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P r e n u c l e o l a r  B o d i e s  i n  t h e  C y t o p l a s m  o f  M e r i s t e m a t i c  C e l l s  A f t e r  T h e r m a l  S h o c k  

Severa l  authors  h a v e  s tud ied  the  e f fec t  of  t h e r m a l  
shock  on the  s tructure  and  func t ion  of  the  nuc leo lus  in 
the  course  of  th e  las t  f ew  years  ~-*. In  p lant  cells ,  a 
thermal  shock  p r e v e n t s  nuc leo lar  fus ion  during the  
prophase  of  meios i s  in microsporocy te s  ~, as we l l  as 
induc ing  nucleo lar  e x t r u s i o n  and  addi t iona l  nucleo l i  in 
suspensor  cel ls  ~. 

W e  h a v e  not ,  however ,  found  a n y  references  to  th e  
e f fec ts  of  thermal  shock  on the  l eve l  of  nuc leo lar  re- 
organ iza t ion  in th e  t e lophase  of  mi tos i s .  In  the  course  
of  e x p e r i m e n t s  on the  t h e r m o s e n s i t i v i t y  of  t h e  ce l l  
d iv i s ion  cyc le ,  w e  h ad  occas ion  t o  observe  a morpho log i ca l  

character i s t i c  of  th e  cel ls  in t e l o p h a s e  w h i c h  s u g g e s t e d  
the  subjec t  of  th i s  present  s tudy .  

Th e  mater ia l  cons i s t ed  of  root  m e r i s t e m s  from A llium 
cepa bulbs,  g r o w i n g  in t a p - w a t e r  a t  15 °C w i t h  c o n s t a n t  
a ir -bubbl ing  at  the  rate  of  1 0 - 2 0  cm~[min.  The  th e r ma l  
shocks,  of  1, 2 and 3 h durat ion ,  were  produced  b y  
a p p l y i n g  t e mp e r a tu r e s  of  30, 35 and  37.5 °C 4 -0 .5  °C w i t h  
recovery  of  the  roots  after  th e  shocks .  

For  observat ion  under  the  l i gh t  microscope  a m e t h o d  
of  s i lver  i mp r e g n a t i o n  for nucleo lar  mater ia l  w a s  usedL 
For  o b se r v a t i o n  under  th e  e l ec tron  microscope ,  the  roots  
were  f i x e d  in g l u t a r a l d e h y d e  a lone  or in g l u t a r a l d e h y d e  
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Fig. 1. a--e) Root-tip cells after thermal shock at 37.5°C, with cytoplasmic prenucleolar bodies, f) Normal telophase with nucleoli and 
prenucleolar bodies within the nuclei, a-f) Silver impregnation. Bright-field lighting. × 710. g) Electron micrograph of a cell in 
which, near the new-formed cell wall, a cytoplasmic prenucleolar body can be observed (arrow). × 10,500. h) Telophase prenucleolar 
body in a normal cell, surrounded by chromosomal masses. × 63,000. i) High magnification of a cytoplasmic prenucleolar body. × 62,000. 
j) Telophase prenucleolar body, stained with the uranyl-EDTA-lead technique. × 78,000. k) Cytoplasmic prenucleolar body, stained as j). 
× 62,000. 
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fol lowed by  osmium te t rox ide  and then  included in 
E p o n  812. U l t r a t h i n  sections were s ta ined wi th  t he  
u r a n y l - E D T A - l e a d  t echn ique  s, or  w i th  u rany l  ace ta te  
and lead c i t ra te  respect ive ly ,  and a f te rwards  observed  
under  a Phi l ips  300 E.M. 

A m o n g  the  cytological  effects  p roduced  by  the  var ious  
t h e r m a l  shocks used, we wish to  refer pa r t i cu la r ly  to  a 
p h en o menon  observed  in t he  cells in te lophase  sub jec ted  
to  a shock of 15-37.5°C charac te r ized  by  the  appearance  
of  spheroidal  axgyrophil ic  bodies in the  cy toplasm,  num-  
ber ing 20-30, w i th  s ta ining peculiar i t ies  ve ry  s imilar  to  
those of argyrophi l ic  nucleolar  and prenucteolar  mater ia l s  
(Figure 1, a-e) .  The  presence of argyrophi l ic  bodies in 
t he  cy top la sm we also observed  in a few anaphases  and 
v e r y  ear ly  interphases.  N o r m a l  te lophases  in control  
roots  do no t  show any  argyrophi l ic  bodies in the  cyto-  
p lasm (Figure 1, f). 

U n d e r  t he  e lectron microscope the  cells in te lophase  
subjec ted  to  t he rma l  shock showed roughly  spherical  
bodies sca t te red  abou t  the  cy toplasm,  wi th  a d i ame te r  
of 0.3 to  0.6 ttm (Figure 1, g). The  p r edominan t l y  f ibr i l lary 
tex ture ,  the  e lec t ron-dens i ty  and the  size of these bodies 
show v e r y  close correspondence wi th  the  character is t ics  
of the  prenucleolar  bodies  to  be found normal ly  wi th in  
the  nucleus in te lophase  (Figure 1, h and i). The cyto-  
p lasmic  bodies have  no l imi t ing  membranes ,  the i r  peri-  
phe ry  seems to  be in close con tac t  w i th  the  ribosomes, 
and wi th  the  u r a n y l - E D T A - l e a d  s ta ining t echn ique  s, 
t h e y  show the  same af f in i ty  as the  normal  prenucleolar  
bodies (Figure 1, j and k)*. 

The  resemblance  be tween  these  bodies observed in the  
cy top lasm of te lophase  cells and the  normal  prenucleolar  
bodies found in t he  nucleus a t  te lophase  in po in t  of bo th  
size and argyrophi l ia ,  as well  as u l t ras t ruc tu ra l  appear-  
ance and s ta in ing proper t ies  suggests  t h a t  t h e y  are 
ident ical .  Thus  the  presence of prenucleolar  bodies in 
the  c y t o p l a s m  appears  to represent  a change in the  
reorganiza t ion  of t he  nucleolar  mater ia l  in the  te lophase 
b rough t  abou t  by  the  t he rma l  shock. 

To p rovoke  this  phenomenon  the  roots  were sub jec ted  
to  a t e m p e r a t u r e  of 37.5°C for 2, 3 and  24 h, and in al l  
cases i t  was observed  t h a t  t he  appearance  of prenucleolar  
bodies  in the  cy top la sm was reversible,  v e r y  few cells 
showing such prenucleolar  bodies  2 h af ter  the  in i t ia t ion  
of t h e  t r ea tmen t .  F igure  2 shows the  percen tage  of these  
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Fig. 2. Percentage of cells with cytoplasmic prenucleolar bodies 
(CPB) plotted against time, during the 2-h thermal shock and the 
recovery. 

cells t h roughou t  a 2-hour per iod of shock. I t  m a y  be  
observed  t h a t  t h e y  reach  a m a x i m u m  of a p p r o x i m a t e l y  
3% af te r  one hour  of t r e a tmen t ,  and  re turn  to  zero 
dur ing  recovery.  The  effect  of t he  shock p roved  non-  
le thal  in t he  mer i s t ema t i c  popula t ion ,  since a normal  ra te  
of growth was observed  in the  roots  a f te r  24 h of recovery .  

The  recons t i tu t ion  of t he  nucleolus  f rom the  te tophase  
prenucleolar  bodies  is p reven ted  by  inhibi tors  of R N A  
synthesis  I°. On  the  o the r  hand,  i t  is known t h a t  nucleolar  
R N A  synthesis  is inh ib i ted  by  t empera tu re s  above  the  
o p t i m u m  1,*,4. To  e x p l a i n  t he  appearance  of prenucleolar  
mate r ia l  in the  cy top lasm,  we suggested an  in te rac t ion  
be tween  2 processes t a k i n g  place  in the  te lophase,  pos- 
s ibly changed by  the  t he rma l  shock:  the  recons t i tu t ion  
of t he  nucleolus and the  re - fo rmat ion  of the  nuclear  
membrane ,  of which the  l a t t e r  could be considered to  
be the  factor  which no rma l ly  confines the  prenucleolar  
bodies  wi th in  the  nucleus when  the  recons t i tu t ion  of the  
nucleolus  is p reven ted  exper imenta l ly ,  as in the  case of 
aneuploid  nuclei  induced by  colchicine 10 

A process apparen t ly  resembling t h a t  which  we have  
descr ibed occurs na tu ra l ly  in the  course of meiot ic  
divis ions in t he  microsporocytes  of L i l ium n,l*. 

Resumen. Uno de los efectos producidos  por  el choque  
tdrmico,  a t empera tu ras  supra6p t imas  y subletales,  sobre 
c61ulas mer is tem~t icas  de A. cepa es la apar ic i6n de 
cuerpos argent6fi los en el c i top lasma  de las c61ulas telo-  
fAsicas. Las caracter is t icas  c i toqu imicas  y u l t raes t ruc tu -  
rules de estos cuerpos pe rmi t en  ident i f icar los  con los 
cuerpos prenucleolares.  
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