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Reversal by 
ATPase 

E n z y m a t i c  ac t iv i ty  of ( N a + K ) - A T P a s e  is d e p e n d e n t  
to a large e x t e n t  on the  presence  of associated phosphol i -  
p ids  as ev idenced by  the  marked  fall in ac t iv i ty  induced  by  
phospho l ipa se  t r e a t m e n t  of m e m b r a n e  p repa ra t ions  con- 
t a in ing  the  enzyme  ~. Phospho l ip ids  are known  to  ac t iva te  
( N a + K ) - A T P a s e  f rom di f ferent  sources 2 a l though  the  
exac t  m e c h a n i s m  involved is stil l  speculat ive.  Membrane-  
ac t ive  drugs of ten  involve in te rac t ions  w i th  phosphol ip ids  
which  cons t i tu t e  a sizable po r t i on  of the  m e m b r a n e  s t ruc-  
ture.  In  t he  case of the  myocard ium,  these  in te rac t ions  
migh t  be expec ted  to modi fy  t r a n s m e m b r a n e  ionic fluxes 
which  are i m p o r t a n t  d e t e r m i n a n t s  of con t rac t i l i t y  3. In  the  
p resen t  pape r  we repor t  the  effect  of sodium amobarb i t a l  
(amytal) ,  a d rug  known to induce depress ion of myocar -  
dial con t rac t i l i t y  4 on ( N a + K ) - A T P a s e  of cardiac sarco- 
p l a smic  re t iculum.  

Sarcoplasmic  re t icu lum was p repared  f rom the  left  ven-  
t r icular  wall of adul t  mongre l  dogs. The t issue was homo-  
genized in a solut ion conta in ing  0.321/I sucrose, 20 m M  
tris-HC1 (pH 7.6), 1 m M  E D T A  and 5 m M  sodium azide. 
The h o m o g e n a t e  was cent r i fuged at  1.000 •  for 20 min  
to  separa te  t he  cellular debris.  The s u p e r n a t a n t  was sub- 
sequen t ly  spun  a t  100.000 • g for 90 rain to ob ta in  the  micro-  
somal  f rac t ion .  The final pel let  was suspended  in the  homo-  
genizing m e d i u m  to a p ro te in  concen t ra t ion  of 1 mg/ml .  

(Na + K ) - A T P a s e  ac t iv i ty  was measured  in t e rms  of in- 
organic P l ibera ted  f rom A T P  by  the  enzyme.  The assay 
med ium con ta ined  5 m M  MgC12, 100 m M  NaC1, 10 m M  
KC1 25 m M  tris-HC1 (pH 7.6~ and  the  m e m b r a n e  prepa-  
ra t ion  (100 ug pro te in  ro l l  The drug  was added  as 0.1 ml 
of e i ther  2 m M ,  4 m M  or 6 m M  solution. The effect  of le- 
c i th in  was de t e rmined  by  add ing  0.5 mg of purif ied egg 
leci thin  (purchased f rom Sigma Co.L For  the  purpose  of 
th is  s t u d y  lec i th in  was suspended  in a solut ion conta in ing  
0 . 3 M  sucrose, l m M  E D T A  and 10 m M  tris-HC1 (pH 7.4) 
and  ' solubi l ized '  by  sonicat ion.  (Na + K ) - A T P a s e  was also 
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de t e rmined  in the  presence  of 0.5 mg leci thin  p re incuba ted  
for 10 rain w i th  4 m M  or 6 m M  sodium amyta l .  The ATP-  
ase reac t ion  was s t a r t ed  in all ins tances  by  the  add i t ion  
of the  microsomal  m e m b r a n e  p repa ra t ion  and  was carried 
out  for 10 min.  At  the  end  of th is  incuba t ion  per iod 10% 
tr ichloroacet ic  acid was added  and  the  inorganic  P l iberat-  
ed was measured  by  the  F i ske -Subba row m e t h o d  5. The 
ATPase  ac t iv i ty  in t he  absence of Na+ and  K+ (Mg++- 
ATPase)  was also de t e rmined  and  sub t r ac t ed  f rom the  to- 
ta l  ATPase .  

As shown in Table  I, sodium a m y t a l  s ignif icant ly  in- 
h ib i ted  ( N a + K ) - A T P a s e  of dog hea r t  microsomes.  This 
inh ib i t ion  was no t  comple te  under  the  exper imen ta l  con- 
d i t ions  used. I t  was prac t ica l ly  comple te ly  reversed by  the  
subsequen t  add i t ion  of lec i th in  and,  in th i s  respect ,  re- 
sembled the  inhib i t ion  of mi tochondr ia l  ATPase  by  oligo- 
myc in  6. In  contras t ,  in a separa te  series of expe r imen t s  no t  
detai led here, ouaba in- induced  inhib i t ion  of ( N a + K ) -  
ATPase  was no t  reversed by  leci thin  even in h igh  concen- 
t ra t ions .  The mechan i sm of inh ib i t ion  of the  enzyme by  
the  two subs tances  would  appear ,  therefore ,  to be differ- 
en t ;  the  funct ional  impl ica t ions  of th is  inh ib i t ion  m a y  al- 
so differ. A m y t a l  has  been  shown to b ind  to  m e m b r a n e  
phosphol ip ids  7 or phosphol ip id  bi layers  s and  th is  b inding  
m a y  be an essent ial  s tep  in the  (Na + K)-ATPase  inhibi-  
t ion  in view of t he  r e q u i r e m e n t  for phosphol ip ids  for ATP-  
ase ac t iv i ty .  Tha t  th is  m a y  be so is also ind ica ted  by  the  
effects of lec i th in  p re - incnba ted  wi th  sodium amyta l .  As 
seen in Table II,  ( N a q - K l - A T P a s e  was s ignif icant ly  in- 
h ib i ted  under  these  condi t ions .  This  ~s an indicat ion t h a t  
the  lec i th in-amyta l  associat ion is readily reversible since 
the  complex  can confer  the  inh ib i to ry  proper t ies  of the  
drug. The exac t  func t iona l  impl ica t ions  of th is  phosphol i -  
p i d - a m y t a l  in te rac t ion  in cardiac microsomes in par t icu-  
lar  as regards  the  r epor ted  4 inh ib i t ion  of microsomal  C a - -  
up take  by  amyta l ,  is not  c lear  a t  present .  

Table I. 

Additions r q- K}-ATPase activity 
(~zmol Pi/mg 
protein/lO min) 

None 
2 mM sodium amytal 
4 mM sodium amytal 
6 mM sodium amytal 
2 mM sodium amytal -- 0.5 mg lecithin 
4 mM sodium amytal -- 0.5 mg lecithin 
6 mM sodium amytal T 0.5 mg lecithin 

12.9 :a= 0.6 
10.3 :a= 0.3 

5.8 :a= 0.7 
2.4 m 0.9 

13.1 =x 0.7 
10.9 u_ 0.2 
11.2 :z 0.4 

Rdsumd. L 'amo b a rb i t a l  de soude inhibe  l 'act ivi t6 du 
( N a + K ) - A T P a s e  du r6ticule sarcoplasmique  isol6. Cette  
inh ib i t ion  peu t  ~tre 6vitae par  l ' add i t ion  de 16cithine p u n -  
fi6e. La 16cithine pr6-incub6e en pr6sence de l ' amobarb i t a l  
inh ibe  (Na + K)-ATPase .  
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Table II. 

Additions (Na -- K)-ATPase activity 
([znlol Pi/mg protein/10 min) 

None 

0.5 mg lecithin T 4 mM amytal a 

0.5 mg lecithin -- 6 mM amytal �9 

11.4 :x 0.2 
6.1 22 0.1 
3.4 = 0.2 

Pre-incubated for 10 min 
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