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The effects of calcium on the ATPase activity of electric tissue extracts 

Tile existence of an ATPase  (ATP phosphohydrolase ,  EC 3.6.I.3), or ATPase  
sys tem,  tha t  requires tile presence of l)oth Mg '2- and  (;a 2~ for full ac t iv i ty  has been 
demons t r a t ed  in muscle sarcosomes 1, 2 as well as in red cell ghosts  a, 4. In both cases, 
it appears  t ha t  tile activity, of the enzyme is involved in act ive t r anspor t  of Ca '2 
(refs. I,  5). Evidence  has been t)resented 6 indica t ing  the presence of an analogous 
ATPase  sys tem in bra in  microsomes ; this  may  be re la ted  to the  fact t ha t  bra in  micro- 
somes can accunmla te  Ca 2. in the presence of Mg 2- and ATPV, 8. Such findings m a y  
be i m p o r t a n t  in view of the  essential  role p l ayed  by  Ca '~ in exci ta t ion  and conduction.  

In the  present  work, we show the presence of a (Mg 2. + Ca2=)-requiring ATPase  
ac t i v i t y  in pa r t i cu la te  f ract ions ob ta ined  from a tissue which is ex t r eme ly  rich in 
pos t synap t i c  membranes ,  the  electric organ of Torpedo marmorata L. 

The freshly: dissected organ (about  4 ° g wet tissue usually) was forced through 
holes (i mm in diameter)  in a tissue press (Harva rd  A p p a r a t u s  Co., Dover,  Mass.). 
The resul t ing pas te  was d i lu ted  with 2 w)l. of o. 3 M sucrose and was ei ther  d i rec t ly  
centr i fuged or homogenized in a Po t t e r  E lvehjem homogenizer  with a loose-fi t t ing 
Teflon pestle (clearance about  I nul l ) .  The pestle was passed up and down the tube  
only twice. The homogenate  was d i lu ted  again with 2 wA. of o. 3 M sucrose and cen- 
t r i fuged for 2o rain at  3ooo rev. /min.  The pellet  (P1 fraction) was resuspended in 
o.3 M sucrose and fil tered through gauze before use. The prote in  concentra t ion  was 
approx.  5 Io mg/ml.  The supe rna tan t  was centr i fuged at  IIOOO > g for 2o rain, 
y ie lding a re la t ive ly  small  pellet  (P.,). The remaining  supe rna t an t  (S~) was used as such. 

The effects of increasing concentra t ions  of Ca "~ on the ATPase  ac t i v i t y  of dif- 
ferent fract ions are shown in Fig. I. I t  can be seen tha t  (;a 2~ induces about  5o °0 
s t inmla t ion  in the  presence of Mg z~ and ouabain.  When  the tissue has been passed 
through the press but  not  homogenized,  the curves ob ta ined  (a and b) general ly  have 
a s imple shape, the appa ren t  Km t)eing re la t ive ly  high (o.o5-o.2 mM). However ,  if 
the t issue has been homogenized or frozen, the  curves are more complex and genera l ly  
exhib i t  2 maxima.  The first corresponds to a Ca 2' concentra t ion  of less than  o.or raM; 
the activity" at  this concent ra t ion  is very near  t i le max ima l  values. I t  appears ,  there-  
fore, t ha t  a more extensive f ragmenta t ion  of the cellular  s t ructures  induces a con- 
s iderable  decrease in the  apparent /<~n values for calcium. Ageing of the p repara t ion  
at  2o ° or repea ted  freezing and thawing  general ly  results  in the  appearance  of even 
more than  two peaks  in the curve, together  with a marked  decrease in the ac t iv i ty  
ra t io  (Mg '~ q Ca%)/(Mg "~ alone) (data  not  presented) .  The Ca2 - s t imula ted  sys tem 
thus  appears  to be very  labile in this tissue. 

If the incubat ion  med ium conta ined  re la t ive ly  large amounts  of monovalen t  
ca t ions  (Fig. I, d), a decrease in the  to ta l  ATPase  ac t iv i ty  was observed,  concomi tan t  
with an increase in the  ac t iv i ty  ra t io  (Mg "~ --Ca"~)/(Mg 2+ alone). Li t t le  or no speci- 
f ici ty was noted  as far as the  monova len t  cat ion was concerned, i.e. the  same effect 
was observed with K~, Na - ,  R b  and N H 4 .  

Ano the r  r emarkab le  effect of ( 'a  "t was observed in the presence of both  Na + 
and  K ~ in the inedium (Fig. 2). No ouabain  was present .  Under  these condit ions,  

A b b r e v i a t i o n :  F.GTA, cthylcneglycol-bis-(2-aminoethyl)-N,N,N,N-tetraacetate (Tris  sa l t ) .  
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a 5-fold higher activity was measured in the Pl fraction, in the absence of Ca 2+, thus 
indicating that some 8o O/,o of the total ATPase activity of the tissue is due to the 
(Na+-K+)-ATPase. This was also the case in electric organ of Electrophorus electricus ~. 
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Fig. I. ]Effect of cthyleneglycoI-bis-(2-aminoethyl)-N,N,N,N-tetraacetate (Tris salt) (EGTA) and  
Ca 2+ on the  ATPase  ac t iv i ty  of pa r t i cu la te  f rac t ions  of electric t i s sue  ex t r ac t s  unde r  different  
condi t ions .  Since some c o n t a m i n a t i n g  Ca 2- was a lways  p resen t  in the  i ncuba t ion  m e d i u m ,  it was 
necessa ry  to use E G T A  in order  to m e a s u r e  the  ac t iv i t ies  in the  presence of less t h a n  o.oi  nlM Ca 2÷. 
A ca lcula t ion  of the  concen t ra t ions  of free Ca 2+ in the  presence of l imi ted  a m o u n t s  of EGTA 
was no t  a t t e m p t e d  in view of t he  h igh  Ca2+-buflering capac i ty  of t he  e n z y m a t i c  p repara t ion  used.  
The  compos i t ion  of the  i n c u b a t i n g  med i un l  was:  4 m M  Na2ATP (Sigma), 5 mM MgCI,,, 25 mM 
Tris  HC1 buffer  (pH 7.i) ,  o.o 5 m M  ouabain .  The  incuba t ion  was run  at  37 ° for 20 rain. Pi was 
e s t i m a t e d  by  t he  Fiske and  S u b b a R o w  m e t h o d  af ter  depro te in iza t ion  wi th  t r ichloroacet ic  acid. 
Curve  a, a f reshly  p repared  P~ f ract ion was used.  The  t i ssue  was only  filtered t h r o u g h  the  press  
w i t h o u t  fu r the r  homogen iza t i on ;  Curve  b, P1 f rac t ion:  no homogen iza t ion ;  Curve  e, Px f rac t ion:  
the  t i ssue  was g round  wi th  the  P o t t e r - E l v e h j e m  homogen ize r  af ter  f i l trat ion t h r o u g h  the  press.  
Curve  d, P1 fract ion prepared  as in c b u t  o. 3 M KC1 was added  to the  incuba t ion  m e d i u m .  

l:ig. 2. See Fig. ~, bu t  the  incuba t ion  m e d i u m  con ta ins  ~5 o lnM NaC1, 5 ° mM KC1 and  no ouabain .  
Curve  b, P l  f ract ion f reshly prepared :  no homogen iza t ion ;  Curve  a, see b, b u t  the  p repara t ion  
was  frozen and  t h a w e d  twice;  Curve  c, $2 f ract ion:  the  t i ssue was g round  with the  P o t t e r - E l v c h j e m  
homogen ize r  af ter  f i l t rat ion t h r o u g h  the  press;  Curve  d, S 2 f rac t ion:  no homogen iza t ion .  

H o w e v e r ,  in  t i l e  p r e s e n c e  o f  l e s s  t h a n  o . o I  m M  Ca  ̀ '+ in  t i l e  m e d i u m ,  a c o n s i d e r a b l e  

d r o p  in  t h e  a c t i v i t y  w a s  o b s e r v e d  ( C u r v e s  b a n d  d).  T h i s  w a s  t r u e  fo r  b o t h  P1 a n d  

S,_, f r a c t i o n s ,  p r o v i d e d  t h e  p r e p a r a t i o n  w a s  f r e s h  a n d  o b t a i n e d  f r o m  a t i s s u e  t h a t  h a d  

n o t  b e e n  s t r o n g l y  g r o u n d .  E x t e n s i v e  h o m o g e n i z a t i o n  a s  w e l l  a s  r e p e a t e d  f r e e z i n g  a n d  

t h a w i n g  ( C u r v e s  a a n d  c) r e s u l t e d  i n  t h e  l o s s  o f  t h i s  p r o p e r t y .  U n d e r  t h e s e  c o n d i t i o n s ,  

n m c h  l a r g e r  a m o u n t s  o f  C a  2+ w e r e  r e q u i r e d  t o  o b t a i n  a n  a p p r e c i a b l e  i n h i b i t i o n  of  

t h e  A T P a s e  a c t i v i t y .  

T h e s e  r e s u l t s  i l l u s t r a t e  t h e  f a c t ,  a l r e a d y  o b s e r v e d  in  r e d  cell  g h o s t s  ~", t h a t  t h e  
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break ing  up  of cel lular  or subcel lu tar  s t ruc tu res  m a y  cons ide rab ly  affect the  proper t ies  
of m e m b r a n e  ATPases .  This  fact  n m s t  be borne  in m i n d  in ans, a t t e m p t  to i n t e rp re t  
the  r e g u l a t o r y  effects of ca lc ium on ion exchanges  b y  an  approach  at  the  e n z y m a t i c  
level. 

The (Mg2 -Ca2~)-act ivated ATPase  descr ibed  here is no t  l ikely to be b o u n d  to 
m i t o c h o n d r i a  since m i t o c h o n d r i a l  ATPase  was neve r  found  to require  bo th  Mg 2 ~ and  
( 'a"-  for full ac t iv i ty .  However ,  it  is n o t  possible to decide whe the r  tile (Mg 2~ ~ Ca"+) - 
s t i n m l a t e d  e n z y m e  sys t em or ig ina tes  froln p l a sma  m e m b r a n e s  or from endop lasmic  
r e t i cu lum of electroplaxes.  On the  o ther  hand ,  the  above  f indings  suggest  t ha t  low 
a m o u n t s  of ( 'a  2- can exer t  a r egu la t ing  effect on tile ( N a  + K V)-stimulated ATPase  
p rov ided  subce l lu la r  s t ruc tu re s  are preserved.  

This  work was a ided  by  a g r a n t  from the  Fonds  de la Recherche  Seient i f ique 
F o n d a m e n t a l e  Collect ive to Professor  E. Schoffeniels. P .W.  is a Chargd de recherches 
du  F o n d s  N a t i o n a l  de la Recherche  Scient if ique.  M.-L.I) . -S.  is a Chercheur  a t t achd  
au  Vonds de la Recherche  Scient i f ique V o n d a m e n t a l e  ( 'o l lect ive.  
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Sugar uptake in acutely denervated levator ani muscle of rat 

Prev ious  e x p e r i m e n t s  1 showing  t h a t  acu te  d e n e r v a t i o n  specifically blocks tes to-  
s t e rone  effect on xylose u p t a k e  in the  ra t  l eva to r  ani ,  a comple te ly  whi te  muscle  2, 
p r o m p t e d  us to s t u d y  fu r the r  the  regu la t ion  of sugar  t r a n s p o r t  in this  muscle  af ter  
d e n e r v a t i o n .  

No effect on the  basa l  t r a n s p o r t  ra te  was shown af ter  I6  h (ref. , ) ,  b u t  a rise 
in sugar  u p t a k e  could  be expected ,  at  least  in  the  whi te  muscle ,  a f ter  more  t h a n  I day ,  
on the  basis  of the  cont ro l  of sugar  t r a n s p o r t  b y  the  ene rgy  m e t a b o l i s m  a. In  fact,  
a t  t h a t  t ime  the  d e n e r v a t e d  whi te  nmscle  showed an  increase  in ac t ive  t r a n s p o r t  of 
anf ino  acids 4 a n d  in ()2 c o n s u m p t i o n  (see ref. 4)- Decreases  of glycogen (see ref. 5) 
a n d  phosphagen  c o n t e n t  ~ a n d  an  increase  of glycogen phosphory lase  a c t i v i t y  v have  
also been repor ted .  
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