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Elicitation of the brain microsomal (Mg2+ + Ca2+)-activated ATPase by 
digitonin treatment 

I t  IS well known tha t  b r a m  mmrosomes possess Mg2+-ATPase (ATP phospho- 
hydrolase,  EC 3-6 I-3), insensi t ive to g-strophanthmn, besides (Na+ + K+)-ATPase  
which is comple te ly  inhib i ted  b y  g-s t rophanth ln  1. In  tbe  previous paper  2 i t  was 
r epor ted  tha t  Mg2+-ATPase of b r am microsome was shght ly  ac t iva t ed  b y  low con- 
cent ra t lons  of Ca 2+ such as IO "~ M. 

Recent ly  NAKAMARU a found t ha t  this (Mg 2+ + Ca2+)-stimulated ATPase  
act ivi ty ,  (Mg 2+ + Ca2+)-ATPase, of bra in  mlcrosome was nmch higher In the  micro-  
somal  fract ion than  in the mi tochondna l  fraction,  suggestmg tha t  the (Mg 2+ + Ca2+)- 
ATPase  was located in microsomes bu t  not  in ml tochondr la  

In  this  communica t ion  we wish to repor t  considerable el ici tat lon of  b r am 
microsonial  (Mg z+ + Ca~+)-ATPase b y  dlgl tonln t i e a tme n t ,  and  the differences in 
sens i t iv i ty  to dlgl tonin of (Mg 2+ + Ca2+)-ATPase and Mg2+-ATPase, which is insen- 
si t ive to ethyleneglycol-bls-(fl-ammoethylether)-N,N'-tetraacetate (EGTA) 

Bra in  mmrosomes were prepared  as descr ibed previously  ~ with  the  following 
modif icat ions Pig bra in  was homogenized for 20 sec wi th  IO vol of o 32 M sucrose. 
Af ter  cent r i fugatmn at  15oo × g for IO ram, the  supe rna t an t  was centr i fuged at  
17 ooo × g for I h The resul t ing supe rna tan t  was fur ther  centr i fuged at  64 ooo × g 
for I h Then the prec ip i ta tes  were suspended in 5 mM T n s - m a l e a t e - N a O H  (pH 7 2), 
and recentr i fuged at  64 ooo × g for I h Resul t ing prec ip i ta tes  were thorough ly  
homogemzed m the above buffer (3-4 mg prote in  per  ml) and  used as microsomes 

T A B L E  I 

EFFECT OF CATIONS AND E G T A  ON THE O I °/o DIGITONIN-TREATED BRAIN MICROSOMAL A T P A s E  

C o n d i t i o n s  f o r  t h e  a s s a y  w e r e  5o m M  T r l s  HC1 ( p H  7 4), I 25 m M  A T P ,  a t  37 ° 
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Subsequent treatment of the microsomes with digltonln was, when necessary, carried 
out by adding an equal volume of a digltonin, solution of twice the desired concen- 
tration_ After keeping for IO rnin at room temperature, 0. 5 ml of the mixture was 
submitted to the enzyme assay. 

Determination of ATPase activity was performed as described previously 2. 
Strophanthln-insensltive ATPase was determined in the presence of Mg 2+, Na +, K + 
and g-strophanthln (Na + + K+)-ATPase was calculated as a strophanthmn-sensztlve 
activity, a dlfference between total activity assayed in the presence of Mg ~+, Na+ 
and K + and in the absence o f - g - ~ t ~ a n t h i n ,  a~.d ~he~strophanthmn-lnsensitlve 
ATPase activity_ (Mg 2+ + Ca2+)-ATPase was calculated as a difference between an 
activity assayed m the presence of 5 mM Mg z+, 3" lO-5 M Ca 2+ and g-strophanthln, 
and EGTA-lnsensltlve activity (Ca2+-lndependent Mg2+-ATPase) assayed in the 
presence of 5 mM Mg 2+, 3 '  lO-5 M Ca 2+ (or absence), g-strophanthin and EGTA In 
the case of digltonm-treated mlcrosomes, the concentration of dlgltonin was reduced 
to one eighth that used in the treatment, in the 4 ml of reaction medium 

Table I shows that ATPase activity in the presence of g-strophanthln is in- 
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Fzg I_ Effect  of Ca 2+ concen t r a t ion  on the  b ra in  mlcrosornal  s t r o p h a n t h m - l n s e n s l t l v e  A T P a s e  
af ter  o I %  d ig l tonm t r e a t m e n t  Condi t ions  for the assay  were 5 ° mM Tns-HC1 (pH 7 4), 
o 125 mM g - s t rophan thm ,  I 25 mM ATP,  a t  37 ° O - - O ,  in the  presence of 5 mM Mg 2+, © - - O ,  
m the  absence of Mg 2+ 

Fig  2 Effect  of d l g l t o n m  t r e a t m e n t  A On the  (Mg 2+ + CaZ+)-ATPase and Ca2+-mdependent  
Mg2+-ATPase Condi t ions  for the  assay  were 5 ° mM T n s  HC1 (pH 7 4), 5 mM Mg 2+, 3" lO-5 M 
Ca 2+, o 125rnM g - s t ropha n thm ,  I 2 5 m M  ATP, a t  37 ° _ O - - O ,  m the  presence of o 1 2 5 m M  
E G T A  (CaZ+-mdependent Mg2+-ATPase),  0 - - 0 ,  m the  absence of EGTA,  O - -  - -  - - O ,  difference 
of above  two a c t w m e s  ((Mg z+ + Ca~-+)-ATPase) B On the  s t r o p h a n t h m - s e n s l t l v e  and -insensi-  
t i ve  ATPase  O---O, t o t a l  a c t i v i t y ,  O - - © ,  s t r o p h a n t h m - m s e n s m v e  ATPase ,  © - - - - - - O ,  
s t r o p h a n t h l n - s e n m t i v e  ATPase  C o n d m o n s  were 5 ° mM T n s - H C I  (pH 7 4), 2 mM Mg 2+, 13o mM 
Na  +, 20 mM K +, i 25 mM ATP,  o 125 mM g - s t r o p h a n t h m  (only in the  case of s t r o p h a n t h l n -  
m s e n s m v e  ATPase) ,  ~t 37 °_ 
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creased by  the a d d m o n  of 3 '  lO-5 M Ca 2+ and largely mhlb l t ed  by  EGTA,  suggest ing 
the presence of (Mg ~+ + CaZ+)-actmvated ATPase .  This (Mg ~+ + Cae+)-ATPase is 
r emarkab ly  s t imula ted ,  as is s t rophanth ln-sens l t lve  ATPase ,  by  subsequent  d lg l tonln  
t r ea tmen t .  After  this t r ea tment ,  s t rophanthm-sens l t ive  ATPase  and (Mg ~+ + Cae+) - 
ATPase  increase e-fold and 4-fold, respect ively,  and  the specific ac t iv i ty  of (Mg ~+ + 
Ca2+)-ATPase is about  one th i rd  tha t  of s t rophanth in-sens l t lve  ATPase  Only  low 
concentra t ions  of Ca 2+ are effective for the  ac t lvahon  of (Mg 2+ + Cae÷)-ATPase and 
the activlt~ IS lowered with  an increase of Ca 2÷, as shown in Fig  I. Maximum ac t iva t ion  
is ob ta ined  with  added  3 IO-S M Ca 2+ in the  presence of 5 mM Mg 2+ A considerable 
amount  of the ac t iv i ty  observed wi thout  addi t ion  of Ca ~+ IS undoub ted ly  due to some 
con tamina ted  Ca 2+, because E G T A  can reduce the ac t iv i ty  When  Mg 2+ is not  added,  
the  ac t iv i ty  is low at low concentra tmns of Ca 2s Gradua l  increase of the  ac t iv i ty  
wi th  increase of Ca ~+ is in accordance with  results  r epor ted  previously  2 

There is a difference between EGTA-insens l t ive  Mge+-ATPase and (Mg 2+ + 
Cae+)-ATPase with  respect  to sens i t iv i ty  to digi tonln As shown in Fig  2A, 0-04% 
dlgi tonln  t r ea tmen t  is the  most  effective for s t lmula tmn  of EGTA-msens i t lve  ATPase  
bu t  the  s t imula tmn is shght,  whereas o I ~o digi tonln considerably  s t imula tes  (Mg 2+ + 
Cae~)-ATPase F ig  2B shows the effect of d lgi tonln  t r ea tmen t  on the s t rophan thm-  
sensit ive ATPase .  I t  can be seen t ha t  o I %  dlgl tonln is the  most  effective for the  
s t imula t ion  of the s t rophanth in-sens l t lve  ATPase  These results  suggest the s imi la r i ty  
of s t rophanth ln-sens l t ive  ATPase  to (Mg 2+ + Ca~+)-ATPase ra ther  than  EGTA-  
msensi t lve Mge+-ATPase_ 

Recent  d e m o n s t i a t m n  of Ca 2+ b i d i n g  of b r am mlcrosome induced by  A T P  ~ 
m a y  show a resemblance of b r am mlcrosome to muscle mmrosome m its proper t ies  
of (Mg 2+ + Ca2+)-ATPase 5 and Ca 2+ b indmg ~. In  the  presence of oxala te  and  Mg 2+, 
HASSELBACH AND MAKINOSE 7 showed tha t  Ca 2+ could a c hva t e  the  ra te  of ATP  
hydrolys is  b y  muscle mlcrosomes, and suggested t ha t  Ca ~+ t r anspor t  and the rates  of 
A T P  hydrolys is  were l inked In the  b r am mlerosome (Mg 2+ + Cae+)-ATPase also m a y  
have some rela t ionship to Ca ~+ binding reqmring A T P  
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