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Unchanged r -RNA-Gene  Dose in Mice Liver Cells 

A marked  s t imula t ion  of RNA-syn thes i s  is not iced  
e i ther  in response to  hormones  1,2 or dur ing  cer ta in  
deve lopmenta l  s tages in somat ic  t issues 3. Dur ing  oogenesis, 
in m a n y  animals,  the  per iod of increased r -RNA-syn thes i s  
is k n o w n  to  be preceded  by  the  ampl i f ica t ion  of r - R N A  
genes ~. However ,  wi th  regard to  somat ic  t issues in eu- 
karyot ic  organisms,  t he  occurence of ampl i f ica t ion  of 
genes, coding for r ibosomal  RNA,  still remains  contro-  
Versial. Such an ampl i f ica t ion was shown to be p resen t  
in the  macronucleus  of Tetrahymena pyr i /ormis  5, as it 
has  also been r epo r t ed  to resul t  in cul tured  h u m a n  liver 
ceils a f t e r  exposure  to  L- t r i iodothyronine  6 or in the  
regenera t ing  lens of T r i t u r u s L  I n  t hy ro id  ho rmone-  
t r ea t ed  liver cells, th is  even t  was found to be accompanied  
by  an increase in the  n u m b e r  of nucleoli in the  nucleusS. 
A similar increase in the  average number  of nucleoli in 
the  liver of thy ro idec tomized  rats,  however ,  was no t  
l inked wi th  an increase in the  n u m b e r  of r ibosomal  
c is t rons  ~. Meanwhile,  it  was repor ted  t h a t  the  a m o u n t  
of r -DNA in liver and tail  muscle o f  X e n o p u s  larvae 
remained  unchanged  dur ing  thy rox ine - induced  meta -  
morphos i s  s. 

In  the  s t u d y  repor ted  here, fetal  mouse liver was 
inves t iga ted  wi th  respect  to the  a m o u n t  of r ibosomal  
c is t rons  because there  is also a grea t  deal  of var ia t ion  in 
the  n u m b e r  and size of nucleoli according to the  develop- 
men ta l  s tage 9. 

Materials  and methods. Timed pregnancies  in virgin 
female mice (NMRI strain,  I v a n o v a s ,  Kissleg, W. 
Germany)  were ob ta ined  b y  ho rmone  priming,  according 
to  the  m e t h o d  of SOUTtlARO et  al. 1~ The females were 
allowed to ma te  for 24 h. For  the  p resen t  set  of studies,  
t he  nex t  day  was des igna ted  as the  first  day  of gestat ion.  
The t issues f rom the  liver region of l 1-day-old embryos  
were r emoved  into cold saline. Nuclei  were isolated f rom 
these  as well as f rom older liver tissues, according to  the  
m e t h o d  of HOGEBOOM 11. Depro te in iza t ion  and fu r ther  
pur i f ica t ion of D N A  was carried out  as previously  
described 2. D N A  was d e n a t u r a t e d  in 0.01 X s t an d a rd  
saline c i t ra te  (0.15 M NaC1, 0.015 M sodium citrate)  
immedia te ly  before use in hybr id iza t ion  by  hea t ing  in 
boiling wa te r  b a t h  and cooling it rap id ly  in ice. aH-uridine 
labelled r - R N A  was isolated f rom the  r ibosomal  f ract ion 
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Hybridization of liver DNA from ll-day-ol d fetal mice (A), 17-day- 
old fetal mice (B), newborn (2 days old) (C) or adult mice (D) with 
increasing anmunts of r-RNA. The scale on the ordinate represents 
the fraction of nuclear DNA complementary to r-RNA. Each point 
presents the average value of 2 separate experiments. 

of Different Developmental  Stages 

of a subcul ture  of mouse  embryo  cells. I t  was puri f ied on 
a me thy la t ed -a lbumin-ce l i t e  co lumn as p roved  by  gel- 
e lectrophoresis .  I t s  specific r ad ioac t iv i ty  was 80,000 c p m /  
~g RNA.  The R N A / D N A - h y b r i d i z a t i o n  was done  in 
solution,  as descr ibed by  JEANTEUR and ATTARDI a2, 
by  a modif ied  t echn ique  as communica t ed  previously~. 
F r o m  the  reac t ion  mixture ,  t he  unreac ted  R N A  was 
r emoved  by  r ibonuclease t r e a t m e n t  followed b y  chro-  
ma tog raph ic  separa t ion  on Sep h ad ex  G 75. F u r t h e r  
separa t ion  of hybr ids  f rom reassocia ted  DNA molecules  
was achieved b y  pass ing t h ro u g h  nitrocellulose fi l ters.  
The percen tage  recovery  of hybr id ized  DNA collected on 
the  fi l ters was calculated.  

Results  and discussion. The Figures  show sa tu ra t ion  
curves for r - R N A / D N A  in various combinat ions .  In  
these  exper iments ,  increasing amo u n t s  of aI-I-labelled r- 
R N A  from mouse  ceils were annealed  wi th  a c o n s t a n t  
a m o u n t  of DNA from livers in d i f ferent  d ev e l o p men ta l  
stages. D N A  from liver t issues f rom b o t h  11- or 17-day- 
old fetal  mice, known to consis t  of hema topoe t i c  cells, 
were compared  wi th  those  f rom n ew b o rn  (2 days) or 
adu l t  mice, as t h e y  have  been  repor ted  to be compr ised  
of main ly  hepatoeytes~3. In  all cases, a sa tura t ion  level 
of abou t  0.045% of r - R N A  in R N A / D N A - h y b r i d  was 
a t ta ined .  

Concerning hema topoe t i c  cells, t he  p resen t  resul ts  are  
con t r ad i c to ry  to those repor ted  in the  case of r egenera t ing  
lens 2 or of l iver ceils in response to  L-tr i iodothyronineS.  
Never theless ,  p roe ry th rob la s t s  as t h e  p r e d o m i n a n t  cell 
t y p e  (about 80%) among  hema topoe t i c  cells dur ing  d a y s  
10 to 12 of ges ta t ion  ~4 are known to conta in  enlarged and  
prol i fera ted  nucleoli 9. This  presen ts  one cr i ter ion b y  
which  such liver ceils can be dis t inguished very  c lear ly  
f rom liver cells of 17 day  embryos .  Therefore,  th is  mor -  
phological  and biological difference, as regards  to  the  
ra te  of R N A  synthesis ,  is no t  caused b y  an ampl i f i ca t ion  
of r ibosomal  cis trons ill hema topoe t i c  s t em cells. 

So far  as the  regenera t ing  lens of Tri turus  is concerned,  
i t  seems to  be the  sole somat ic  t issue whose en h anced  
r - R N A  synthes is  in is assumed to  be re la ted  to t he  process  

1 j .  R. TARA, in Biochemical Actions o/Hormones (Ed. G. LITWACK; 
Academic Press, New York 1970), vol. 1, p. 89. 
H. S. PAUL, B. SC~LATTERER and J. KocH, Cytobios II, 135 
(1974). 

3 PH. GRANT, in The Biochemistry o/ Animal Development (Ed. R. 
WEBER; Academic Press, New York 1965), vol. 2, p. 483. 

4 M. L. BIRNSTIEL, M. CttlPCHASE and J. GPEIRS, in Progress in 
Nucleic Acid Researvh and Molecular Biology (Eds. J. N. DAVIDSON 
and W. E. CoH•; Academic Press, New York 1971), vol. 11, p. 351. 

5 M.-CH. YAO, A. R. KIMMEL and M. A. GOROSVSKY, Prec. natn. 
�9 Acad. Sci., USA 71, 3082 (1974). 
s j. Koch and A. CRUCEANU, Hoppe Seyler's Z. physiol. Chem. 352, 

137 (1971). 
7 j .  M. COLLrNS, Biochemistry 71,1259 (1972). 
s G. RYFFEL, O. HAGENB0CHLE and R. WEBER, Cell Differ. 2, 191 

(1973). 
9 R. A. RIFKIND, D. CHUI and H. EPLER, J. Cell Biol. 40, 343 (1969). 

10 j.  R. SOUTHARD, H. G. WOLFE and E. S. RUSSEL, Nature, Lend. 
208, 1126 (1965). 

al G. H. HOGEBOOM, in Methods in Enzymology (Eds. S. P. Coco- 
WICK and N. O. K&PLAN ; Academic Press, New York 1955), vol. 1, 
p. 16. 

18 p. JEANTEUR and G. ATTARDI, J. melee. Biol, dS, 305 (1969). 
la G. SILIm; L; V. PozzI and S. PeNs, J. Embryol. exp. Morph. 77, 

303 (1967). 
14 p. A. MARKS, in The Harvey Leet. 66, 43 (1972). 
15 D. H. REES~, E. PUCClA and T. JAMADA, J. exp. Morph. ]70, 269 

(t969). 



15. 11. 1975 Specialia 12 7 5  

of  g e n e  a m p l i f i c a t i o n L  T h e r e  is a c l ea r  i n d i c a t i o n  t h a t  
L - t r i i o d o t h y r o n i n e ,  t h o u g h  r e s p o n s i b l e  for  t h e  a m p l i f i c a -  
t i o n  of  r i b o s o m a l  g e n e s  in  c u l t u r e d  h u m a n  l ive r  cel ls ,  
r e n d e r s  no  i n c r e a s e d  n e t  s y n t h e s i s  of  r i b o s o m a l  R N A  ~ .  

F r o m  t h e  p r e s e n t  r e s u l t s ,  i t  c a n  f u r t h e r  be  s e e n  t h a t  t h e  
a m o u n t  of  r i b o s o m a l  D N A  in  l a t e r  d e v e l o p m e n t a l  s t a g e s  
of  l i ve r  r e m a i n s  c o n s t a n t .  T h i s  is c o n s i s t e n t  w i t h  o t h e r  
d a t a  c o n c e r n i n g  g e n e  d o s e  in s e v e r a l  t y p e s  of  t i s s u e  o f  
a d u l t  r a t  v a r y i n g  in  r - R N A  s y n t h e s i s  ~7 

F r o m  al l  t h e  d a t a ,  i t  c an  be  c o n c l u d e d  t h a t  a m p l i f i c a -  
t i o n  of  r i b o s o m a l  g e n e s  s e e m s  n o t  to  be  a p h y s i o l o g i c a l l y  
r e g u l a t o r y  m e c h a n i s m  o p e r a t i v e  in  s o m a t i c  cel ls .  T h i s  
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a l so  s e e m s  t o  be  t r u e  of  t h e  a m p l i f i c a t i o n  of  s t r u c t u r a l  
g e n e s ,  b e c a u s e  i t  w a s  f o u n d  t h a t  t h e  n u m b e r  of  g l o b i n  
g e n e s  in  h e m o g l o b i n  s y n t h e s i z i n g  cel ls  w a s  t h e  s a m e  as  in  
o t h e r  d i f f e r e n t i a t e d  cel ls  l ike  l i ve r  ~s. M o r e o v e r ,  no  d i f -  
f e r e n c e  in  t h e  n u m b e r  of  g e n e s  c o d i n g  for  t h e  c o n s t a n t  
p a r t  of  i m m u n o g l o b u l i n s  in  h o m o l o g o u s  l i ve r  o r  m y e l o m a  
D N A  c o u l d  be  o b s e r v e d  ~9. 

Summary. T h e  c o n t e n t  of  r i b o s o m a l  D N A  in  m i c e  l i ve r  
a t  t h e  b e g i n n i n g  as  we l l  a s  n e a r  t h e  e n d  of  t h e  h e m a t o -  
po ie t i c  p e r i o d  w a s  m e a s u r e d  b y  R N A / D N A - h y b r i d i z a t i o n  
in  s o l u t i o n .  A t  b o t h  s t a g e s  t h e  a m o u n t  of  r i b o s o m a l  D N A  
w a s  t h e  s a m e  a n d  c o m p a r a b l e  to  t h a t  of  p o s t n a t a l  l iver .  

M. ERLINGER a n d  B.  SCHLATTERER 

Institut liar Biologische Chemic, 
Universitiit Hohenheim, Garbenstrasse 30, 
D-7 Stuttgart 70 (German Federal Republic, BRD), 
24 March 1975. 

O o c y t e  M a t u r a t i o n  in  v i tro:  C o n t r i b u t i o n  of  the  O v i d u c t  to  T o t a l  M a t u r a t i o n  in  Xenopus laevis 

T h e  p r o c e s s  w h i c h  t r a n s f o r m s  a n  a m p h i b i a n  o o c y t e  
i n t o  a f e r t i l i z ab l e  egg  m a y  be  s u b d i v i d e d  i n t o  s e v e r a l  
s t a g e s .  T h e  f i r s t  v i s i b l e  e x t e r n a l  e v i d e n c e  t h a t  m a t u r a t i o n  
h a s  s t a r t e d  is t h e  p r e s e n c e  of  t h e  m a t u r a t i o n  spo t .  I n  
Rana pipiens, t h i s  t a k e s  13 -18  h a f t e r  c o n t a c t  w i t h  
p r o g e s t e r o n e ,  3 6 - 4 0  h to  r e a c h  t h e  m e t a p h a s e  of  t h e  
s e c o n d  m e i o t i c  d i v i s i o n  i a n d  u p  to  68 h to  a t t a i n  c l e a v a g e  
c a p a c i t y  2. 

Xenopus laevis o o c y t e s ,  p r o g e s t e r o n e - m a t u r e d  in  
v i t ro ,  r e q u i r e  a b o u t  24 h a f t e r  c o n t a c t  w i t h  p r o g e s t e r o n e  
to  r e a c h  c l e a v a g e  c a p a c i t y  3. Y e t ,  X. laevis f e m a l e s  f re-  
q u e n t l y  a r e  ab l e  t o  s h e d  f e r t i l i z ab l e  eggs  as  s o o n  as  7 h 
a f t e r  i n j e c t i o n  of g o n a d o t r o p i c  h o r m o n e s .  T h e  p r e s e n t  
i n v e s t i g a t i o n  ca l l s  spec i a l  a t t e n t i o n  to  t h e  c o n t r i b u t i o n  of  
t h e  o v i d u c t  d u r i n g  m a t u r a t i o n .  T h e  c r i t e r i o n  to  j u d g e  
t o t a l  m a t u r a t i o n  w a s  f e r t i l i z a b i l i t y  of  t h e  egg  a n d  n o r m a l  
d e v e l o p m e n t .  

Material and methods. P a r t  of  t h e  o v a r y  of  Xenopus 
laevis f e m a l e s  (wh i ch  c o n t a i n e d  o o c y t e s  w i t h o u t  a n y  
p i g m e n t a t i o n  on  t h e i r  v e g e t a t i v e  pole)  w a s  d i s s e c t e d  as  
d e s c r i b e d  b y  SCHORDERET-SLATKINE 4. T h e  o o c y t e s  we re  
d e f o l l i c u l a t e d  w i t h  w a t c h m a k e r ' s  f o r c e p s  in  D e  B o e r ' s  
s o l u t i o n  5 s t o r e d  in t h e  s a m e  s o l u t i o n  s u p p l e m e n t e d  
w i t h  1 0 %  f e t a l  ca l f  s e r u m .  P r o g e s t e r o n e  w a s  a d d e d  as  
d e s c r i b e d  b y  MERRIAM 6. A f t e r  4 h m o s t  of  t h e  o o c y t e s  

h a d  s t a r t e d  m a t u r a t i o n  as  j u d g e d  b y  t h e  p r e s e n c e  of  t h e  
m a t u r a t i o n  spo t .  F o r  t h e  e x p e r i m e n t s  s u m m a r i z e d  in  
T a b l e  I ,  t h e  o o c y t e s  we re  d i v i d e d  i n t o  2 e q u a l  l o t s :  o n e  
w a s  a l l o w e d  to  s t a y  for  3 h in  t h e  m a t u r a t i o n  m e d i u m  
d e s c r i b e d  a b o v e ,  t h e  o t h e r  lo t  w a s  t r a n s f e r r e d  i n to  t h e  
b o d y  c a v i t y  of  a f o s t e r  f e m a l e  7 i m m o b i l i z e d  w i t h  M S S  
222. Xenopus laevis petersi f e m a l e s  we re  u s e d  as  f o s t e r  
f e m a l e s  b e c a u s e  t h e y  s h e d  eggs  h e a v i l y  p i g m e n t e d  on  t h e  
v e g e t a t i v e  pole .  T h e  f o s t e r  f e m a l e s  we re  i n j e c t e d  w i t h  
450 G o n a d o t r o p h i n  ( O r g a n o n ,  H o l l a n d )  10 h be fo r e  use .  
T h e y  we re  s q u e e z e d  p e r i o d i c a l l y  d u r i n g  3 h a f t e r  h a v i n g  
b e e n  i n j e c t e d  w i t h  d o n o r  o o c y t e s .  T h e  l a t t e r  a p p e a r e d ,  
i n t e r s p e r s e d  a m o n g  r e g u l a r  e g g s  of  t h e  h o s t ,  d u r i n g  t h i s  
pe r iod .  T h e  o o c y t e s  w e r e  t h e n  e x p o s e d  t o  t a p  w a t e r  
w h i c h  p r o v o k e s  in  f u l l y  m a t u r e d  ( u n f e r t i l i z e d  or  fe r t i l i zed)  
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Table 1. Ooeytes matured with progesterone {criterion: presence of the maturation spot): Comparison between oocytes which were and 
were not  in contact with an oviduct of a toster female 

Experiment No. 
1 2 3 4 

Totals Cortex contraction (%) Abortive cleavage (%) 

Oocytes transferred 79 34 150 268 531 
Oocytes shed 45 9 92 150 296 (100%) 49.8 53.3 
Controls 
(ooeytes incubated in medimn a or b) 79 �9 34 �9 160 ~ 263 b 536 (100 %) 0.6 ~ 

For each experiment the oocytes transferred to the foster female, and the oocytes incubated in Inedium a or b, were taken from the salne 
donor female. ~De Boer's solution + progesterone + fetal calf serum, bSerum prepared from 3 ovulating females. ,The ooeytes showed 
cortex contraction only at tile time where the shed ooeytes showed abortive cleavage {80-110 min instead of 5-15 min after contact with 
tap water). The controls (no contact with the oviduct) reach the stage attained within 3 h by shed, in vitro matured oocytes only after 
20-24 h (see also ref. 3). 


