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Inhibitors and heavy metal ions. Incuba t i ng  the  2 iso- 
enzymes  wi th  5 • 10 -4 M E D T A  Na 2 for 30 min  a t  25~ 
lost  all the i r  ac t iv i ty  which  is no t  res tored  e i ther  w i th  t he  
addi t ion  of excess of CaC12 nor  w i th  dialysis aga ins t  large 
vo lume of buffered solut ions of CaC1 v Thus  Ca ++ is 
necessary  for t he  s t ab i l i ty  of b o t h  i soenzymes  1, 3, 4,15, ~e 
Af te r  p re incuba t ing  the  i soenzymes  witlx 10 -4 M AgNO3, 
10 -4 M CUSO4, 10 -4 M HgCI,  and  2 • 10 -4 M p-chloro-  
mercur ibenzoa te - sod iumsa l t  (P-CMB) for 30 min a t  25 ~ 
i t  was  found  t h a t  b o t h  amylases  re ta ined  all the i r  en-  
zymic  ac t iv i ty .  
Substrate effect. After  a long t ime  of incuba t ion  of the  2 
i soenzymes  w i t h  soluble s tarch ,  the  s ta rch- iodine  com- 
p lex  color d isappeared .  This  p r o p e r t y  in combina t ion  
w i t h  the  o the r  f indings (calcium dependency ,  h e a t  re- 
sistance,  insens i t iv i ty  to Ag+ Cu++ and  Hg+) s t rongly  in- 
d ica tes  t h a t  b o t h  i soenzymes  are of t he  c~-type 1. The 2 
sepa ra ted  i soenzymes  were also found to  be inh ib i ted  by  
h igh  subs t r a t e  concen t r a t ion  (1%) in the  same way,  to  
exhib i te  prac t ica l ly  t he  same K ~  (0.8 m g / m l  for the  a l  
and  0.7 mg /ml  for the  a2 isoenzyme) and  to  hydro lyze  in 
t he  same w a y  the  amylose  fas te r  t h a n  amylopec t in .  

Subunit analysis. The cd form was found  to be composed  
of 2 d i f fe rent  subuni t s  of mol .wt  16,000 the  one and 
22,000 the  o the r  (mol .wt  of ~1 16,000 + 22,000 = 38,000 
a t  least). Similar ly t he  c~2 form is composed  of 2 d i f ferent  
subuni t s  of mol .wt  19,500 the  one and  32,000 the  o ther  
(mol .wt  of a2 19,500 + 32,000 : 51,500 a t  least).  The 
Value for t he  ~2 i soenzyme is a p p a r e n t l y  wi th in  t he  range 
(50,000-55,000) of t he  mol .wt  found  f rom o the r  sour- 
ces a, 7, ix, 17, is while t he  value for t he  ~1 i soenzyme seems 
low, a l though  such i soenzymes  have  been  r epo r t ed  in the  
l i t e ra ture  5, e, 19. Thus  the  2 i soenzymes  differ only  in the i r  
mol .wt  as well as in the i r  e lec t rophore t ic  mobi l i ty ,  and 
the  occurrence  in t he  l iving cell r emains  still  w i t h ou t  
sa t i s fac tory  explana t ion .  
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Summary. Aldos terone  (15 ~g BID) and  methy lp redn i so lone  (8 mg QD) admin i s t r a t i on  to  female guinea-pigs augmen ted  
b o t h  the  to ta l  and  the  specific ac t iv i ty  of N a K - A T P a s e  b u t  no t  t he  ac t iv i ty  of adeny la t e  cyclase in t he  cardiac  sarco- 
lemma.  The rise in N a K - A T P a s e  was due to increase in the  n u m b e r  of enzyme  molecules;  ca ta ly t ic  ac t iv i ty  and 
ouaba in-sens i t iv i ty  of indiv idual  molecules did no t  change.  

In  t a rge t  t issues s teroid  ho rmones  induce the  synthes is  
of messenger  and  r ibosomal  R N A  and  subsequen t ly  t h a t  
of specific p ro te ins  2. In  t he  k idneya ldos t e rone  3, 4 enhances  
t he  syn thes i s  of N a K - A T P a s e  (EC 3.6.1.3), an enzymat i c  
c o m p o n e n t  of the  Na+-pump,  and  poss ib ly  of some Na +- 
carr ier  also. In  large doses me thy lp redn i so lone  5 and  
cor t icos terone  e exer t  s imilar  effects.  In  th is  pape r  we 
show t h a t  a ldos terone  and  me thy lp redn i so lone  preferen-  
t ia l ly  increased the  s t e ady  s t a te  level of N a K - A T P a s e  
also in the  myocard ium,  w i t h o u t  affect ing the  ca ta ly t ic  
ac t iv i ty  c~r ouaba in -b ind ing  of the  individual  enzyme  
molecules.  
Female  D u n k i n - H a r t l e y  guinea-pigs,  weighing 337 + 4 g 
init ially,  were r a n d o m l y  d iv ided  in 3 groups.  Each  group 
was in jec ted  dai ly  as follows: ' controls '  (24): 0.1 ml  Of 
0.9% (w/v) NaC1 i.p. twice dai ly  for 14 or 24 days  resp., 
' a ldos t e rone - t r ea t ed '  (16): 15 ~g of a ldos terone  i.p. 
twice dai ly  for 14 days ;  'me thy lp redn i so lone - t r ea t ed '  
(18): 8 mg of Depo-Medrol  Lm. once a day  for 14 or 24 
days,  resp. Previous ly  s imilar  expe r imen t s  b y  o the r  
inves t iga tors  were conduc ted  on rats.  We chose guinea- 
pigs because in th is  an imal  (unlike in t he  rat) t he  af f in i ty  
of N a K - A T P a s e  for onaba in  is h igh and  the  n u m b e r  of 
the  ouaba in -b ind ing  sites can  be measured  d i rec t ly  and  
accura te ly  by b ind ing  assay.  After  killing the  animals ,  
the  h e a r t  vent r ic les  were dissected free f rom per ica rd ium 
and  the  atr ia ,  a piece of t issue was dr ied to  con s t an t  
Weight a t  120 ~ the  resf  of t he  vent r ic le  was homogen ized  
in ice-dold 0.33 IV[ sucrose in 50 fiaM Ttis-aCe*ate (pH 7.2) 
con ta in ing  1 mM Tr i s -EGTA (ethyleneglycol-bis(a-amin0-  
e thy le the r )N,  N- te t r aace t i c  acid). E n z y m e  act ivi t ies  were 

mon i to red  in th is  init ial  homogena t e  and  in t he  sarco- 
l emma,  pur i f ied by  ex t rac t ion  wi th  1 M KC1 ~. P ro te in  was 
de t e rmined  b y  the  procedure  of Miller s. N a K - A T P a s e  was 
assayed  as descr ibed earlier 9, w i th  one modif ica t ion:  the  
reac t ion  mix tu re s  conta ined  1 mM Tr i s -EGTA and  2 mM 
N a N  s also. The a m o u n t  of p h o s p h o ry l a t ed  N a K - A T P a s e  
in the  sa rco lemma was measured  a t  0.04 mM [ya,pj ATP,  
ouaba in -b ind ing  was measured  in t he  presence  of 0.05-1 ~M 
[3HJ ouabain,  dissociat ion co n s t an t  of t he  enzyme-ouaba in  
complex  was ca lcula ted  f rom Sca tchard-p lo t s  (for detai ls  
see Hegyvary9) .  Turnover  n u m b e r  of N a K - A T P a s e  was 
c o m p u t e d  by d iv id ing  specific ac t iv i ty  of the  enzyme  by  
the  a m o u n t  of p h o s p h o ry l a t ed  N a K - A T P a s e  a t  s t eady  
s ta te .  I t  was  assumed t h a t  each enzyme  molecule bound 
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Control Aldosterone Methylprednisolone 
(after 14 days) (after 24 days) 

Final b.wt (g) 
Mean aortic blood pressure (mm Hg) 

Relative heart weight 
{rag ventricle)/{g final b.wt) 
Dry weight of heart (%) 

Protein content ot heart 
(mg protein)/(g ventricle) 
NaK-ATPase 
Total activity 
([xmoles Pl)/(g ventricle x h) 
Specific activity (~moles Pl)/(mg protein • h) 
In homogenate 

In sarcolemma 

Turnover number 

Dissociation constant for ouabain (aM) 

Adenylate cyelase (pmoles of cyclic AMP)/ 
(rag protein X min) Basal activity 

With 8 mM NaF 

375 4- 5 (24) 395 4- 4 (14) 412 4- 22 (10) 
75 4- 5 78 4- 7 115 4- 6 

NS p < 0.005 
2.84 i 0.04 (24) 2.93 4- 0.19 (14) 3.29 4- 0.11 (10) 

NS p < 0,005 
17.82 :t: 0.25 (24) 18.53 4- 0.61 (14) 18.95 4- 0.50 (10) 

NS p < 0.025 
99.8 4- 2.8 (20) 98.4 4- 3.7 (14) 139.6 4- 6.2 (10) 

NS p < 0,005 

193.9 4- 5.9 (18) 276.5 4- 13.9 (14) 332.0 4- 22.1 (10) 
p <2 0.005 p < 0.005 

1.97 i 0.12 (18) 2.79 4- 0.29 (14) 2.33 4- 0.08 (10) 
p < 0.005 p < 0.005 

3.96 4- 0.23 6.72 4- 0.47 (14) 5.38 ::J:: 0.17 
p < 0.025 p < 0.025 

9371 4- 137 9112 4- 56 10475 4- 634 
NS NS 

79,1 ~= 5.5 (8) 90,8 i 9.2 (8) 73.4 -4- 10.9 (10) 
NS NS 

51.7 i 5.9 (12) 52.2 =h 4.3 (8) 50.9 4- 2.6 (10) 
NS NS 

134.4 4- 14.5 (12) 127.5 4- 10.6 (8) 140.6 4- 12,8 (10) 
NS NS 

one  mole  of p h o s p h a t e  cova len t ly .  A d e n y l a t e  cyclase of 
t h e  h o m o g e n a t e  was  m e a s u r e d  accord ing  to  D r u m m o n d  
a n d  D u n c a n  x% w i t h  one  m o d i f i c a t i o n :  i n s t ead  of a n  A T P -  
r e g e n e r a t i n g  s y s t e m  8 m M  T r i s - A T P  was  added  to  t h e  reac-  
t i on  mix tu re .  Adenos ine  3 ' 5 ' - m o n o p h o s p h a t e  (cyclic 
AMP) was d e t e r m i n e d  b y  c o m p e t i t i v e  b i nd i ng  as say  n .  
M e a n  aor t ic  b lood  p ressu re  was m e a s u r e d  w i t h  t he  
p ressure  t r a n s d u c e r  of a Grass  phys iog raph .  T he  an ima l s  
were  a n e s t h e t i z e d  w i t h  p e n t o b a r b i t a l  (30 mg/kg)  before  
c a n n u l a t i n g  t h e  aor ta .  S t a t i s t i c a l  s ignif icance was  
ca l cu la t ed  b y  S t u d e n t ' s  u n p a i r e d  t - tes t .  All  m e a s u r e m e n t s  
were  done  a t  leas t  in  t r ip l ica tes .  T he  t ab le  shows t h e  
r e su l t s  as m e a n  4- SE,  w i t h  t he  n u m b e r  of an ima l s  s tud ied  
in  pa ren theses .  N S  s t a n d s  for  ' n o t  s ign i f ican t '  (p > 0.05). 
D u r i n g  t h e  pe r iod  of o b s e r v a t i o n  t he  2 h o r m o n e s  d id  n o t  
a l t e r  t h e  g r o w t h  r a t e  of t h e  a n i m a l s  w i t h  r e spec t  to  t h e  
controls .  I n  accord  w i t h  p rev ious  i nves t i ga t i ons  12 
a ldos t e rone  d id  n o t  ra ise  t h e  b lood  pressure  a n d  d id  n o t  
c a u s e  ca rd iac  h y p e r t r o p h y .  I n  a n o t h e r  species (rat) a n d  a t  
t h i s  dose level  a ldos t e rone  caused  h y p e r t e n s i o n  on ly  if 
t h e  a n i m a l s  were  ' sens i t i zed '  b y  u n i l a t e r a l  n e p h r e c t o m y  
a n d  sa l t  load ing  n.  I n  o u r e x p e r i m e n t s m e t h y l p r e d n i s o l o n e  
i n d u c e d  m o d e r a t e  h y p e r t e n s i o n  and,  p r o b a b l y  as a 
consequence ,  ca rd iac  h y p e r t r o p h y .  Th i s  card iac  h y p e r -  
t r o p h y  was n o t  due  to  t i s sue  e d e m a  because  t h e  d r y  
w e i g h t  a n d  p r o t e i n  c o n t e n t  of t h e  h e a r t s  also increased.  
T h e  2 h o r m o n e s  inc reased  b o t h  t h e  t o t a l  a n d  t h e  specific 
a c t i v i t y  of N a K - A T F a s e  b u t  d id  n o t  af fec t  a d e n y l a t e  
cyclase,  a n o t h e r  e n z y m e  of t h e  sa rco lemma.  T he  rise of 
N a K - A T P a s e  t he r e fo re  d id  n o t  r e su l t  f r om a genera l  
inc rease  in  s a r c o l e m m a l  e n z y m e  pro te ins .  A ldos t e rone  
was  more  p o t e n t  t h a n  m e t h y l p r e d n i s o l o n e  in  r a i s ing  
N a K - A T P a s e  because  a ldos t e rone  a) was  effect ive  in  low, 
n e a r  phys io log ica l  dose;  b) inc reased  specific a c t i v i t y  of 
N a K - A T P a s e  to  a h i g h e r  level ;  c) i t s  effect  could  be  
d e t e c t e d  ear l ier  (af ter  one  week ;  n o t  shown) ,  I n  14 days  
m e t h y l p r e d n i s o l o n e  ra i sed  on ly  t he  t o t a l  b u t  n o t  t h e  
specif ic  a c t i v i t y  of N a K - A T P a s e ,  L e. t h e  a c t i v i t y  of t h e  
e n z y m e  c h a n g e d  in  para l l e l  w i t h  t h e  p r o t e i n  c o n t e n t  of t h e  
cell. 

T h o u g h  n e i t h e r  h o r m o n e  a l t e red  N a K - A T P a s e  in v i t ro  
m e a s u r e m e n t  of e n z y m e  a c t i v i t y  a lone  d id  n o t  d e t e r m i n e  
w h e t h e r  these h o r m o n e s  e n h a n c e d  t h e  c a t a l y t i c  a c t i v i t y  
of t h e  e n z y m e  or w h e t h e r  t h e y  inc reased  t he  n u m b e r  of 
e n z y m e  molecules  in  t h e  m y o c a r d i u m .  Since t he  ca ta ly t i c  
a c t i v i t y  (i.e. t u r n o v e r  n u m b e r ,  t h e  r a t i o  of specific 
a c t i v i t y  a n d  t h e  n u m b e r  of e n z y m e  molecules)  r e m a i n e d  
u n c h a n g e d  d u r i n g  h o r m o n e  t r e a t m e n t ,  t h e  2 h o r m o n e s  
obv ious ly  inc reased  t he  n u m b e r  of ac t ive  e n z y m e  mole-  
cules pe r  cell. A n o t h e r  cha rac t e r i s t i c  p r o p e r t y  of t he  
enzyme,  i ts  a f f in i ty  for  t h e  specific i n h i b i t o r  ouaba in ,  
d id  n o t  c h a n g e  e i ther .  The  n u m b e r  of o u a b a i n  b i n d i n g  
s i tes  was  equa l  to  t h a t  of t he  p h o s p h o r y l a t i o n  sites, i.e. 
one  mole  of p h o s p h o e n z y m e  b o u n d  one  mole  of o u a b a i n  
(no t  shown).  These  d a t a  on ly  d e m o n s t r a t e d  t h e  ac t ion  
of these  h o r m o n e s  on  ca rd iac  N a K - A T P a s e  b u t  d id  
n o t  exp la in  t he  u n d e r l y i n g  m e c h a n i s m .  E l e v a t i o n  
0f t h e  s t e a d y - s t a t e  level  of t h e  e n z y m e  molecules  
in  v ivo  m i g h t  h a v e  resu l ted  f rom e n h a n c e d  syn thes i s  
or  decreased  b r e a k d o w n  or  f rom a c t i v a t i o n  of l a t e n t  
molecules .  These  poss ib i l i t ies  need  to  b e  t e s t e d  di rect ly .  
F i n a l l y  t h o u g h  t he  h e a r t  con t a in s  r ecep to r  prote in(s)  for  
gluco- or minera locor t i co ids  12 syn thes i s  of N a K - A T P a s e  
m a y  n o t  be  s t i m u l a t e d  d i rec t ly  b y  these  ho rmones ,  b u t  
r a t h e r  m a y  be  s e c o n d a r y  to  changes  in  p l a s m a  e lec t ro ly te  
c o n c e n t r a t i o n  due  %o a ldos t e rone - indnced  s o d i u m  re ten -  
t i on  a n d  kal iuresis .  Such  a n  a d a p t a t i o n  of N a K - A T P a s e  
to  changes  in ex t r ace l lu l a r  s o d i u m  and  p o t a s s i u m  
c o n c e n t r a t i o n  ha s  been  obse rved  x4. 
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