
96 Specialia EXPERIENTIA 32/1 

A C h E  a c t i v i t y  in  a m p h i b i a n  opt ic  t e c t u m  appea r s  
p r o m i n e n t  in  superf ic ia l  layers ,  where  sens i t ive  (ma in ly  
ret inic)  a f fe ren ts  discharge.  I n  compar i son  w i t h  p rev ious  
obse rva t ions  2, we no t i ced  a more  d i f f e ren t i a t ed  A C h E  
d i s t r i b u t i o n  in a n u r a n  opt ic  r e c t um .  Th i s  k i n d  of d i s t r ibu-  
t i on  co r responds  to  d i f fe ren t  b a n d s  of re t in ic  t e r m i n a l s  
revea led  w i t h  d i f fe ren t  e x p e r i m e n t a l  methodsVa, la, 19. 
A C h E  r ich  b a n d s  in superf ic ia l  t e c t a l  layers  m i g h t  cor- 
r e spond  to  s i tes  of ac t ion  of t h e  chol inergic  i n h i b i t o r y  
s y s t e m  descr ibed b y  STEVENS ~~ I n  t h e  a n u r a n  te lence-  
pha lon ,  A C h E  a c t i v i t y  is p r o m i n e n t  in sub-pal l ia l  regions,  
in  a g r e e m e n t  w i t h  obse rva t ions  m a d e  w i t h  a h i s t ochemica l  
s e m i - q u a n t i t a t i v e  method ~7 A cha rac t e r i s t i c  d i f ference in 
A C h E  local iza t ion b e t w e e n  Rana a n d  Burn is t h e  pos i t ive  
reac t ion  co r respond ing  to  t he  la te ra l  o l fac to ry  t rac t ,  
obse rved  on ly  in t h e  t e l e n c e p h a l o n  of Rana. 

R e g a r d i n g  A C h E  r eac t i on  on cap i l l a ry  walls,  t h e  use of 
two d i f fe ren t  h i s tochemica l  me thods ,  two d i f fe ren t  sub-  
s t r a t e s  a n d  select ive i nh ib i t o r s  p e r m i t s  us  to  d r a w  some 
conclusions.  I n  a n u r a n s  t he  comple te  absence  of h i s to -  
chemica l  r eac t ion  ach ieved  b y  e i t he r  eser ine i n h i b i t i o n  or 
t h e  use of b u t y r y l t h i o c h o l i n e  as subs t r a t e ,  p e r m i t s  
exclus ion of in te r fe rences  of non-specif ic  es te rases  or  
pseudochol ines te rases .  Th i s  f ind ing  is conf i rmed  b y  t he  
lack of a n y  r e m a r k a b l e  i n h i b i t o r y  effect  us ing  t he  selec- 

l i ve  pseudocho l ines te rase  inh ib i to rs ,  i so -OMPA a n d  D F P .  
Thus ,  f r om h i s tochemica l  controls ,  i t  c lear ly  resu l t s  t h a t  
t h e  h i s t ochemica l  r eac t ion  is on ly  due to  t r u e  ACHE. 
However ,  some of our  o b s e r v a t i o n s  sugges t  t h a t  A C h E  
loca l iza t ion  on  cap i l l a ry  walls m a y  be  a c t u a l l y  a false 
local izat ion.  I n  fact ,  t h i s  k ind  of loca l iza t ion  is more  or 
less e v i d e n t  us ing  d i f fe ren t  h i s t ochemica l  me thods .  F u r -  
t h e r m o r e ,  in  n e r v o u s  areas  devoid  of A C h E  ac t iv i ty ,  as for 
examp le  t h e  t e l e n c e p h a l o n  of Triturus and some pal l ia l  
regions  of anu rans ,  one  c a n n o t  f ind  a n y  pos i t ive  r eac t ion  
on  t h e  cap i l l a ry  wai ls ;  t h i s  l a s t  f ind ing  m i g h t  i nd i ca t e  a 
di f fus ion process  f rom areas  r ich  in e n z y m e  a c t i v i t y  a n d  
s u b s e q u e n t  a b s o r p t i o n  of t h e  e n z y m e  on  cap i l l a ry  walls.  
I n  Triturus t h e  s i t ua t i on  is l i t t l e  di f ferent ,  a n d  i t  appea r s  
t h a t  also pseudocho l ines te rases  a n d  non-specif ic  es terases  
m a y  p a r t l y  c o n t r i b u t e  to  r e a c t i o n  on  cap i l la ry  wai ls ;  
h o w e v e r  h i s t ochemica l  cont ro l s  do n o t  con f i rm  t h a t  t h i s  
k i n d  of r eac t ion  is on ly  or p r eva i l i ng ly  due  to  non-speci f ic  
es te rases  in  Triturus 8, 4. 
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Summary. I n c o r p o r a t i o n  of 3H-uridine was  s tud ied  d u r i n g  p a c h y t e n e  a n d  d ip lo t ene  s tages  of quai l  oocytes .  No 
labe l l ing  could be  de t ec t ed  d u r i n g  ear ly  p a c h y t e n e .  D u r i n g  a d v a n c e d  and  la te  p a c h y t e n e ,  labe l l ing  s i m u l t a n e o u s l y  
appeared on the macrochromosomes and on certain michromosomes in the zone where they emerge from the chromo- 
centric surface periphery. The latter localization corresponds to the region of ribosomal RNA synthesis. At diplotene 
tile same localizations were labelled with a considerably increased intensity. 

I n c o r p o r a t i o n  of R N A  precursors  du r ing  p a c h y t e n e  and  
d ip lo tene  in t h e  oocyte  ha s  been  s tud ied  b y  au to rad io -  
g r a p h y  on ly  in A m p h i b i a n s  1, 2 a n d  I n v e r t e b r a t e s  3-s. 

I n  a p rev ious  s tudy,  we h a v e  shown  t h a t  t h e  he te ro -  
c h r o m a t i c  regions of quai l  m ic roch romosomes  fuse d u r i n g  
pach3~ene  to  c o n s t i t u t e  t h e  ch romocen te r s .  E u c h r o m a t i c  
regions  of t he  mic roeh r om os om es  r e m a i n  flee, r a d i a t i n g  
a r o u n d  each  ch romocen te r .  D u r i n g  diplotene,  nucleol i  
a p p e a r  and  deve lop  in c o n t a c t  w i t h  t h e  ch romocen te r s  a n d  
in  s t r i c t  r e l a t i on  w i t h  e n c h r o m a t i c  s egmen t s  of c e r t a i n  
mic roehromosomes .  These  s egmen t s  e i t h e r  encircle  or  
p e n e t r a t e  t he  nucleolus  7, Since label led  nucleosides  are  
i n c o r p o r a t e d  ear ly  b y  precursors  of r i b o s o m a l  R N A ,  
a d m i n i s t r a t i o n  of t r i t i a t e d  ur id ine  m a y  c o n t r i b u t e  to  t h e  
iden t i f i ca t ion  of t he  si tes of nuc leo la r  o rgan iza t i on  s. 

Material and methods. Cor tex  f rom t h e  ovar ies  of h a t c h -  
ing quai ls  aged 12 and  24 h were sec t ioned  in to  f r a g m e n t s  
of a b o u t  1 ram.  F r a g m e n t s  were i n c u b a t e d  in a m e d i u m  
of 80% H a n k s  so lu t ion  a n d  20% fe ta l  calf  s e rum con t a in -  
ing 100 ~Ci of H3-ur id ine /ml  (specific a c t i v i t y  25 C i /mM,  
CEA France) .  

I n c u b a t i o n  t imes  were 5, 15, 20, 30, 45 a n d  60 rain.  
I n c u b a t i o n  was followed b y  a 5 ra in  chase  us ing  t he  same 
m e d i u m  c o n t a i n i n g  n o n - r a d i o a c t i v e  u r id ine  a t  a concen-  
t r a t i o n  of 1 mg/ml .  Spec imens  were  i m m e d i a t e l y  f ixed in 

m e t h a n o l  acet ic  acid (3/1) a n d  t r e a t e d  b y  t h e  m e t h o d  of 
LUClANI e t  al. 9 w h i c h  pe rmi t s  one to o b t a i n  isola ted and  
wel l -spread  ge rmina l  cells. P r e p a r a t i o n s  were s t a ined  b y  
acet ic  orcein a n d  covered  b y  I l ford  K2 emuls ion.  E x p o s u r e  
t imes  were 3 weeks,  1 m o n t h  and  45 days.  

Observations. (A) Pachytene stage. D u r i n g  ear ly  
p a e h y t e n e ,  p r io r  to  fusion of t h e  h e t e r o c h r o m a t i c  zones of 
t h e  mic rochromosomes ,  no  r a d i o a c t i v i t y  c an  be  de tec ted .  
I n c o r p o r a t i o n  of t r i t i a t e d  u r id ine  can  on ly  be  de t ec t ed  in 
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Fig. 1. Autoradiography during pachytene of a quail oocyte aged 12 h. Labelling is localized at the periphery of several chromocenters and 
along a few maerochromosomes. Tritiated uridine incorporation during 15 min. Exposure: 30 days. • 2200. 

Fig.- 2. Autoradiography during diplotene of a quail oocyte aged 12 h. Labelling is much greater than during pachytene and particularly 
abundant at the periphery of several chromocenters and in the nueleolus (Nu). Grains mark out the outline of chromosomes. Tritiated uridine 
incorporation during 30 min. Exposure: 30 days. • 1800. 

oocytes  d u r i n g  la te  p a c h y t e n e .  Af te r  5 m in  i ncuba t ion ,  
i t  is excep t iona l  to  f ind  label led oocytes.  Fol lowing in- 
co rpo ra t i on  of 15 to  20 rain,  s i lver  gra ins  are obse rved  in 
two  d i s t i nc t  a reas :  1. a t  t he  p e r i p h e r y  of m o s t  ch romo-  
cen te r s ;  2. a long  t he  mac roch romosomes .  (Figure 1). 

Gra ins  c o n c e n t r a t e d  a t  t he  c h r o m o c e n t r i c  p e r i p h e r y  
are  s i t u a t e d  on  t he  mic roch romosomes ,  a t  t h e  si te  where  
t h e i r  e u c h r o m a t i c  region emerges  f rom tile eh romocen te r .  
A few gra ins  are  more  r a r e ly  obse rved  a long  t he  micro-  
c h r o m o s o m a l  e u c h r o m a t i n ,  more  or less nea r  t he  te lomer ic  
region.  Gra ins  obse rved  on  t h e  m a c r o c h r o m o s o m e s  do 
n o t  p r e s e n t  a n y  p a r t i c u l a r  local izat ion.  Fo l lowing  in-  
co rpo ra t i on  of 30 m i n  to  1 h, t he  same  local iza t ions  are 
observed ,  b u t  t h e  g ra ins  are more  numerous .  

(t3) Diplotene stage. On the  whole,  r a d i o a c t i v i t y  is m u c h  
g rea te r  t h a n  d u r i n g  p a c h y t e n e  (Table),  w i t h  t he  cond i t ion  
t h a t  i n c u b a t i o n  l as ted  a t  leas t  15 rain.  

The  increased  n u m b e r  of gra ins  invo lves  b o t h  localiza-  
t ions  obse rved  d u r i n g  p a c h y t e n e .  Af te r  20 to 30 m i n  
incorpora t ion ,  t h e  con tou r s  of c e r t a i n  c h r o m o c e n t e r s  are 
d o t t e d  w i t h  grains .  In  ce r t a in  cases, i t  is possible  to  loca- 
lize gra ins  on  t he  j u x t a - c h r o m o c e n t r i c  p o r t i o n  of t h e  
mic rochromosomes .  P r e p a r a t i o n s  in  wh ich  s t a in ing  
i n t e n s i t y  p e r m i t s  v i sua l i za t ion  of t he  nucleolus  ver i fy  t h a t  
g ra ins  are  superposed  on  t he  l a t t e r ;  however ,  g ra in  con- 
c e n t r a t i o n  does n o t  exceed t h a t  obse rved  a t  t h e  p e r i p h e r y  
of ce r t a in  c h r o m o c e n t e r s  (Figure 2). Moreover ,  g ra ins  are 
p r e sen t  a long t he  en t i r e  l e n g t h  of t he  mac roch romosomes .  
Gra ins  are n o t  obse rved  b e t w e e n  t he  chromosomes ,  t h u s  

Hs-Uridine incorporation during 30 rain in the quail oocytes 

Stage Cell number Average grains/ceil 

Pachytene 20 48 

Diplotene 20 173 

Autoradiographie exposure for 30 days. 

i n d i c a t i n g  in our  e x p e r i m e n t a l  cond i t ions  t h a t  t h e  nuc l ea r  
sap  is non- label led .  Fo l lowing  i n c o r p o r a t i o n  f rom 45 mi n  
to 1 h, g ra in  n u m b e r  is increased  a long t h e  m a c r o c h r o m o -  
somes b u t  n o t  a t  t h e  p e r i p h e r y  of t h e  c h r o m o c e n t e r s  n o r  
in  t h e  nucleolus .  

Discussion. E a r l y  a p p e a r a n c e  of r a d i o a c t i v i t y  a t  t he  
p e r i p h e r y  of t h e  ch romocen te r s ,  where  t h e  mic roch romo-  
somes emerge,  ind ica tes  t h e  s i te  of r i bosoma l  R N A  
synthes is .  I t  is i n t e re s t ing  to no te  t h a t  such  r a d i o a c t i v i t y  
is de t ec t ab l e  d u r i n g  la te  p a c h y t e n e  whereas  s t a in ing  does 
n o t  r evea l  t h e  nucleolus  before  d ip lo tene .  Th i s  fac t  
ind ica tes  t h a t  r ibonuc le ic  c o n s t i t u e n t s  of t h e  nucleolus  are  
e l a b o r a t e d  well  before  t h e  l a t t e r  becomes  v is ib le  in  t he  
l igh t  microscope  us ing  basic  s ta in ing .  Presence  of rad io-  
a c t i v i t y  a long  t h e  m a c r o c h r o m o s o m e s  f rom t h e  15th  ra in  
on shou ld  essent ia l ly  co r respond  to  f o r m a t i o n  of messenger  
R N A  precursors  which  are k n o w n  to  labe l  r ap id ly  1~ 

No t y p e  of R N A  seems to  be fo rmed  a t  ear ly  p a c h y t e n e ,  
a t  w h i c h  t i m e  no  r a d i o a c t i v i t y  can  be  de tec ted .  Gra ins  
a p p e a r  d u r i n g  a d v a n c e d  or l a te  p a c h y t e n e  a t  a s tage  w h e n  
m a c r o c h r o m o s o m e s  t a k e  on  l a m p b r u s h  fo rm;  y e t  label l ing  
r e m a i n s  r e l a t ive ly  weak,  becoming  v e r y  in tense  d u r i n g  
d ip lo tene .  

C o m p a r i n g  our  resul t s  w i t h  those  of MONES111, is us ing  
mouse  spe rma tocy t e s ,  a few analogies  can  be  d rawn ,  
whi le  ce r t a in  i m p o r t a n t  dif ferences  also exist .  W i t h  b o t h  
cell t ypes  i nco rpo ra t i on  is v e r y  weak  du r ing  t h e  b e g i n n i n g  
of p a c h y t e n e .  I n  mouse  s p e r m a t o c y t e s  i n c o r p o r a t i o n  
reaches  m a x i m u m  i n t e n s i t y  d u r i n g  m i d - p a c h y t e n e  and  
t h e r e a f t e r  d imin i shes  ; whereas  in  quai l  oocytes  incorpora -  
t ion  c o n t i n u a l l y  increases  un t i l  en d -p ach y t en e ,  r each ing  a 
g rea t  i n t e n s i t y  a t  d iplotene.  

I n  o r t h o p t e r a n  s p e r m a t o c y t e s  t h e  s i t ua t i on  approaches  
t h a t  of quai l  ooeytes,  as i nco rpo ra t i on  con t inues  un t i l  

10 F. GROS and M. GRUNBERG-3/fANAGO, Biosynth~se des acides 
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diplotene.  Never the less  the  nucleolus, if it  persis ts  a t  th i s  
stage, canno t  be labelled la. 

Our observa t ions  approach  those  of I~IERSZtgNBAUM 
and TRES 14 who s tudied  nucleolar  fo rma t ion  in mouse  
spe rma tocy te s  dur ing  zygotene and  pachy tene .  In  effect,  
r ibosomal  R N A  synthes is  occurs in con tac t  w i th  t he  
'basal  knobs '  in a pa racen t romer ic  region corresponding  
to  the  nucleolar  organizer  of several  autosomes.  

Using brief  incorpora t ion  t imes,  grains are essent ial ly  
localized on the  chromosomes ,  few grains if any  are visible 

be tween  the  chromosomes .  This  explains  t h a t  dur ing  our  
condi t ions  of incorpora t ion  the  nuclear  sap does no t  pre-  
sen t  a n y  radioac t iv i ty ,  as opposed  to  t he  observa t ions  of 
GALL 15 on Amphib ians  using more  prolonged labell ing 
t imes.  

13 S. A. HENDERSON, Chromosoma 15, 345 (1964). 
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Summc~ry. Mouse cells p roduc t ive ly  infected wi th  Moloney leukaemia  virus (MuLV) u n d e r w e n t  senescence in a m a n n e r  
similar  to contro l  cells, a l though  t h e y  recovered more  readi ly  as an es tab l i shed  line. Rap i d l y  growing cell lines were 
also ob ta ined  following s imian virus 40 (SV40) infect ion of senescent  cells. However ,  super infec t ion  of senescent  
MuLV-produc ing  cells by  SV40 led to  slower growing cells w i th  a reduced  o u t p u t  of infect ious  MuLV. 

Simian virus 40 (SV40) has  been  shown to  s t imula te  
D N A  synthes is  in senescent  mouse  cells 1 which  also regain 
the i r  suscept ib i l i ty  to  mur ine  sarcoma virus (MSV). The 
e n h a n c e m e n t  of MSV repl icat ion b y  SV40 appears  to be 
due to  dependence  of MSV on hos t  cell D N A  synthes is  
for successful init ial  infect ion 2, a. W i t h o u t  SV40 infect ion 
senescent  cells re ta in  l i t t le D N A - s y n t h e t i c  or mi to t ic  
ac t iv i ty  a. 

In  t he  p resen t  inves t iga t ion  p r i m a r y  mouse  ceils were 
infected wi th  Moloney leukaemia  virus (MuLV) and serially 
subcul tured  t h rough  senescence unt i l  es tabl ished as a 
p e r m a n e n t  line. Studies  were conduc ted  on MuLV 
produc t ion  dur ing senescence and  on the  effect  of SV40 
super infec t ion  on cell g rowth  and  leukaemia  v i rus  
synthesis .  

Materials and methods. Cell cul ture  procedures  have  
been descr ibed previous ly  ~. Briefly,  BALB/c  mouse  
embryo  cells were  t ryps in ized  every  3 days  and passed 

a t  a concen t ra t ion  of 3 X 104 cells pe r  cm ~ of plas t ic  dish. 
The g rowth  med i u m was Eagle ' s  Min imum Essen t ia l  
Medium (Gibco Powder  Medium F15) s u p p l e m e n t e d  wi th  
10% inac t iva ted  calf serum. Cell g rowth  was moni to red  
by  count ing  the  cells on days  1 and  3. 

P r i m a r y  embryo  ceils were  infec ted  wi th  MuLV and  
held, w i th  accompany ing  contro l  cells, for 21 days  before 
subcul tur ing  5. A cont inuous  line was der ived f rom MuLV- 
infected cells, which  were carried a t  reduced densi t ies  
f rom passage 10 onwards,  as descr ibed for t he  ' low line'  2. 
Uninfec ted  cells were carr ied t h ro u g h  to  passage 14 at  t he  
same t ime.  The MuLV-produc ing  and  un in fec ted  B A L B / c  
cells to  be t r e a t ed  wi th  SV40, were infected 24 h af ter  
t ryps in iza t ion ,  in the i r  e igh th  in v i t ro  passage.  Cells a t  
1.567<106 per  100 m m  Falcon plas t ic  dish were  in- 
ocula ted  wi th  108." TCIDs0 SV40 in 1 ml for 60 min a t  
37 ~ Growth  med i u m was t h e n  added  and  the  cells were  
incuba ted  for a fu r the r  3 days  before subcul ture .  

Table I. Growth rates* of uninfected, MuLV- and SV40-infected cell lines 

Passage Control Control Control Control 
in vitro line 1 line 3 line 4 line 10 

Control 
lille 5 
+SV40 

3guLV-producing 
line 10 

MuLV-produeing 
line 10 
+ SV40 

1 n.d. b 2.2 2.5 2.8 
2 3.7 3.8 4.3 3.5 
3 2.4 3.1 2.1 1.7 
4 1.5 2.4 2.0 1.7 
5 0.9 2.4 2.0 1.1 
6 1.3 1.0 1.4 1.0 
7 0.9 1.0 0.9 0.9 
8 0.9 0.8 0.8 1.0 
9 0.8 0.9 0.9 0.8 

10 0.6 0.7 1.0 0.6 
11 0.6 0.6 0.6 0.8 
12 0.9 1.0 0.9 0.8 
13 0.8 0.7 1.1 1.0 
14 0.8 1.0 1.1 0.9 

1.8 
2.3 
4.0 
5.0 
5.0 
n.d. 
n.d. 

n.d.  
3.2 
2.1 
1.2 
1.0 
1.1 
0.9 
1.0 
1.5 
1.6 
n.d. 
2.0 
2.0 
3.8 

1.4 
2.8 
2.2 
2.0 
1.7 
2.0 
1.6 

~number of ceils per dish on day 3 . bn.d., not determined. 
number of cells per dish oit day 1 


