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I t  is n o t e w o r t h y  t h a t  in  r e c e n t  y e a r s  c o n s i d e r a b l e  a t -  
t e n t i o n  h a s  b e e n  p a i d  to  g l y o x a l a s e s  s ince  t h e y  a r e  be -  
l i eved  to  p a r t i c i p a t e  in  t h e  r e g u l a t i o n  of  cel l  d i v i s i o n  
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The Nature  of D N A  Synthes i s  by Isolated Nucle i  f r o m  Cells of a Rat T u m o u r  
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Summary. T h e  D N A  s y n t h e t i c  a c t i v i t y  o f  n u c l e i  i s o l a t e d  f r o m  a so l id  r a t  t u m o u r  w a s  d e t e r m i n e d .  T h e  n u c l e i  h a d  
D N A  s y n t h e t i c  p r o p e r t i e s  s i m i l a r  t o  n u c l e i  f r o m  o t h e r  s o u r c e s  b u t  t h e  t i m e  c o u r s e  of t h e  r e a c t i o n s  w a s  d i f f e r e n t .  

R e c e n t l y 1  6 m a n y  w o r k e r s  h a v e  s h o w n  t h a t  n u c l e i  
i s o l a t e d  f r o m  m a m m a l i a n  cel ls  c o n t a i n  a D N A  s y n t h e s i z -  
i n g  s y s t e m  w h i c h  h a s  f e a t u r e s  in  c o m m o n  w i t h  t h a t  de -  
s c r i b e d  for  t h e  m e m b r a n e - D N A  f r a g m e n t s  o b t a i n e d  f r o m  
b a c t e r i a  7 -~ .  T h e s e  n u c l e i  u t i l i z i n g  e n d o g e n o u s  p o l y m e r -  
a s e s  a n d  c h r o m a t i n ,  a r e  c a p a b l e  of  t h e  c o n t i n u a t i o n  of  
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Fig. 1. The pattern of synthesis and degradatioB of new DNA as a 
function of time. Nuclei from rat  fibrosareoma R1Bso. 
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Fig. 2. Synthesis and degradation of new DNA by isolated nuclei. 
Final stages of isolation either through 1/5 TKM (A); or through 
2.3 M sucrose (Q). The counts have been corrected for differences in 
initial concentrations of nuclei from RIBso. 

D N A  a n d  IRNA 2 s y n t h e s i s  in  t h e  p r e s e n c e  of  a n  a d e q u a t e  
s u p p l y  of  p r e c u r s o r s .  E a r l i e r  w o r k e r s  (loc. cit)  h a v e  in-  
v e s t i g a t e d  t h e  D N A - s y n t h e t i c  p r o p e r t i e s  o f  n u c l e i  ob-  
t a i n e d  f r o m  a w i d e  r a n g e  of  m a m m a l i a n  cel ls  a n d  t h e r e  is 
c o n s i d e r a b l e  e v i d e n c e  t h a t  i t  is p o s s i b l e  t o  r e l a t e  t h e s e  
p r o p e r t i e s  to  t h e  s t a t u s  of  t h e  cells  f r o m  w h i c h  t h e  n u c l e i  
we re  d e r i v e d .  T h e  i s o l a t e d  n u c l e i  p r o v i d e  a s y s t e m  b y  
w h i c h  t h e  s y n t h e s i s  o f  m a c r o m o l e c u l e s  c a n  be  s t u d i e d  
m o r e  d i r e c t l y  t h a n  is p o s s i b l e  in  t h e  w h o l e  cell  s y s t e m .  
F o r  i n s t a n c e  t h e  e f f ec t  of  c y t o t o x i c  t r e a t m e n t s  o n  t h e  
n u c l e i  c a n  be  d e t e r m i n e d  w i t h o u t  t h e  i n v o l v e m e n t  of  t h e  
e f fec t  of  t h e  t r e a t m e n t  o n  t h e  c y t o p l a s m .  

To  o u r  k n o w l e d g e  cells  f r o m  sol id  n e o p l a s m s  h a v e  n o t  
b e e n  u s e d  as  a s o u r c e  of nuc le i .  W e  h a v e  in  o u r  l a b o r a t o r y  
a se r i e s  of  t r a n s p l a n t a b l e  r a t  t u m o u r s ,  of  w h i c h ,  t h e  
g ro s s  r e s p o n s e s  to  i o n i z i n g  r a d i a t i o n  h a v e  b e e n  s t u d i e d  
in  d e p t h  ~2 a n d  d i f f e r e n c e s  b e t w e e n  t h e s e  r e s p o n s e s ,  n o t  
y e t  f u l l y  u n d e r s t o o d ,  m a y  be  d u e  to  d i f f e r e n c e s  in  p o s t -  
i r r a d i a t i o n  m o d i f i c a t i o n s  of m a c r o m o l e c u l a r  s y n t h e s i s .  
I n  t h i s  p a p e r  we  p r e s e n t  t h e  r e s u l t s  of  e x p e r i m e n t s  de -  
s i g n e d  to  e s t a b l i s h  t h e  n a t u r e  of  t h e  D N A - s y n t h e t i c  r e a c -  
t i o n  in  n u c l e i  i s o l a t e d  f r o m  o n e  of t h e s e  r a t  t u m o u r s .  

Isolation o/ nuclei Item tumour tissues. T h e  f i b r e -  
s a r c o m a  R I B a e  w a s  e x c i s e d  f r o m  t h e  f l a n k s  of  a n  i n b r e d  
s t r a i n  o f  W i s t a r  r a t .  T h e y  we re  i m m e d i a t e l y  coo led  in  ice 
co ld  i s o t i n i c  s a l i ne  a n d  al l  s u b s e q u e n t  p r e p a r a t i v e  p r o c e -  
d u r e s  we re  a t  0~ T h e  t u m o u r  w e i g h i n g  2 - 3  g w a s  c u t  
i n t o  s m a l l  p i eces  a n d  r e d u c e d  t o  p u l p  b y  c o m p r e s s i o n  

1 D. L. FRIEDMAN and G. C. MUELLER, Biochim. biophys. Acta 161, 
455 (1968). 
B. W. KE,~IPRR, W. 1~. PRATT and L. ARoNow, Molee. Pharmae. 5, 
507 (1969). 

3 W. E. LYNCH, R. ~'. BROWN, T. UMRDA, S. G. LANGRRTn a n d  
1~. LIEBERMAN, 3. biol. Chem. 2d5, 3911 (1970). 

4 C. TRNG, P. P. BLOCK and R. RoYcnOUDRURY, Biochinl. biophys. 
Acta 224, 232 (1970). 

a H. V. HERSHEY, J. F. STIRBER and G. C. MURLLRR, Ellr. J. Bio- 
chem. 34, 383 (1973). 

6 R. L. BROWN and E. STVBBLRrlELB, Expl Cell Res. 93, 89 (1975). 
7 D. W. SMITH, H. E. SCHALLRR and F. J. BONI~OEFFER, Nature, 

Lond. 226, 711 (1970). 
8 R. K~IFPERS and W. STRATLING, Nature, Lond. 226, 713 (1970). 
9 R. OKAZAKI, K. SUGIMOTO, T. OKAZAKI and A. GUGIMO, Nature, 

Lond. 228, 223 (1970). 
i0 W. A. CRAMP, D. I~. WATKINS and J. COLLINS, Nature, Lond. 

235, 76 (1972). 
11 W. A. CRAMP, ~). f~. WATKINS and J. COLLINS, Int. J. Radiat. Biol. 

22, 379 (1972). 
12 J .  ][e. HOWLETT, R. H.  TIIOMLINSON and T. ALPER, ~ r .  J .  Radiol .  

dS, 40 (]975). 



1384 Speeialia EXPERIXNTIA 32/11 

th rough  a 200 gauge stainless steel screw press. The pulp  
devoid of mos t  of the  f ibrous con ten t  of the  tumour ,  was 
suspended  (1 g in 5 ml) in a hypo ton ic  solut ion of 1/5 
T K M  (0.05 M Tr izma p H  8.2, 0.025 M KCI and 0.005 M 
MgCI2) and left :for 15 min.  The suspension was spun at  
1000 g for 10 rain and the  s u p e r n a t a n t  conta in ing  lysed 
red blood cell p roduc t s  discarded.  The residue was re- 
suspended  in 1/5 T K M  and  passed several  t imes  t h rou g h  
a 23 gauge hypode rmic  syringe needle unti l  cell disrup- 
t ion was comple te  and  nuclei released as judged by  phase  
con t ras t  microscopy.  This nuclear  suspension was e i ther  
spun a t  1000 g for 10 min or at 100,000 g for 40 min th rough  
a layer  of 2.3 M sucrose. These last  two procedures  sup- 
plied pellets of nuclei c o n t a m i n a t e d  wi th  o ther  cellular 
p roduc t s  (low g) or pel lets  free of con tamina t ion  wi th  
soluble cy toplasmic  enzyme (high g th rough  sucrose). 
The nuclei were finally resuspended  in 1/5 TKM, wa rmed  
to  37 ~ and mixed  wi th  an equal  volume of nucleoside 
t r i p h o s p h a t e  solut ion at  37~ The n u m b e r  of nuclei a t  
th is  s tage var ied be tween  1-5 • 107 per  ml. 

Nucleoside triphosphate mixture. The ingredients  of the  
D N A  precursor  t r i p h o s p h a t e  mix tu re  were as descr ibed 
by  LYNCH et  al. x3. The t r i t i a ted  pyr imidine  or pur ine  
nucleoside t r i phospha t e s  were used at  4 ~Ci per  ml, 
specific ac t iv i ty  20-22 Ci/mmol. 

D N A  synthesis reaction. A magnet ic  st i rrer  was used 
to  ensure even d i s t r ibu t ion  of nuclei in the  react ion mix-  
tures.  1 ml samples  were t aken  at  appropr ia te  t ime inter-  
vals and added  to 2 ml ice-cold 10% tr ichloro acetic acid. 
Af te r  18 h the  TCA prec ip i ta ted  residues were washed  by  
cent r i fugat ion  in TCA and finally fi l tered onto  glass fibre 
filters. The ac t iv i ty  re ta ined  on the  filter, r epresen t ing  
newly  synthes ized  DNA, was counted  in s t andard  xylene 
Tr i ton  X 100, P O P - P O P O P ,  scint i l lant  fluid. Throughou t  
these  exper iments  1000 cpm is equiva len t  to 45.3 pico- 
moles of 3H pyr imid ine  in acid insoluble mater ia l ;  or 
equiva len t  to  1014 nucleot ides  in newly synthes ized  DNA. 

Estimation o/ D N A .  Dupl ica te  samples  t aken  at  the  
same t ime as those  used to follow the  fo rmat ion  of acid 
insoluble react ion p roduc t s  were used to de te rmine  to ta l  
DNA. The technique  descr ibed by  BURTON 14 was used. 

Results and discussion. Figure 1 i l lustrates  a typica l  
react ion curve.  Synthes is  was character ized  by  an initial  

fo rmat ion  of acid prec ip i table  newly formed DNA which  
reached a peak  after  50-60 rain. followed by  a s t eady  
decline in precipi table  radioact iv i ty .  This p a t t e r n  of in- 
crease and eventua l  loss in ac t iv i ty  was cons i s ten t ly  
repea ted  in m a n y  react ions  of nuclear  synthesis  which  we 
followed wi th  nuclei fronl the  RIBs~ turnout  and o ther  
t u mo u r  lines 66DT and SSB 1 (ref. 12). 

Figure 2 compares  tile p a t t e rn  of synthes is  by  isola ted  
nuclei where  t h e y  were finally purif ied ei ther  a t  low 
speeds in hypoton ic  solut ion or a t  h igh speed t h r o u g h  
2.3 M sucrose. The sucrose pur i f icat ion technique  reduced  
the  to ta l  a m o u n t  of new DNA synthes ized  and the  ra te  
a t  which  degrada t ion  subsequen t ly  occurred. 

We were surprised to find t h a t  DNA synthesis  by  in- 
t ac t  nuclei f rom the  ra t  t u mo u r  l~IBao exhib i ted  a peak  
of ac t iv i ty  followed by  considerable  degrada t ion  o f  the  
newly formed DNA. However ,  mos t  previous workers  
have  repor ted  only on the  init ial  incorpora t ion  of tri- 
phospha t e  precursors  and  it is no t  clear f rom the  publ i shed  
work whe the r  the  early fo rmed p roduc t  is s table in the  
cont inued  presence of the  react ion mixture .  The degrada-  
t ion was much  greater  t h a n  the  b reakdown of tile exis t ing 
nuclear  D N A  as assessed by  BURTON'S technique,  indi-  
ca t ing t h a t  degrada t ion  processes are specific for the  
newly formed DNA. In  similar exper iments  wi th  mouse  
l y m p h o m a  cells and chinese h a m s t e r  f ibroblasts  w.e also 
observed extens ive  degrada t ion  af ter  early synthesis .  

One in t e rp re t a t ion  of these  results  is t h a t  nuclei isolated 
by  the  m e t h o d s  general ly  used, conta in  f i rmly a t t ached  
enzymes  responsible  for b o t h  synthes is  and degrada t ion  
of DNA. U n d e r  the  react ion condi t ions  used by  ourselves 
and m a n y  o ther  workers  th is  degrada t ion  mus t  be con- 
sidered in assessing the  ac t iv i ty  of the  nuclei. 

F r o m  this  initial  work  we feel t h a t  tile syn the t i c  be- 
haviour  of nuclei isolated f rom solid neoplasms can be 
used to  inves t iga te  fu r ther  the  effects of drugs and o ther  
cy to toxic  t r e a t m e n t s  on the  nuclei individual ly  or pe rhaps  
on the  t u mo u r  s t ruc ture  as a whole. 
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Summary. This paper  deals wi th  the  fine s t ruc ture  of the  fibrillar cent res  of the  nucleolus in A llium cepa cells in u l t ra th in ,  
sect ions of in vivo fixed roots.  The u l t ras t ruc tura l  observat ions  have  allowed us to  consider  each nucleolar  fibril lar 
cent re  as an act ive zone in the  nucIeolar ch roma t in  loop, and to propose  a possible model  for the  organizat ion of the  
d i f ferent  componen t s  of the  nucleolus wi th in  it. 

The s t ruc ture  of the  nucleolus in mer i s temat ic  cells of 
Allium cepa has been  descr ibed by  electron microscopy 
on numerous  occasions 2,a. Three componen t s  are clearly 
d is t inguished:  fibrillar, granular  and  chromaein;  each 
wi th  a ve ry  precise locat ion wi th in  the  nucleolus. The 
fibril lar c o m p o n e n t  is densely  packed and forms zones of 
more  or less irregular  appearance,  which are in tercon 
nec ted  and immersed  in the  granular  component .  We  
have  called t h e m  fibril lar centres.  Tiffs s tudy  deals wi th  
the  fine n l t r a s t ruc tu re  of these  nucleolar  fibrillar centres  
in u l t ra th in  sect ions of mater ia l  f ixed in situ. 

Material and methods. The mater ia l  used consis ted of 
roo t - t ip  mer i s t emat ic  cells f rom A llium cepa L. bulbs  
grown iIl t ap  water  under  co n s t an t  condi t ions  of t em-  
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