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Enzyme Histochemical Reactions of Mouse Ova 

The biochemical  even t s  which  occur  a t  fer t i l iza t ion have  
ind ica ted  un ique  control l ing mechan i sms  in the  ovum.  The 
increases  in oxygen  up t ake  a t  th i s  t i m e  in t h e  sea urch in  
egg *,* are  cor re la ted  wi th  a fall in A T P  and  a rise in A D P  
wi th in  t h e  c y t o p l a s m L  In  t h e  unfer t i l ized sea urch in  egg 
low levels of i n t e rmed ia t e s  of t he  glycolyt ic  p a t h w a y s  are  
p resen t .  This  block in glycolysis  is re leased 5 m i n  a f te r  
fer t i l izat ion 4,~. A possible  m e c h a n i s m  of th is  t y p e  of con- 
t ro l  is spat ia l  d i s t r ibu t ion  of enzymes .  Fo r  example ,  
g lucose-6-phospha te  dehyd rogenase  is m e m b r a n e - b o u n d  
in t he  unfer t i l ized egg, b u t  appea r s  in the  soluble f rac t ion  
of t he  cell a f te r  fert i l izat ion% The  following is an  exper i -  
m e n t  in which h i s tochemica l  local izat ions of dehyd ro -  
genases,  ATPase  (Ca ++ ac t iva ted) ,  a lkal ine and  acid phos-  
pha tases ,  c y t o c h r o m e  oxidase  and  N A D H  d iaphorase  were 
d e t e r m i n e d  in mouse  follicular and  tuba l  ova.  

M a t e r i a l s  a n d  methods .  The dehydrogenases  were de- 
t ec t ed  by  the  m e t h o d  of NACHLAS et  al ,L ATPase  was 
t e s t ed  for by  the  m e t h o d  of PADYKULA and  HERRMAN 8. 
KAPLOW'S 9 m e t h o d  was  used for the  local izat ion of 
alkaline p h o s p h a t a s e  and  for acid p h o s p h a t a s e  the  tech-  
n ique  of PEARSE 1° was used. Cy toch rome  oxidase  was  
s ta ined  for using BURSTONE'S H technique .  

Ovaries  were r em oved  f rom A-s t ra in  virgin mice aged 
6 weeks  and  frozen on solid ca rbon  dioxide.  Sect ions  5/~ 
th ick  were  cu t  in a Slee freezing micro tome.  

Spon taneous ly  ovu la t ed  eggs f rom similar  mice  were  
ob t a ined  a t  m e t e s t r u s :  t h e  Fa l lopian  t u b e  was  d issec ted  
out ,  t he  s e g m e n t  con ta in ing  ova  was  p u n c t u r e d  and  the  
eggs l ibera ted  d i rec t ly  in to  t he  i ncuba t ion  m i x t u r e  of t he  
h i s tochemica l  assay.  Superovu la t ion  was  induced  b y  the  
i.p. in jec t ion  of p r e g n a n t  m a r e ' s  se rum 10 I U  (PMS) 
(Organon) followed by  5 IU  h u m a n  chor ionic  gonado t ro -  
ph in  (HCG) (Organon) 43 h later.  The  mice  were killed 
24 h a f te r  t he  second in jec t ion  and  eggs col lected as before.  

H o m o g e n a t e s  of mouse  ovar ies  and  ova  in H a n k s '  solu- 
t ion were appl ied  to  ac ry l amide  gel for disc e lect rophores is .  
I soenzymes  of l ac ta te  dehyd rogenase  were  s ta ined  by  a 
t e t r azo l ium m e t h o d  a2. 

R e s u l t s  a n d  d i s cus s ion .  Sta in ing  for succ ina te  dehydro-  
genase revealed l i t t le  ac t iv i ty  in the  follicular ova,  whi ls t  
t he  su r round ing  granulosa  cells showed marked  ac t iv i ty .  

In  the  t uba l  egg the re  was an eccent r ic  area  of en zy me  
ac t iv i ty  which  was  no t  associa ted  wi th  t he  cell surface.  
The  a t t a c h e d  cumulus  cells also showed  succ ina te  d eh y d ro -  
genase  ac t iv i ty ,  and th is  was spread  t h r o u g h o u t  t he  cy to -  
p lasm.  No i soc i t ra te  d e h y d r o g e n a s e  (NAD +) was  p re sen t  
in t he  follicular egg, b u t  was found in t he  tuba l  ovum.  The  
cumulus  cells reac ted  s t rong ly  w i t h  a well m a r k e d  per i -  
nuclear  b a n d  of pa r t i cu la te  ac t iv i ty  (Figure 1). Mala te  de-  
hyd¢ogenase  was no t  d e t e c t e d  in e i ther  p repa ra t ion .  Lac-  
t a t e  and  g l u t a m a t e  d eh y d ro g en as e  and  N A D H  d iaphorase  
were p r e s en t  t h r o u g h o u t  t he  c y t o p l a s m  of follicular and  
tuba l  eggs. No ~-g lyce rophospha te  d eh y d ro g en as e  and  
c y t o c h r o m e  oxidase  were seen in follicular ova,  b u t  the re  
was overal l  ac t iv i ty  in the  tuba l  eggs wi th  large cen t ra l  
c lumps  of granules.  Similarly,  g lucose-6-phospha te  dehy-  
d rogenase  appea red  to  have  a pa r t i cu la t e  ac t iv i ty  in t he  
tuba l  egg wi th  an eccent r ic  area of more  in tense  ac t iv i ty .  
A T Pas e  was p re sen t  in b o t h  follicular and  tuba l  eggs. The  
cumulus  cells also showed  a ma rk ed  nuclear  react ion.  Acid 
p h o s p h a t a s e  was a b u n d a n t  in follicular eggs bu t  usual ly  
absen t  f rom tuba l  eggs. Alkal ine p h o s p h a t a s e  showed only  
s l ight  ac t iv i ty  in b o t h  types  of ova.  

The same e lec t rophore t ic  p a t t e r n  for lac ta te  d e h y d r o -  
genase in bo th  ovar ian  h o m o g e n a t e  and  fert i l ized tuba l  
eggs was seen. In bo th  ins tances  all 5 en zy me  fo rms  were  
presen t .  
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Fig. 1. Ovum and cumulus cells stained for isocitrate dehydrogenase. 
This is a tubal ovum which has been liberated from the Fallopian 
tube by puncture. × 350. 

Fig. 2. Tubal ovum stained for cytochrome oxidase. The charac- 
teristic paraeentral intense staining reaction is present. × 800. 
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T h e  h i s t o c h e m i c a l  ev idence  ind ica tes  d i f ferences  in 
a m o u n t  a n d  d i s t r i b u t i o n  of e n z y m e  a c t i v i t y  in  t he  2 t ypes  
of ova.  These  could  r e p r e s e n t  genu ine  a l t e r a t i o n s  in  bio-  
chemica l  r e g u l a t o r y  m e c h a n i s m s  fol lowing ovu la t i on .  A 
s t r u c t u r a l  bas is  for  such  changes  in m i t o c h o n d r i a l  e n z y m e s  
ha s  b e e n  obse rved  b y  ZAMBONI a n d  MASTROIANN113, w h o  
showed  t h a t  in  ea r ly  r a b b i t  oocy tes  t h e r e  are  few, c lus t e red  
m i t o c h o n d r i a ,  wh i l s t  m a t u r e  ova  c o n t a i n  more  n u m e r o u s  
e v e n l y  d i s t r i b u t e d  m i t o c h o n d r i a .  I n  t he  p r e s e n t  work,  
however ,  a n  a p p a r e n t  inc rease  in a c t i v i t y  of l a c t a t e  dehy -  
d rogenase  was  o b s e r v e d  in  s u p e r o v u l a t e d  eggs as c o m p a r e d  
w i t h  s p o n t a n e o u s l y  o v u l a t e d  eggs. Th i s  could be  t h e  r e su l t  
of g o n a d o t r o p h i n  i nduced  anoma l i e s  in  t h e  zona  pe l luc ida  
s imi l a r  to  t hose  o b s e r v e d  b y  KATZBERG a n d  HENDRICKX 14 
in t h e  b a b o o n  a n d  t h o u g h t  to  e n h a n c e  t h e  p e r m e a b i l i t y  of 
t he  zona.  

A s t r u c t u r a l  e x p l a n a t i o n  for  t h e  eccent r ic  d i s t r i b u t i o n  
of a c t i v i t y  of some  d e h y d r o g e n a s e s  w i t h i n  t h e  t u b a l  o v u m  
would  requ i re  a n  i r r egu la r  d i s t r i b u t i o n  of m i t o c h o n d r i a .  
Th i s  is seen in oocytes  of h u m a n  p r i m o r d i a l  follicles whe re  
m i t o c h o n d r i a  a re  c o n c e n t r a t e d  in t h e  c r e s c e n t - s h a p e d  Bal -  
b i a n i ' s  v i te l l ine  b o d y  is. I n  t h e  p e n e t r a t e d  t u b a l  o v u m  w h e n  
t h e  p r o n u c l e u s  is fo rming ,  t h e  organel les  c o n c e n t r a t e  in  
t h e  c y t o p l a s m i c  a rea  c o n t a i n i n g  t h e  chromosomes*% 

T h e  c o n c e n t r a t i o n  of A T P a s e  a c t i v i t y  a t  t h e  p e r i p h e r y  
of t he  t u b a l  oocy te  is p r o b a b l y  r e l a t ed  to  t h e  role of t he  
egg sur face  d u r i n g  c leavage.  MIK117 sugges ts  t h a t  t h e  
A T P a s e  a c t i v i t y  of t h e  co r t ex  of t he  sea  u r c h i n  egg m i g h t  
be  i nvo lved  in t h e  t r a n s f o r m a t i o n  of t h e  chemica l  e n e r g y  

of A T P  in to  t h e  m e c h a n i c a l  ene rgy  for  c leavage.  DALCQ is 
ha s  s h o w n  t h a t  t h e  fu r rows  of c leav ing  mice  eggs give a 
pos i t i ve  r eac t ion  w h e n  t h e  eggs a re  i n c u b a t e d  in t h e  
p re sence  of nuc leot ides .  

Zusammen[assung. Nachweis ,  dass  in  d e n  E i e r n  im 
M~tuseeileiter grosse Q u a n t i t £ t e n  v o n  ATPase ,  Cy tochro -  
maox idase ,  G l u k o s e - 6 - p h o s p h a t - d e h y d r o g e n a s e ,  Mi to-  
c h o n d r i a l d e h y d r o g e n a s e n ,  saure  u n d  a lka l i sche  P h o s p h a -  
t a s e n  loka l i s ie r t  s ind.  I n  d e n  E i e r n  im E i e r s t o c k  h i n g e g e n  
w u r d e n  ebenfa l l s  ATPase ,  P h o s p h a t a s e  u n d  L a c t a t - d e h y -  
d rogenase  Ies tges te l l t ,  obwoh l  v o n  d e n  M i t o c h o n d r i a l -  
e n z y m e n  n u r  ger inge  M e n g e n  g e f u n d e n  wurden .  
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t ~ b e r  d i e  W i r k u n g  v o n  E t h a c r y n s i i u r e  a u f  d i e  E n e r g i e i i b e r t r a g u n g  i n  M i t o c h o n d r i e n  

Ethacryns~Lure,  ein sa lu re t i sch  w i r k s a m e s  Phenoxyes s ig -  
s ~ u r e d e r i v a t  (2, 3 - D i c h l o r - 4 - ( 2 - m e t h y l e n b u t y r y l ) p h e n o x y -  
essigs~ure),  h e m m t  die Na+-, K+- u n d  Mg++-abhi ingige  
s o g e n a n n t e  M e m b r a n - A T P a s e  in v ivo  x u n d  in v i t r o  2. 
GAUDEMER u n d  FOUCHER 3 k o n n t e n  zeigen, dass  die Sub-  
s t a n z  in  R a t t e n l e b e r m i t o c h o n d r i e n  eine ene rg i egekoppe l t e  
R e a k t i o n ,  n / iml ich  die R e d u k t i o n  y o n  A c e t a c e t a t  d u r c h  
S u k z i n a t  h e m m t .  Dieser  B e f u n d  di i r f te  fiir d e n  W i r k u n g s -  
m e c h a n i s m u s  y o n  E t h a c r y n s g u r e  v o n  B e d e u t u n g  sein. 
Das  Ziel de r  vo r l i egenden  A r b e i t  w a r  es daher ,  d u r c h  
U n t e r s u c h u n g  a n d e r e r  ene rg i egekoppe l t e r  m i t o c h o n d r i a -  
ler R e a k t i o n e n  diese W i r k u n g  yon  E t h a c r y n s i i u r e  we i t e r  
zu be l euch ten ,  wozu uns  die energ ieabhgmgige  N A D P  +- 
R e d u k t i o n  d u t c h  N A D H  (energ ieabh~ng ige  T r a n s h y d r o -  
g e n a s e - R e a k t i o n )  in  s u b m i t o c h o n d r i a l e n  Te i l chen  geeig- 
ne t  erschien .  Diese R e a k t i o n  

N A D H  + N A D P  + + --- X --~ N A D +  + N A D P H  + X 

b e n 6 t i g t  als Ene rg i eque l l e  ein n i c h t  phosphory l i e r t e s ,  
energ ie re iches  Z w i s c h e n p r o d u k t  der  o x y d a t i v e n  Phos -  
p h o r y l i e r u n g  ( symbol i s i e r t  d u r c h  --- X),  das  e n t w e d e r  
d u r c h  die M i t o c h o n d r i e n a t m u n g  oder  d u r c h  zugese tz tes  
A T P  e rzeug t  wixdL 

Methodik. R a t t e n l e b e r m i t o c h o n d r i e n  w u r d e n  n a c h  de r  
M e t h o d e  y o n  WEINBACH II g e w o n n e n  u n d  aus  d iesen  n a c h  
KIELLEY u n d  BRONK 6 d u r c h  U l t r a s c h a l l b e h a n d l u n g  sub-  
m i t o c h o n d r i a l e  Te i l chen  (~sonic particles,~) herges te l l t .  
F i i r  die Messung  de r  e n e r g i e a b h ~ n g i g e n  T r a n s h y d r o -  
genase-Reakt ioner~  g ingen  w i t  im  wesen t l i chen  n a c h  de r  
M e t h o d e  yon  DANIELSON u n d  ERNSTER 4 vor,  v e r w e n d e t e n  
abe r  s t a t t  ~_thanol u n d  A l k o h o l d e h y d r o g e n a s e  als 
W a s s e r s t o f f d o n a t o r s y s t e m  L a k t a t  u n d  L a k t a t d e h y d r o -  

genase.  Die H e m m u n g  de r  T r a n s h y d r o g e n a s e - R e a k t i o n  
d u t c h  E t h a c r y n s A u r e  w u r d e  sowohl  u n t e r  a n a e r o b e n  Be-  
d i n g u n g e n  m i t  A T P  als  Ene rg i eque l l e  (<~ATP-abhitngige 
T r a n s h y d r o g e n a s e ~ )  als a u c h  u n t e r  a e r o b e n  B e d i n g u n g e n  

Hemmung energieabh~ngiger Transhydrogcnase-Reaktionen durch 
Ethacrynsfiure 

Ethacryn- (a) NADH-ab- (b} Sukzinat-ab- (c) ATP-ab- 
s~ure hangige Trans- hhngige Trans- hhngige Trans- 
Konzen- hydrogenase hydrogenase hydrogenase 
tration (M) 

spez. % Hem- spez. % Hem- spez. % Hem- 
Akt. mung Akt. mung Akt. mung 

- 12,6 - 14,1 - 22,1 - 
5 x 10 -~ 8,0 35 12,6 11 16,0 28 
1 x 10-* 4,5 64 11,6 18 15,1 32 
1 x 10 .3 3,5 72 5,5 61 6,6 70 
2 x 10 s 1,0 92 2.3 84 1,8 92 

Reaktionsmedium (Endvolumen: 3,0 ml). (a) NADH als Substrat: 
50 mM Tris-Acetat-Puffer (pH 8,0), 6 mM MgCl~, 250 mM Sac- 
charose, 333/zM NADP +, 33,3/zM NAD+, 170 mM Laktat, 25 ~ug 
Kaninehenmuskel-Laktatdehydrogenase, 0,2 ml *sonic particles*; 
(b} Sukzinat als Substrat: Reaktionsmisehung wie unter (a), ferner: 
3 mM Na-Sukzinat und 3,4 #M RotenoI1; (c) ATP als Energiequelle: 
Reaktionsmischung wie unter (a), ferner: 1,3 mM ATP und 3,3 mM 
KCN, 3,41~M Rotenon. Messung der Extinktionszunahme bei 340 nm 
im Beckman DB-Spektralphotometer gegen eine Vergleichskiivette, 
die entweder kein NADP + (a), oder kein Sukzinat (b) oder kein 
ATP (c) enth~ilt (Temperatur: 25°C). Spezifische Aktivit~it ausge- 
drfiekt als gebildete m/zMol NADPH/mg Protein/rain. 


