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Summary 

1. We have examined the effect  of  partial t rypt ic  digestion of purified (Na + + 
K*)-ATPase in the presence of NaC1 on the format ion and degradation of the 
phosphoenzyme formed from ATP. The digestion to a (Na ÷ + K+)-ATPase activ- 
ity of  40% barely affects ATP binding and the steady-state level of phosphory- 
lation, but  increases the rate of the Na+-ADP-ATP exchange to 150% of control  
and reduces the K+-phosphatase activity to 15--20% of  control  (JOrgensen, P.L. 
(1977) Biochim. Biophys. Acta 466, 97--108).  

2. After this t rypt ic  cleavage in the presence of NaC1, the fraction of ADP 
sensitive phosphoenzyme was 2--3-fold higher than control  levels. The pres- 
ence of KC1 depressed the phosphoenzyme level 2--3-fold less than that  of the 
control  and the K ' -dependent  increment  of the rate constant  for dephosphory- 
lation was less than half that  of the control.  

3. The results show that  partial t rypt ic  digestion of the purified (Na + + K*) - 
ATPase in the presence of NaC1 selectively affects protein areas involved both 
in the t ransformation of  the phosphoenzyme from an ADP-sensitive to an 
ADP-insensitive form and in the stimulation by K ÷ of the dephosphorylat ion 
process and the K*-phosphatase activity. The protein areas that  are involved in 
these reactions seem therefore to be close to one another,  or identical, and they 
appear to be spatially separated from the ATP binding area. 

In t roduct ion  

Graded trypsinolysis of the purified, membrane-bound (Na*+ K*)-ATPase 
provides a tool for identifying conformat ional  states of the sodium pump pro- 
tein [1] and for localizing catalytic sites [2] and intramembraneous segments 



[16] within the catalytic protein. In the present work we have examined a 
selective impairment of dephosphorylation reactions which is induced by tryp- 
tic cleavage in the presence of NaC1. 

Tryptic digestion of (Na ÷ + K*)-ATPase in the presence of NaC1 is biphasic. 
In phase A, the rapid inactivation of 50% of the (Na ÷ + K*)-ATPase activity is 
associated with a loss of 80% of the K*-phosphatase activity and an increase 
in the Na+-ADP-ATP exchange activity to 150% of control. ATP binding and 
phosphorylat ion are not  changed in phase A but are lost slowly in phase B in 
parallel to the inactivation of (Na ÷ + K+)-ATPase and to cleavage of the large 
chain to a fragment with M r 78 000. Since the rate of digestion in phase A is 
15--20-fold higher than in phase B, a stable preparation can be isolated in 
which the cleavage in phase A has been completed, whereas the cleavage in 
phase B has barely begun. The (Na ÷ + K*)-ATPase activity of this preparation is 
40%, its capacity for ATP binding and phosphorylation is 80--90%, the K ÷- 
phosphatase activity is 15% and the Na*-ADP-ATP exchange activity is 150-- 
160% of control [2]. 

The reciprocal changes in phosphatase and exchange activities with un- 
changed levels of ATP binding and phosphorylation suggest that the tryptic 
split affects dephosphorylation reactions. In the present study we have there- 
fore examined the effect of tryptic digestion in phase A in the presence of NaC1 
on the levels of phosphorylation from [7-32p]ATP with and without  KCI in the 
medium, on the fractions of ADP-sensitive and ADP-insensitive phospho- 
enzyme, and on the rates of spontaneous and K+-stimulated dephosphorylation. 

E x p e r i m e n t a l  

(Na*+ K+)-ATPase from the outer medulla of rabbit kidney was purified 
in membrane-bound form by incubation of a microsomal fraction with sodium 
dodecyl sulphate and ATP followed by an isopycnic-zonal centrifugation [3]. 

A reproducible inactivation of (Na + + K+)-ATPase to 40% of control activity 
was obtained by incubation of 1 I.U. trypsin per 100 ~g enzyme protein in 
25 mM imidazole buffer with pH 7.5 and at 37=C for 20 min with 150 mM 
NaC1. Digestion was stopped by mixing with soyabean trypsin inhibitor (Sigma 
type 1-S) to a weight ratio of inhibitor to trypsin of 3--4 : 1. The membranes 
were spun down by centrifugation for 120 min at 50 000 rev./min in the 
Beckman type 65 rotor and were washed once in 25 mM imidazole, pH 7.5, 
150 mM NaC1 and twice in 25 mM imidazole, pH 7.5. Aliquots were taken out 
for gel electrophoresis and assay of (Na + + K÷)-ATPase, ATP binding, K+-nitro - 
phenylphosphatase and ADP-ATP exchange activity as before [2]. For assay 
of ATPase activity at 2°C aliquots containing 30 t~g protein were mixed with 
149--150 mM NaC1/0--1 mM KC1/3 mM MgCl:/30 gM [7-32p]ATP/30 mM Tris, 
pH 7.4 (2°C) in a total volume of 1 ml. After incubation for 10 min, the reac- 
tion was stopped with 100 pl of 50% trichloroaceticacid and the 32p released 
from [TYP]ATP was assayed by scintillation counting after solvent separa- 
tion of phosphomolybdate  from ATP [4]. 

For phosphorylation, portions containing 60--100rig (Na*+ K*)-ATPase 
protein was incubated at 2°C with 30 ~M [7-3:p]ATP (0.3 vCi • ml~l, purified 
Tris salt [5]) in 3 ml of 3 mM MgC12/30 mM Tris-HC1, pH 7.4 ( 2 ° C ) / 1 4 9  - 
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150 mM NaC1/0--1 mM KC1, the sum of the cation concentration being always 
150 mM. The reaction was stopped with 3 ml 8% ice-cold perchloric acid, and 
the protein was separated by centrifugation and washed four times with 5% 
trichloroacetic acid, 0.6 mM Pi, 0.6 mM ATP. The precipitate was dissolved in 
0.25 ml 1 M NaOH with heating for 30 min at 60°C. Portions of 25--50 gl were 
used for proteiP analysis by the Lowry method [6] and 100 gl were transferred 
to 10 ml of scintillator solution and counted with 100% efficiency in a Packard 
scintillation counter. The addition of ligands and correction for blank values 
are described in figure legends. 

Results  

The time courses of tryptic modification of the catalytic functions of the 
(Na ÷ + K*)-ATPase and the patterns of native and cleaved proteins after diges- 
tion in presence of NaC1 or KC1 were described before [1,2]. For the experi- 
ments in this work, we used purified preparations of (Na ÷ + K÷)-ATPase which 
had been digested with trypsin in the presence of NaC1 to a (Na t + K÷)-ATPase 
activity of 40% of the activity in the untreated control preparation. 

In agreement with the previous results, the data in Table I show that  after this 
digestion the K+-phosphatase activity was only 20% of control, and that  the 
Na÷-dependent ADP-ATP exchange activity had increased to 145% of control. 
It is also seen that  the rate of ATP hydrolysis under the conditions of the phos- 
phorylation experiments, i.e., at 2°C and with 150 mM NaC1 or with 149 mM 
NaC1 plus 1 mM KC1 was reduced to the same extent  by tryptic digestion as the 
(Na÷+ K~)-ATPase activity at 37°C. The limited scatter of these values illu- 
strates that  procedure for partial tryptic inactivation of the purified enzyme 
was very reproducible. The electrophoretic patterns in Fig. 1 show that  the 

T A B L E  I 

E N Z Y M A T I C  P R O P E R T I E S  O F  T H E  P U R I F I E D  (Na  + + K + ) A T P a s e  A N D  O F  T H E  P R E P A R A T I O N  OB- 

T A I N E D  A F T E R  P A R T I A L  T R Y P T I C  D I G E S T I O N  O F  T H E  P U R I F I E D  E N Z Y M E  T O  A N  (Na  + +  K+) - 

A T P a s e  A C T I V I T Y  O F  40% IN T H E  P R E S E N C E  O F  1 5 0  m M  NaC1 

P r o c e d u r e s  a n d  assays  are d e s c r i b e d  u n d e r  E x p e r i m e n t a l .  T h e  r e s u l t s  o b t a i n e d  f o r  a c o n s e c u t i v e  ser ies  o f  

t r y p s i n a t e d  p r e p a r a t i o n s  are g i v e n  in p e r c e n t  o f  the  s i m u l t a n e o u s l y  p r e p a r e d  c o n t r o l  p r e p a r a t i o n s  w h i c h  

w e r e  i n c u b a t e d  w i t h  NaC1 1 5 0  m M  w i t h o u t  t r y p s i n .  

C o n t r o l  p r e p a r a t i o n  

~ m o l  - m i n  -1 • m ~  1 p r o t e i n  

A f t e r  d i g e s t i o n  i n  p r e s e n c e  o f  NaC1 

Per  c e n t  o f  c o n t r o l  

( N a  + + K+) -ATPase  ( 3 7 ° C )  29 - -  3 5  
K + - P h o s p h a t a s e  (37CC) 3 . 7 - -  4 .6  

[ 1 4 C ] A D P - A T P  e x c h a n g e  ( 2 6 ° C )  

1 5 0  m M  NaC1 
1 3 0  m M  NaC1, 20  m M  KCI  

A T P a s e ,  3 0  p M  A T P  (2°C)  

1 5 0  m M  NaC1 7 .4  
1 4 9  m M  NaC1, 1 m M  KC1 1 5 . 5  

3 9  -+ 2 (9 )  
20  + 1 (4)  

n m o l  - m i n  -1 • m g  -1 pro te in  

39  - -  7 2  1 4 5  -+ 5 (6 )  

78  - - 1 3 9  101  -+ 5 (6)  

3 5  (2)  
4 5  (2)  
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Fig. 1. E l e c t r o p h o r e t o g r a m s  o f  the  pur i f i ed  (Na + + K+)-ATPase and  o f  the  p r o t e i n s  r e m a i n i n g  in the  m e m -  
branes  af ter  t r y p t i c  d i g e s t i o n  to  an (Na + + K+)-ATPase ac t iv i ty  of  43% and 39% the  p r e s e n c e  o f  150 m M  
NaCl. T h e  p o l y a c r y l a m i d e  gels  w e r e  s ta ined  w i t h  C o o m a s s i e  B l u e  and s c a n n e d  as b e f o r e  [ 1 ] .  M o l e c u l a r  
w e i g h t s  o f  the  b a n d s  w e r e  a, 98 000 ;  b, 78 000 ;  c, 58 0 0 0 .  

Fig. 2. E f f e c t  o f  t r y p t i c  d i g e s t i o n  in the  p r e s e n c e  o f  NaCl o n  the  s t e a d y - s t a t e  leve ls  o f  p h o s p h o e n z y m e  
f o r m e d  by  (Na  + + K+)-ATPase.  A l i q u o t s  c o n t a i n i n g  75 pg p r o t e i n  o f  t r y p s i n a t e d  (z~o)  and  c o n t r o l  prepa-  
rat ions  (A o)  w e r e  p h o s p h o r y l a t e d  at  2°C in p r e s e n c e  o f  3 mM MgCl2° 150 m M  NaC1, 30 ~M [ T - 3 2 p ] A T P  
w i t h o u t  ( o , o )  or w i t h  (/~A) 200  pM KC1. As b l a n k  value  the  p h o s p h o r y l a t i o n  level  w i t h  150 m M  KC1 was  
s u b t r a c t e d .  

digestion caused a very limited change in protein composit ion.  The split 
responsible for the inactivation in phase A could not  be identified and the 
appearance of a small amount  of  the peptide with molecular weight 78 000 
could be related to the cleavage in phase B (cf. ref. 2). 

In Fig. 2, the effect of  K ÷ on the steady-state levels of phosphoenzyme of  
the two preparations was examined. It is seen that the levels obtained after 
3--6 s of incubation at 2°C remained stable for up to 30 s. The data in Fig. 2 
are representative, as the average maximum level of  Na÷-dependent phospho- 
enzyme for the seven trypsinated preparations, which were used in the present 
series of  experiments, was 81 _+ 4% (S.E., n = 7) of  control.  The absolute values 
for the control  preparations fell in the range of  2 .3--3 .7  nmol  • mg -~ protein. 

Fig. 2 also shows that the presence of  200 pM KC1 reduced the level of  phos- 
phoenzyme obtained with the trypsinated preparation much less (--8%) than 
the levels of  phosphoenzyme obtained with the control  (--21%). 

This effect of  K ÷ on the steady-state level of  phosphoenzyme was examined 
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over a wider range of K + concentrations in the experiment in Fig. 3. It is seen 
that the addition of K + reduced the steady-state phosphoenzyme level of the 
trypsinated preparation much less than that of the control. 

This altered sensitivity of the phosphoenzyme level to potassium could sug- 
gest that dephosphorylat ion processes were impaired by the digestion, since 
potassium in the range of concentrations used in Figs. 2 and 3 is known to have 
its major effect on the dephosphorylat ion of the phosphoenzyme.  Examina- 
tion of the rates of spontaneous dephosphorylat ion after addition of excess 
unlabelled ATP [7] and of the K+-stimulated dephosphorylat ion after addition 
of ATP plus KC1 are shown in Figs. 4 and 5. Fig. 4 shows that the time course 
of dephosphorylat ion was linear during the first 6 s and that extrapolation ol 
the values of zero time gave almost the same starting point,  between 85% anc 
95% of  the original amount  of  phosphoenzyme.  This initial decrease in amount 
of phosphoenzyme may represent a rapid exchange of  bound [7-32p]ATP with 
the unlabelled ATP added in excess at zero time [7] .  It is seen from Fig. 4, that 
the rate of spontaneous dephosphorylat ion was nearly the same for the two 
preparations; whereas the K+-stimulated increment of the rate constant for 
dephosphorylat ion was 2-fold larger for the control than for the trypsinated 
preparation. 
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F i g .  3 .  E f f e c t  o f  K + o n  t h e  s t e a d y - s t a t e  l e v e l s  o f  p h o s p h o e n z y m e  f o r m e d  b y  t h e  c o n t r o l  p r e p a r a t i o n  ( o )  
a n d  p r e p a r a t i o n s  w h i c h  h a d  b e e n  d i g e s t e d  w i t h  t r y p s i n  ( o )  in  t h e  p r e s e n c e  o f  NaC1.  I n c u b a t i o n  f o r  3 0  s 
as  in  F i g .  1 w i t h  0 - - 1 0 0 0  p M  K C I .  A s  b l a n k  v a l u e  t h e  p h o s p h o r y l a t i o n  l e v e l  w i t h  1 5 0  m M  KC1 w a s  s u b -  
t r a c t e d .  

F i g .  4 .  E f f e c t  o f  A T P  o r  A T P  p l u s  2 0 0  p M  KC1 o n  t h e  r a t e  o f  d e p h o s p h o r y l a t i o n  o f  a c o n t r o l  p r e p a r a t i o n  
( o , e )  a n d  a p r e p a r a t i o n  t h a t  h a d  b e e n  d i g e s t e d  b y  t r y p s i n  in  t h e  p r e s e n c e  o f  NaC1 ( ~ 4 ) .  A l i q u o t s  c o n -  
t a l n i n g  a b o u t  1 0 0  ~ g  p r o t e i n  w e r e  p h o s p h o r y l a t e d  at  2°C in  t h e  p r e s e n c e  o f  3 0  # M  [ V - 3 2 p ] A T P ,  3 m M  
M g C I  2 ,  1 5 0  r n M  NaC1.  A f t e r  6 s ( z e r o  t i m e  o n  t h e  g r a p h )  1 rnM A T P  ( o A )  or  1 m M  A T P  p l u s  2 0 0  ~ M  
K C I  ( # 4 )  w e r e  a d d e d  a n d  t h e  a m o u n t  o f  p h o s p h o e n z y m e  w a s  d e t e r m i n e d  2 ,  4 ,  a n d  6 s l a t e r .  Z e r o  t i m e  
v a l u e s  w e r e  o b t a i n e d  b y  a d d i t i o n  o f  p e r c h l o r i c  a c i d  b e f o r e  A T P  or  A T P  p l u s  KC1.  A s  b l a n k  v a l u e  w a s  
s u b t r a c t e d  t h e  p h o s p h o r y l a t i o n  l e v e l  r e a c h e d  2 ra in  a f t e r  a d d i t i o n  o f  1 m M  A T P .  
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Fig. 5 shows  the results o f  a series of  determinat ions  o f  d e p h o s p h o r y l a t i o n  
velocit ies  as in Fig. 4, but  using a wider range o f  K ÷ concentrat ions .  It is seen 
that  addi t ion  at zero t ime of  KC1 in concentrat ions  increasing up to 1 mM 
along with the  unlabel led ATP gave a curvilinear increase in the rate cons tant  
determined  from the linear d e p h o s p h o r y l a t i o n  curves. The increase in rate con- 
stant for the  contro l  preparation was about  10-fold,  from 0 . 0 4 7  ± 0 .07  s -1 
(S.E.,  n = 6) w i t h o u t  KC1 to  0 . 5 2 4  + 0 . 0 0 4  s -1 (n = 3) wi th  1 mM KC1. With the 
trypsinated preparation,  the increment  was much  smaller, about  6-fold,  from 
0 .042  ± 0 . 0 0 7  s -1 (n = 5) to  0 .28  s -1 (n = 2). 

The calculated rate of  hydrolys is  which  is the product  of  the rate constants  
of  s p o n t a n e o u s  d e p h o s p h o r y l a t i o n  times the phosphory la t i on  level (EP. kd) 
was close to the  (Na÷)-ATPase activity at 2°C, for the  contro l  preparation; 
whereas for the trypsinated preparation,  the product  EP. kd, was 2 - -3 - fo ld  
larger than the  (Na+)-ATPase activity at 2°C (Table I). This,  taken in conjunc-  
t ion  with the  increase in (Na+)-ADP-ATP exchange  activity to  145% of  contro l  
(Table I) suggested that  the ADP-sensit ivity  of  the p h o s p h o e n z y m e  formed by 
trypsinated preparation could  be altered. 

The reactivity to  ADP of  the p h o s p h o e n z y m e s  formed in the  presence o f  
Na ÷ was examined  as in Fig. 6. It is seen that  the t ime course of  dephosphory-  
lat ion after addi t ion  of  ADP was biphasic.  In the  first phase,  the disappearance 
of  a part of  the  p h o s p h o e n z y m e  was so rapid that  measurement  o f  the ve loc i ty  
was impossible .  The rate of  d e p h o s p h o r y l a t i o n  in the second phase was equal 
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F i g .  5 .  E f f e c t  o f  KC1 o n  t h e  ra te  o f  d e p h o s p h o r y l a t i o n  o f  c o n t r o l  p r e p a r a t i o n s  (o) a n d  o f  p r e p a r a t i o n s  
t h a t  h a d  b e e n  d i g e s t e d  w i t h  t r y p s i n  in  t h e  p r e s e n c e  o f  N a C l  (A) .  I n c u b a t i o n  as  in  F i g .  3 .  A f t e r  6 s ,  1 m M  
A T P  p l u s  0 - - 1 0 0 0  /~M K C I  w e r e  a d d e d  a n d  t h e  a m o u n t  o f  p h o s p h o e n z y m e  w a s  d e t e r m i n e d  4 s la ter .  
Z e r o  t i m e  v a l u e s  w e r e  o b t a i n e d  b y  a d d i n g  p e r e h l o r i c  a c i d  b e f o r e  A T P  p l u s  KC1. T h e  ra te  c o n s t a n t s  w e r e  
c a l c u l a t e d  f r o m  t h e  r a t i o  o f  p h o s p h o e n z y m e  r e m a i n i n g  a f t e r  4 s t o  9 0 %  o f  t h e  z e r o  t i m e  p h o s p h o e n z y m e  
l eve l .  B l a n k  v a l u e  as  in  F i g .  4 .  
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(©,e) o r  2,5 m M  A D P  (/%A) were  a d d e d  and  the  a m o u n t  of  p h o s p h o e n z y m e  was  d e t e r m i n e d  a f t e r  2, 4, and  
6 s. Zero  t i m e  values  were  d e t e r m i n e d  by  a d d i t i o n  of  pe rch lo r i c  acid  b e f o r e  A T P  or  ADP.  B lank  value  as 
in Fig.  4. 

to  the rate o f  spon taneous  d e p h o s p h o r y l a t i o n  af te r  ATP (Figs. 4 and 5) and it 
was near ly  ident ical  for  the  two prepara t ions .  This means  tha t  the  ve loc i ty  of  
t rans i t ion f rom ADP-insensitive to  ADP-sensitive p h o s p h o e n z y m e  forms was 
low enough  to  allow m e a s u r e m e n t  of  the f rac t ion  o f  ADP-sensitive phospho-  
e n z y m e  unde r  s teady-s ta te  condi t ions  by  ex t r apo la t i on  of  the second phase 
ve loc i ty  to  zero t ime (Fig. 6). Af te r  co r rec t ion  for  ATP-exchangeable  32p, the  
ADP-sensitive f rac t ion  fo rmed  14% of  the to ta l  a m o u n t  of  p h o s p h o e n z y m e  for  
the  con t ro l  and 40% for  the t ryps ina ted  prepara t ion .  The  ex p e r im en t  thus  
shows tha t  t ryp t i c  digestion in phase A results in a 2--3-fold  increase o f  the 
relative a m o u n t  of  ADP-sensitive p h o s p h o e n z y m e .  

Discussion 

T he  t ryp t i c  digest ion in phase A with NaC1 in the med ium is shown to alter  
the proper t ies  of  the p h o s p h o p r o t e i n  which is f o rm ed  f rom [7-32p]ATP in the 
presence  of  Na ÷ and Mg 2÷. The  m a x i m u m  con cen t r a t i o n  o f  p h o s p h o e n z y m e  is 
close to  normal ,  bu t  the f rac t ion  of  ADP-sensitive p h o s p h o e n z y m e  is t rebled  
and there  is an abnormal  reac t ion  to  addi t ion  o f  K ÷. I t  is expressed in a weaker  
e f fec t  of  K ÷ on the  s teady-s ta te  level o f  p h o s p h o e n z y m e  and in a decrease in 
the ve loc i ty  of  the  K ÷ s t imula ted  dephosphory l a t i on .  The  binding capaci ty  for  
ATP of  this e n z y m e  is 80- -90% of  con t ro l  and the  dissociat ion cons tan t  o f  the 
e n z y m e - A T P  c o m p l e x  is no t  a l tered [2] .  The  cata lyt ic  de fec t  is, there fore ,  
selective and it is remarkable  tha t  it is caused by  a very  l imited damage to  the 
p ro te in  o f  the  pur i f ied (Na ÷ + K÷)-ATPase. 



15 

The combination of catalytic functions seen after tryptic digestion in phase 
A in the presence of NaC1 appears to be unique. An increase in the fraction of 
ADP-sensitive phosphoenzyme and in the ADP-ATP exchange activity in com- 
bination with a decrease in the rate of dephosphorylation after stimulation 
with K ÷ have been observed after poisoning with N-ethylmaleimide [8,9] and 
oligomycin [9], but these compounds do not  inhibit the K÷-phosphatase activ- 
ity more than the (Na t + K÷)-ATPase activity [10,11]. 

Quercitin [12] acts similarly, but it is not known whether it affects the 
K+-phosphatase activity. 

The increase in ratio of ADP-sensitive to ADP-insensitive phosphoenzyme 
seems to explain the increase in (Na÷)-ADP-ATP exchange activity. The number 
of ATP molecules formed per molecule of ADP-sensitive phosphoenzyme per 
unit time is nearly the same for the control and the trypsinated preparation. 
This means that  the higher exchange activity after the digestion in the presence 
of NaC1 is based on a larger number of phosphoenzyme units which produce 
ATP after addition of ADP rather than on a higher exchange velocity per 
enzyme unit. 

The simultaneous loss of the K÷-phosphatase activity and the appearance of a 
dephosphorylat ion defect is of particular interest in view of the suggestion that 
the phosphatase activity reflects a K÷-dependent hydrolytic step of the overall 
ATP hydrolysis by (Na÷+ K÷)-ATPase (for reference see ref. 14). In support 
of this, the results show that  the split which reduces the K÷-phosphatase 
activity also affects the sensitivity of the phosphoenzyme to K ÷ and the distri- 
bution among ADP-sensitive and ADP-insensitive phosphoenzyme forms. On 
the other hand, the relationship is not  quantitative, since the K+-phosphatase 
activity after the digestion is 5-fold lower than that  of the control, whereas the 
decrease in rate constant of K÷-sensitive dephosphorylation is only about 
2-fold. The discrepancy does not  preclude that  the phosphatase activity reflects 
a dephosphorylat ion step, but may only reflect that p-nitrophenylphosphate is 
not  an ideal substrate for the reaction. 

The tryptic cleavage in phase A is not detectable by gel electrophoresis in 
sodium dodecylsulfate [2] but the split might be close to a terminal end of the 
catalytic protein because 10--20 amino acids may be removed from the large 
chain without  altering significantly the electrophoretic mobility. This rela- 
tively modest change does not alter the properties of the ATP binding area or 
the part of the protein that  is involved in formation of the ADP-sensitive phos- 
phoenzyme,  but is impairs the transition to the ADP-insensitive phospho- 
enzyme and the K÷-stimulated dephosphorylation and phosphatase reactions. 
This selective modification suggests that  the protein areas that  are involved in 
the dephosphorylation reactions, and in the phosphatase activity, are close to 
one another or even identical. These areas are exposed to trypsin in the pres- 
ence of NaC1, when the catalytic protein is on the (t)Na-form and the ATP 
binding area is protected from tryptic attack. The transition to the (t)K-form 
of the catalytic protein following the exchange of NaC1 for KC1 is accompanied 
by exposure of the ATP binding area to trypsin and by protection of the phos- 
phatase area [1,2]. Furthermore,  the loss of the binding capacity for ATP can 
be correlated to distinct splits within the large chain, whereas the cleavage 
in phase A in the presence of NaC1 is not detectable by gel electrophoresis [2]. 
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These observat ions are compa t ib le  with the proposal  tha t  the pro te in  areas 
which are engaged in the d e p h o s p h o r y l a t i o n  and the phosphatase  react ions are 
spatially separated f rom the ATP binding area. 

Binding of  ATP in the  presence  of  NaC1 does no t  al ter  the  c o n f o r m a t i o n  ol  
the cata lyt ic  p ro te in ,  whereas the  t ransfer  of  7 -phospha te  f rom ATP to an 
aspartyl  residue [14,15]  is accompan ied  by  t ransi t ion f rom the ( t )Na-form to 
the ( t )K-form [1].  In view of  the observat ions  discussed above it is reasonable  
to  p ropose  tha t  this change in pro te in  s t ruc tu re  involves a r educ t ion  in dis tance 
be tween  the ATP binding area and the area responsible  for  the K*-stimulated 
d e p h o s p h o r y l a t i o n  react ion.  At  present  it is no t  possible to tell w h e th e r  the 
t ryp t i c  cleavage in phase A interferes  with such a s t ructural  change or if the 
ca ta ly t ic  modi f ica t ions  are due to  a damage inf l ic ted on areas tha t  are respons- 
ible fo r  the binding o f  K ÷ or for  the  hydrolys is  o f  the aspar ty lphospha te .  
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