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Summary. This work  is an u l t r a s t ruc tu ra l  and  cy tochemica l  s t u d y  of a s t ruc tu re  observed  in t h e  nucleolus of All ium 
cepa mer i s t ema t i c  cells a f ter  nucleolar  disgregat ion,  by  a con t inuous  t r e a t m e n t  of 12 h wi th  e th id ium bromide .  The 
u l t r a s t ruc tu ra l  and  cy tochemica l  d a t a  allow us to  consider  th is  s t ruc tu re  as the  in t ranucleolar  ch roma t in  collapsed 
b y  the  effect  of t he  drug.  

E t h i d i u m  b romide  (EB) is a phenantr id . ine  which  in ter-  
ca la tes  in to  t he  double  helical  pol inucleot ides ,  t h u s  
a l te r ing  the i r  s econdary  s t ruc tu re  2-4. Tile factors  im- 
p l ied  in the  in te rac t ion  be tween  E B  and  the  double-  
hel ical  D N A  have  been  well s tud ied  in the  l a s t  years.  E B  
b inds  to  nucleic acids or ch roma t in  ma in ly  in 2 ways :  a) 
a s t rong  b ind ing  in which  the  dye  molecule is in te rca la ted  
be tween  the  base  pairs  of t he  double-hel ical  nucleic acids, 
and  b) a whole e lec t ros ta t ic  b ind ing  to  t he  ou te r  phos-  
p h a t e  groups  5, o. Recent ly7  i t  has  been  d e m o n s t r a t e d  t h a t  
E B  in te rca la tes  mos t ly  in to  t he  D N A  in the  nucleoli.  In  
Al l ium cepa, t he  E B  has  an inh ib i to ry  effect  on the  break-  
d o w n  of the  nuclear  envelope in p rophase  8 and produces  
an a l te red  evolu t ion  of mitosis  in these  cells g; i t  also 
br ings  abou t  the  appea rance  of a cer ta in  s t ruc tu re  in the  
mi tochondr i a  10, en l a rgemen t  of the  per inuclear  space and 
an increase in t he  n u m b e r  of pores  in t be  nuclear  en- 
velope 11, b u t  t he  mos t  s t r ik ing effect  is observed  in the  
nucleolus.  E B  s t rongly  al ters  t he  nucleolar  u l t ras t ruc-  
ture  12, b y  p roduc ing  a segregat ion  of t he  nucleolar  com- 
p o n e n t s  and  la ter  on a degranula t ion .  We have  here  
s tud ied  the  effect  of a con t inuous  E B  t r e a t m e n t  on the  
nucleolar  c h r o m a t i n  in mer i s t ema t i c  ceils of All ium cepa. 
Material and methods. Meris tem roots  of All ium cepa 
bulbs  were  grown in the  da rk  a t  a c o n s t a n t  t e m p e r a t u r e  
of 15~ 4- 0.5 in t ap  wa te r  which  was  renewed  every  
24 h and  ae ra ted  con t inuous ly  by  bubb l ing  at  10-20 ml 
mill  -1. The roots ,  still  a t t a c h e d  to  the  bulbs,  were t r ans -  
ferred to t he  E B  (100 ~g m1-1) under  t he  same condi t ions  
used for growing for 12 h af ter  beg inn ing  the  t r e a t m e n t .  
The  roots  were  f ixed as follows. Conven t iona l  f ix ing:  F ix-  
a t ion  in 3% g lu ta ra ldehyde  in a 0.025 M cacodyla te  buf-  
fer, p H  7.0, for 1 h a t  room t empera tu r e ,  and  pos t f ixa t ion  
in 1% osmic acid for 1 h in the  same buffer.  Fo r  pre-  
ferent ia l  s ta ins  roots  were f ixed in 2. % g lu ta ra ldehyde  in 
Sorensen ' s  p h o s p h a t e  buffer ,  p H  7.3, for 1 h a t  room 
t e m p e r a t u r e .  The roots  were d e h y d r a t e d  with graded 
concen t r a t i ons  of e thanol ,  passed  t h r o u g h  p ropy lene  
oxide and  e m b e d d e d  in E p o n  812. S ta in ing:  Sect ions  
were s ta ined  w i t h  1% urany l  ace ta te  in absolu te  e thano l  
for 30 min  a t  room t e m p e r a t u r e  and  pos t s t a ined  w i t h  lead 
c i t ra te  according to  Venable  and  Gogeshall  la. Pre fe ren t ia l  
s ta ins .  1. Deoxyr ibonuc leopro te ins :  U l t r a t h i n  sect ions  
were  hydro lyzed  in 5 N C1H for 25 min  and  f loa ted  on a 
so lu t ion  of o smium a m m i n e  p repa red  according to  
Cogl ia t t i  and Gaut ier  14. 2. R ibonuc leopro te ins :  Ul t ra -  
t h in  sect ions  were  s ta ined  by  the  u rany l  a c e t a t e - E D T A -  
lead c i t ra te  sequence  according to B e r n h a r d  1~. E n z y -  
ma t i c  d iges t ions :  Roo ts  were f ixed in 1.6% glutara lde-  
h y d e  in Sorensen ' s  buffer ,  p H  7.0, for 15 rain to  1 h a t  
4~ and  e m b e d d e d  in GMA, according  to  Leduc  and  
B e r n h a r d  TM. Sections w e r e  t a k e n  on Marinozzi ' s  p las t ics  
r ings,  and  t h e n  f loa ted  on the  e n z y m e  solut ions a t  37 ~ 
for 2 h. (Parallel  sec t ions  of cont ro l  roots  were f loa ted  on 
s imilar  solut ions  b u t  w i t h o u t  t he  enzyme.)  T h e n  the  
sect ions  were f loa ted  on bidest i l led wa te r  several  t imes  a t  

37~ for 30 min,  p laced on fo rmvard -coa t ed  grids and  
the re  s ta ined  wit l l  u r any l  ace ta te  and  lead ci t rate .  The  
enzyme solut ions used were  : Deoxyr ibonuc lease  (DNase I 
Sigma) 0.1% DNase  in MgC12, 0.001 M, p H  6.8. R inonu-  
clease (Koch Light)  : 0.1% RNase  in th is  buffer  0.2, p i t  
7.2 + 0.01 M MgC1 v Tryps in  ( type I I I  Sigma):  0.03% 
Tryps in  in dis t i l led water ,  p H  8.0, ad jus ted  wi th  0.01 M 
NaOH.  Observa t ions  were carr ied ou t  in a Phi l ips  EM 300. 
Results and discussion. As was previous ly  descr ibed 12, E B  
produces  a s t rong  a l te ra t ion  of t he  nucleolar  u l t ras t ruc-  
ture  in All ium cepa. Af te r  12 h of t r e a t m e n t ,  t he  nucleolus 
has  d i sappeared  a lmos t  comple te ly  in mos t  of t he  cells, 
b u t  the  space previous ly  occupied by  th is  organelle re- 
mains  free su r rounded  b y  the  per inucleolar  ch roma t in  
(figure 1). W i t h i n  th is  free space, appears  a s t ruc tu re  
w i t h  the  same con t r a s t  as ch romat in ,  showing con t inu i ty  
w i th  t he  per inucleolar  ch roma t in .  In  favorable  sect ions  
one Call observe  2 of these  s t ruc tu res  in each nucleus 
(figure 2), t h a t  is, as m a n y  s t ruc tu res  as nucleolar  or- 
ganizing regions (NOR) in these  cells. I t  shows a similar 
aspec t  to t he  N O R  previous ly  descr ibed in All ium 
cepal~, is. I t  is composed  of groups  of fibrils w i th  a h igh  
cont ras t ,  which  are s ta ined  by  osmium ammine  (figure 3) 
b u t  n o t  b y  E D T A ,  and which  res is t  t he  act ion of t ryps ine  
(figure 4) and  RNase  (figure 2) t he  resul ts  ob ta ined  f rom 
DNase  digest ions  are no t  clear;  all of which  s t rongly  sug- 
gests  t h a t  t h e y  cor respond  to chromat in .  These groups of 
fibrils are ve ry  similar  in s t ruc tu re  to  t he  condensed  chro-  
m a t i n  zones descr ibed in t he  N O R  in All ium cepa an-  
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t h e r s  is a n d  m e r i s t e m a t i c  cells 1:, b u t  t h e y  h a v e  a m o r e  
i r r e g u l a r  d i s t r i b u t i o n  t h a n  in con t ro l s  a n d  s e e m  to  be  
c l u s t e r e d  a t  s o m e  p o i n t s  (a r rows)  (f igure 4). I n  a m o n g  
t h e s e  f ibres ,  one  can  o b s e r v e  a n o t h e r  t y p e  of f ibr i ls  (80/k)  
w i t h  a lower  c o n t r a s t  t h a n  t h e  f o r m e r  (a r rows)  (f igure 1) 

w h i c h  a re  n o t  c o n t r a s t e d  b y  o s m i u m  a m m i n e  (f igure  3) 
b u t  c o n t r a s t  w i t h  E D T A  (f igure  5) a n d  w h i c h  p a r t i a l l y  
r e s i s t  t h e  d iges t i on  w i t h  t r y p s i n  ( f igure  4) b u t  n o t  w i t h  
R N a s e  (f igure 2) a n d  w h i c h  w o u l d  t h e r e f o r e  h a v e  a 
r i b o n u c l e o p r o t e i c  n a t u r e .  

Fig. 1-5. Nucleus of meristematic cells of A. cepa treated for 12 b with Ethidium bromide. - Fig. 1. Glutaraldehyde fixation. Aspect of the 
nucleolus after a continuous 12-h-treatment of EB. The nucleolar mass has disappeared, but the perinucleolar chromatin does not occupy 
the nucleolar space I*). The NOR remains bound to the perinucleolar chromatin. In this region, the fibres identified as intranucleolar chro- 
matin (arrowshead) and the nucleolar material filling the NOR (arrows) are clearly observable, x 25,650. - Fig. 2. After Rnase digestion, 
the nucleolar material filling the NOR mesh disappears, but the NOR remains. In this case the 2 NORs bound to perinucleolar chro- 
matin are observable (arrows). • 24,300. - Fig. 3. With osmium ammine the fibrils correspollding to the intranucleolar chromatin (arrows) 
are stained in the same way as the nuclear chromatin, but the nucleolar material associated to them is not. x 23,600. 3a, x 47,900. - Fig. 4. 
After trypsine digestion, the fibrils of the intranucleolar chromatin remain and show the typical aspect with zones where the chromatin fibres 
are collapsed (arrowhead). A remnant of the nucleolus which resists trypsine digestion is also observed (arrow). x 15,960. - Fig. 5. The 
EDTA technique preferentially reveals RNP carrying nucleolar material (arrows) filling the NOR mesh. The intranucleolar chromatiI1 (ar- 
rowshead) corresponding to the NOR mesh is bleached in the same way as the nuclear chromatin. A remnant of the nucleolus is stained (Nu). 
• 15,000. 
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The u l t r a s t ruc tu ra l  and  cy tochemica l  analyses  lead us to  
suppose  t h a t  th is  s t ruc tu re  would  cor respond to t he  N O R  
undergoing  a collapse wi th in  the  lacunar  areas of t he  
nucleolus by  the  ac t ion  of t he  drug, as has  been  repor ted  
wi th  o the r  drugs  which  in t e r ac t  w i th  nucleolar  act iv-  
i ty  19, 2% Af te r  t he  nucleolar  degranu la t ion  and la ter  dis- 
appea rance  of the  nucleolus as an organized s t ruc ture ,  the  
N O R  would  preserve  i ts  conformat ion ,  in t he  same w a y  
as t he  per inucleolar  masses  of condensed  ch roma t in  do, 
no t  occupying  the  space prev ious ly  filled by  the  nuc]eolus. 
This would  indica te  t h a t  con t inuous  E B  t r e a t m e n t  m a y  
produce  a r ig id i ty  in t he  nucleolar  as well as in the  ex t ra -  
nucleolar  ch romat in ,  as o the r  au thors  31-23 and  we 9 have  
previous ly  repor ted .  The r ibonucleoprote ic  s t ruc tu res  
w i th  a lower cont ras t ,  which  appear  filling the  spaces in 
among  the  groups  of nucleolar  ch roma t in  fibres, would  
cor respond  to  r e m n a n t s  of a l te red  nucleolar  mate r ia l  re- 
la ted  to  the  f ibri l lar  zone 12 which  would  be t r a p p e d  by  
the  N O R ' s  mesh.  The collapse of the  in t ranucleolar  chro-  
m a t i n  areas is a morphologica l  effect  of the  inhib i t ion  of 
DNA-d i rec ted  R N A  syn thes i s  d i f fe rent  to  the  appearance  
of f ibri l lar  bodies.  
These bodies,  which  appea r  in All ium cepa 24, 2s and  also 
in an imal  cells 26 a f te r  R N A  synthes i s  inh ib i to r  t r ea t -  

men t s ,  have  also been  descr ibed  as a c o n s t a n t  c o m p o n e n t  
of t he  nucleolus 27, and  seem to cor respond  to  d ispersed  
c h r o m a t i n  27, as. U n d e r  E B  these  bodies  do no t  show a col- 
lapsed aspect ,  as does t he  in t ranuc leo la r  ch romat in ,  per-  
haps  because of the i r  h igh  p ro te in  co n t en t  24, 35, 27 which  
would  make  t h e m  in accessible to  the  EB,  or pe rhaps  be- 
cause, as we pos tu l a t ed  previous ly  34, 25, t h e y  are inac t ive  
organelles  no t  involves  in act ive  cellular metabo l i sm.  
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Summary. Verapami l  and  o the r  organic ca lc ium-an tagonis t s  
an aqueous  in to  an organic phase.  

Organic ca lc ium-an tagonis t s  such as ve rapami l  and  D600 
are t h o u g h t  to  inh ib i t  t he  e n t r y  of calc ium in to  cells across 
the  p l a sma  membrane ,  and  are cu r ren t ly  used to  invest i -  
gate  t he  pa r t i c ipa t ion  of such  a calc ium inf lux in calcium- 
d e p e n d e n t  func t iona l  processes,  e.g. con t rac t ion  and  
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Effect of verapamil upon A23187-mediated calcium translocation. 
The amount of 45calcium recovered in the immiscible phase is ex- 
pressed in percent of the appropriate mean control value found in 
the absence of verapamil, and is shown as function of the ratio be- 
tween verapamil and ionophore concentrations ([~g/[~g) in the initial 
organic phase. The experiments were performed in the presence of 
A23187 at concentrations of 20 (closed circles) and 2 (open circles) 
~M in the initial organic phase. Each point ( i  SEM) refers to 3 in- 
dividual measurements. The control values for the concentration of 
calcium in the immiscible phase averaged 140.4 ~ 2.0 and 2.2 4- 0.1 
nM at ionophore 20 and 2 ~M respectively, the experiments being 
carried out at a 11 ~tM concentration of calcium in the initial aqueous 
phase. 

inh ib i t  the  A23187-media ted  t rans loca t ion  of calc ium f rom 

secretion2, *. However ,  t he  precise mode  of ac t ion  of 
these  drugs,  a t  the  phys icochemica l  level, r emained  to  be 
e lucidated.  I t  is here  p roposed  t h a t  organic  calc ium- 
an tagon i s t s  d i rec t ly  in ter fere  w i th  the  ca lc ium-bind ing  
si tes of ionophores .  
A smal l  vo lume (0.2 ml) of Hepes  buffer  (25 mM; p H  7.0) 
con ta in ing  Na + 123, K + 5 and  C1- 115 mEq/1 a n d  45cal- 
c ium (10 vCi/ml) was vigorously  mixed  for 1 min  a t  room 
t e m p e r a t u r e  w i th  an equal  vo lume of a m i x t u r e  of to luene-  
b u t an o l  (7/3, v/v) conta in ing,  as required,  t he  ionophore  
A23187 (Eli Lilly, Indianapol is)  and  var ious  organic 
ca lc ium-antagonis t s .  The s u p e r n a t a n t  immiscible  phase  
was t h e n  examined  for i ts  rad ioac t ive  con ten t .  
The  ionophore  A23187 provokes  a dose- re la ted  and  
revers ib le  t r ans loca t ion  of *Scalcium f rom the  Hepes  
buffer  in to  the  immiscible  phase.  In  add i t ion  to  previous  
s tudies  ~, ex tens ive  inves t iga t ions  on the  modu la t i on  of 
45calcium t r ans loca t ion  b y  t e m p e r a t u r e ,  mix ing  t ime,  
vo lume  of reagents ,  pH ,  and  concen t r a t i on  of ionophore ,  
m o n o v a l e n t  cat ions ,  calc ium and  o the r  d iva len t  ca t ions  
es tab l i shed  the  va l id i ty  of t he  p r e s en t  s y s t em as a mode l  
for t he  s t u d y  of t he  ionophore t ic  p roper t i e s  of A23187 
(unpubl ished observat ions) .  
As shown  in t h e  figure, ve rapami l  inh ib i t ed  the  A23187- 
m e d i a t e d  t rans loca t ion  of calcium. The degree of inhibi-  
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