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A N a + +  K4---stimulate.d ad--ao$ine tr iphosphatase  in "microsomal" 
f ract ions  f r o m  ra t  l iver  

R e c e n t l y ,  n u m e r o u s  s tud io . ;  hay,:  reve; t led the  pre.~ence t)f art A T P a s e  in " m e m -  
b r a n o u s "  s t r u c t u r e s  t h a t  i~ d e r ~ , t l e n t  ,.lpon Mg ~ - i - N o ' - t - K -  for  o p t i m a l  aetivit3,  
a n d  is i nh ib i t ed  b y  ca rd iac  gtycosidc.~. T h e  e n z y m e  s y s t e m  ha~s been f o u n d  in the  
red-cel l  m e m b r a n ,  *~ a n d  in the  mic r , ) soma i  fracti,m.~ ~f h e a r t  z-s, skelet~d musch:6, 
b r a i n  a n d  k i d n e y  z.*. A l t h o u g h  . la~.xzr~, .~* w-:~ ~ , ' nab l e  to  o b s e r v e  a c t i v i t y  in the  
l iver .  EM.~IRLOT ANt) ]3OS a f o u n d  oi tzvrr l ic  a - t i v i t v  bu t  on ly  ill the  " c e l l - m e m b r a n e "  
fr ; tc t ion o f  l iver.  

T h e  p r e . ~ n t  s t u d y  wa~,~ de s i gned  to  invr~ti l4ate w h e t h e r  a " m i c r o ~ r n a l "  f r a c t i on  
f r o m  r a t  l ive r  l ~ S e s ~ d  A ' l P a ~ e  a c t i v i t y  wh ich  ct,uld be  s t i m u l a t e d  b y  N a - - - K '  
ant i  i n h i b i t e d  b y  o u a b a i n .  

T h e  i so la t ion  m e d i u m  util-;zc(i b~. ~r,t)t::. '; l\~r hea r t ,  ! ; rmn a n d  ki tht~y l issue 
w a s  f o u n d  to  be  s u i t a b l e  for Liver ti.~'~ue. T h e  so lu t ion  cons i s t ed  o/" 0.25 M sucrose ,  
5 m b i  E l Y f A ,  30 m M  h i s t t d i n e -  :-ICI. a n d  50 mM 2 - a m i n o - z - m e t h y l - ~ . 3 - p r o p a n e d i o l  
( p H  6.8). J u s t  p d o r  to  h t m l ogen i z i ng  the  ti.~su, ~, o . z ° o  .¢~0dlum de t~xychola te  wa,~ 
a d d e d  to  the  i.~Jlation m e d i u m .  

A d u l t  m a l e  r a t s  were  d e c a p i t a t e d ,  bled.  the  l ivers  r e m o v e d ,  h . m - g e n i z e d  a n d  
subjex:ted tc~ ¢en t r i f uga t i , , n  u s ing  a p r e v i o u s l y  desc r ibed  p r o c e d u r e L  F r a c t i o n s  were  
c o l l e c t e d  a t  600 × g for  I5 m i n  (P6), 1o oo~, X g fc>r 30 ra in  (Pxo),  2o o,~o z g for 
30 rain (P2o) ,  80 oo~ × g t-or 30 min  (Pa~0 a n d  zoo ooo × g fi)r 7o rain [Pzoo) .  
T h e  pe l le t s  were  w a s h e d  l igh t ly  wi th  t h e  i .~,lation reedS, urn. s u s p e n d e d  in 0.25 M 
s u e r o ~  c o n t a i n i n g  r m M  E D T A  a n d  3o m M  h i s t id ine  a t  pI-i 7 0 0  as  sugges tod  by  
SKot~ ~,n. a n d  t h e n  s t o r e d  fi~r v a r y i n g  pe r iods  a t  5 -  

R N A ,  I_)NA, glucose . -6-pho,~phatase  (EC .%t+ ~.c~r a n d  ATPa-~.e were  d e t o r m i n o d  
in  e a c h  o f  t h e  s u b c e l h t l a r  fract i~ms a n d  on an  a l i quo t  o f  t he  h o m o g e n a t e  b y  prt:ce- 
d a r e s  i n d i c a t e d  in t h e  t a b l e  legend.~. E s t i m a t i o n  of  5'  n u c l e o t i d a s e  (EC 3-r-3-5) ac t iv i t  x" 
was  p e r f o r m e d  acc~wding to  the  p roc t~ ture  o f  I-ll~vr'v:L ~ x o  H~L~OV_ ~°. T h e  a c t i v i t y  o f  
t h e  g l u c o s e - 0 - p h o s p h a t a ~  d id  no t  c h a n g e  d u r i n g  the  s t , r a g e  per iod .  P r . t e i n  wa,~ 
e s t i m a t e d  b y  t h e  biur: , t  p r o c e d u r e " L  .~taining a n d  m i c r o s c o p i c  ex ; tmina t i~m r evea l ed  
l i t t le  c r  n o  m i t o c h o n t l r i a  o r  nucle;_ in f rac t ion~ P-,o, PSo (~r PI=)o. No  whole  cells 
were  vis ible .  

F r o m  t h e  d a t a  in T a b l e  I,  a n d  p r e v i o u s  st l ldif  -¢, u~ing b r a i n  suspen.~ions ~, it 
wou ld  apl~:; tr  t h a t  f i ' ac t ions  1'2o, PSo a n d  P~oo  cons i s t  m o s t l y  o f  m i e r ~ o m a l  
m a t e r i a l .  T h e  h ighes t  specif ic  ac t ; .v i ty  for glucose-¢~-ph(mphata_~e as  well  as the  highe.~t 
t o t a l  ,'~Lmount wa.,~ found  in f r ac t ions  l ' zo .  PSo a n d  Pzoo .  HERs  et a l .  ;'r" o b ~ r x ' e d  
t h a t  g luco .~e-6-phospha ta~e  w a s  conf ined  to  t he  m i c r o s o m e s  o f  t h e  l iver  cell a n d  
h e n c e  s e r v e d  a s  e. " m i c r o ~ m a l  m a r k e r ' .  "l-he pre~ent  re.~ult~ on l ive r  glu¢osc-6-  
phosp]~ataoe  a r e  in a g r e e m e n t  w i th  the~e atutltors a n d  w i th  the  d a t a  of  HULSX~A-~S ~:~. 
] ' h e  h igh  R N A  a n d  low D N A  levels  lend  a d d i t i o n a l  e v i d e n c e  to  the  r n i c r ~ o m a l  
n a t u r e  o f  the  a b o v e  subce l lu l a r  f rac t ions .  

T h e  r e su l t s  in T a b l e  I I  i nd i ca t e  the  pre~ence  of  an ATP~Lse which  is s t i m u l a t e d  
b y  Na~  t~K ÷ a n d  i td f ib i ted  b y  o u a b a i n .  T h e  " a c t i v i t y  r a t i o "  ( B : A )  loci-eases 
w i th  s t o r a g e  o f  t he  prepara~.ion a t  -- 5% This  is d u e  to  a g r e a t e r  decrea.~e in the  big =" - 
s t i m u l a t e d  A T P a s e  t h a n  the  Mg a" .~Na*  . - K - - s t i m u l a t e d  e n z y m e  at td  is s im i l a r  
to  r e su l t s  f o u n d  in huar t  t i s sue  ",~. It  is n o t e w o r t h y  t h a t  the  f r a c t i o n s  e x h i h i t i u g  the  
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l ~ . ~ . ~ . .  ] ) . '%~;~ ,%N~.> t ; I . I T C O S U , - G . P I l O ~ P t I A T A g I - ~  A C - T I V I T Y  O F  R/I.T-LIVI-?.IR S I . | R C ~ ; . I . L I ] L A R  FRAC2~. r loN '~  

] ~ N . \  a n d  l i S A  ~'er~, d v t ~ . r n l i n e d  b y  t h e  meth<RI  o f  HUICFIINSOS el o / . I t ;  g lucc~ .~e -G-phospha ta s ,  
w a s  d e t < , r n l i n e d  b v  t h e  p r o c e d u r e  o f  S w ^ ~ s o ~  a t  37 ~ a n d  p l l  6 .5 .  T h e  f r a c t i o n s  a r e  t h e  s e d i -  
m e n t s  c o l l e c t e d  a t  t h e  i n d i c a t e d  fo rc t~ ,  × ~o -a  ( a v e r a g e  g)  a n d  r e s u s p e n d e d  in  o.-~5 M s u t t o n - ,  

5o  m M  histidi~.ae • H( ' I ,  t m M  E D T A  { p H  7.00).  

!11o 
P z o  
1'60 
PlOO 
.,~ I>N 

I~N A I I N  A Gttrco~e. g.pke~tpbatas,t 

?",,~y, ,*: ~¢~ i.*NA;mg tot~! ,*,eL ;)N.-~imt totat ~mo~¢.~ P,~*~t.g fc4al 
hw,.atttn t *, 1 f, rab.',n f %) pre, t¢irq~ /%1 

. . . . . . . . . . . . . . . . . . . . . .  

X~5. 4 ~,_Z 29-3 5~ -t> t~2 5 
~3 ~ ~ 4  3-3 b . t  3 .5  ~6 
z 4 ~  7.0 5 .0 5 -(~ 5-5 ~5 
z 7. z Q~ 3 3-o -I-° 8-(~ :~ 7 
~o.o 18. 5 7.~ 5.6 l o . /  "3, 
.~3.2 5n .o 3 -t  .t~,4 0-72 t 5  

Na-- i -K: -s t in~ula ted  A'I'I 'a.~ poxsessed a ve ry  low 5 ' -nucleot idasc ac t iv i ty  (about  
one-fifzh of the; ATPase ac t iv i ty)  under  the same condi t ions  of  assay  as the  ATPase .  
The.~e "micr~,.~omal" fractions are in cont ras t  to the  Liver ce l l -membrane  prepara t ions  
of E.xI~.IEI.OT ;,N ~) I~c~.g a wlfich were high in 5 ' -nucleot idase (about  one-half  the  ATPase)  
and h,w in gluc~,~r-~>, pi~o~ph~tta~c ac t iv i ty  (about  x.6 p m o l ~  P/rag protein/hi .  

T A  IRI,E 11 

T I l E  . ~ t "  .-.:-. | ~ ' - S ~ ' I M ~ I . A T E D  A T P ^ s F :  o v  SU|tf~..r .  L L U L ~ , R  F I 4 A ¢ £ 1 " | O ~ $  

F R O M  R A T  L I V E R  

Tht:  i n c u b a . t i o n  m e d i n m  c~msi.~t, c 6  o f  3 m.M A T P .  3 m M  M g ( ' l . .  t o o  m M  NaC1. zo  m M  KCI.  3o  m M  
Tri.~ ( p H  7. '>o); g e n e r a l l y  tLt  n i l  e n z y m e  suspension w a s  a d d e d  a f t e r  5 r a i n  t e m l ~ r ~ t u r e  e q u i t i -  
b r e t i < m  a t  37 ° a n d  ; . n c u b a t l o n  w~ts c o n t i n u e d  f o r  t 5  r a in .  T h e  r e a c t i o n  w a n  s t o p p ~ i  b y  : h e  a d d i t i o n  
o f  o. t m l  o f  c o l d  5o°..~ t r i e h l o r o a c , ~ t i c  a c i d  a n d  aLiq~lots  (o ~ ~.~.n) w e r e  a s s a y e d  fo r  i n o r g a n i c ,  ld~,os- 
p h a t c  , ' e i c a s e d  b y  t h c  me t l to~ l  o f  F m ~  ^~r~ S t ~ t s a R o w  a*, u s i n g  A m i d o l  a s  r e d u c i n g  a g e n t .  T h e  

f r ac t i . ~nb  repxv~c .n t  t h e  p e l l e t s  a s  des ' . : r i bed  in  T a b l e  [. 

~.~, P ime ptott~nll~ 

/ - ' to r / : , ,n  L'av~ at ( A I  (t'$) ( B t  : t , q l  t l$ /  
- ~" 5.tt¢ ~' .*dg t~ - N~ " - K'  .Af~** ~-Na* +K* "r o~ab'~m 

. . . . . . . . . . . . . . . . . . . . . .  

} J 2 0  .~ [ 4 4  l ~ | .  t O  

9 8o  l z l  1 . 5 t  
i~. 9G I 3 o  t , 3 6  ( IO - t  MI 1o7 

( t o - *  .M} 77 
~'~o t o  t t o  L4(~ 1,371 

] ~ 7 3  x i 3 1.55 [ x o - "  M) 9 t  
l ' I o o  l e  83 , ~ 6  *-5 :  ( t o - *  M) 94  

. . . . . . . . . . . . . . . . . . . . . . . .  

It should be mentione0, tha t  fl'¢.~hly p repared  liver "mic rosomal"  f ract ions did 
not exhibi t  any apparen t  s t imula t ion  ulxm a d ~ t i o n  '.:f .":a* -~- K : .  However ,  the  
card~oc g 'ycoside ouabain  still depressed the  ac t iv i ty  o f  the  enzyme Jn the presence 
of M g " - - - N a - - - K -  bu t  n~t with Mg z÷ alone. This indicates tha t  the  Na ÷ + K* 
ac t iv i ty  ,vas nre.~nt  imt was " m a z k e d "  by  a high basic Mg~,-stitr~ulated ATPase.  
The high MgZ'-.~timulated ATPase  ac t iv i ty  which tends  to obscure the  ac t iv i ty  of  
the enzyme in the presence of  N a ' ~ K "  was f i~ t  fi~und ir~ h,~axt-muscle f ract ions  

t 3 ~ o t h i m  ~ i o p k ~ , s . . - !  r t a ,  t~ 7 ( t  9 ~ 3 )  3 2 9 - 3 3  t 
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by ~KoL "2.~. These  results were a|~o obta ined in ~imilarly prepared rat. guinea-pig 
a n t i  r a b b i t - h e a r t  " m i c r o s t ) t T s a l "  f r a c t i ( ) n s L  S t , ~ r a g e  a t  - - 5  ° e f f e c t s  a d e s t r u c t i o n  o f  
t h e  M g Z + - s t i m u l a t e d  e n z . v r n e  t h e r e b y  r e v e a l i n g  the, , t i m u l a t i c m  d u e  t o  N a * . + K - ,  

w h i c h  s t i m u l a t i o n  c a n  b e  i n h i b i t e d  b y  o u a b ; d n .  

T h ~  d a t a  p r e . ~ e n t e d  ~ u g g e s t  t h a t  t h e  f r a c t i on .~  d e s c r i b e d  a s  h a v i n g  A T P a s e  

a c t i v i t y  w h i c h  c o u l d  b e  s t i m u l a t e d  b y  t h e  a ( l c l i t i ~ n  ~:f N a + - f - K  " a n d  i n h i b i t e d  b y  

o u a b a i n ,  ( : ons i~ t  e s s e n t i a l L y  o f  e n d o p l a ~ m i c  r e t i c u l u m .  T h e  p t ) s s i b i l i t y  o f  s m a l l  

f r a g m e n t s  (>f c e l l  m e m b r a n e  [x_i[~g a s s o c i a t e < !  w i t h  t h e  m i c r o s o m a l  f r a c t i o n  itn t h e s e  
p r e p a r a t i o n s  c a n n o t  h e  ( : x c l u d e ( l .  T h e  c o n t r i b u t i , m ,  h o w e v e r ,  o f  thi.~ " ' c o n t a m i n a n t "  

t o  t h e  t o t a l  A T P : , , ~ e  ~ b s c r v e ( l  in  t h e  p r t : . ~ n t  ~tud~,' ~:',~:dd b e  v ~ r v  l o w .  

T i f f s  s t u d y  wa.~ s u p p o r t e d  b y  a g r a n t  f r . m  t h e  N a t i o n a l  H e a r t  I n g t i t u t e  ( I I P  

5 4 3 5 ,  P r o j e c t  8) .  
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SC I lO31 
Effect of oxygen and N-ethylmale/mide on the inactivation 

of ribonuclease by y-radiation 

N - e t h y l m a l e i m i d e  is a m e m b e r  o f  t i le  group of  tt,iol r e a g e n ~  ( inc luding  iodoace t i c  
acid a n d  p h e n y l m e r e u r i c  ;scetate) w h i c h  are able  to  ~ensitize bacteria to the  lethal  
a c t i o n  o f  ionit . ing rad ia t ion  when  prczer~t dur ing  irradiaticm t-~. It was  sugges ted  z'3 
t h a t  it m i g h t  react w i t h .  S H  groups  (or l.X~ssibly -S" free radicals)  wh ich  result  
from the  r a d i a t i o n - i n d u c e d  breakage  o f - S - - S -  bonds ,  neces.,~at 3" for the  func t iona l  
s ta t e  o f  some  prote ins  C o m b i n a t i o n  o f  A' -e thv lmMeimide  wi th  e i ther  o f  the  s u l p h u r  

lSr,,."h~m ~.¢. . ,~y. , , . . . !aa,  67  (n963J 351- 334 


