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The effect of phospholipase C on two ~ozymes ( a ( + )  and a forms) of rat brain (Na + + K +)-ATPase and 
the temperature-dependence of their activities were investigated. Phospholipase C from Ciostridium welch~ 
inhibited the activities of the enzymes treated with and without py~thiamin or N-ethylmaleimide, a 
preferential inhibitor of the a ( +  ) form, but the extent of the inhibition was higher in the control enzyme 
than in the treated enzyme~ The treatment of the (Na + + K +)-ATPase with phospholipase C altered a ratio 
between high- and low-affinity components for ouabain inhibition, it also caused the ~milar change in a ratio 
between the a ( + )  and a forms of Na+-stimulated phosphorylation from [~-3zp]ATP. These findings 
indicate that the a ( + )  form of rat brain (Na + + K +)-ATPase is more sensitive to phospholipase C than the 
a form. Analy~s of Arrhenius plots of the activities of the control and pyfithiamin-treated enzymes showed 
that there was a difference between the two enzymes in a break point. We suggest that two isozymes of rat 
brain ( N a + +  K +)-ATPase differ in the interaction with phospholipids or in the lipid-environment. 

I n ~ t i ~  

It has been reported that there are two different 
molecular forms of the (Na++  K+~ATPase (EC 
3.6.1.3) in the b r~n  [1-7]. On the bails of the 
different apparent m~ecular wogh~  of the cata- 
lytic subuni~ by SDS-polyacr~amide gel dec- 
~ophoresi~ they are c ~ d  a ( + )  and a form~ 
corresponding to the larger and s m e a r  m~ecular  
woght~ respectively [1]. Both forms are ~so pre- 
sent in fat cells where the a ( + )  form is sdectivdy 
stimul~ed by insulin [8-1~.  They have different 
affinit~s for cardiac ~ycofides OAL12], and can 
be distinguished by thor  senfiti~fies to sever~ 
biochemical probe~ such as proteinases and N- 

* To whom co~espondence shouM be addre~ed. 

ethylmalomide [1], and by the antigen determi- 
nants [5]. We have recently found a new probe to 
distinguish two molecular forms of the (Na++  
K÷)-ATPase: pyfithiami~ an antimetabolRe of 
thiamin, inactivates preferenti~ly the a ( + )  form 
[13-15]. On the other hand, it is accep~d that 
phospholipids are impo~ant  in the function of the 
( N a + +  K+)-ATPase: they are involved in the 
cat~ytic actifity or in the conformation~ change 
of the enzyme [16,17]. The objective of this study 
was to examine whether two ~ozymes of b r~n  
( N a + +  K+hATPase differed in the interaction 
with phospholipids. We demon~ra~  here that the 
two ~ozymes have different senfitivity to phos- 
pholipase C ~eatment and that there is a dif- 
ference in a break point of Arrhenius plots be- 
tween the un~eated and pyfithiamin-treated (Na + 
+ K +)-ATPase. 
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MaStiffs  a ~  M e ~ s  

Enzyme preparation and enzyme a~ay. (Na + + 
K+~ATPase was partially purified from ~ t  
cerebr~ codex by the m~hod of Jorgensen [18] 
with a mo~fication [13], and the acti~ff was 
measured as p ~ o u ~ y  described [13,1~. The 
specific acti~ff of the enzyme used here was 
655-~35 #m~ ~ / m g  protein per min. Protdn 
was d~ermined by the m~hod of Lowry et ~. [19] 
u~ng bo~ne serum ~bumin as standard. 

Tre~ment wi~ pyrithmmm and N-ethylmalei- 
mide. The enzyme suspen~on (50 ~g/ml) was 
incubated with 1 mM pyrithiamin or 1 mM N-eth- 
~ m ~ m i d e  ~ y  ~ssoNed ~ 20 mM imidaz~e 
buf~r (pH 7.25) [14,15]. The ~sulting ~ m e n t  
was ~suspended ~ 0.16 M sucro~/0.5 mM 
EDTA/10 mM imidaz~e buf~r (pH 7.25). These 
We~men~ decreased the (Na++ K+~ATPa~ ac- 
tivi~ by 75-85% and S D ~ p ~ y a ~ a m i d e  gd 
~e~ropho~fis showed that the ~f idu~ actioty 
reflected m~nly the acti¼ff of a form as pre~- 
ou~y described [14,15]. 

Treatment with phospholipase C and sphingomyo 
#nas~ Phospholipa~ C ~e~ment was carried out 
for 30 min at 37°C in a med~m confisting of the 
enzyme ~.5 mg/ml), phospholipa~ C at the 
spedfied concen~afion~ 20 mM imidazo~ buffer 
(pH 7.25) and 1 mM CaCI~. In another experi- 
ment, the enzyme suspenfion (0.5 mg/ml) was 
~eated with sp~ngomyelinase (0.5 U/ml)  in the 
same way as the phospholipase C ~e~ment except 
that 1 mM MgC12 was used ~ e a d  of 1 mM 
CaC12. A~er ~e~menL 2 mM EGTA (for phos- 
p h ~ a s e  C treatmen0 or EDTA (for sp~ngom~ 
elinase ~e~men 0 was added to the mixtur~ The 
mixture was centrifuged at 279 000 × g for 20 m~  
in a Beckman TL-100 ~acentr ifuge.  The msdb  
~g  ~ m e n t  was resuspended in 0.16 M sucrose/ 
0.5 mM EDTA/10 mM imidazo~ buff~ (pH 
7.25) for the enzyme a c t i ~  and phospholi~d 
determinations. 

Determination of phospholipids. Phospholip~s 
of the enzyme preaprations were ~ e d  by ex- 
waction with c~oroform/m~han~ (1:2, v / ~  ~ 
the presence of 0.05% butyl~ed h y d r o x ~ u e n ~  
and separa~d by two-~men~on~ t~n-lay~ chro- 
m~ography on ~fic~gd by the method of Esko 
and Raetz [2~. The spots were scraped off the 
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sheet and the phosphorus content was a~ayed by 
• e m~hod of BarfleU [21]. Tot~ phospholip~ 
was determined as described p ~ o u ~ y  [22]. 

Phospho~ted ~ r m e ~  The enzyme w~  
phosphoryla~d wiM [ ~ A T P  and su~ec~d ~ 
S D ~ p ~ y a ~ a m i d e  gd de~ropho~fis as p~vi- 
ou~y described [13,1~. The gd was staine~ do  
staine~ and dried on filer pape~ The two band~ 
c o ~ p o n & n g  to the a (+)  and a, were cut off 
and thdr r a d ~ a c t i ~  was coun~d ufing a fiq~d 
sdntilhtion s p e c ~ o m ~ .  

Arrhenius plot analys~ The ~g spedfic acti~ff 
of the enzyme was p ~ e d  ag~n~ the redproc~ 
of the abs~ute ~ m p ~ u ~  of Me incubation 
me,urn  and Me T d v~ue was c~c~a~d as p ~ -  
ou~y ~po~ed [23]. 

Materials. Vanada~-~ee ATP, pyfithiami~ 
o u a b ~  phospholip~e C (Type XII, ~om 
Clostri~um welch#) and sp~ngomyelina~ (fiom 
Staphylococcus aumus) w~e obt~ned ~om ~gma 
C h e m ~  Co. S f l ~ g d  ~ u m ~ m  sheet was 
purchased ~om E. Merk AG. [ ~ A T P  was 
from Am~sham. AH other chemicals used here 
w~e of Me ~gh~ t  puriff c o m m ~ o ~  available. 
The ~sod~m s~t of ATP was conve~ed to the 
Tris s~t by pa~age over an AGSOW-X8 cation 
exchanger refin. 

R e s ~  

The (Na++ K+)-ATPa~ preparations Fro 
t r e ~ d  with and without pyrit~arnin or N-eM~- 
mM~mide were incubated with phospholip~e C 
from Clostridium we&h~ These enzyme prepara- 
tions showed a ~milar ~n~ t i~ f f  ~ phosphofip~ 
hydr~y~s by phosphohpase C (Fig. 1), w ~  Me 
~ t i o n  of the enzyme a c t i ~  by phospholipa~ 
C was g r e ~  in the contr~ enzyme than in the 
pyrit~amin- and N-eM~m~mido t r ea~d  en- 
zymes (Fig. ~.  In aH of Me enzyme, the effects of 
phospholip~e C on the enzyme a c t i ~  and the 
phospholi~d content were dos~dependent and 
b ~ h ~ .  The e f ~  of phosphohpase C on each 
phosphohpid ~ rat br~n (Na++K+~ATPa~  
preparation was examined to study w~ch pho~ 
pholi~d spe~es might be ~ t e d  to the decrease 
~ Me acti¼ff by phospholipase C (Fi~ 3). Phos- 
p h a f i d ~ c h ~ e  was ~adily hydr~yzed by phos- 
pholipa~ C at ~wer concen~afion~ and sp~ng~ 
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Fig  1. Hydrolysis of phospholipid in the enzyme preparations 
by phosphofipase C. Rat brNn ( N a + +  K + ~ATPase was pre- 
u e ~ e d  with pyrithiamin (a) or N - ~ h ~ m N N m i d e  (~). The 
control (©) and u e a ~ d  enzymes were then incuba~d with 
phosphohpase C at the indica~d concentrations for 30 rain at 
37°C and centrifuged. TotN phosphohpid in the enzyme pre- 
parations was d~ermined  as described under MmeriMs and 
M~hods .  Total phospholipid con~nt  ( ~ m N  ~ / m g  protein) of 
these enzyme preparations were ~00 ± ~ 11 (con~ol), 2.67 ± ~ 17 
( p y r i t h h m ~ - ~ e a ~ d )  and 3 .20±0 .12  (N-e thylmMNmid~ 
~ea~d)  (n = 4-8). Each pNnt  is the mean of four experiments. 
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Fig. 3. Effect of phospholipase C on each phospholipid content 
in rat brain (Na + + K + ~ATPase  preparation. The enzyme was 
~eated with phosphofipase C at the indicated concen~ations 
for 30 min and centrifuged. Each phosphofipid was separated 
and the content was determined as described under Materials 
and Methods. Phospholipid contents ( # m o l / m g  protein) of 
the con~ol enzyme were 0 .140±~010  (sphingomyelin, ~). 
1 .270±0~40 (phosphatidylcholine, O), 0.075±0.002 (phos- 
phatidyl inositol, ~), 0.421 ±0.019 (phosphatidylsefin~ ~) and 
1.135 ± 0.052 (phosphatidylethanolamin~ ~) (mean ± ~ E. of 14 
determinations). Each point represents the mean of three or 
four exper iment .  The standard error was within 10% of the 
mean. 
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Fig. 2. Effect of phospholipase C on the activities of (Na + + 
K ÷ ~ATPase  pretreated with pyrithiamin or N-ethylmal~- 
mide. Rat brain ( N a + + K ÷ ~ A T P a s e  was pretreated with 
pyrithiamin (~) or N-ethylmaleimide (~) for 15 min at 37°C 
and washed as described under Materials and Methods. The 
pretreatment resulted in the decrease in the enzyme activity by 
75-85%. The con~ol (©)  and ~eated enzyme preparations 
were then ~eated with phosphohpase C at the indicated con- 
cen~afions for 30 min, and the enzyme activities were 
determined. Each point represents the mean of three to fix 
expefimen~ with different enzyme preparation~ The standard 
error was within 10% of the mean. 

m y ~ n  and ~ o s ~ e M a n ~ a ~ n e  were h ~  
drMyzed to a lesser extent. In contrast, phos- 
~ d ~ n o f i ~  and phosphafid~sefine were re- 
fistant to hydrNy~s by phosphN~ase  C even at 5 
u / ~ .  

The effect of ~ o s ~ s e  C on the isozymes 
in Me brNn was further e x a ~ n e d  by anNyfis of 
tho r  senfifi~fies to ouabNn ~ N N f i o n  and by 
r e s t i n g  Me two forms by S D S ~ c r ~ a ~  
gel d e c t r o ~ o r ~ s .  The effects of Me ~eatment  
~ t h  ~ o ~ h ~ p a s e  C and s p N n g o m y d ~ a s e  on 
s e n ~ M f f  of rat brNn ( N a + ÷  K + ) A T P a s e  to 
ouabNn ~ N N f i o n  are iHugra~d in ~g .  4. Two 
componenU of ouabNn ~ N N f i o n  wNch reflected 
Me presence of two mMecMar forms [1,14,15] were 
observed in the c o n ~  and treated enzymes. 
P h o s ~ s e  C u e ~ m e m  f i g ~ f i c a m ~  changed a 
ratio b~ween the N ~ -  0nNNt ion  by 1 • 10 s-5 • 
10  - 6  M o u a b N ~  and l o w - O n N N t i o n  by 5. 
10  6 - 1  - 10  3 M o u a b N ~  aff imff  componenU o f  

the ~ N N t ~ n :  the N ~ - a f f i N ~  component  of the 
inNNfion was about 80% of the totM in the con- 
trol, wNle it was about 67% in the p h o s p h ~ a s e  
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Fi~ 4. Effe~ of phosphohpase C and sphingomyelinase on the 
dose-response curve of b r a n  ( N a ÷ + K + ~ A T P a s e  versus 
o u a b ~ n  concentrations. The enzyme suspen~on (0.5 m g / m l )  
was treated with 2.5 U / m l  phospholipase C (~) or 0.5 U / m l  
sphingomyefinase (~) for 30 rain and centrifuged as described 
under Matef i~s  and Method~ The ATPase reaction of the 
con~ol  ((3) and Uea~d  enzymes was carried out for 30 min in 
a f in~  volume of 0.1 ml in which p ro ton  concenuat ion was 
adjusted to 2 ~ g / t u b e  by addition of bofine serum ~ b u m i n  as 
previou~y reposed  [1~14]. Points are v~ues  from a repre- 
sentatNe experiment which has been repeated three times. 

C-~eated enzym~ Sphingomyelinase ~eatment, 
which decreased sphingomydin in the enzyme pre- 
paration by 84% (mean of four determinations), 
affected neither the enzyme activity nor the dose- 
response curve for ouabain inhibition. This find- 
ing suggests that sphingomyefin does not contrib- 
ute to the different sen~tivity of the ~ozymes to 
phosphohpase C. The con~ol and treated (2.5 
U / m l  phosphofipase C for 30 min at 37°C) en- 
zymes were phosphorylated by [y-~P]ATP in the 
presence of Mg ~+ and Na ÷ [14,15] and then the 
a ( + )  and a forms were distinguished by SDS- 
polyacrylamide gel decuophore~s.  The di~ribu- 
fion ratios of the radioactivity incorporated into 
the a ( + )  were 86.1 ± 1.3 (the con~ol enzyme) 
and 74.9 ± 3.3 (phosphofipase C-geated ezyme) % 
of the total (mean ± S.E. of three determination~ 
P < 0.05). 

The temperature-dependence of membrane- 
bound activity has often been ~udied because it 
reflects changes in fipid-protein or fipid-fipid in- 
teraction [24-27]. Fi~ 5 shows Arrhenius plots of 
the activities of brain ( N a ÷ +  K÷)-ATPase pre- 
treated with and without pyrithiamin. A discon- 
tinuity in the plots was observed in both prepara- 
tions. T d values in the con~ol and the treated 
enzymes were 29.1 and 34.2°C, respecfivdy. The 
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Fig. 5. A ~ h e m u s  ~ o t s  of b r a n  (Na ÷ + K ÷ ~ATPase  a c t i ~ .  
Rat b r a n  (Na ÷ + K  ÷ ~ATPase  was pretreated w i~  (~) and 
without (©) 0A mM pyr i t~amin  for 15 min at 37°C  and ~ e  
actif iff  was determine& T ~ s  u e ~ m e n t  inhibited ~ e  enzyme 
a ~ i f i f f  by 70-75% and S D ~ p ~ y a c ~ l a m i d e  gd  dectrophore- 
~s  showed ~ ~ e  predominant  ~ r m  of the Uemed enzyme 
was a, m agreement with ~ e  prefious r e s e t  [1~. The ~ g  
speofic a c t i ~  of each enzyme was ~ o t ~ d  a g ~ n ~  the re- 
d p r o c ~  of ~ e  abs~ute  ~ m p e r a ~ r e  of ~cuba f io~  Each p ~ n t  
represents the mean of ~ ree  to five experiments. 

activation ener~es above and bdow T d in the 
treated enzyme were c~cu~ted  from the ~opes of 
the fine to be 27.5 and 94.1 kJ /mol ,  respectivd~ 
in the two preparations. 

D~cussion 

It is estimated that a ratio of the a ( + )  and a 
forms in rat b r~n  ( N a + +  K+kATPase  is about 
4 :'1 and that more than 80% of the to t~  activity 
in the enzyme treated with pyrithiamin or N-ethyl- 
mM~mide is due to the a form, on the bails of the 
resul~ on senfitivity to the ouab~n inhibition and 
the phosphorylated intermediates of the enzyme. 
Then, it may be roughly considered that the con- 
trol and pyfithiamin~treated enzymes are the 
a ( + )  and a forms, respectivdy. In this study, we 
first examined the effect of phospholipase C on 
the (Na ÷ + K÷~ATPase ~eated with and without 
pyrithiamin or N-ethylmM~mide to clarify sen~- 
tivity of the two ~ozymes to phosphofipase C. 
Phospholipase C inhibited the acti~fies of these 
enzymes, but the extent of the inhibition was 
higher in the control enzyme than in pyfithiamin- 
and N-~hy lm~omid~t rea ted  enzymes (Fig. 2). It 
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~ unlikdy that the ~ f ~ n c e  may be due to that 
b~ween the control and ~eated enzym~ in h~  
dro~sis of phospholi~ds by phospholipa~ C, 
fince the ~e~ment wiM pyrit~amin or N-~h~- 
m ~ m i d e  ~d  not a f ~  the hydr~yfis of pho~ 
phofipids in Me enzyme p~parafion (Fig 1L Then, 
the find~g sugges~ that there is a ~fference 
b~wene the two ~ozym~ in ~nsitiviff to ~ -  
tion by p h o s p h ~ a s e  C. T~s p~nt was subse- 
quently examined by an~yfis of ~nf i t i~ff  of Me 
enzyme to ouab~n in~bifiom Br~n (Na ÷ + K+~ 
ATPase shows two componen~ of ouab~n inhibP 
tion w~ch reflect Me presence of two modcdar  
forms [1,1~. Phospholipa~ C ~e~ment caused a 
change in a ratio b~ween ~gh- and ~w-affi~ff  
componen~ for ouab~n ~ t i o n  (F~. ~,  ind~ 
caring th~ lhe ~e~ment ~ d  the a c t i ~  cf 
the a (+ )  form more than that of the a. The 
fim~ar condufion was obt~ned by the experiment 
with SDS-po~acrylamide gd e ~ r o p h o ~ f i ~  
w~ch couM d~fingu~h the two form~ Pho~ 
phohpa~ C increased the proportion of Me phos- 
phorylation of the a form, and, conversely, de- 
creased Mat of the phosphor~ation of Me a (+  L 
It ~ thus concluded that two isozym~ of rat br~n 
(Na÷+ K+~ATPase h~ve &ff~ent ~nsitiviff lo 
m~Ntion by phospholipase C. 

Phosphofipase C ~om ~ welch~ affec~d each 
p h o s p h ~  spedes ~ the (Na++ K+~ATPa~ 
preparation in a ~f f~ent  way, in agreement with 
the p ~ o u s  repo~s ~8-3~ .  Phosphafid~chohne 
was ~ghly sensitive to the ~e~men~ phos- 
pha t i d~ha n~a mine  and sp~ngomyelin w~e 
mod~ately senfitiv~ and phosphatidylino~tol and 
phospha t id~r ine  w~e in~n~tiv~ The acti~ti~ 
of the c o n ~  ~nd pyrithiamin- or N-eth~m~ei- 
mide-tre~ed enzym~ were ~ m d  by the h~  
drolysis of phospholi~ds, though their in~bitions 
~ f f~ed  ~ an extent as described abov~ In con- 
trast to phospholipase C, sp~ngomyelina~ treat- 
ment • d not affect the acti~fi~ of these enzyme. 
These findings sugge~ that most of the acti~ff 
seems to depend on phosphatid~choline or phos- 
p h ~ e t h a n ~ a m i n e  ~ the two isozym~, though 
phosphatidylinositol or p h c s p h ~ i d ~ r i n e  may be 
inv~ved in the a c t i ~  ~ m ~ n g  a~er phos- 
p h ~ a s e  C vermont ,  as ~po~ed p ~ o u ~ y  ~ 
the ~dney enzyme [31]. The f in ing  observed here 
is ~ confl~t wRh the p~¼ous suggestion ~ 1 ~ 2 ~  

that p h o s p h ~ r i n e  or more g e n e r ~  a~d~ 
phosphohpids are e~enti~ for the acti~ff. BuL 
De Pont et ~. [3~32] prodded e~dence ag~n~ 
the ~ n f i a h ~  of Me p h o s p h ~ i d s  ufing pho~ 
p h a t i d ~ f i n e  decarbox~ase and phosphati- 
d~o~tol -spec i f ic  phospholipa~ C. FurM~mo~, 
HHden and H o r n  [3~ d e m o n s ~ e d  that coup~d 
~anspo~ of Na + and K + cou~ be found in 
phosphofi~d vesicl~ c o n t ~ n g  purified (Na++ 
K+)-ATPa~ with phosphatid~choline as Me on~ 
p h o s p h ~ i d .  They a~o sugge~ed that the 
s p e ~ f i ~  for p h o s p h ~ f i n e  was not for 
(Na++ K+hATPa~ a m i ~  but ~ r  some oM~ 
process such as comNnation of d d ~ a ~ d  pro- 
tein and phospholipid in aqueous sMutiom 

The present study d e m o n s ~  that the a ( + )  
form ~ ~nNfive to phospholipase C more lhan Me 
a. The difference suggests Mat the two forms have 
• ff~ent ~gMations by phosphohNds. It ~ M ~  
native~ c o n s ~ e d  that Mere ~ a N f ~ n c e  be- 
tween the two forms ~ the phospholiNd-en~ron- 
men~ For exampl~ phosphatid~choline and 
phospha t i d~ r in~  wNch are ~ q ~ d  for lhe ac- 
tivi~ and easily hydrMyzed by phospholipase C, 
may be locM~ed more around the a ( + )  than 
around Me m Though the exa~ mechaNsm ~ not 
yet known, the finding suggests that the two ~o- 
zym~ Nf~r  ~ the phospholiNd-dependence or m 
the interaction with phospholiNds. It ~ known 
that the ~ o n t i n ~  in A~heNus p~t  of the 
enzyme a c t i ~  N a~fibuted to the ~ r a c t i o n  of 
the enzyme protein wiM a tightly a~o~a~d  fipid 
annMus [24-2~. The anMyfis of the ~ m p ~ u r ~  
dependence of the enzyme a c f i ~  then p ro~d~  
~formation on the l~id en~ronment of the en- 
zyme [2~. We have demonsumed here that the 
~e~ment  cf the (Na + + K+~ATPase wiM 
pyfithiamim an i n ~ m r  of the a ( + )  form [1~, 
~ d  T a v~ue without a change in the activation 
e n e r ~  above and bdow ~ .  The finding may 
suppo~ the idea that two forms of rat brain 
(Na÷+ K+)-ATPa~ ~ffer in thor ~ r a ~ n s  
with phospholi~ds. 

The ~ozymes of (Na++ K+~ATPase are 
thought to serve ~ f ~ n t  functions ~ the regu- 
~fion of ion ~anspo~. It has been reposed that 
lhe a ( + )  form ~ sdectivdy reg~a~d by m s ~  
in fat cells [8-1~. A ~mi~r difference in the 
~gulation of the ~ozym~ could be con~dered ~ 



the brain: they might have different sen~fivity to 
regulation by hormone or neurotransmitter. How- 
eveL there N no evidence for this ide~ and the 
physiologicM function of each form in the brMn N 
not clarified so fa~ The study on the difference 
between the two Nozymes will obviou~y contrib- 
ute to clarification of thor function~ The mo~ 
~riking difference between the Nozymes ~epo~ed 
so far N sensitivity to inhibition by ouabain 
~,6,11A~14]. We demon~ra~ here that there is a 
d~ference between the a ( + )  and a forms in the 
interaction with phospholipids. It ~ accepted that 
the reaction of the ATPase occurs accompanying 
conformationM changes which may be condensed 
into four states as follows ~ 3 4 - 3 ~ .  

E~ ~ E~P ~ E2P ~ E 2 # E~ 

Since phospholipids seem to be impo~ant in the 
conver~on of E~P to E2P ~8-4~ ,  the present 
finding suggests that the two isozymes differ in 
the ffanMtion of the two phosphorylated state~ In 
accord with this suggestion, we have found a 
difference between the two Nozymes in senNtiivty 
cf lhor phosphorylated intermedia~s to ADP un- 
der ce~Mn conditions (unpublished data). A ~mi- 
lar suggestion has been recently provided by 
Sweadner ~L She has examined the ba~c kinetic 
properties of the two (Na++ K+)ATPases puri- 
fied ~om rat kidney and brMn~em axolemm~ 
and proposed ~om the d~ference in kinedc coop- 
erativity that the ~ozymes may differ in thor 
conformafionM ~anMdons during enzyme turn- 
o v e ~  

We are grateful for the exc~Mnt technicM as~s- 
tance of M~ses Miwa Ryo and Yukari Iwaki. 
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