Nat 4 K+)ATPase, but which
inhibited the activity of K*-p-nitrophenyl phosphatase. This qualitative difference
suggests that the hydrolysis of ATP and p-nitrophenyl phosphate is catalyzed via
two mechanisms despite all of the aforementioned similarities. However, data reported
here and elsewhere are not sufficient to determine whether each substrate, ATP or
p-nitrophenyl phosphate, binds with a common site on the enzyme protein or even
whether such binding entails two sites on the same protein, two sub-unit sites on
a polymeric protein or two independent protein units. All possibilities can be made
consistent with any of the available data. The solution of the problem will probably
require the isolation, solubilization, and characterization of one or more pure en-
zymatically active proteins.
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