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R o l e  o f  G o l g i  V e s i c l e s  i n  P l a n t  C e l l  E l o n g a t i o n  

Accord ing  to JENSEN x cell e longa t ion  is c h a r a c t e r i z e d  
b y  low m e t a b o l i s m  w i t h  r educed  p r o t e i n  syn thes i s ,  
m a r k e d  a b s o r p t i o n  of w a t e r  b y  t h e  cells a n d  syn thes i s  of 
m a t e r i a l  de s t ined  for cell wal l  fo rma t ion .  I n  t h e  roo t  cells, 
on ly  t he  l o n g i t u d i n a l  walls  are  l eng thened ,  whi le  t h e  
vacuo le  s y s t e m  evolves  in  a spec t acu l a r  fash ion .  

The  c inemic rog raph i c  s t u d y  ca r r ied  ou t  b y  GOODWIN 
a n d  AVERS ~ w i t h  t h e  roo ts  of P h l e u m  pratense, showed  
t h a t  t h e  e p i d e r m a l  cells were  capab l e  of g rowing  to  10 
t imes  t h e i r  in i t ia l  size on  r each ing  t h e  a rea  of d i f fe ren t ia -  
t i on  w i t h i n  a pe r iod  of 6 h. I t  follows t h a t  e longa t ion  is 
c h a r a c t e r i z e d  n o t  on ly  b y  t h e  t r e m e n d o u s  r a t i o  of mul t i -  
p l ica t ion ,  b u t  also b y  t he  r a t e  a t  w h i c h  t h e  process  t a k e s  
place,  w h i c h  can  be  c o m p a r e d  on ly  w i t h  t h e  g r o w t h  of 
r oo t  ha i r s  or  w i t h  t h e  g e r m i n a t i o n  of po l len  gra in .  

T h e  a im  of th i s  p a p e r  is to  s t u d y  t h e  g r o w t h  of t h e  
l ong i t ud ina l  walls  of t he  cell d u r i n g  t h e  r ap id  process  of 
e longa t ion .  

The  roo ts  of Phalar i s  canariensis  were  used,  g e r m i n a t e d  
in t h e  d a r k  a t  r o o m  t e m p e r a t u r e .  T h e  a rea  of e l o n g a t i o n  
was  loca ted  in  v ivo  w i t h  a l igh t  microscope  as  b e i n g  be- 
t w e e n  700 a n d  1200 /~, a n d  th i s  was  t h e  a rea  w h i c h  was  
used  to  o b t a i n  u l t r a f ine  sec t ions  for t h e  e lec t ron  micro-  
scope. The  roots  were f ixed in p o t a s s i u m  p e r m a n g a n a t e  
a t  2 %  in d is t i l led  w a t e r  for 2 h a t  r o o m  t e m p e r a t u r e .  
Af te r  c o n t r a s t i n g  in  l e a d - u r a n y l  a c e t a t e  ~ t h e  s amples  were  
i nc luded  in D u r c u p a n  ACM (Fluka) .  T h e  sec t ions  were  
o b t a i n e d  w i t h  a n  U l t r a t o m  L .K .B .  a n d  were  s tud ied  u n d e r  
a S iemens  E h n i s k o p  I. e lec t ron  microscope.  
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f d t  

Elongating cells of the root cortex showing a number of small Golgi 
vesicles; some of them can be observed to fuse with the cell walls 
(arrows). 

E x a m i n a t i o n  of t h e  mod i f i ca t ions  u n d e r g o n e  by  the 
co r t ex  cells d u r i n g  e longa t ion  showed  t h e  vacuo les  system 
d e v e l o p i n g  in  t h e  m a r k e d  f a sh ion  w h i c h  was  already 
k n o w n  f rom o b s e r v a t i o n s  u n d e r  t h e  l igh t  microscope.  The 
cell walls  showed  a m a r k e d  c o n t r a s t  charac te r i s t i c  0I 
pec t ic  s u b s t a n c e s  sugges t ing  t h a t  t h e  p r i m a r y  cell wall 
p r e s e n t s  a cons ide rab l e  a m o r p h o u s  m a t r i x  d u r i n g  elonga- 
t ion .  T h e  m o s t  p r o m i n e n t  c h a r a c t e r i s t i c  was  t h e  intense 
sec re to ry  a c t i v i t y  s h o w n  b y  t h e  Golgi  bodies ,  a t  the 
edges of wh ich  smal l  vesicles,  of a b o u t  0.1 p, were 0t~ 
served,  cons i s t ing  of a u n i t  m e m b r a n e  a n d  a n  amorphous 
c o n t e n t  t h a t  c o n t r a s t e d  s t rong ly  w i t h  t h e  permanganate  
(Figure) .  T h e  morpho log ica l  cha rac t e r i s t i c s  of t he se  vesi- 
cles a re  iden t i ca l  w i t h  t hose  o b s e r v e d  in  t h e  vesicles 
p r o d u c e d  in t h e  Golgi a p p a r a t u s  d u r i n g  cy tok ines i s  4,5 and 
t h e i r  c o n t e n t  is p r o b a b l y  v e r y  r ich  in  pec t ic  substances. 
T h e  c y t o p l a s m  showed  n u m e r o u s  d i spersed  vesicles in 
these  cases, some of w h i c h  were  obse rved  to  be  fusing 
w i t h  t h e  l o n g i t u d i n a l  walls  in  course  of e longa t ion  (Figure). 
T h e  m e m b r a n e  of t he se  vesicles  was  seen  t o  coalesce with 
t h e  p l a s m a  m e m b r a n e  a n d  t h e  c o n t e n t  to  ming le  w i th  the 
a m o r p h o u s  m a t r i x  of t h e  cell wall.  

These  o b s e r v a t i o n s  agree  w i t h  t h e  ind ica t ions  0f 
SIEVERS' s t u d y  e in  ass ign ing  to  t h e  Golgi a p p a r a t u s  an 
i m p o r t a n t  p a r t  in  t h e  f o r m a t i o n  of t h e  p r i m a r y  cell wall 
I n  t h e  case of t h e  roo t  ha i r s  SIEVERS showed  t h a t  the 
vesicles  p roduced  b y  t h e  Golgi  bod ies  fused  w i t h  t h e  w~ 
in t h e  ap ica l  region of t h e  cell, t h u s  s u p p l y i n g  the 
m a t e r i a l  needed  for t h e  r ap id  g rowth .  T h e  p a r t  p layed  by 
t h e  Golgi  a p p a r a t u s  in  t h e  f o r m a t i o n  of t h e  cell plate 
d u r i n g  cy t o k i n e s i s  h a d  l ikewise been  d e m o n s t r a t e d  a,5, as 
wel l  as in  t h e  g r o w t h  of t h e  pol len  t u b e  7-n .  

Resumen.  La  r~p ida  e longac i6n  de las  c61ulas durante 
la d i fe renc iac i6n  se debe,  e n t r e  o t ros  mot ivos ,  a u n  incm 
m e n t o  de  la  m e m b r a n a  e n v o l v e n t e ;  es te  i n c r e m e n t o  es 
or ig inado  p o r  el a p o r t e  de ves icu las  del  a p a r a t o  de  Golgi 
c u y a s  m e m b r a n a s  coa lecen  con  el p l a s m a l e m a  y su con- 
t e n i d o  se depos i t a  e x t e r n a m e n t e  j u n t o  al m a t e r i a l  am0rf0 
de la m e m b r a n a .  
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