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Experi- Right No. Choline acetyltransferase 
ment nerve of activity, % 
No. cut rats 

Right Left Right- 
hemi- hemi- left 
diaphragm diaphragm 

After 1 day 

Proximal 2 11.8 21.9 53.9 
1 Distal 2 16.1 29.4 54.8 

Proximal 2 10.9 18.5 58.9 
2 Distal 2 9.0 15.0 60.0 

Proximal 2 6.4 11.1 57.7 
3 Distal 2 7.6 11.7 65.0 

Mean: Proximal 56.8 % 
Distal 59.9% 

After 2 days 

Proximal 2 5.6 24.7 22.7 
4 Distal 2 4.4 28.1 15.7 

Proximal 1 5.3 22.2 23.9 
5 Distal 2 4.6 24.9 18.5 

Proximal 1 4.0 16.6 24.1 
6 Distal 2 3.4 21.0 16.2 

Proximal 2 4.2 21.4 19.6 
7 Distal 2 2.1 20.0 10.5 

Proximal I 11.3 35.3 32.0 
8 Distal 1 3.9 24.9 15.7 

Mean : Proximal 24.5 % 
Distal 15.3% �9 

After 3 days 

Proximal 2 1.4 17.4 8.0 
9 Distal 2 1.3 18.6 7.0 

10 ] Proximal 2 1.0 11.4 8.8 
/ Distal 2 1.0 11.4 8.8 

Proximal 2 2.9 24.4 11.4 
11 Distal 2 2.4 22.0 10.9 

Mean : Proximal 9.6 % 
Distal 8.9% 

be tween  23 and  34 mm.  No decrease in weight  of the  de- 
n e rv a t ed  hemid iaphragm,  when  compared  wi th  the  con- 
t ra la te ra l  one, was observed dur ing  the  3 days a f te r  the  
denerva t ion .  

The Table  summar izes  the  results.  I t  can be seen t h a t  
the  chol ine ace ty l t ransferase  ac t iv i ty  quickly decreased 
af ter  denerva t ion .  Al ready  a f te r  3 days  i t  was less t h a n  
10% of t h a t  of the  normal ly  inne rva ted  side. 40 days  af ter  
sect ion of t he  phrenic  nerve  HEBB et al.5 found it to  be 
3 .2-3 .7%.  The Table shows t h a t  2 days  af ter  dene rva t ion  
there  was a s ignif icant  difference (p < 0.01) be tween  
h emi d i ap h rag ms  dene rva t ed  by  proximal ,  and those  de- 
n e rv a t ed  by  dis ta l  sect ion of the  nerve.  I t  is obvious tha t ,  
a t  th is  stage,  the  acetylchol ine  synthes iz ing  power  of t he  
degenera t ing  pa r t s  of t he  phrenic  nerve  wi th in  t he  dia- 
p h i a g m  decreases  more  rap id ly  when  the  nerve  s t u m p  in 
connect ion  wi th  the  muscle  is shor t  t h a n  when  i t  is long; 
w h e t h e r  th i s  means  t h a t  mate r ia l  in some way  requi red  
for the  syn thes i s  is t r a n s p o r t e d  along the  axon, even  when  
the  nerve  has  been divided,  remains  a m a t t e r  of specula-  
t ion.  I t  is of in te res t  to  note  t h a t  on the  four th  day  af ter  
dene rva t ion  the  supersens i t iv i ty  of the  muscle cells to-  
wards  acetylchol ine  is much  more  advanced  when  the  
per iphera l  nerve  s t u m p  is shor t  t h a n  when  it is long~,L 

Zusammen/assung. An narkot i s ie r ten  R a t t e n  wurde  der  
rechte  Nervus  phrenicus  im Thorax  en tweder  so hoch  wie 
m6glich, oder  u n m i t t e l b a r  oberhalb  des D iaphragms  
durchschn i t t en .  Zwei Tage sp/i ter  erwies sich die Cholin- 
ace ty l t r ans fe rase -Akt iv i t~ t  in der  rech ten  H/ilfte d a n n  
wesent l ich  geringer, wenn  der  Nerv  dis ta l  s t a t t  p rox imal  
d u rch s ch n i t t en  wurde.  
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T r a n s l o c a t i o n  o f  D o n o r  D N A  i n t o  N u c l e o l a r  
A s s o c i a t e d  C h r o m a t i n  o f  R e c i p i e n t  C e l l  i n  v i t r o  

Previous  s tudies  in vivo have  shown t h a t  labelled 
deoxyr ibonucle ic  acid (DNA) released f rom t rans fused  
donor  l y m p h o c y t e s  m a y  be incorpora ted  into the  nuclei  
of the  rec ip ient  cells 1-3. The evidence was der ived main ly  
f rom the  appea rance  of label in d i f fe ren t ia ted  ceils t h a t  
d id  n o t  syn thes ize  D N A  and  fu r the r  f rom the  uneven  
d i s t r ibu t ion  of label in the  nucleus as well as in the  cyto-  
p l a sm of the  rec ip ient  cells. The da t a  sugges ted  t h a t  some 
a m o u n t  of macromolecu la r  D N A  of t he  donor  was incor- 
po ra t ed  in to  the  recipient  cells w i thou t  previous  degrada-  
t ion  to acid-soluble precursors .  On the  o ther  hand ,  the  re- 
u t i l iza t ion  of DNA degrada t ion  p roduc t s  was def in i te ly  
d e m o n s t r a t e d  in vivo by  ROBINSON and BRECHER 4 
and  by  BRYANT 5. P robab ly  b o t h  D N A  and its me tabo-  
li tes m a y  be re-ut i l ized s imul taneously ,  depend ing  upon  
the  t y p e  of e x p e r i m e n t  (see LI~DOUX e for review). The 

exac t  ident i f ica t ion  of each type  of re-ut i l izat ion seems 
to be ve ry  diff icult  unde r  in vivo condit ions,  especially if 
the  re-ut i l iza t ion is followed in the  prol i fera t ing cell popu-  
lation. For  th is  reason, a sys t em in vi t ro  has been  worked 
out  which  we shall  describe in th is  communica t ion .  

L cells were cu l t iva ted  in R o u x  flasks in a modif ied  
Pa rke r  199 syn the t i c  med i u m supp lemen ted  wi th  10% 
calf serum. The cells grown in monolayer  were pulse- 
labelled for 1 h in a fresh med i u m conta in ing  10 /~C ~H- 
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t h y m i d i n e / m l  (14.8 C/mM; A m e r s h a m ) .  The  m o n o l a y e r  
was  d e t a c h e d  b y  versene,  and  t he  cells in  suspens ion  were 
w a s h e d  w i t h  a n  i nac t i ve  m e d i u m  a n d  inocu la t ed  in to  
Pe t r i  dishes w i t h  cover  slips. T h e n  25 #g  of ca r r i e r  t h y m i -  
d i n e / m l  m e d i u m  were added.  Af te r  24 a n d  48 h i ncuba -  
t ion,  t he  m o n o l a y e r s  were f ixed a n d  covered  w i t h  a 
s t r i pp ing  f i lm K o d a k  AR.10. The  r e su l t i ng  au to rad io -  
g rams  were s t a ined  w i t h  m e t h y l - g r e e n  pyron ine .  

I n  t he  au to rad iog rams ,  3 t ypes  of cells were differen-  
t i a t ed ,  i.e. cells w i t h  heav i ly  label led  nuclei ,  cells w i t h  
un labe l l ed  nuclei ,  a n d  cells in wh ich  t he  labe l  occur red  in 
nuc leo la r  assoc ia ted  c h r o m a t i n .  All  the  labe l  d i s appea red  
a f t e r  DNase  digest ion.  H e a v y  label l ing  of t he  nucle i  was 
due  to a H - t h y m i d i n e  i nco rpo ra t i on  d u r i n g  t he  pulse-  
labe l l ing  period,  as was shown  in t he  mono laye r s  which  
were no t  chase  i n c u b a t e d .  On t he  o t h e r  hand ,  t h e  label  in  
nucleolar  associa ted  c h r o m a t i n  appea red  in t he  course of 
24 and  48 h chase  incuba t ion ,  a n d  was found  in 6.4 an d  

Fig. 1. L cell containing 2 distinct nucleoli. One of them reveals 
labelling of nucleolar associated chromatin. • 1500. 

4 .0% respec t ive ly  of cells wh ich  were un labe l l ed  a t  t he  
beg inn ing  of t h e  chase  per iod.  This  labe l  was  m o s t l y  
d i s t r i b u t e d  a r o u n d  1 or  2 nucleoli ,  i r respec t ive  of t h e  
t o t a l  n u m b e r  of nucleol i  in  t h e  nuc leus  (Figure 1). Two 
facts  a rgue  ag a i n s t  t h e  v iew t h a t  t h e  labe l l ing  of nuc leo la r  
assoc ia ted  c h r o m a t i n  is due  to t h e  i n c o r p o r a t i o n  of 3H- 
precursors  in to  newly  syn thes i zed  D N A :  (1) I n  con t ro l  
e x p e r i m e n t s  i t  was  p r o v e d  t h a t  the  a m o u n t  of ca r r i e r  
t h y m i d i n e  in t h e  chas ing  m e d i u m  was suf f ic ien t ly  h igh  so 
t h a t  the  newly  syn thes i zed  D N A  did n o t  yield a n  au to -  
r ad iog raph ic  image.  I f  ca r r i e r  t h y m i d i n e  was o m i t t e d  in 
the  chas ing  med i u m,  all t h e  a l r eady  un labe l l ed  cells were 
cons i s t en t ly  label led  a t  t h e  end  of t h e  chase  per iod.  
(2) W i t h  r ega rd  to our  p r e s en t  knowledge  of D N A  syn-  
thes is  in  m a m m a l i a n  cells, i t  is diff icul t  to  a d m i t  t h a t  a 
p r o n o u n c e d  D N A  syn thes i s  t akes  place in t h e  nuc leo la r  
assoc ia ted  c h r o m a t i n  of some nucleol i  of t h e  nucleus ,  
i n d e p e n d e n t l y  of the  S phase.  

Thus,  t h e  on ly  l ikely source of label  i n c o r p o r a t e d  in 
nucleolar  assoc ia ted  c h r o m a t i n  is D N A  of h eav i l y  labe l led  
cells. The  pulse- label led  cell s y s t e m  may,  therefore ,  be  
cons idered  to cons is t  of h eav i l y  label led d o n o r  cells a n d  
un labe l led  r ec ip ien t  cells. 

I t  is w o r t h  no t ing  t h a t  a b o u t  20% of cells d e g e n e r a t e  
a f t e r  i nocu la t ion  in to  Pe t r i  dishes.  H e a v i l y  label led  pyc-  
not ic  d o n o r  celIs revea led  a corona  of ex t r ace l lu l a r  D N A  
(Figure 2) s imi la r  to  t h a t  descr ibed  in l y m p h o c y t e s  7. I n  
some donor  cells n l ic ronucle i  a n d  c h r o m a t i n  br idges  were 
found  jo in ing  2 d a u g h t e r  cells. F u r t h e r m o r e ,  smal l  g roups  
of s i lver  gra ins  were d i s t r i b u t e d  a t  r a n d o m  over  t h e  cyto-  
p la sm of t h e  rec ip ien t  cells. Gra ins  were of ten  found  over  
the  cy top la smic  processes.  T h e y  were a b s e n t  in p r epa ra -  
t ions  d iges ted  w i t h  DNase .  F r o m  these  obse rva t ions ,  t he  
conclus ion  m a y  be d r a w n  t h a t  c h r o m o s o m e  f r a g m e n t s  
a n d / o r  single D N A  molecules  are released f rom d a m a g e d  
cells. Therea f t e r ,  t h e y  are t a k e n  up  by  t h e  n e i g h b o u r i n g  
cells an d  p a r t l y  depos i ted  in the  cy top lasm,  p a r t l y  accu-  
m u l a t e d  in the  nuc leo la r  associa ted  c h r o m a t i n .  

I t  seems reasonab le  to  sugges t  the  ex is tence  of a 
m e c h a n i s m  wh ich  c o n c e n t r a t e s  the  i nco rpo ra t ed  D N A  in 
the  region a d j a c e n t  to  the  nucleolus.  This  h y p o t h e t i c a l  
m e c h a n i s m  m a y  also opera te  in o the r  cell types ,  s ince 
CHORAZY et  al.8 found  t h e  label l ing  over  t h e  nuclei  of 
H e L a  cells exposed  to label led ch ro mo s o mes  f rom mouse  
l y m p h a t i c  leukemia .  E v i d e n t l y ,  more  e x p e r i m e n t s  are 
needed in o rder  to  e x t e n d  these  p r e l i m i n a ry  da ta .  

Zusammenfassung. L-Ze l l en -Popu la t i on  wurde  d u r c h  
a H - T h y m i d i n - P u l s  mark i e r t ,  gewaschen  u n d  in Pe t r i -  
Scha len  ku l t iv i e r t ,  n a c h  24- u n d  48-s t i indiger  I n k u b a t i o n  
f ixier t  u n d  a u t o r a d i o g r a p h i s c h  ver~rbe i t e t .  In  den  n a c h  
der  I n k u b a t i o n  m i t  " H - T h y m i d i n  u n m a r k i e r t  geb l i ebenen  
Zellen e rsch ien  m n  die NukleoIen  eine m a r k i e r t e  DNS.  
Eine  Vors te t lung  fiber den  D N S - E i n b a u  wird  en twicke l t .  
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Fig. 2. Two heavily labelled L cells. One of them is intact, the other 
pycnotic (arrow). A corona of extracellular label is apparent around 

the pycnotic cell. • 1500. 
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