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SUMMARY 

I. The nuclear fraction of normal human white cells contains a K+-activated 
p-nitrophenylphosphatase. 

2. This enzyme is optimally activated by 5 mM KC1, has a pH opt imum of 7.o 
and does not hydrolyse ATP, AMP, UTP, phosphoenolpyruvate or sodium fl-glycer- 
ophosphate. 

3. The enzyme is insensitive to ouabain but is inhibited by low concentrations 
of ethacrynic acid. 

4. These findings suggest that  it is a phosphatase different from those previ- 
ously described. 

Na+-K+-activated, ouabain-inhibited ATPases involved in the transport of 
Na + and K + across membranes have been studied in several tissues 1-a. Present 
evidence suggests that  the (Na+-K+)-ATPase complex contains a K+-activated, 
ouabain-inhibited phosphatase s-o. (Na~ -K+)-ATPases are also inhibited by etha- 
crynic acid, [2,3-dichloro-4-(2-methylene butyryl)phenoxy]-acetic acid and p-hydro- 
xymercuribenzoic acid but not other thiol reagents such as iodoacetamide or N- 
ethylmaleimide 1°. 

Utilizing normal human white blood ceils, we have obtained a preparation froin 
the nuclear pellet containing an enzyme which hydrolyzes p-nitrophenyl phosphate. 
This enzyme is activated by K ~ and is inhibited by ethacrynic acid but not by ouabain. 
These properties suggest that  the enzyme is distinct from the K+-activated p-nitro- 
phenylphosphatases previously reported. 

Blood (IOO ml) was collected from normal donors in heparinized syringes 
(2ooo U.S.P. units) and mixed with 2o ml dextran. The red cells were allowed to 
sediment by gravity at 37 ° . The white cells in the plasma were separated according 
to NADLER AND HSIA n, collected by centrifugation, homogenized in a Dounce 
apparatus (roo strokes) with 4.0 ml cold sucrose and the homogenate was centrifuged 
at 6oo × g. The pellet was re-homogenized with 8.o ml sucrose and centrifuged again. 
The pellet was washed three times with sucrose in this manner and homogenized in 
8.o sucrose to yield a uniform suspension. The ratio of K<dependent  activity to 
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I"i~4. i. l ' ;Ih'ct of  b;('l <m t h e  /~-nitrol>hcnylph<)st>hatase a c t i \ i t v .  ( ) r d i n a t e  r u p r c s c n t s  i m ' r c m u u t  h, 
m ' t i \ ' i t \ '  in t h e  l>rcsence of  t(,; o v e r  t h a t  in its a b s e n c e .  T h e  i n c u l m t i o n  m i x t u r t  \ \ a s  cssuntial lx 
s imih l l  to th~lt o f  ] :~( )NTING A N D  ( ' A R \ V A ( i G I O  I:! e x c e p t  t h a t  /~ t l ikr()phcnyl p h o s p h a t c  ( sod ium 
salt)  i-cplacud .k'l'l ~ a i m  c \ ' a n i d c  wa s  o m i t t e d ,  o. 5 ml of  the  rcac t i ( ,n  m i x t u r u  c<mtnim'd  o.<>q_, inM 
"I'ris I1('1 I>tHlcr (p l l  7.<>), o.i  mM I.;1)T:\. l m.M XI~{(71~ a n d  \xhi tc  hh)<>d ceil e x t r a c t  c<>rrtmpondin;, 
to N 7 ItS4 p ro t e in .  T h e  rcact im~ was  i n i t i a t e d  by  t he  a d d i t i o n  of /~-n i t r (q41cny[  p h o s p h a t e  to a linal 
c()nccntra t io l~ (>f 5 raM.  T h e  r e a c t i o n  m i x t u r e  v, as i n c u l ) a t e d  f<>r 3 <) lllill l)\' shaking4 in n 37 wri ter  
b a t h  a n d  was  t e r n t i n a t c d  1)\, a d d i n g  n. 5 Illl (H 0.25 M N a ( ) t l .  T h e  abs<)rbancc of  /5 nitroph<'n<q 
}iboratud \~as rend a t  4 I(> riM. At>propr ia tc  b h m k s  \yore l l ln to c()rl-oCt ll)r t h e  non c n z y m i c  h r u a k  
dox \n  o(  thu Slll)Stl-~ttO. 

l , i)-indet>emh'nt ac t iv i ty  in the  washe<t preparati(>n was enhanced 2 fl-fldd re la t ive  
t() the crude pellet.  

K('I a c t i va t ed  the  enzyme op t ima l ly  between 5 and IO mM (l;ig. I). The K -  
dependen t  activi ty  was l inear between 5 and 6o rain arm between <>.oI and <).I mg/ml 
(>f pr<~tein la. It was op t ima l ly  act ive between pH 0.S and 7.o when assayed in <~.i M 

Tris H('I or o.i  M glyeylglycine  buffers. The p repara t ion  did not  l iberate  imwKanic 
phospha te  vl when sodium sal ts  of AMP, ATP,  UTP, ph<)sphoen<>lpyru\'atc ()r /)- 
glycero lphospha te  were used as subs t ra tes  e i ther  in the presence o f  5 8 mM NaCI <>r 
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. \ s s~ \ '  c o n d i t i o n s  s i m i l a r  to  t h a t  d e s c r i b e d  u n d e r  Fig. ,. l : n z v m e  a c t i \ ' i t v  cxpr(,ssc(l  as  nnl(,h,s 
/5-nitr<)phcnol f l )r lned in 3 ° rain.  

/¢ca:,u~l (o.2 m31)  .qcti~.,i@ '% <4ctiuitv Acti~,itv l) i~/crr,cc ";, .-i<t:'uitv 
i~l the in the act ivi ty  
prcsc~zcc presence , ,f  d , c  In l\'+ 
<,f Mg"'  31g "-'~ i 1( 

~.)11~." T2. 7 iO0  5 2 . o  3()..~ TOO 

I ; t h a c r v n i c  ac id  I i .4 ~o 1 2.<) <~.0 t .N 
N- t ' ; t hv lma lc in l i de .  I .q ~ 5. [ 9. (> 7.7 m.  ! 
/5 I t v d r o x v m c r c u r i -  

benzoic  acid o.o o.o o.o o.o o.~) 

l o < h m c c t a m i d c  1 T.O X7-o 4 ;-() 31 .<~ 7,~.5 
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5 mM KCI or a mixture ~)t: both. Ouab~in (o.(n o. 5 raM) had no effect {,n ti~c' activll ', 
either in the presence or absence of 5 mSl KC1. 

t'2thacrynic acid (gift fi-om Merck, Sharp, Dohme and Co.) completely inhibited 
the K+-dependent activity witlnmt affecting the K=-independent component 
(Table I). p-Hydroxymercuribenz{,ic acid completely inactivated b~}th components 
and N-ethyhnaleimide inactivated both components to the same extent although 1o 
a lesser extent than fl-hydn~xymercuril~enz~ic acid. Iodoacetamide was the least 
effective inhibitor. 

Preincubation of the enzyme with ethacrynic acid ~° for 30 rain at 37 '~ eliminated 
the K <dependent activity retaining about 50o/o of K ~-independent activity (Fig. e). 

The K~-activated fl-nitrophenylphosphatase present in our preparations 
appears to be different from the p-nitrophenylphosphatases previously reported. 
This enzyme hydrolyzes only fl-nitrophenyl phosphate, among the phosphate esters 
tested, and is insensitive to ouabain at concentrations as high as 0.5 raM. I t  is also 
distinct from the K' - independent  component of p-nitrophenyl phosphate because 
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Fig. 2. Effect of  ethacrynic acid in the presence and absence of  KCI. KC1 concentrat ion in this and 
subsequent  exper iments  was 5 raM. Ethacrynic  acid (as Tris salt) was added to the incubat ion 
mix ture  containing white cell ex t rac t  corresponding to 24/*g protein. After incubation for 30 min, 
p -n i t ropheny lphospha te  was added to initiate the reaction. O, act ivi ty in the presence of  K + 
and Mg~+; &, act ivi ty  in the presence of  Mg 2+ alone. Inset :  difference activity due to l( +. 

the K+-activated component can be inactivated by low concentrations of ethacrynic 
acid (0.o5 raM) while retaining more than 5o°,/o of K+-dependent component. The 
inhibition by ethacrynic acid may  not be merely due to the reaction of ethacrynic 
acid with the thiol groups of the enzyme because a similar degree of inhibition was 
not observed with N-ethylmaleimide and iodoacetamide (Table I). In this respect, 
the inhibition by ethacrynic acid is similar to the inhibition of (Na+-K+)-ATPase 
by this compound 1°. 

The lack of inhibition by ouabain and the inability of the preparation to 
hydrolyze ATP, UTP, phosphoenolpyruvate and fl-glycerolphosphate in the presence 
or absence of KC1, NaC1 or a mixture of both suggests that  the enzyme studied by 
us is a different enzyme with an, as yet, undiscovered natural substrate. However, 
its inhibition by ethacrynic acid, similar to (Na~-K+)-ATPase indicates that  it may 
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