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the  colorimetr ic  m e t h o d  given by  BERGMEYER 5. The 
exper imenta l  tubes  con ta ined  0.25 mg of y-globulins 
(Nutr i t ional  Biochemicals  Corporat ion,  Cleveland, Ohio), 
bovine  a lbumins  (L. L igh t  and  Co. Ltd. ,  Colnbrook, 
England) ,  g lu tamic  acid (B.D.H.) and lysine (B.D.H.).  

The enzyme ac t iv i ty  was higher  in t he  homogena te s  of 
k idney  t h a n  in the  liver. In  general,  the  k idney  enzyme 
ac t iv i ty  was e levated  by  the  y-globulins, a lbumins  and  
glutamic  acid and inh ib i ted  by  lysine. Bu t  the  e levat ion 
by  the  y-globulins and  the  inhib i t ion  by  lysine were no t  
s ta t is t ica l ly  significant .  Albumins  and  g lu tamic  acid 
s ignif icant ly  e levated  t h e  enzyme act iv i ty .  The liver en- 
zyme ac t iv i ty  was e levated  by  all the  pro te ins  and  amino  
acids added,  the  e levat ion  by  the  y-globulins and lysine 

Glutamate pyruvate transaminase activity in the sucrose homo- 
genates of the amphibian kidney and liver in relation to protein and 
amino acid charges 

Tissue No. of Control y- Albumins Glutamic Lysine 
observa- globulins acid 
tions 

Kidney 6 78.00 82.00 98.00 92.00 69.00 
-V 10.05 4- 9.13 4- 13.05 4- 8.16 4- 10.21 

NS S S NS 

Liver 5 27.00 45.00 30.00 33.00 42.00 
d_ 4.00 -4- 10.81 4- 7.45 4- 8.89 4- 12.21 

S NS NS S 

Activity is expressed as GPT units[rag protein. S, values are signifi- 
cant;. NS, values are non-significant. 

was significant ,  whereas  t he  effect  of a lbumins  and  
g lu tamic  acid was  non-signif icant .  The resul ts  show t h a t  
the  regula t ion  of GPT is d i f fe rent  in b o t h  the  tissues. In  
o ther  words,  t he  re la t ively  nega t ive  charge dens i ty  con- 
t r i bu t ed  b y  the  a lbumins  and  g lu tamic  acid favours  t he  
k idney  enzyme,  while it  has  no ac t ion  on the  liver enzyme.  
Conversely,  the  re la t ively  posi t ive  charge dens i ty  in t he  
homogena t e  con t r ibu ted  by  the  7-globulins and lysine 
accelerates the  l iver enzyme,  while i t  has  no effect  on the  
k idney  enzyme.  I t  is therefore  sugges ted  t h a t  the  differen- 
t im regula t ion of the  same enzyme  by  di f ferent  charges 
nf ight  be due to  organ-specificity% 

Zusammenfassung. Die Wi rkung  der Prote in-  und  
Aminosg~urebelastung auf die G l u t a m a t - P y r u v a t - T r a n s -  
aminase  in Niere und Leber  yon  Rana hexadactyla wurde  
un te rsuch t .  Die Enzymak t iv i t / i t  war  in der  Niere h6her  
als in der  Leber.  7-Globulin und  Lys in  e rh6hte  die Leber-  
enzyme und  war  ohne Einf luss  auf die Nieren-Transami-  
nase. 
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The B ind ing  of Cardiac  G l y c o s i d e s  to Bul l  S p e r m a t o z o a  

Inves t iga t ions  of ne t  changes  in alkali ca t ion con ten t  1-3 
and  of Na+-K+-ac t iva ted  ATPase  ac t iv i ty  4,5 have  pro- 
Vided some evidence for ac t ive  t r anspo r t  of Na + and  K+ 
in m a m m a l i a n  spermatozoa .  Recen t ly  the  t echn ique  of 
specifically b ind ing  3H-labelled inhib i tors  of ca t ion t rans-  
por t  (ouabain and  digoxin) has been  used to  d e m o n s t r a t e  
act ive t r a n s p o r t  sites on cell m e m b r a n e s  and to  es t imate  
the  n u m b e r  of such sites~-% The p resen t  r epor t  describes 
t he  appl ica t ion  of th is  t echn ique  to bull spermatozoa .  

Materials and methods. Semen samples  collected f rom 
2 normal  Je rsey  bulls were cooled slowly to 20 ~ and  
spe rma tozoa  separa ted  f rom seminal  p l a sma  by  centr i fu-  
gat ion (1200 g, 10 min  a t  20 ~ The spe rma tozoa  Were 
washed  once and  resuspended  in an art if icial  bull seminal  
p la sma  (ABSP) a. W a s h e d  cells were inspec ted  micro-  
scopically for mot i l i ty ,  t h e n  counted  and  moni to red  
electronical ly 10. 

Na tu ra l ly -decap i t a t e  spe rma tozoa  f rom a Guernsey 
bull were separa ted  in to  f ract ions  of heads  and moti le  
midpiece- ta i ls  by  r a t e - sed imen ta t i on  on an A B S P :  sucrose 
dens i ty  g rad ien t  in a zonal  centr i fuge ro tor  (A type ,  
M.S.E.  Ltd.) .  

Cell concen t ra t ion  was  ad jus ted  to  5 • l0 s cetls/ml and  
cells p re incuba ted  at  37 ~ for 15 rain in ABSP.  Tr i t i a ted  
digoxin or ouabain  was  t h e n  added  usual ly to a f inal  con- 
cen t ra t ion  of 5 • 10-6M. Fol lowing a fu r the r  30 min  in- 
cubat ion,  the  b ind ing  reac t ion  was s topped  by  the  addi-  
t ion of a large excess of 10-8M ouabain  in ABSP,  and the  
cells washed  3 t imes  in 50 vol. of A B S P  by  cen t r i fuga t ion  
(2000 g, 10 min). The final  pel let  was dissolved in 2 ml  

NCS solubil izer (Nuclear-Chicago), scint i l la tor  added,  and  
counted  in a Packa rd  Tricarb Spec t rometer .  Label led 
ouabain  was ob ta ined  f rom New E n g l an d  Nuclear  Corp. 
and  digoxin  f rom Dr. A. RUTSCHMANN, Sandoz AG, 
Basle (Switzerland).  

Results and discussion. The t ime-course  of b inding  at  an 
ouabain  concen t ra t ion  of 5 • 10 -6 M was de te rmined ,  f rom 
which the  reac t ion  appeared  to be comple te  af ter  15 min.  
The concen t ra t ion  of glycoside chosen in these  experi-  
ments ,  5 • 10-6M, represen ts  a concen t ra t ion  h igh  
enough to  sa tu ra te  mos t  of the  t r a n s p o r t  sites. Using 3H- 
digoxin ins tead  of aH-ouabain near ly  equiva len t  number s  
of bound  molecules per  cell were obta ined .  The glycoside 
bound  to the  spe rmatozoa  was no t  r emoved  to  any  signifi- 
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c a n t  e x t e n t  b y  w a s h i n g  t h e  cel ls  a n  e x t r a  2 o r  3 t i m e s ,  
i n d i c a t i v e  of  a n  i r r e v e r s i b l e  b i n d i n g .  T h e  3 w a s h e s  
r o u t i n e l y  u s e d  e l i m i n a t e d  t h e  p o s s i b i l i t y  of  a n y  f ree  
l a b e l l e d  g l y c o s i d e  r e m a i n i n g  in  t h e  pe l le t .  

F o r  spec i f i c  b i n d i n g  of  c a r d i a c  g l y c o s i d e  t o  A T P a s e  
p r e p a r a t i o n s ,  t h e r e  is  a r e q u i r e m e n t  for  M g  =+, A T P  o r  
n u c l e o t i d e  t r i p h o s p h a t e  o r  c e r t a i n  o t h e r  c o m p o u n d s  t o  
be  p r e s e n t %  A p p l i e d  t o  i n t a c t  cells,  m e t a b o l i c  i n h i b i t o r s  
s h o u l d  d e c r e a s e  t h e  i n t e r n a l  A T P  level ,  w i t h  a c o n s e q u e n t  
d e c r e a s e  i n  g l y c o s i d e  b i n d i n g .  T a b l e  I s h o w s  s i g n i f i c a n t  
e f f e c t s  of  p r e - t r e a t m e n t  w i t h  a r a n g e  o f  m e t a b o l i c  i n h i b i -  

Table I. The effect of metabolic inhibitors on glycoside binding in 
bulI spermatozoa 

Inhibitor Glycoside Bound glycoside 
10 a molecules/cell 
Control Treated 

NaCN (5 raM) Digoxin 6.9 4.9 
NaCN (5 mM) Digoxin 7.3 5.4 
NaF (20 raM) Digoxin 4.4 0.8 
NaF (20 mM) Digoxin 4.3 2.1 
Iodoacetate (1 raM) Digoxin 5.6 1.3 
Iodoac, etate (1 inM) Ouabain 6.7 3.6 
Iodoacetamide (1 raM) Digoxin 6.7 1.7 
Iodoacetamide (1 raM) Ouabain 6.7 3.1 

Washed bull spermatozoa were preincubated with ABSP and inhi- 
bitor for 15 min at 37~ aH-ouabain or aH-digoxin was added to a 
final concentration of 5 • 10 6M, and after a further incubation for 
30 min the cells were washed by eentrifugation and counted by liquid 
scintillation. 

Table II. The effect of detergents on ouabain binding in bull 
spermatozoa 

Treatment  Bound ouabain 
10 a molecules/cell 

Control 
Pretreated with Triton X-100 
Pretreated with Saponin 
Triton X-100 after ouabain binding 
Saponin after ouabain binding 

4.24 
0.55 
0.33 
0.89 
2.41 

Spermatozoa were incubated for 5 rain in ABSP containing either 
0.02% Saponin or 0.1% Triton X-100 at 20~ After washing, the 
cells were incubated with 5 x 10-6M aH-ouabain at 37 ~ for 30 rain. 
Cells previously exposed to aH-ouabain for 30 rain, were also treated 
with Saponin or Triton X-100 for 5 min, washed and processed for 
counting. 

Table III. Ouabain binding in separated heads and midpiece-tails 
of Guernsey bull spertnatozoa 

Bound ouabain 
103 molecules/particle 
Experiment 1 Experiment 2 

Heads 0.36 0.71 
0.31 0,35 

Heads + 1 m M  iodoacetamide - 0.46 
0.48 

Midpieee-tails 2.0 3.2 
Midpiece-tails + 1 m M  1.5 2.8 

iodoacetamide 
1.7 2,6 

Heads and midpiece-tails were fractionated by zonal eentrifugation. 
After recovery from the gradient material ceils were washed and 
incubated with 3H-ouabain, 5 • 10 ~M for 30 rain at 37 ~ 

to r s ,  o n  t h e  a m o u n t  o f  b o u n d  d i g o x i n  o r  o u a b a i n .  U n d e r  
t h e  e x p e r i m e n t a l  c o n d i t i o n s  bu l l  s p e r m a t o z o a  p r o d u c e  
m o s t  of  t h e i r  A T P  b y  f r u c t o l y s i s  ~ .  I t  is  t h e r e f o r e  p r o -  
b a b l y  s i g n i f i c a n t  t h a t  g l y c o l y t i c  i n h i b i t o r s  p r o d u c e d  t h e  
g r e a t e s t  r e d u c t i o n  in  b i n d i n g ,  c y a n i d e  h a v i n g  a r e l a t i v e l y  
s m a l l e r  e f fec t .  F l u o r i d e  a n d  i o d o a c e t a t e  a r e  k n o w n  to  h a v e  
d i r e c t  e f f e c t s  o n  m e m b r a n e - A T P a s e  t r a n s p o r t  s y s t e m s ,  
a n d  m a y  h e r e  be  a f f e c t i n g  b i n d i n g  d i r e c t l y  r a t h e r  t h a n  
b y  a r e d u c t i o n  in  c e l l u l a r  A T P  leve ls .  I o d o a c e t a m i d e ,  
h o w e v e r ,  is k n o w n  to  i n h i b i t  g l y c o l y s i s  s t r o n g l y  a t  con -  
c e n t r a t i o n s  in  t h e  r a n g e  1 -5  mM,  w i t h o u t  a n y  i n h i b i t o r y  
e f f ec t  o n  t h e  r ed  cell  s o d i u m  t r a n s p o r t  s y s t e m  ~2 a n d  m u s t  
in  t h i s  c a se  be  e x e r t i n g  i t s  p r i m a r y  e f f ec t  o n  t h e  g l y c o -  
l y t i c  s y s t e m .  

T h e  a m o u n t  o f  b o u n d  o u a b a i n  o n  s p e r m a t o z o a  p r e -  
i n c u b a t e d  w i t h  s a p o n i n  (0 .02%)  or  T r i t o n  X - 1 0 0  (0 .1%)  
w a s  a b o u t  1 0 %  of  t h e  c o n t r o l  level .  I f  t h e  cel ls  w e r e  
t r e a t e d  w i t h  d e t e r g e n t  a f t e r  r e a c t i n g  t h e m  w i t h  5 • 10 -a M 
a H - o u a b a i n  for  30 ra in ,  t h e  b i n d i n g  w a s  a lso  r e d u c e d ,  b u t  
t o  a l e s se r  e x t e n t  ( T a b l e  I I ) .  E l e c t r o n  m i c r o s c o p i c  e x a -  
m i n a t i o n  o f  n e g a t i v e l y  s t a i n e d  d e t e r g e n t - t r e a t e d  s p e r m a -  
t o z o a  s h o w e d  t h e  o u t e r  m e m b r a n e  to  be  r e m o v e d  f ron l  
t h e  m i d p i e c e - t a i l  in  t h e  p r e s e n c e  o f  T r i t o n  X - 1 0 0 ,  a n d  
o n l y  r e m a i n i n g  in  f r a g m e n t e d  p a t c h e s  a f t e r  s a p o n i n  
t r e a t m e n t  la. I t  h a s  b e e n  s h o w n  t h a t  in  g e n e r a l  d e t e r g e n t s  
i n c r e a s e  t h e  p e r m e a b i l i t y  of  t h e  s p e r m  cell  m e m b r a n e  
a n d  c a u s e  t h e  m e m b r a n e s  to  d e t a c h  f r o m  t h e  ce l l s*4  

T a b l e  I I I  i n d i c a t e s  t h a t  b i n d i n g  of  o u a b a i n  m o s t l y  
o c c u r s  in  t h e  m i d p i e c e - t a i l  f r a c t i o n  o f  f r a c t i o n e d  s p e r m a -  
t ozoa ,  a n d  a p p e a r s  to  be  s e n s i t i v e  to  m e t a b o l i c  i n h i b i t o r s .  
T h e  s u m  of  b i n d i n g  in  t h e  s e p a r a t e d  c o m p o n e n t s  a p p e a r s  
to  be  v e r y  s i m i l a r  to  t h e  b i n d i n g  in  i n t a c t  s p e r n l a t o z o a ,  
a l t h o u g h  t h e  s e n s i t i v i t y  of  i s o l a t e d  cell c o m p o n e n t s  to  
g l y c o l y t i c  i n h i b i t o r s  of  b i n d i n g  w a s  s i g n i f i c a n t l y  less  t h a n  
t h a t  of  i n t a c t  cel ls .  T h e  e v i d e n c e  p r e s e n t e d  s u g g e s t s  t h a t  
t h e  g l y c o s i d e - b i n d i n g  s i t e s  a n d  h e n c e  t h e  N a  + + 1K+ ac t i -  
v a t e d  A T P a s e  a n d  c a t i o n  t r a n s p o r t  s y s t e m  a r e  l oca l i zed  
on  t h e  o u t e r  cell  m e m b r a n e  of  t h e  m i d p i e c e - t a i l  r eg ion .  
A t  l e a s t  7 0 %  of  t h e  t o t a l  g l y c o s i d e  b o u n d  in  30 m i n  a t  a 
c o n c e n t r a t i o n  of  5 • 1 0 - 6 M  w a s  s e n s i t i v e  to  g l y c o l y t i c  
i n h i b i t o r s  or  d e t e r g e n t s ,  a n d  t h u s  t h e  n u m b e r  of  spec i f i c  
b i n d i n g  s i t e s  on  i n t a c t  bu l l  s p e r m a t o z o a  w a s  in t h e  r a n g e  
3 6 • 103 p e r  cell.  T h i s  f i g u r e  m a y  be  c o m p a r e d  w i t h  t h e  
r a n g e  o f  v a l u e s  r e p o r t e d  for  o t h e r  t i s s u e s ,  i.e. 6 for  L K  
s h e e p  e r y t h r o c y t e s  15 a n d  1 -5  • 105 for  a v a r i e t y  of  m a m -  
m a l i a n  c u l t u r e d  cel ls  1~, ~7 

Resumen. Se h a  i n v e s t i g a d o  la  u n i 6 n  de  g l i c 6 s i d o s  
c a r d i a c o s  al  e s p e r m a t o z o i d e  de  to ro .  D i c h a  u n i d n  es 
s e n s i b l e  a i n h i b i d o r e s  m e t a b d l i c o s  y fu6  l o c a l i z a d a  en  l a  
m e m b r a n a  c e l u l a r  de l  s e g m e n t o  i n t e r m e d i a r i o  y la  cola .  
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