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SUMMARY 

The microsomes of tu r t le  b ladder  ep i the l ium conta in  a K+-s t imula tab le ,  
ouaba in-  and/or  Na+- inhib i tab le  p -n i t r opheny l  phospha tase  wi th  an absolute  require-  
men t  for Mg 2+. The op t ima l  p H  range was 7 .2 -7 .  3 in the  imidazole  hist idine buffer 
sys tem used. Trea t ing  the d a t a  in te rms of Michael i s -Menten  kinetics,  the appa ren t  
K m ' s  were as follows: for p -n i t ropheny l  phosphate ,  o.6 mM; for Mg ~+, o.6 mM;  
and for K+, I.O. Subs t r a t e  inhib i t ion  was observed for p -n i t ropheny l  phospha te ,  
Mg~% and K + at  concent ra t ions  exceeding 4.o, 4.o and IO raM, respect ively,  o.I  mM 
ouaba in ,  or ioo  mM Na  ~, comple te ly  inhib i ted  the  p -n i t ropheny l  phospha tase  
ac t iv i t y ,  and  each inhib i tor  reac ted  compet i t ive ly  with K ~ for enzymes sites (Kt 
for ouaba in  - -  25 nM and Ki  for N a  ~ - -  3.o raM). The inh ib i to ry  act ion of N-e thv l -  
ma le imide  was dependen t  upon the t ime of pre- incubat ion  of the microsomes with  
N-e thy l :na le imide .  Re la t ed  to the  quest ion of whether  p -n i t ropheny l  phospha tase  is 
the  same as or d is t inct  from (Na + + K+)-ATPase,  is the fact t ha t  p -n i t r opheny l  
phospha~ase ac t i v i t y  is inhibi ted  compet i t ive ly  in the presence of ATP. 

INTROI) UCTION 

Microsomal  p repa ra t ions  from m a n y  tissues have a (Na + + K+)-dependent  
ATPase  1-4, which has been re la ted  to the  t r anspor t  of Na  ~ and K + across the cell 
membrane  on ti le basis of evidence recent ly  reviewed by  SKOU 5, HEINZ n and ALBERS 7. 
Microsomes also conta in  o ther  enzymat i c  act iv i t ies  including a K+-s t imula ted  ace ty l  
phospha tase  and a K+-s t imula ted  p -n i t ropheny l  phosphatase .  Ace ty l  phospha tase  
has  been found in k idney  and bra in  microsomes s,9, and  p -n i t ropheny l  phospha tase  
has been found in the  electr ic organ of eels 1°, red blood cells u and white  blood cells 12. 

In  all cases repor ted  s-12, both  ace ty l  phospha tase  and p -n i t ropheny l  phospha-  
tase were inh ib i ted  by  ouaba in  and Na  +. Whereas  the  re la t ionship  between e i ther  
of the  two phospha tases  and t r anspor t  is not  ye t  clarified, WOODIN AND WIENEKE 12 
has c la imed tha t  the  K+-dependen t  p -n i t ropheny l  phospha tase  m a y  be re la ted  to 
K + t r a n s p o r t  in t i le whi te  b lood cells. 

The  purposes  of the  present  pape r  were:  to inves t iga te  ti le K+-dependen t  
p -n i t r opheny l  phospha tase  in the  mic rosomal  fract ion isola ted from mucosal  cells 

* Mailing address: Institute for Medical Research and Studies, ,220 East z3rd Street, New 
York, N.Y. iOOlO, U.S.A. 
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of turtle bladder; to evaluate the kinetic parameters such as Kin, Kt and Vmax of 
p-nitrophenyl phosphatase activity with respect to the concentration of p-nitro- 
phenyl phosphate and with respect to the concentrations of Mg 2+ 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. 

M E T H O D S  

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 1. Protein concentration 
of the microsomes, determined bv the method of LowRY c't al. 13, was used as the nor- 
malizing parameter for enzyme activitv. 

The ce, mposition of reaction mixture, expressed in terms of final millimolar 
concentration was: the disodium salt of p-nitrophenyl phosphate, 4.o (only in case 
of Fig. I); or usually tile ilnidazole-tfistidine salt of p-nitrophenyl phosphate, 4.o; 
MgC12, 4.o; imidazole, zo; histidine, zo; KCI, Io mM. The final pH was 7.3, and an 
enzyme aliquot of o.5 nfl containing I5O 30o ~tg of protein was added to the incubation 
mixture, the total volume of wlfich was 5 ml. The final concentrations of imidazole 
and histidine were increased from 2o to 3 ° mM by the addition of substrate, tbe 
iinidazole histidine salt of p-nitrophenyl pllosphate. The final concentrations of imida- 
zole and histidine were also 3o mM when the disodium salt of p-nitrophenyl 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 38o for 2o-3o min. The reaction was stopped by 
addition of 5 ml of cold HC104 6 %. Control tubes, carried through all incubations, 
were of two types: those without p-nitrophenyl phosphate and those without the 
enzwne. The non-catalytic rate of hydrolysis of p-nitrophenyl phosphate was zero, 
but the lot of p-nitrophenyl phosphate used contained Pi amounting 2 3 °'o of the 
concentration of p-nitropllenyl phosphate. Aliquots of the final mixture were analyzed 
routinely for Pi by the method of BI;.RF.NI3LUM AND C H A I N  14. 

The initial reaction velocity was determined by measuring the increment of Pi 
released into the incubation flask after 3 ° min of incubation of the appropriate amount 
of microsomes with p-nitrophenyl phosplmte. ];or an initial concentration of p-nitro- 
phenyl phosphate of 4 mM, no more than 15 ° '  o Of total p-nitrophenyl phosphate 
was hydrolyzed during the first 3 ° min of incubation. The amount of Pi released 
was proportional to the time of incubation for as long as 4 ° min of incubation at 
38°. leor a given batch of microsomes at a given time, the rate of Pi release was 
directly proportional to the amount of protein (x5o 30o /~g) in each incubation 
flask. Alter storage of the microsomes at 2o °, 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 I8-z  9 days. 

During the experiments on the ATP-induced inhibition of p-nitrophenyl 
phosphatase, the p-nitrophenol released (instead of the P0 was measured spectro- 
photometrically in order to insure that the hydrolytic product originated solely 
from p-nitrophenyl phosphate, and not froln the added ATP. The spectrophotometric 
measurements were made at 25 ° in a Beckman DU monochromator fitted with a 

Biochim. Biophys. Acta, 211 (197 o) 565 574 



p - N I T R O P H E N Y L  PHOSPHATASE IN ISOLATED MUCOSAL CELLS 567 

Gilford Model 22o absorbance indicator and a Varian Model G-I 4 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 m# 
(ref. 15), the isosbestic point for p-nitrophenol and p-nitrophenolate ion, where 

e - -  5.4"IO~ M 1.cm-1 for both species. The reaction was linear for I-IO min, and 
the initial slope was taken for the calculation of the enzymatic rate. 

Preparation of the imidazole histidine salt of p-nitrophenyl phosphate 
I g of the disodium salt of p-nitrophenyl phosphate (Sigma) was dissolved in 

2o 3o ml of water and added gradually to a Io-cm column of Dowex 5 ° X8 (H÷ form). 
Then the column was washed 3 times with Io-ml aliquots of water. Flame photometric 
measurements indicated that passage through the column replaced more than 99 % 
of the Na + with H +. The entire effluent (pH 2.o) 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 Pi (over and above 
the non-enzymatic blank) were released into the incubation fluid. Apart from the 
significance of the small, but detectable releases of Pi, the largest of the small incre- 
ments (Condition e) was but 3 % of the amount of Pi released, 12.2/,moles/mg per h, 
in the presence of Mg 2+ + K + (Condition d). 

T A B L E  I 

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

E a c h  v a l u e  r e p r e s e n t s  t h e  m e a n  i S .E.  in  fou r  e x p e r i m e n t s .  F i n a l  c o n c e n t r a t i o n s  of a d d i t i o n s  
in  i n c u b a t i o n  m i x t u r e s  w e r e :  i m i d a z o l e ,  2o raM;  h i s t i d i n e ,  2o m M ;  Mg 2+, 4.o naM; I (  +, t o  r aM;  
N a  +, lOO n lM;  a n d  o u a b a i n ,  o . i  n l M . " I n  a l l  cases ,  f ina l  c o n c e n t r a t i o n  of t h e  i m i d a z o l e  h i s t i d i n e  
s a l t  of p - n i t r o p h e n y l p h o s p h a t e  w a s  4 .0  m M  a n d  t h e  f ina l  p H  w a s  7-3 (see METHODS). 

Additions p-N itrophenyl phosphatase 
activity 
(ttmoles Pdmg protein per h) 

(a) Buf f e r  a l o n e  

(b) Buf f e r  4- Mg 2+ 

(c) Buf fe r  + K + 

(d) Buf fe r  - -  Mg  2+ q- K + 

(e) Buf fe r  + Mg 2+ + K + q- N a  + 

(f) Buf fe r  @ Mg 2+ + K + + o u a b a i n  

o.15 ___ o.o8 

o.37 :~ o.2o 

0.20 -~Z o , i o  

I2 .2  ~c: 0.84 

0-40 :t: 0.25 

0.45 ~ o.15 

The activity of the (Mg 2+ + K+) - dependent, ouabain-sensitive p-nitrophenyl 
phosphatase of the turtle bladder microsomes, was considerably greater than that  
found in the microsomes of other tissues 1°-1~. 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 ± S.E. for K+-dependent p-nitrophenylphosphatase was IO.I ± o.7 
Fmoles/mg protein per h. The mean values for the Mg ~+ and (Na + + K+)-dependent 
ATPase, concomitantly determined in two of the four experiments of Table I, were 
26. 9 and 4o.8 #moles/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 2+, and K+ as well as upon that  of the substrate, p-nitrophenyl phosphate. 
Therefore, the measured or apparent values of kinetic parameters such as Km and 
Vmax are functions of both co-factor and substrate concentrations. In what follows 
(Figs. I-3),  the apparent values for Km and vrnax are those set by the experimental 
conditions defined for each case. 

Fig. I, a Lineweaver-Burk plot of values of reciprocal activity in arbi trary 
units versus reciprocal concentration of p-nitrophenyl phosphate, was obtained from 
a set of incubation mixtures in which the concentration of microsomes, Mg 2+ and 
K +, were fixed while those of p-nitrophenyl phosphate varied from 0. 4 to 15 raM. 
Treating the data as if they followed simple Michaelis-Menten kinetics, the apparent 
Km (Ks) (between the limits of concentration of o and 4 mM p-nitrophenyl phosphate) 
was 0.6 mM ; and the Vm, , between the same concentration limits was 8.3 #moles/rag 
per h. The plot also indicates a pronounced substrate inhibition for concentrations 
of p-nitrophenyl phosphate in excess of 4 raM. Not shown is a plot for the same data 
in the form of I/V versus substrate concentration from which the apparent K, (or 
Kss) for p-nitrophenyl phosphate was estimated to be i6 rnM. 

Fig. 2, a plot of values of reciprocal activity in arbitrary units versus reciprocal 
Mg 2~ concentration, was obtained from a set of incubation mixtures in which the 
concentrations of microsomes, K + and p-nitrophenyl phosphate were fixed, while 

0 0 . 5  1 .0  1 5  2 0  
1 

~p-Nitrophen~4 phosphot~ (mM'l) 

2 0 -  

1 5 -  

1 0 -  
J 

~0 A j  • j  
~ K m  = 0 , 6 r n M  

0 • , - , - , • , • , 
O 0~1 0 . 8  1 2  1.6 2 D  

1 ( r n M - l )  [M~2,] 

Fig. I. L ineweaver -Burk  plot of reciprocal p-n i t rophenyl  phosphatase  act ivi ty in a rb i t ra ry  uni ts  
versus reciprocal millimolar concentrat ion of p-n i t rophenyl  phosphate .  The concentrat ions of 
buffer, Mg 2+, K + and the p H  were the same as those described in Table I and in METHODS. 
(Activity) -1 is in a rb i t ra ry  units, taken from raw absorbances prior to correcting for dilution, 
aliquot, tinle of incubat ion and protein concentrat ion,  all of which were cons tant  in any  single 
set  of experiments• 

Fig. 2. L ineweaver -Burk  plot of reciprocal p-ni t rophenyl  phospha tase  act ivi ty in a rb i t ra ry  
• 2 +  units versus reciprocal millimolar concentrat ion of Mg . Other  than  the Mg 2+, the concentrat ions  

ofi the const i tuents  were the same as those described in Table I and in METHODS. 
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those of Mg 2÷ varied from 0. 4 to 25 mM. Between the limits of Mg 2+ concentra t ion 

~)[ o.o to 4 raM, the apparent  Km was 0.6 mM and the via x was 7.2/~moles/mg per h. 
Pronounced subst ra te  (Mg 2+) inhibi t ion was observed for Mg 2+ concentrat ions in 
excess of 4 mM and the apparent  Ki  for Mg 2+was 16 raM. 

On the basis of data  in Figs. I and  2, the opt imal  act ivi ty  in IO mM K + occurs 
when the concentra t ion ratio, EMg2+l/Ep-nitrophenyl phosphate I - - I .O .  This is 
similar to the iMg2+l/IATPI ratio required for opt imal  act ivi ty  of the Mg 2+ and (Na+-+ - 
K+)-dependent  ATPase act ivi ty  in several tissues~,5,L 

Fig. 3, a plot of values of reciprocal act ivi ty  in a rb i t ra ry  uni ts  v e r s u s  reciprocal 
concent ra t ion  of K +, was obta ined from a set of incubat ion  mixtures  in which the 
concentra t ions  of microsomes, Mg 2+, and p-n i t rophenyl  phosphate were kept constant  
while those of K + varied from 0.5 to ioo mM. 

Between the limits of K + concentra t ion of o.5-1o raM, the apparent  Km was 
I mM and the Vma . was 14.1 #moles/mg per h. Substrate  (K +) inhibi t ion was observed 
for K + concentrat ions in excess of io  raM, and  the apparent  Ki for K ÷ was ioo raM. 

Since the addi t ion of IOO mM Na + resulted in near ly complete inhibi t ion of 
the K+-dependent  p -n i t rophenyl  phosphatase (see Table I), we decided to examine 
the effect of lower concentrat ions of Na + upon the kinetic pa t te rn  of the K+-depen - 
dent  p -n i t rophenyl  phosphatase i l lustrated in Fig. 3. Therefore, the p -n i t rophenyl  
phosphatase ac t iv i ty  v e r s u s  K* concentra t ion in the presence of a fixed concentra t ion 
of Na + was determined for a family of such Na + concentrat ions,  e. g. in the presence 
of o, 5, IO, 20 and 50 raM. The K + concentra t ion was kept  below IO mM to avoid the 
inh ib i tory  effect of K + itself. 

Fig. 4 shows five Lineweaver -Burk  plots of values of reciprocal act ivi ty  in 
a rb i t ra ry  milts  v e r s u s  reciprocal K + concentrat ion in the presence of no Na + (the lower- 
most line which is in the same act iv i ty  range as tha t  of Fig. 3), and in the presence of 5, 
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5 
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3 
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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. 

Fig. 4. Lineweaver-Burk plot of reciprocal p-nitrophenyl phosphatase activity versus  reciprocal 
millimolar concentration of K + for a family of Na + concentrations. * - - * ,  [Na +] ~ o; O - - O ,  
[ Na+] = 5 raM; I I - -  m, [Na +] = io raM; D--E], [Na +] ~ 20 mM; O - - Q ,  [ Na+] = 5 ° raM. 
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IO, 20, and  50 mM Na  +. Da t a  shown were taken  from two consecutive exper iments ,  
one covering Na  + concentra t ions  of o, 5 and IO mM; and the other  covering Na~ 
concent ra t ions  of o, 2o, and 5o raM. The line for IOO mM Na  +, not  shown, is co-l inear 
with the  ordinate .  

The five plots  shown in the figure indicate  tha t  the higher the Na~ concen- 
t ra t ion ,  the  lower the  p -n i t ropheny l  phospha tase  ac t iv i ty  over the range of K * 
concent ra t ions  used (I--I0 nlM); and tha t  the Z'm~ for all five concentra t ions  of 
Na+ was ~o. 4 ffmoles/mg per h, which suggests  t ha t  Na  ~ competes  with K+ for the  
K , -ac t iva t ion  sites on the microsomal  protein.  T h e / £ i  for N a  +, 3 raM, was es t imated  
g raph ica l ly  from the ex t r apo la t ion  of the  plot  of appa ren t  /~m for K ~ v e r s u s  N a  

concentra t ion.  This suggests t ha t  the  affinity of the  p -n i t ropheny l  phospha te - re la ted  
protein  for Na~ was approx,  one- th i rd  of t ha t  for K (Kin for K ~ - -  I.O mM; see 

Fig. 3). 

Effect o/pH 
The effect of pH (over the range 5 8.5) on p -n i t ropheny l  phospha tase  ac t iv i ty  

was de t e rmined  in the  presence of 8 mM Na  + and 2o mM K +. The concentra t ion  of 
K+ used, 2o naN, was twice t ha t  of the  o ther  exper iments  on (Mg 2~ + K - ) -de pe nde n t  
p -n i t ropheny l  phosphatase .  This K ~ concent ra t ion  was found sufficient to e l iminate  
the  inh ib i to ry  effect of the 8 mM Na  ~ conta ined  in the d isodium salt  of p -n i t ropheny l  
phospha te ,  and  provided  a convenient  means  of va ry ing  p H  (by subs t i tu t ion  of 
equimolar  amounts  of KOH for KCI) wi thout  changing the final concentra t ions  of 
K ~, imidazole,  hist idine,  big '~ , Na-  or p -n i t ropheny l  phosphate .  

Fig. 5 is a plot  of values of p -n i t ropheny l  phospha tase  a c t i v i t y  v e r s u s  final pH 
of the incubat ion  mix ture  in one of three paral le l  exper imen t s  on mierosomes. I t  can 
be seen tha t  a pH of 7-2 7.4 was requi red  for op t imal  a c t i v i t y  under  the  condi t ions 
used. At  p H  5, the  ac t iv i ty  was 38 % of tha t  at  7.3 ; and  at  p H  8.5 the ac t i v i t y  was 
52 °o of t ha t  a t  7.3. D a t a  from the two o ther  exper iments ,  not  shown in the  figure, 
fell about  a closely s imilar  pa t te rn .  

9 0 -  

~: 6C 

o~ 3£ 

/. 
/0 

" ~ 6 ~ ~ 
pH 

- I  
o+---A} " " " 

1o 1o.o 1ooo 
Ouoboin concen t ro t ion  ~ I0  7 ( M )  

iqg.  5" p - N i t r o p h e n y l  phos pha t a s e  a c t i v i t y  versus  p H  of the  i ncuba t ion  mix tu re .  The mi l l imola r  
concen t r a t i ons  of ca t ions  were:  Mg 2+, 4; K+, 2o; Na  +, 8; and  p - n i t r o p h e n y l  phospha te ,  4 • 

Fig. 6. Semi-log p lo t  of pe rcen tage  a c t i v i t y  of p - n i t r o p h e n y l  phospha t a se  versus  concen t ra t ion  of 
ouaba in  for th ree  levels  of K + c o n c e n t r a t i o n : I ,  lO, and  25 raM. Other  t h a n  ouaba i n  and N ~, 
the  concen t r a t i ons  of the  c ons t i t ue n t s  in the  i ncuba t ion  m i x t u r e s  were the  same as those  descr ibed 
in  Table  [ and  in METHODS. 
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Effect 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 mierosomal pellet in the presence of Mg 2+, K +, appropriate buffer, and 

ouabain was pre-ineubated at 38o for 5 rain before starting the reaction by addition 
of p-nitrophenyl phosphate. Increasing the time of the aforementioned pre-incubation 
from 5 to 3o min did not significantly change the degree of ouabain-induced inhibition. 

Fig. 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 (I, IO 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 I to 25 mM) the greater the 
concentration of ouabain required for any degree of inhibition between the limits of 
lO-9O % of the control level. This pat tern resembled that  expected of a competitive 
inhibition between K * and ouabain. As anticipated, the plot of I /act ivi ty  versus 
I /K~ concentration (for each of the ouabain concentrations used) generated a set 
of straight lines intersecting at a common value on the I /act iv i ty  ordinate, where 
v ~  for K* was approximately the same as that  in Figs. 2 and 3 ; and where the gra- 
phic extrapolation of the plot of Km for K + versus 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 o.I mM ouabain, at all 
concentrations of K - used in this study. 

Effect of  N-ethylmaleimide 
Tile addition of N-ethylmaleimide is known to inhibit (Na+ + K+)-ATPase, 

K*-stimulated acetyl phosphatase, and K~-stimulated p-nitrophenyl phosphatase 
from various tissue sourees2,L s. Moreover, the degree of inhibition was part ly depen- 
dent upon the time of pre-incubation of mierosomes with the inhibitor. 

Current experiments on N-ethylmaleimide in ttle 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. For each level of N-ethyl- 
maleimide, the time of exposure of enzyme to N-ethylmaleimide, Mg 2+, K - and 
buffer (before starting the reaction with addition of p-nitrophenyl phosphate) was 
5, 2o and 30 rain. 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 rain) 
in one of the two sets of aforementioned experiments. 

I t  can be seen that  tile 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 (O.OI-- 5 mM) of N-ethyl- 
maleimide used. For a concentration of inhibitor of • M, the inhibition was 25 % 

after 5 rain, 52 % after 2o rain, and 73 °o after 30 min of pre-incubation. The concen- 
trations of N-ethylmaleimide required to induce 5o % inhibition of activity were: 
> 5  mM for 5 rain of pre-incubation; 1.25 mM for 20 rain; and o.38 mM for 3 ° min 
of pre-incubation. 
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*• 4 0  
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12. 
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" o . .  

- ~  ( 5  r n m ;  • 8" 
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Fig .  7. Percentage activity of fl-nitrophenyl phosphatase v e r s u s  concentration of  N - e t h y h n a l c -  
i m i d e .  Pre-incubation times are shown within the parentheses over each c u r v e .  

F i g .  8. I A n e w e a v e r - B u r k  plot of reciprocal p-nitrophenyl phosphatase activity in arbitrary 
units v e r s u s  reciprocal millimolar concentration of p-nitrophenyl phosphate in the absence a n d  
in the presence of  A T P ,  the concentration of which is indicated n e x t  t o  each line. 

Of interest are previously reported data ~ showing that 45 % inhibition of the 
(Na+ -F K+)-ATPase was obtained with o.I mM N-ethylmaleimide after 3o rain of 
pre-incubation of enzyme with inhibitor, a result quite similar to that shown (4o %) 
for inhibition of the K v-dependent p-nitrophenyl phosphatase with the same amour~t 
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, o.I mM) reduced the short-circuiting current 
of the turtle bladder to zero 3o min after its addition to the bathing media. 

Effect of A T P  
Because of certain similarities between the reactions of the inlfibitors, ouabain 

and N-ethylmaleimide, on K~-dependent p-nitrophenyl phosphatase and (Na + + 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 tlm 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. 

Fig. 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 
Mg 2~ were fixed for two levels of ATP (O.I 7 and 1.2 mM) while the concentration 
of p-nitrophenyl phosphate varied from o.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 (I/V,~×), suggesting that  ATP competes with p-nitrophenyl phosphate 
for occupation sites on the enzyme. The value of Vm, ~ shown here was obtained at 
25 °, and consequently was smaller than that  estimated in other experiments at 
38 ° (see Fig. I). 

Effect q[ sodium azide 
Addition of sodium azide to a final concentration range of o.oi-I .O mM had no 

detectable effect on the K+-dependent p-nitrophenyl phosphatase, even after 30 rain 
of pre-incubation. 

DISCUSSION 

Some of the properties of K+-dependent p-nitrophenyl phosphatase reported in 
this study are similar to certain properties of (Na++  K+)-ATPase that  have been 
reported by us ~ and others 2, 5 

In the case of the turtle bladder microsomes, the pH, the Mg~+/substrate ratio, 
and the Mg 2+ and K + concentrations required for optimal activity of either p-nitro- 
phenyl phosphatase or ATPase were about the same 1. At the optimal K + concen- 
tration, the concentration of ouabain needed for 5o 2'0 inhibition of either activity, 
K+-p-nitrophenyl phosphatase or (Na +-t- K~)-ATPase, was 0.3 0.5/~M, a sensitivity 
to ouabain of xo-Ioo-fold greater than that  reported for 5o °o inhibition of either 
microsomal activity in other tissues s,l~,a7. The ouabain sensitivity of acetvl phos- 
phatase was only 2o °o less than that  of (Na + + K+)-ATPase in guinea pig kidney and 
brain 9, but was approx. Io-fold greater than that  of (Nae + K ~ )-ATPase in beef brain s. 

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.I mM N-ethylmaleimide 
for 3o rain resulted in a 4o 45 % inhibition of either (Na + + K+)-ATPase or K =- 
p-nitrophenyl phosphatase; and ATP appeared to compete with p-nitrophenyl 
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 Na+ which stinmlated the activity of the (Na + + 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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