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The Incorporation of Labelled Nucleosides by 
Mouse Morulae 

The ra te  of early cleavage of t he  mouse  is n o t  ye t  
p roved  to be genetical ly control led 1, b u t  s l ight ly  la ter  a 
le thal  gene (t ~2) is known to s top  the  d e v e l o p m e n t  of the  
morulae ~. Several o the r  genes ac t  pr ior  to  the  imp lan ta -  
t ion of the  mouse embryo  3 and,  in o t h e r  m a m m a l s ,  cy to-  
logical research also suggests  precocious d i f fe ren t ia t ion  4. 
Expe r imen t s  wi th  E c h i n o d e r m  and  A m p h i b i a n  eggs in- 
s tead  have  offered no evidence of genet ic  contro l  pr ior  to  
the  b las tu la  s tage  s. Therefore  the i r  nucleic acid me t abo -  
lism dur ing cleavage m i g h t  be expec t ed  to  differ  f rom 
t h a t  of the  mouse cleaving egg. Since the  la t t e r  is bare ly  
known in this  respect ,  here  we p resen t  in fo rmat ion  t h a t  
permi ts  us to  d r a w  a compar i son .  

Method. The  morulae  (8-10 b las tomeres)  f rom super-  
ovula ted  r a n d o m - b r e d  mice were cu l tu red  a t  37°C in a 
basic med ium  consis t ing of R inge r -Krebs  b ica rbona te  a t  
p H  7.2, s u p p l e m e n t e d  wi th  0.1% dex t rose  and  0.1°/0 
crystMline bovine  a lbumin% The  precursors  used were 
e i ther  Ha- thymidine ,  Ha-cyt id ine  or H3-uridine (New 
Eng land  Nuclear  Corp.), a t  10 #c /ml  of basic m e d i u m  and 
in pulse-chase  exper iments ,  the  morulae  were  t r ans fe r red  
to  0.2°/0 ey t id ine  or ur idine (California Found. ) .  

The ova  were fixed in fo rmal in -e thano l -ace t i c  acid, em-  
bedded  in paraf f in  and  sec t ioned 6/~ thick.  In  some slides, 

R N A  was diges ted  wi th  0.2% r ibonuclease  (Wor th ing ton)  
a t  p H  6 for 1 h a t  40°C; controls  were t r ea ted  in the  same 
way,  w i t h o u t  t he  enzyme.  All slides were  covered  wi th  
K o d a k  AR.10 s t r ipp ing  film and  exposed  dur ing  6 to  10 
days.  A p p r o x i m a t e l y  400 ova  were used in these  experi-  
ments .  

Results.  A brief incuba t ion  (30 min) wi th  HS-thymidine  
is enough  to  label eve ry  cell t h a t  is no t  in mitosis .  

A s h o r t  pulse  of H:~-cytidine causes  t he  labell ing of the  
nuclei  b u t  no t  of the  nucleolus (Figure 1). After  1 to  2 h of 
incubat ion ,  the  nucleolus and  the  cy top lasm become 
labelled ; t i le l a t t e r  showing compara t i ve ly  more  label  t he  
longer the  incuba t ion  (Figures 2, 3). I t  is n o t  possible to  
decide w h e t h e r  the  labell ing of the  nucleolus is previous  to 
or s imul taneous  wi th  t h a t  of the  cy top lasm,  because  the  
resolut ion of the  m e t h o d  does no t  p e rmi t  d i f fe ren t ia t ion  
of t he  r im of t he  nueleolus f rom the  associa ted c h r o m a t i n  4. 
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Fig. 1. 8-cell ovum: 1 h incubation with Ha-cytidinc. - Fig. 2. 10-cell ovum: 2 h incubation with Ha-cytidine. - Fig. 3. 8-ccll ovum: 3 h 
incubation with Ha-cytidine. - Fig. 4. 8-ccll ovum: 1 h incubation with HS-cytidine and 11[~ h incubation with cytidine. - Fig. 5. 12-¢ell 

ovum: 30 rain incubation with Ha-uridine. - Fig. 6. 8-cell ovum: digestion with ribonuclease. 
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The  c y t o p l a s m  is also label led  a f t e r  a sho r t  pulse, when  
th is  is followed b y  a chase  w i t h  cold p recurso r  (Figure 4). 
We  h a v e  n o t  no t i c ed  a decrease  of nuc lea r  label  in th i s  
case;  however ,  t he  chase  per iods  t r i ed  were no t  longer 
t h a n  11/~ h. 

The  i n c o r p o r a t i o n  of Ha-ur id ine  follows the  same pa t -  
t e rn  desc r ibed  for Ha-cyt id ine ,  and  the  e x t r a c t i o n  w i th  
r ibonuc lease  yields  n e g a t i v e  r a d i o a u t o g r a p h s  (Figures  5, 
6). 

Discussion. Our  e x p e r i m e n t s  w i t h  H a - t h y m i d i n e  p rove  
t h a t ,  e v e n  if a c y t o p l a s m i c  s tore  of D N A  exists ,  a n  exo-  
genous  p r ecu r so r  c an  also be ut i l ized.  

T h e  re su l t s  o b t a i n e d  w i th  HS-cyt id ine  a n d  Ha-ur id ine  
give ev idence  of u p t a k e  i n to  R N A  a n d  show a p a t t e r n  of 
i n c o r p o r a t i o n  s inf i lar  to  t h a t  seen in t i ssue  cu l tu re s  7. T h e  
cy top l a smic  label  p r o b a b l y  co r re sponds  to  r ibosomic  
R N A ,  as is sugges ted  b y  its t ime  of a p p e a r a n c e  in r e l a t i on  
to  t h e  nnc leo la r  label  7, a n d  b y  the  h ighe r  p r o b a b i l i t y  of 
r e t a i n i n g  h e a v y  r ibosomic  R N A  af t e r  the  f ixa t ion  a n d  t he  
e m b e d d i n g  procedure .  In  E c h i n o d e r m s  a n d  A m p h i b i a ,  t he  
i n c o r p o r a t i o n  of label led  ur id ine  d u r i n g  c leavage  is low 
a n d  i t  is no t  r ecovered  f rom t he  h e a v y  r i bosoma l  frac- 
t ion  s -n .  

F u r t h e r m o r e ,  labe l led  ur id ine  in our  p r e p a r a t i o n s  is ex-  
t r a c t e d  b y  r ibonuclease ,  while  i t  is p a r t i a l l y  i n c o r p o r a t e d  
in to  the  D N A  of c leav ing  A m p h i b i a  eggs t2 ; a f ind ing  also 
r epo r t ed  for t h e  egg of t he  m a r i n e  sna i l  Ilyanassa ~3. 

T h e  effect  of a c t i n o m y c i n  D also po in t s  to  a d i f ference 
b e t w e e n  mouse  ova,  t h e i r  d e v e l o p m e n t  be ing  a r res t ed  ~a, 
a n d  A m p h i b i a  or  E c h i n o d e r m  eggs, wh ich  are no t  af fected 
pr ior  to  the  b l a s t u l a  s t a g e ~ a %  

In conclusion t h e  p a t t e r n  of nucleic  acid m e t a b o l i s m  of 
mouse  moru lae  differs  f rom t h a t  k n o w n  for c l eav ing  
E c h i n o d e r m  and  A m p h i b i a  eggs ; t h i s  coincides  w i t h  t h e i r  
d i f ference in gene t ic  control~7. 

Rdsumd. L ' i n c o r p o r a t i o n  de  pr6curseurs  m a r q u 6 s  des  
acides nucl6iques  d a n s  les m o r u l a e  de souris,  su i t  u n  cours  
d i f f6ren t  de celui qu i  es t  c o n n u  p o u r  les ceufs en  s e g m e n t a -  
t ion  d ' E c h i n o d e r m e s  e t  d ' A m p h i b i e n s ;  ceci p o u r r a i t  se 
r a p p o r t e r  k leur  contr61e g6n(~.tique d i f f6rent .  
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Muscle Spindles in the Rat Diaphragm 

A n t i d r o m i c  a c t i v i t y  (ADA), wh ich  u n d e r  c e r t a i n  condi-  
t ions  occurs  in  m o t o r  ne rves  a n d  v e n t r a l  roots ,  was f irst  
d e m o n s t r a t e d  b y  MASLAND a n d  WmTONL T h e i r  f ind ing  
has  been  con f i rmed  a n d  sub j ec t ed  to  f u r t h e r  s t u d y  b y  
o t h e r  a u t h o r s  ( F E N G  a n d  LI~; ECCLES et  al .a;  RIKER et  
al. 4; WERNERfi; BLABER a n d  B O W M A N ' ) .  U n d e r  app ro -  
p r i a t e  cond i t ions ,  A D A  has  been  d e m o n s t r a t e d  also in t he  
ph ren ic  n e r v e - d i a p h r a g m  p r e p a r a t i o n  (VAN DER MEER 
a n d  M E L T E R  7 ; BARSTAD s ; R A N D I d  a n d  STRAUGHAN 9), A s  
t h e  record ings  in t he  l a t t e r  e x p e r i m e n t s  h a v e  been  m a d e  
f rom t h e  ph ren i c  n e r v e  t r u n k ,  a c t i v i t y  in a f f e r en t  f ibres  
w i t h i n  t h i s  n e r v e  p r e s e n t s  a p o t e n t i a l  source  of error .  
R e c o r d i n g  f rom t h e  cerv ica l  v e n t r a l  roots  of the  r a t  be ing  
t e c h n i c a l l y  diff icul t ,  RANDI~ a n d  STRAUGHAN 9 c i r cum-  
v e n t e d  t h e  i n t r i c a c y  b y  senso ry  d c n e r v a t i o n  of t h e  p h r e n i c  
n e r v e  t h r e e  weeks  in a d v a n c e  of t h e i r  expe r i m en t s .  F o r  a 
s imi la r  purpose ,  VA~ DER MEER a n d  MELTER 7 emp loyed  
l ong i t ud ina l  sp l i t t i ng  of t h e  nerve .  

S t u d y i n g  A D A  in  t h e  r a t  ph r en i c  n e r v e - d i a p h r a g m  
p r e p a r a t i o n ,  t h e  p r e s e n t  a u t h o r s  occas iona l ly  recorded  
series of spike p o t e n t i a l s  wh ich  h a d  t h e  m a i n  cha rac te r i s -  
t ics of t h e  a f fe ren t  f i r ing  f rom muscle  spindles .  Records  
f rom these  e x p e r i m e n t s  are s h o w n  in F igure  1. 

Af fe ren t  f i r ing  in t he  ph r en i c  ne rve  ha s  been  recorded  
in t he  r a b b i t  b y  CARDIN 10,I1 a n d  CUENOD 12 a n d  in the  ca t  
b y  YASARGIL 13'14. Accord ing  to  HINSEY et  al. t5 app rox i -  
m a t e l y  10% of m y e l i n a t e d  f ibres in  t he  ca t  ph r en i c  ne rve  

are sensory.  LANDAU et  al. ~e found  3 5 - 4 5 %  af fe ren t s  in  
t he  ph ren ic  ne rve  of t he  dog. 

His to log ica l ly  severa l  au tho r s  h a v e  d e m o n s t r a t e d  the  
occur rence  of muscle  spindles  in the  d i a p h r a g m s  of dif- 
f e ren t  m a m m a l i a n  species, i nc lud ing  m a n  (1)OGIEL~7; 
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