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Morphological return from mitotic prophase to interphase induced by RNase in plant cells 

G. Garcfa-Herdugo and  M. E. Fern&ndez-Gdmez 

Deparlamenlo de Citologta, Instituto de Biologta Celular (C. S. I .  C.), Velazquez 144, Madrid 6 (spain), 11 March 1975 

Summary.  In  vivo t r e a t m e n t  of prophas ic  mer i s t emat ic  cells w i th  RNase  shows t h a t  t he  cytological  reac t ion  is s imilar  
to t h a t  p roduced  by  pro te in  synthes is  inhibitors,  and t h a t  t he  prophas ic  control  of p ro te in  synthes is  is earlier t h a n  
the  region where  prophas ic  R N A  is synthes ized.  

To elucidate  the  p a r t  p l ayed  by  R N A  and pro te ins  in t he  
var ious  s tages of t he  cell cycle, numerous  inves t iga t ions  
have  been  carr ied out  to s t u d y  the  effects p roduced  by  an 
inhibi t ion of R N A  and  pro te in  synthesis ,  using a va r i e t y  
of mater ia l s  and inhib i tors  1, e. 
The abi l i ty  of r ibonuclease  (RNase) to  produce  mi to t ic  
abnormal i t ies  has  been  repor ted  b y  several  au thors  3,4. 
The purpose  of the  p resen t  paper  is to  s t u d y  the  effect  of 
1RNase as an inh ib i to r  of p ro te in  synthes is  on p l an t  pro-  
phase.  
Material and methods. The mater ia l  used was  the  root  
mer i s tems  of All ium cepa L. The condi t ion  of the  cul- 
tures,  t i le cytological  labelling, and  s ta ined m e t h o d s  were 
descr ibed in a previous  pape rL  - To evaluate  t he  effi- 
c iency of the  RNase,  d i f ferent  bulbs  were incuba ted  wi th  
0.02 txCi/ml 10 -4 M ~C-leucine (with a specific ac t iv i ty  of 
344 txCi/mM). They  were considered control  bulbs,  while  
o thers  were incubated af te r  labell ing in the  same way  in 
solut ions conta in ing  RNase  f rom bovine  pancreas ,  
5 • crystal l ized,  t y p e  1-A (Sigma) a t  d i f ferent  concent ra -  

t ions  (100, 500 and  1000 ~g/ml). The concen t ra t ions  (mg) 
of t he  ~4C-leucine labelled p ro te in  (cpm) were de t e rmined  
in each case as prev ious ly  descr ibed 5. 
Results and discussion. 1. Compara t ive  effects  of RNase  
and  an R N A  synthes i s  inh ib i to r  on mi to t ic  prophase .  
Gonz&lez-Fern~ndez et  al. e, v used R N A  synthes is  inhibi-  
tors  to  d e m o n s t r a t e  the  exis tence  of R N A  synthes ized  
dur ing  p rophase  which  is involved in p l a n t  mitosis  pro-  
gression. In  order  to compare  the  effect  of RNase  and  
t h a t  of an R N A  synthes is  inh ib i to r  such as 3 ' A d R  (cor- 
dycepin) on mi to t ic  p rophase  synchronous  popula t ions ,  
we used synchronous  popula t ions  induced  b y  a caffeine 
t r e a t m e n t  0.1% dur ing  1 h. 
W h e n  the  b inueleate  popu la t ion  in i t ia ted  biprophase ,  t he  
roots  were sub jec ted  to  cont inuous  t r e a t m e n t  wi th  RNase  
or cordycepin  (figure 1). This  figure shows t h a t  cordycepin  
produces  an accumula t ion  and  blockage of ceils, the  per-  
centage of b iprophases  remains  c o n s t a n t  wi th  t ime, while 
in the  presence of RNase  no prophas ic  accumula t ion  is 
observed,  the  r ep resen ta t ive  curve peaking  and  subse- 
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Fig. 1. Evolution of the percentage of biprophases observed 24 h 
after the end of caffeine treatnlent on initiation of continuous treat- 
ment with RNase 500 [zm/ml of cordycepin 10 -4 M. Ordinatae: % 
of binucleate ceIIs in prophases. Abscissae : hours after caffeine treat- 
inent. Shaded area: 1 h 0.1% caffeine treatment. �9 Biprophases in 
the presence of RNase ; �9 biprophases in the presence of cordycepin. 
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Fig. 2. Effect of various concentration of RNa~e on protein synthesis. 
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Fig. 3. Effect of treatment with colchicine 0.1% and RNase 500/~g/ 
ml plus 0.1% colchicine as from the 24th h after the end of caffeine 
treatment. Ordinate % of binucleate cells. Abscissae: time in hours 
after termination of caffeine treatment. Shaded area: 1 h 0.1% 
caffeine treatment. 0% of biprophases in the presence of RNase + 
colehicine; 0 % of biprophases in the presence of colchicine; * % 
of bimetaphases in the presence of RNase + colehieine; �9 % of 
bimetaphases in the presence of colehicine. 
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q u e n t l y  fal l ing off. Th i s  t y p e  of cu rve  is s imi la r  to  t h a t  
obse rved  w h e n  t r e a t m e n t  is car r ied  ou t  w i th  p ro t e in  
syn thes i s  i nh ib i to r s  u n d e r  t he  same  e x p e r i m e n t a l  con-  
d i t ions  5. 
2. E v a l u a t i o n  of t he  i n h i b i t o r y  capac i t y  on  p ro t e in  syn-  
thesis .  I n  o rder  to  t e s t  t he  effect  of R N a s e  on  p ro t e in  
synthes is ,  3 c o n c e n t r a t i o n s  were t e s t ed :  100, 500 a n d  
1000 ~g/ml.  The  c r i te r ion  used to  q u a n t i f y  p ro t e in  syn-  
thes is  i nh ib i t i on  was to  consider  t he  r a d i o a c t i v i t y  ob- 
served  in t he  con t ro l  samples  as 0 % inh ib i t ion .  The  resul t s  
o b t a i n e d  are  se t  o u t  in  f igure 2 f rom which  we m a y  deduce  
t h a t  500 ~g/ml  of R N a s e  is a su i t ab le  concen t r a t i on ,  as i t  
gives 90% inh ib i t i on  ot t o t a l  p ro t e in  synthes is .  
3. Cytological  s t u d y  of R N a s e  as a p ro t e in  syn thes i s  in- 
h i b i t o r  in mi to t i c  p rophase .  The  i n h i b i t o r y  effect  of 
IRNase on  p ro t e in  syn thes i s  in  mi to t i c  p r o p h a s e  was ob- 
se rved  b y  us ing  a s ynch r onous  b inuc lea t e  p o p u l a t i o n  
p roduced  b y  caffeine a n d  RNase  500 ~xg/ml f rom the  
24 th  h a f te r  t he  end  of caffeine t r e a t m e n t .  Toge the r  w i th  
t he  enzyme,  we a d m i n i s t e r e d  colchicine 0.1% in con-  
t i nuous  t r e a t m e n t  in  o rder  to  observe  t he  m e t a p h a s e  
accumula t ion .  
F igure  3 shows t he  b e h a v i o u r  of t he  b inuc lea t e  p o p u l a t i o n  
on the  presence  of RNase-colchic ine ,  and  a compar i son  is 

m a d e  w i t h  i t s  b e h a v i o u r  in  t he  p r e s e n c e  of colchicine 
alone. The  same  figure d e m o n s t r a t e d  how a s imi la r  cu rve  
is o b t a i n e d  f rom the  evo lu t ion  of t he  re la t ive  n u m b e r  of 
b iprophases ,  b o t h  in con t ro l  samples  w i t h  colchicine and  
in the  samples  t r e a t e d  w i t h  enzyme-colchic ine .  The  bi-  
m e t a p h a s e  curve,  however ,  is  m a r k e d l y  dif ferent .  These  
resu l t s  s t rong ly  sugges t  t h a t  p r o p h a s e  in t he  presence  of 
R N a s e  n e i t h e r  go t h r o u g h  to  m e t a p h a s e  no r  r e m a i n  
b locked  in p rophase  b u t  r a t h e r  regress to  in t e rphase .  
Us ing  e x p e r i m e n t s  c o m b i n i n g  p ro t e in  syn thes i s  inh ib i to r s  
and  R N A  syn thes i s  inh ib i to rs ,  region of r e t u rn ,  was  
s i t ua t ed  ear l ier  t h a n  t he  region where  p rophas ic  R N A  is 
syn thes ized  (blocking region).  The  e x p e r i m e n t s  descr ibed 
in th i s  p a p e r  t hemse lves  r ea f i rm the  ear l ier  d e m o n s t r a -  
t ion,  s ince 1RNase ac ts  s imu l t aneous  as a 1RNA digest ive  
e n z y m e  a n d  as a p ro t e in  syn thes i s  ' i n h i b i t o r ' .  The  re- 
sponse  of t h e  synch ronous  p o p u l a t i o n  to R N a s e  t r ea t -  
m e n t  is t he  same as i ts  response  to  p ro t e in  syn thes i s  
inh ib i to rs .  
On the  o t h e r  h a n d ,  we obse rved  no i n h i b i t i o n  of m e t a -  
phase,  a n a p h a s e  a n d  t e lophase  processes  n o r  of cy to-  
kinesis,  wh ich  would  sugges t  t h a t  these  even t s  are de-  
p e n d e n t  ne i t he r  on R N A  nor,  in  the  s h o r t  te rm,  on  
p ro t e in  synthes is .  

Free  cho l ine  in s ea  urch in  e m b r y o s  ( P a r a c e n t r o t u s  l i v idus )  
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Summary. A sens i t ive  r ad i o - enzym a t i c  assay  for Choline, appl ied  to ex t r ac t s  of deve lop ing  sea u r c h i n  embryos ,  revealed 
t h a t  free chol ine in eggs declines d u r i n g  c leavage  and  rises a b r u p t l y  p rev ious  to gas t ru la t ion ,  i n d i c a t i n g  a n  i m p o r t a n t  
sh i f t  in  chol ine  m e t a b o l i s m  be tween  these  two stages.  

Choline ha s  th ree  m a j o r  roles in cel lular  phys io logy  and  
b iochemis t ry .  F i r s t  chol ine  occurs  in  a n i m a l  cell m e m -  
b r a n e s  as p h o s p h a t i d y I  choline,  a p r inc ipa l  c o m p o n e n t  of 
b o t h  p l a s m a  a n d  m i t o c h o n d r i a l  m e m b r a n e s .  A second 
func t ion  of chol ine  depends  on  i ts  ox ida t i on  b y  chol ine  
oxidase  to be ta ine ,  an  i m p o r t a n t  source of m e t h y l  groups  
in biological  m e t h y l a t i o n s .  A t h i r d  role for chol ine  is as 
p recursor  for ace ty lcho l ine  fo rmed  in t he  presence  of 
chol ine  acetylase.  

Whi le  m a m m a l i a n  cells receive t h e i r  r equ i red  chol ine  
f rom the i r  med ium,  e m b r y o s  deve lop ing  i n d e p e n d e n t l y  
of exogenous  n u t r i e n t s  con t a i n  phospho l ip id  reserves  in 
yo lk  a n d  o the r  organel les  and  these  reserves  are m e t a b -  
olized progress ive ly  d u r i n g  ear ly  deve lopmen t .  In  sea 
u rch in  e m b r y o s  a l t h o u g h  t he  ne t  a m o u n t  of phospho-  
l ipids is c o n s t a n t  d u r i n g  ear ly  d e v e l o p m e n t  t he  syn thes i s  
of phospho l ip ids  increases  sugges t ing  t h a t  new phos-  
phol ip ids  are m a d e  f rom the  d e g r a d a t i o n  p roduc t s  of 
those  in reserve1. 

Since knowledge  of t he  q u a n t i t i e s  of free chol ine  avai l -  
able  to  e m b r y o s  du r ing  d e v e l o p m e n t  could tell  us some- 
t h i n g  a b o u t  t he i r  r egu la t ion  of chol ine  m e t a b o l i s m  we 
h a v e  m e a s u r e d  t he  freely e x t r a c t a b l e  chol ine  f rom whole  
embryos  b y  means  of a h igh ly  sens i t ive  a n d  specific assay  
a n d  found  i m p o r t a n t  changes  in t he  a m o u n t s  of free 
chol ine  ava i l ab le  f rom e m b r y o s  a t  d i f fe rent  stages.  

Materials and methods. Eggs and  em br yos  of t he  sea 
u r c h i n  Paracentrotus lividus were e x t r a c t e d  in lots  of 
5000 e m b r y o s  a t  va r ious  d e v e l o p m e n t a l  s tages  in  per-  
chloric  acid a n d  neut ra l ized .  Dr ied  ex t r ac t s  were assayed  
b y  a r a d i o e n z y m a t i c  a s say  d e p e n d e n t  on chol ine  k inase  2. 

Choline k inase  was p r epa red  as descr ibed  b y  ACARA and  
RENNICK a. 

F i f t y  tzl of t h e  i n c u b a t i o n  m e d i u m  cons i s t ing  of 10 m M  
Tris buffer  a t  p H  9.5, 5 m M  MgSO 4, 0.1 m M  ATP,  2 ~g 
of pur i f ied  chol ine  k inase  and  1 tLCi of 3~P-ATP were 
mixed  w i t h  1 to  10 ~1 of d issolved e x t r a c t  f rom the  em- 
bryos.  The  samples  were i n c u b a t e d  3 h,  chi l led and  10 [zl 
of 0.045 M p h o s p h o r y l  chol ine  were added  to  each t u b e  
a n d  t he  en t i r e  m i x t u r e  p laced  on 2 ml  co lumns  of ]3ioRad 
A G  1-X8 (200-400 mesh) w h i c h  h a d  been  equ i l ib ra ted  
w i t h  10 m M  Tris, p H  11 in 10 m M  MgSO 4, 10 m M  N a F  
a n d  30 m M  NaC1. The  label led  p h o s p h o r y l  chol ine 
fo rmed  b y  t h e  reac t ion  of chol ine  w i t h  32P-ATP in t he  
presence  of chol ine  k inase  was e lu ted  f rom the  co lumn 
w i t h  7 ml  of Tris buffer  a t  p H  11, col lected in sc in t i l la t ion  
vials,  a n d  the  r a d i o a c t i v i t y  d e t e r m i n e d  b y  Cerenkov 
count ing .  Tr ip l i ca te  samples  of each  sea u r c h i n  ex t rac t ,  
w i t h  and  w i t h o u t  added  choline,  were ana lyzed  to t e s t  
for a n y  i n h i b i t i o n  of t he  assay  sys t em caused  b y  the  
ex t rac t .  

Results and discussion. The  d e v e l o p m e n t a l  p a t t e r n  of 
t he  free chol ine  in sea u r c h i n  e m b r y o s  is shown  in t he  
Figure.  The  unfer t i l i zed  eggs c o n t a i n  0.2 picomoles  
chol ine  pe r  egg, which  cons t i t u t e s  a r e l a t iv ly  large reser- 

1 H. MOHRI, Biol. Bull. 126, 440 (1964). 
2 D. R. HAUBRICH and W, D. REID, Handbook o/Chemical Methods 

o/Assay of Acetylcholine and choline (Ed, I. HANIN; Raven Press, 
New York 1974), p. 33. 

3 M. AOARA and B. RENNICK, Am. J. Physiol. 225, 1123 (1973). 


