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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. 

13 W. b-'. LYNCU, U. TETSUIIIKO, M. UGEDA a n d  I. LrEBF.R.~XAX, 
Biochmi. biophys. Acts 287, 28 (1972). 

14 I{. BURTON, Biochenl. J. 67,473 (1965). 
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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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3 M. C. RISUENO, M. E. FERNANOEZ-GOMEZ, C. DE LA TORRE and 
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p e r a t u r e  a n d  ae ra t i ons  (15 :L 0.5~ and  b u b b l i n g  
10-20 c m  a air m i n  -1. T h e  roo t s  were f ixed a u d  s t a ined  as 
follows: C o n v e n t i o n a l  f ix ing:  fixatiola in 3% g lu ta ra l -  
d e h y d e  in a 0.025 M cacody la t e  buf fe r  a t  p H  7 for 1 or 
2 h, a t  r o o m  t e m p e r a t u r e ,  and  pos t f i xa t i on  in 1% osmic  
acid for 1 h in t h e  s a m e  buffer .  E D T A  t e c h n i q u e  accord- 

ing to BERNHARD 4. F i x a t i o n  in 2 .5% g l u t a r a l d e h y d e  in 
So rensen ' s  p h o s p h a t e  buf fe r  p H  7.3 for 1 h a t  r oom 
t e m p e r a t u r e .  The  roots  were d e h y d r a t e d  w i th  g raded  
c o n c e n t r a t i o n s  of e thano l ,  pa s se d  t h r o u g h  p ropy lene  

4 W. BERNF[ARD, J. Ultrastruet. Res. 27, 250 (1969). 

Fig. 1. Interphasic nucleolus: fibrillar part (i), granular part (g), intranucleolar chromatin (arrows). • 22,344. 

Fig. 2. Fibrillar centre of the nucleolus in Figure 1. Pars chromosoma (chr) with its fibres in connection with the clear areas of the fibrillar 
component. Nucleolar RNP in several steps of processing (arrows, O). Chromatin fibres with associated RNP (long arrows). • 307,800. 
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oxide and e m b e d d e d  in E p o n  812. The sect ions f rom con- 
ven t iona l  f ixa t ions  were s ta ined  wi th  uranyl  ace ta te  in 
Michaelis  and  lead ci t rate ,  and sect ions for E D T A  tech-  
n ique  were s ta ined  as follows: 1. wi th  5% urany l  ace ta te  
in aqueous solut ion 45 sec; 2. E D T A  in dist i l led wa te r  
35 min;  3. lead ci t rate ,  45 sec. 

Fig. 3. EDTA. Bleached chromatin (chr), in the nucleus and in the 
clear areas of the fibrillar component (f) of the nucleolus. Granular 
component (g). Fibrils of RNP (arrows) contrasted in the clear areas 
of the fibrillar centres, the 10-15 A fibrils in these zone appear un- 
stained (little arrows). • 123,120. 

ch 4 

Fig. 4. Ultrastruetural organization of the fibrillar centres of the 
nucleolus in Allium cepa meristematic cells. Ch, Intranueleolar con- 
densed chronlatin; a, lighter fibrillar zone: transcription and ma- 
turation of nueleolar RNP; b, fibrillar zone: maturation; e, granular 
zone. 

Observations. Three  main  zones m a y  be d is t inguished 
in nucleolar  fibrillar eent res  f rom the  cent re  ou twards :  
1. Dense ch roma t in  zone, consis t ing of bundles  30-90 ~xm 
in d iamete r  (Figure 1), which are in t u rn  made  up of 
t h inne r  coiled fibres (100 ~_). At  grea t  magnif ica t ion  these 
fibres are seen to  be fo rmed  of t igh t ly  coiled 30 fk fibrills 
(Figure 2). 

2, A zone, which,  l ighter  to the  electrons,  sur rounds  the  
dense ch roma t in  and  is occupied by  ve ry  low electronic 
dens i ty  10-15 A fibritls, which are ne i ther  packed  nor  
coiled (as are ch roma t in  fibres or the  fibrills in the  nucle- 
olar fibril lar component ) ,  bu t  per fec t ly  individualized.  
They  run  a ve ry  shor t  d is tance  across the  sect ion and 
b o t h  the i r  ends are open, indicat ing t h a t  t hey  m u s t  run 
across a n u m b e r  of planes so t h a t  we only de tec t  those  
segments  lying on the  plane of t he  section. These fibres 
are cont inuous  wi th  the  ch roma t in  fibre bundles  and wi th  
the  70-90 A_ fibrills in the  fibrillar c o m p o n e n t  of the  nucle- 
olus. Granules,  15-20 ~_ in d iamete r  offering grea ter  con- 
t ras t ,  are of ten seen aligned on the  10-15 ~t fibrills. W i t h  
E D T A  these fibrills are b leached as in nucleolar  and  ex- 
t ranucleolar  ch roma t in  (Figure 3) ; this  clear zone would 
then  appear  to be decondensed  chromat in .  

3. Fibri l lar  c o m p o n e n t  zone. A dif ferent  s t ruc ture  
character izes  the  pa r t  cont inuous  wi th  the  10 15 A chro- 
ma t in  fibres, the  cent ra l  par t ,  and the  zone in con tac t  
wi th  the  granular  componen t .  In  the  first  zone packing 
is much looser, and fibrills s t r e t ch  long and sinuous across 
the  sect ion while la tera l  pro longat ions  perpendicular  to 
the  axis of the  fibre are seen (Figure 2). In  the  middle  
port ion,  the  fibrllls are more  con t rac ted ,  the i r  length  
across the  sect ion is reduced  and in t h e m  are seen globular  
subuni ts  which give t h e m  a rosary-l ike appearance.  In  the  
final par t ,  con t ras t  is much  greater  and the  fibres are 
of ten coiled up on themselves .  

At  grea t  magnif icat ion,  no clear separa t ion  be tween  the  
fibril lar and  granular  componen t s  seems to exis t ;  the  
fibrills become more and  more  t i gh t ly  coiled, forming 
discrete  packages:  the  granules wi th  a d iamete r  of 150 to 
200 .~, while, be tween  them,  sect ions cor responding  to the  
fibres are seen. These discrete  packages  have  loose struc-  
ture,  in which  the  fibres forming t h e m  m a y  be t raced.  At  
the  pe r iphery  of the  nucleolus, t h e y  become t igh te r  and it 
is prac t ica l ly  impossible  to dis t inguish the  fibres inside 
them.  

Discussion. Our observa t ions  on the  fibrillar centres  of 
the  nucleolus, a t  grea t  magnif icat ion,  s t rongly  suggest  
t h a t  t h e y  cons t i tu te  the  act ive cent res  of t r ansc r ip t ion  
and process ing of nascen t  r R N A  on the  mos t  e l emen ta ry  
level t h a t  we are able to  s tudy  wi th  the  techniques  used. 
At  the  same t ime,  the  granular  componen t  would  cor- 
respond to fairly we l l  s t ruc tu red  r ibosomal  precursors.  

The s t ruc tura l  da t a  ob ta ined  in th is  s t u d y  are in es- 
sent ial ly in ag reemen t  w i th  those  of o ther  au thors  who 
have  used spread ing  techniques  ~-8 or isolation followed 
by  biochemical  and s t ruc tu ra l  s tudies  of the  nucleolar  
componen t s  9-11. Thus  the  bundle  of ch romat in  fibres, 
making  up the  so-called 'pars  ch romosoma '  of the  nucle- 
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10 I. HIGASHINAKAGAWA and M. J. MURAMATSU, J .  Bioehem. 42, 
245 (1974). 

11 R. SIMARD, F. SAKR and J. P. BACH1ELLERIE, Expl Cell Res. 81, 
1, (1973). 
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olar  f ib r i l l a r  centres ,  would  be  an  aggrega t ion  of c i s t rons  
of t h e  nuc leo la r  c h r o m a t i n  loop no t  engaged  in ac t ive  t r a n -  
sc r ip t ion  (Figure 4). T he  clear areas  s u r r o u n d i n g  t h e m  
would  co r respond  to  r ibosomal  c is t rons  in ac t ive  t r a n -  
sc r ip t ion ;  t h e i r  low elect ronic  dens i ty ,  t he i r  loose s t r u c t u r e  
a n d  t h e i r  smal l  size (10 X) would  be due to  the  fac t  t h a t  
n a s c e n t  R N A  molecules  would  be  s h o r t  w i t h  few as- 
soc ia ted  pro te ins .  The  f ibr i l lar  c o m p o n e n t  zone cont ig-  
uous  w i t h  t he  c lear  areas  would  cor respond  to r i bosoma l  
c i s t rons  w i t h  long R N P  molecules ;  hence  also a t r a n -  
sc r ip t ion  zone. 

I n  t he  f ibr i t lar  cen t re  zones mos t  d i s t a n t  f rom t he  clear  
areas,  t he  R N P  molecules  seem to  be f u r t h e r  l i be r a t ed  

f rom the  r i bosoma l  cistrons.  The  m a t u r a t i o n  process  of 
t he  r ibosomal  precursors  would  seem to s t a r t  a t  th i s  s t age ;  
t he  molecules  undergo  a morpholog ica l  condensa t i on  pro-  
cess, becoming  sho r t e r  a n d  shor ter ,  g lobu la r  s u b u n i t s  
(90 A) are seen in t h e m  and  t h e y  s u b s e q u e n t l y  undergo  a 
coil ing process, g iv ing rise to  t he  150-200 A granules.  

W e  m a y  the re fore  cons ider  each  nucleolar  f ibr i l lar  
cen t re  as an  ac t ive  zone in t he  nuc leo la r  c h r o m a t i n  loop 
(Figure 4), where  f i rs t  t r a n s c r i p t i o n  and  t h e n  m a t u r a t i o n  
of the  r i bosoma l  precursors  t ake  place. All  the  ac t ive  
f ibr i l lar  cen t res  t o g e t h e r  fo rm a single organel le :  t he  
nucleolus,  w i t h  all  t h e  f ibr i l lar  cen t res  immersed  in t he  
g r anu l a r  componen t ,  w h i c h  is t he i r  c o m m o n  f inal  p roduc t .  

B e t a - A d r e n e r g i c  Receptors  in Rat Myocard ium:  Direct  Detect ion by  a N e w  Fluorescent  
B e t a - B l o c k e r  
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Summary. A new f luorescent  fi-blocker, 9 -amino-acr id in  p roprano lo l  (9-AAP), was a d m i n i s t e r e d  i.v. to  ia ts .  Mul t ip le  
f luorescent  9 -AAP b i n d i n g  sites were observed  on card iac  muscle  cells in frozen sections.  I n t e n s i t y  and  dens i ty  of 
card iac  9 -AAP f luorescence were m a r k e d l y  reduced  fol lowing p r e t r e a t m e n t  w i t h  ( •  a n d  ( - ) -propranolo l  b u t  n o t  
w i t h  ( + ) - p r o p r a n o l o l .  Our  f indings  sugges t  t h a t  9 -AAP m a y  label  #-adrenerg ic  recep tor  sites in r a t  myoca rd ium.  

Since the  in i t ia l  c lass i f ica t ion of adrenerg ic  recep tors  2, 
cons iderab le  ev idence  ha s  become  ava i l ab le  to  i nd i ca t e  
t h e  presence  of f i -adrenergic recep tors  w i t h i n  t he  m a m -  
m a l i a n  hea r t .  The  iden t i f i ca t ion  and  c h a r a c t e r i z a t i o n  of 
ca rd iac  f l -adrenergic  recep tors  h a v e  rel ied m a i n l y  on  
pha rmaco log ica l  a, e lec t rophysio logica l  4, and  b iochemi-  
c a d  approaches .  I n  add i t ion ,  r ad ioac t i ve ly  labe led  fl- 
ad renerg ic  agonis ts  6 a n d  an t agon i s t s  7 were used in v i t ro  
to  i den t i fy  #- receptor  si tes in card iac  p repa ra t ions .  Al- 
t h o u g h  va r ious  m e t h o d s  are avai lable ,  a more  d i rec t  ap-  
p r o a c h  for t he  de t ec t i on  of #-receptors  w i t h i n  t h e  myo-  
c a r d i u m  is w a r r a n t e d .  P r e f e r a b l y  such  a m e t h o d  would  
p e r m i t  a n  in v ivo  s tudy ,  w h e r e b y  possible  a l t e r a t ions  in  
t he  p roper t i e s  of t he  #- receptors  induced  b y  in v i t ro  pre-  
p a r a t i o n s  of card iac  t i ssues  m a y  be  avo ided  or min imized .  

Recen t ly ,  a p o t e n t  f luorescen t  #-adrenerg ic  an t agon i s t ,  
9 - amino-ac r id in -p rop rano lo l  (9-AAP) ha s  been  s yn the -  
t ized  s. This  c o m p o u n d  is a f luorescen t  ana logue  of pro-  
p rano lo l  a n d  i ts  chemica l  s t r u c t u r e  is (N-[ -2-hydroxy-3-  
n a p h t h o x y  propyl~-N ' -  [9 -amino-acr id in ] i sopropyl  di- 
amine)  (Figure 1). The  spect roscopic  m o l a r  e x t i n c t i o n  
coeff ic ient  of 9-AAP, e~60 in water ,  is 1.07 X 10K The  in- 
h i b i t o r y  effect  of 9 -AAP on #-adrenerg ic  r ecep to r s  was  
ca lcu la ted  f rom the  c o n c e n t r a t i o n  of t h i s  c o m p o u n d  
w h i c h  was r equ i red  to i n h i b i t  50 % of t he  ( - - ) - ep inephr ine  
s t i m u l a t e d  a c t i v i t y  in  a # - r e c e p t o r - d e p e n d e n t  a d e n y l a t e  
cyclase sys tem9,  ~~ The  d issoc ia t ion  c o n s t a n t  of 9 -AAP 
to  t he  #-adrenerg ic  r ecep to r  was  found  to  be  (3 • 1) • 
10-s M s, 11. 

OH CH 3 
I I ~ 2CHCH2NHCHCH2--NH 

Fig. 1. The structure of 9-amino-acridin propranolol. 

We have  r ecen t l y  used 9 -AAP to localize #-adrenergic  
receptors  in r a t  ce rebe l lum 1.. The  p re sen t  in v ivo  s t u d y  
was des igned in an  a t t e m p t  d i rec t ly  to  de tec t  #-adrenergic  
recep tors  in r a t  m y o c a r d i u m  b y  t he  u t i l i za t ion  of 9 -AAP 
as a f luorescen t  probe.  

Material and me/hods. 9 - A A P  in saline (2.5 mg/kg} was 
admin i s t e r ed  b y  slow in jec t ion  in to  the  ta i l  ve ins  of 
a lb ino  r a t s  (200-220 g). Cont ro l  an ima l s  were p r e t r e a t e d  
w i t h  one of t h e  fol lowing c o m p o u n d s :  ( •  
( - - ) -p roprano lo l ,  or ( + ) - p r o p r a n o t o l  (5 m g / k g  in saline) 
b y  slow i .v.  in ject ion.  30 min  later ,  9 -AAP (2.5 mg/kg)  
was a d m i n i s t e r e d  to each  of the  con t ro l  animals .  All  ani-  
mals  were ki l led b y  decap i t a t i on  u n d e r  l igh t  e ther  anae -  
s thes ia  30 m i n  a f te r  in j ec t ion  of 9-AAP. The  h e a r t  of 
each  a n i m a l  was  qu ick ly  removed ,  i m m e r s e d  in 'Tissue 
OCT C o m p o u n d '  (Ames, USA) and  frozen in l iquid n i t ro -  
gen. Later ,  6 -8  a m  card iac  sect ions  were cu t  in a c r y o s t a t  
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