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Pen tose  s h u n t  e n z y m e  ac t iv i t ies  in  t he  p r e i m p l a n t a t i o n  m o u s e  a n d  r a b b i t  e m b r y o  

EXPERIENTIA 2714 

S tage  of 6 - P h o s p h o g l u c o n a t e  d e h y d r o g e n a s e  Glucose  6 - p h o s p h a t e  P ro t e in  c o n t e n t  
d e v e l o p m e n t  d e h y d r o g e n a s e  in  n g  p e r  e m b r y o  

A c t i v i t y  in  moles  of N A D P  A c t i v i t y  in  moles  of N A D P  
r e d u c e d  pe r  e m b r y o  pe r  h x 101~ r e d u c e d  pe r  e m b r y o  pe r  h x 1012 
Mo use R a b b i t  Mouse 1 R a b b i t  3 Mouse 8 Rabbit 

Unfer t i l i zed  13.6 4- 0.7 (4) 246 q- 22 (6) 1390 263 27.8 100 

Fer t i l ized  12.3 q- 0.7 (5) 256 4- 38 (6) 1360 243 27.8 100 

D a y  2 11.0 -4- 1.1 (5) 251 n u 70 (6) 1510 263 26.1 100 

D a y  3 28.8 ± 3.2 (5) 259- t -  43 (6) 1400 215 23.4 100 

Day 4 57.7 ± 1.1 (5) 338 4. 25 (6) 735 256 22.2 

Day 5 61.3 4- 5.2 (4) 573 4- 68 (6) 190 812 21.9 1307 

Day 6 - 3088 4- 517 (6) - 1612 - 6235 

Values  for  6 - p h o s p h o g l u e o n a t e  d e h y d r o g e n a s e  are  m e a n s  4- S .E.M.  T h e  n u m b e r  of d e t e r m i n a t i o n s  is in  pa r en the se s .  P ro t e in  c o n t e n t  for  
the  f i rs t  3 d a y s  of d e v e l o p m e n t  in  the  r a b b i t  is e s t i m a t e d  to  b e  a b o u t  100 n g  b a s e d  o n  the  v o l u m e  of the  r a b b i t  e m b r y o  w h i c h  is a b o u t  
3.5 times the volume of the mouse embryo in the early stages. Protein content of day 5 and day 6 rabbit embryos was determined by the 
m e t h o d  of LOWRY, ROSEBROUGlt, FARR a n d  RANDALL 9. 

I n  t h e  m o u s e  e m b r y o  6 P G D  a c t i v i t y  is v e r y  low d u r i n g  
t he  p r e i m p l a n t a t i o n  pe r iod  a n d  is a b o u t  1/100 t he  G 6 P D  
a c t i v i t y  d u r i n g  t h e  I i rs t  2 days  of d e v e l o p m e n t .  How-  
ever,  t h e  p a t t e r n  of c h a n g e  for 6 P G D  is oppos i te  t h a t  
f ound  for G 6 P D  ; t he  f o r m e r  r ises a n d  t h e  l a t t e r  decreases  
d u r i n g  t he  las t  ha l f  of t h e  p r e i m p l a n t a t i o n  per iod  so t h a t  
t h e i r  a c t i v i t y  levels are  a p p r o a c h i n g  one a n o t h e r  a t  t h e  
t i m e  of i m p l a n t a t i o n .  T he  6 P G D  specific a c t i v i t y  a c t u a l l y  
increases  in  t h e  mouse  e m b r y o  d u r i n g  t he  p r e i m p l a n t a t i o n  
period.  

The  low level  of a c t i v i t y  of 6 P G D  d u r i n g  t he  pre-  
i m p l a n t a t i o n  period,  p a r t i c u l a r l y  d u r i n g  t h e  f i rs t  2 or  
3 days  of d e v e l o p m e n t ,  suggests  t h a t  th i s  e n z y m e  is 
more  i m p o r t a n t  t h a n  G 6 P D  in  r egu la t i ng  t he  a c t i v i t y  
of t he  pen tose  s h u n t  in  t h e  mouse .  T h e  h i g h  level  of 
G 6 P D  in t h e  m o u s e  e m b r y o  m a y  r e p r e s e n t  e n z y m e  
p r e s e n t  in  t h e  oocyte  before  o v u l a t i o n  a n d  t h u s  m a y  
ref lect  r e q u i r e m e n t s  for  t h i s  e n z y m e  d u r i n g  t h e  p reovu la -  
t o r y  phase  of oocyte  d e v e l o p m e n t  r a t h e r  t h a n  d u r i n g  
p o s t o v u l a t o r y  e m b r y o  d e v e l o p m e n t  10. 

Zusammen/assung. I m  f r isch  o v u l i e r t e n  E i d e r  weissen  
Maus  be t r / ig t  die A k t i v i t ~ t  de r  6 - P h o s p h o g l u k o n a t - D e -  
h y d r o g e n a s e  (6PGD) n u r  e twa  1/i00 de r j en igen  de r  Glu-  
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 .  Beide  E n z y m e  zeigen 
~hnl iche  A k t i v i t ~ t e n  be i  K a n i n c h e n - E m b r y o n e n  vo r  de r  
I m p l a n t a t i o n .  
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N u c l e a r  P o r e  F l o w  R a t e s  of R i b o n u c l e i c  A c i d s  in 

I n  a p rev ious  no t e  we desc r ibed  t he  t r a n s p o r t  effi- 
c iency  of a nuc lea r  enve lope  pore  com pl ex  w i t h  r e spec t  
to  t he  nuc l eocy top l a smic  e x c h a n g e  of mac romolecu le s  
a n d  par t i c les  b y  t h e  nuc l ea r  pore  f low r a t e  ( N P F R ) ,  i.e. 
t h e  t o t a l  mass  or n u m b e r  of molecules  of a c e r t a i n  sub-  
s t ance  wh ich  is t r a n s f e r r e d  t h r o u g h  a n  ave rage  pore  pe r  
m i n u t e  1. K n o w i n g  t h e  s t r u c t u r a l  cha rac t e r i s t i c s  of t h e  
nuc lea r  enve lope  of a g iven  cell, such  va lues  c an  be  
ca lcu la ted ,  e.g., for  t h e  un id i r ec t i ona l  f low of nucleo-  
cy top l a smica l ly  m i g r a t i n g  R N A s  f rom t h e o r e t i c a l l y  dif-  
f e ren t  s i t u a t i o n s :  1. NPFIR of c y t o p l a s m i c  R N A s  can  
be d e t e r m i n e d  f rom m e a s u r e m e n t s  of t he  c y t o p l a s m i c  
increase  of t h e  R N A s  d u r i n g  a specific i n t e r v a l  of cell 
cycle or d i f fe ren t ia t ion .  I n  such  ca lcu la t ions ,  n o n - n u c l e a r  
R N A  s y n t h e s i  s as wel l  as t he  R N A - d e g r a d a t i o n  h a v e  to  
be  t a k e n  in to  accoun t .  As a n  e x a m p l e  of t h i s  t y p e  of 
ca lcu la t ion ,  t he  N P F R  va lues  for  d i s t i nc t  t i m e  spans  of 

the  Mature  Rat  H e p a t o c y t e  

t h e  a m p h i b i a n  oogenesis  h a v e  been  d e t e r m i n e d  1, 3. 2. I n  
e x p o n e n t i a l l y  g rowing  cell  p o p u l a t i o n s  N P F R s  of R N A s  
can  be  c o m p u t e d  f rom t h e  a v e r a g e  c o n t e n t  of c y t o p l a s m i c  
R N A s  a n d  f rom t h e  half- l i fe  t i m e s  of t h e  t y p e  of R N A  in 
ques t i on  1. Again ,  such  va lues  h a v e  to  be  cor rec ted  for  
n o n - n u c l e a r  R N A - s y n t h e t i c  processes.  3. Fo r  cells w h i c h  
l ive in  s t e a d y  s t a t e  cond i t ions ,  such  as m a n y  h i g h l y  
d i f f e r en t i a t ed  ones, i t  is poss ib le  to  ca lcu la te  t he  N P F R  
va lues  f rom d e t e r m i n a t i o n s  of t h e  pool  sizes of cy to-  
p l a smic  R N A s  a n d  t h e i r  half- l ives.  

A ca l cu l a t i on  of t he  l a t t e r  t y p e  ha s  now been  m a d e  
for  t he  a v e r a g e  l iver  cell of a d u l t  ra t .  C o m b i n a t i o n  of 
t u r n o v e r  a n d  pool  size d a t a  of c y t o p l a s m i c  R N A s  w i t h  

1 W. "W. FRANKE, N a t u r w i s s e n s c h a f t c n  57, 44 (1970). 
U. SCnEER, Dissertation, Universit~it Freiburg/Br. (1970). 
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Nuclear pore flow rates for ribosomal and transfer RNAs per average hepatocyte of 160-190 g albino rats (Wistar) as calculated from the 
steady state assumption N P F R  = synthetic rate per average hepatocyte/mean number  of pores per nucleus and synthetic rate = In  2 × 
(cytoplasmic concentration of product) × (tl] 2 × rain) -1 

Electron microscopic Mean Mean Total No. NPFRN-+C NPFRN~C NPFRN-+C NPFRN--~C 
method used for determining pore nuclear of nuclear (10-1211g (rRNA (molecules (molecules tRNA/ 
nuclear pore frequencies frequency diameter pores/average rRNA/  equivalent rRNA] pore/rain) 

per [zm 2 ([zm) nucleus pore/rain) to 1 ribo- pore/min) a 
nuclear some/pore/ 
surface min) 

Negative staining of isolated 35.8 8.02 • 7.3 × 103 0.45 0.113 0.23 1.5 
nuclear envelope pieces 
Glutaraldehyde-OsO4-fixation, 16.3 8.04 b 3.3 × 10 a 1.00 0.250 0.51 3.3 
ethanol dehydration, epoxy resin 
embedding, thin sectioning 
Freeze-etching of aldehyde- 14.1 8.10~ 2.9 × 10 s 1.t4 0.286 0.57 3.8 
prestabilized tissue 

Average DNA content of the nuclei was 9.1 × 10 -12 g. The number  of ribosomes per average cell was calculated as 7.6 × i0 e from RNA]DNA 
ratios and the assumption tha t  90% of the cellular RNA is consti tuted by rRNA (compareT-9). A half-life of rRNA of 106 h was assumed 1°-1~. 
The corresponding data  for tRNA were taken fronl the work of WILSON and QUINCEVg, TM (see there for further references), rRNA equivalent 
to one ribosome means the sum of 28s + 18s + 5s RNA present in a ribosome. Index N(ucleus)--~C(ytoplasm) gives direction of the flow 
considered. ~ Values obtained from nuclei isolated with the procedure described elsewhere. ~ Values obtained from 1 [~m thick sections 
through the same blocks as used for EM work. o Values obtained from 10 [zm freeze-sections (WKF cryotome) of fixed tissue as used for 
the EM freeze-etch work. a Assuming a mean molecular weight of 1.2 × 105 D. 

t h e  s t r u c t u r a l  d a t a  of  t h e  n u c l e a r  e n v e l o p e s  in  t h i s  t i s s u e  
y i e l d e d  t h e  N P F R  v a l u e s  fo r  t R N A  a n d  r R N A  as  l i s t e d  
in  t h e  T a b l e .  S i n c e  t h e  d i f f e r e n t  e l e c t r o n  m i c r o s c o p i c  
p r e p a r a t i o n  t e c h n i q u e s  r e s u l t  in  m o r e  o r  l ess  d i v e r g e n t  
p o r e  f r e q u e n c y  v a l u e s  (FRANKE3'*;  for  d e t a i l e d  d i s c u s -  
s i o n  of  t h i s  p r o b l e m  see  KARTENBECK e t  el.  5) a n d  
s i n c e  n o  d e c i s i o n  o n  t h e  in  v i v o  s t a t e  c a n  be  
m a d e  a t  t h e  m o m e n t ,  a l l  t h e  3 b a s i c  t e c h n i q u e s  h a v e  
b e e n  c o n s i d e r e d  in  p a r a l l e l .  A s  a c o n s e q u e n c e  o f  t h e  f a c t  
t h a t  t h e  m a t u r e  r a t  l i v e r  r e p r e s e n t s  a m o s a i c  o f  b i n u c l e a t e  
a n d  m o n o n u c l e a t e  cel ls ,  a s  w e l l  a s  d i f f e r e n t  s t e p s  in  
p o l y p l o i d y ,  a l l  v a l u e s  l i s t e d  r e f e r  t o  t h e  a b s t r a c t  b u t  
u s e f u l  t e r m  of  t h e  ' a v e r a g e  h e p a t o c y t e ' .  T h i s  d e s c r i b e s  
t h e  c e l l u l a r  p o r t i o n  b e l o n g i n g  t o  a n  a v e r a g e  n u c l e u s  
w h i c h  w a s  c h a r a c t e r i z e d  in  o u r  m a t e r i a l  ( r a t s  of  1 6 0 - 1 9 0  g 
b o d y  w e i g h t )  b y  a m e a n  D N A  c o n t e n t  o f  9.1 p i c o g r a m s .  
T h e  v a l u e s  for  r R N A  g i v e n  in  t h e  T a b l e  a l so  r e f l e c t  t h e  
t o t a l  c e l l u l a r  R N A  s i n c e  r R N A  c o n s t i t u t e s  8 0 - 9 0 %  of  
t o t a l  R N A  in  r a t  l ive r .  

I t  is  a p p a r e n t  f r o m  t h e s e  d a t a  t h a t  t h e  h e p a t o c y t e  
n u c l e a r  p o r e s  s h o w  a R N A  t r a n s p o r t  r a t e  w h i c h  is  
s l i g h t l y  less  t h a n  t h a t  o f  l a m p b r u s h  s t a g e  Xenopus 
laevis o o c y t e s  x,*. I t  is  a l s o  b e l o w  t h a t  o f  H e L a  ce l l s  b y  
a f a c t o r  of  a b o u t  4 ( w h e n  c o m p a r i n g  w i t h  v a l u e s  ca l -  
c u l a t e d  w i t h  d a t a  f r o m  n e g a t i v e  s t a i n  p r e p a r a t i o n s  o f  
i s o l a t e d  e n v e l o p e  p ieces )  o r  7 ( w h e n  u s i n g  t h e  s t r u c t u r a l  
d a t a  o b t a i n e d  f r o m  f r e e z e - e t c h  w o r k ) .  T h e  N P F R  v a l u e s  
in  a l l  t h e s e  ce l l  t y p e s  m e n t i o n e d ,  h o w e v e r ,  a r e  m u c h  
lower ,  fo r  i n s t a n c e ,  t h a n  t h a t  o f  t h e  m a c r o n u c l e u s  o f  
t h e  c i l i a t e  Tetrahymena pyri/ormis G L  d u r i n g  e x p o n e n t i a l  
g r o w t h .  I n  t h i s  cell ,  t h e  a v e r a g e  m a c r o n u c l e a r  p o r e  c o n -  
v e y s  45 .8  × 10 -12 v g  a s  c a l c u l a t e d  o n  t h e  b a s i s  o f  d a t a  
o b t a i n e d  f r o m  n e g a t i v e l y  s t a i n e d  i s o l a t e d  m e m b r a n e s ,  
a n d  n e a r l y  200 × 10 - n  ~g  as  c a l c u l a t e d  u s i n g  f r e e z e - e t c h  

d a t a  g i v e n  b y  SPETH a n d  WUNDERLICH 6. T h u s ,  t h e  
R N A  t r a n s p o r t  c a p a c i t y  o f  a n u c l e a r  p o r e  a p p e a r s  t o  be  
m o r e  t h a n  h u n d r e d f o l d  h i g h e r  in  Tetrahymena t h a n  in  a 
h e p a t o c y t e .  

Zusammen/assung. A u s  d e n  F l i e s s g l e i c h g e w i c h t s - W e r t e n  
( m i t t l e r e  K e r n p o r e n z a h l  u n d  R N A - S y n t h e s e g e s c h w i n d i g -  
k e i t e n )  d e r  a u s d i f f e r e n z i e r t e n  R a t t e n l e b e r z e l l e  w u r d e  d ie  
K e r n p o r e n - D u r c h f l u s s r a t e  ( N P F R )  f t i r  r i b o s o m a l e  u n d  
t r a n s f e r  R N A  b e r e c h n e t .  D i e s e  H e p a t o c y t e n w e r t e  w e r d e n  
m i t  d e n  e n t s p r e c h e n d e n  R N A - T r a n s p o r t l e i s t u n g e n  d e r  
K e r n p o r e n k o m p l e x e  a n d e r e r  Z e l l t y p e n  v e r g l i c h e n .  
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T h e  Inf luence  of Severa l  S t e r o l s  on  the  C o n v e r s i o n  of f l - S i t o s t e r o l  into  C h o l e s t e r o l  in the  C o c k r o a c h  

A l t h o u g h  s t e r o l s  a r e  i m p o r t a n t  for  t h e m ,  i n s e c t s  do  v o r o u s  i n s e c t s  o b t a i n  c h o l e s t e r o l  f r o m  t h e i r  food  a n d  
n o t  p o s s e s s  t h e  e n z y m i c  s y s t e m  n e c e s s a r y  for  t h e  s y n t h e s i s  t h e y  a r e  a b l e  t o  c o n v e r t  i t  i n t o  t h e  m o u l t i n g  h o r m o n e s  
of  s t e r o l s  f r o m  a c e t a t e  o r  m e v a l o n a t e .  T h e r e f o r e ,  s t e r o l s  c¢- a n d  f l - e c d y s o n e .  P l a n t - e a t i n g  i n s e c t s  o b t a i n  f i - s i to s t e ro l  
a r e  i n d i s p e n s a b l e  c o m p o n e n t s  in  t h e  i n s e c t s '  f ood .  C a r n i -  f r o m  t h e i r  f ood  a n d  t h e y  c a n  c o n v e r t  i t  i n t o  c h o l e s t e r o l ,  


