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Percentage of Millipore filter binding RNA in some rat brain cyto- 
plasmic fractions 

Fraction No. of experiments % 

Mierosomes 7 5.8 i 0.9 

Mitoehondria 7 7.7 :t2 1.7 

R N A  was f r a c t i o n a t e d  b y  microe lec t rophores i s  in 
0.01 o.d.u.e60 a m o u n t s  on  a) 1.7% ac ry lamide  - -0 .7% 
agarose  gels for analys is  of t he  whole  r ange  of R N A  
molecules  (from 2.4 • 104 to 10 • 106 Dal tons) ,  b) 3 .5% 
ac ry l amide  - -0 .7% agarose  for analys is  of R N A  in t he  low 
m o l e c u l a r  we igh t  range,  accord ing  to a p rocedure  de- 
scr ibed p rev ious ly  15. 

Calcu la t ion  of t h e  SE a n d  molecu la r  we igh t  va lues  f rom 
e lec t rophore t i c  da ta .  The  SE va lues  were ca lcu la ted  on  the  
basis  of a l inear  r e l a t ionsh ip  be t w een  log SE and  mobi l i ty .  
Analogous ly ,  t h e  M.W. va lues  were ca lcu la ted  a s suming  a 
l inear  r e l a t ionsh ip  b e t w een  log M W  a n d  mobi l i ty .  The  
reference  values  were p rov ided  b y  4S, 18S a n d  28S R N A  
for t he  1 .7% ac ry l amide  gel and  b y  4S a n d  18S R N A  for 
t h e  3 .5% gel. W h e n  such  b a n d s  were n o t  c lear ly  d is t in -  
gu i shab le  on t he  poly(A) assoc ia ted  R N A  p a t t e r n  t h e i r  
pos i t ions  were t a k e n  f rom a para l le l  gel r u n  w i th  a sample  
of mic rosomal  RNA.  

Results and discussion. A ce r t a in  p ropor t i on  of b r a i n  
m i t o c h o n d r i a l  R N A  appea r s  to  be assoc ia ted  w i t h  a 
poly(A) s t r e t ch  as can  be seen b y  its b i nd i ng  to Mill ipore 
f i l ters  in a buf fe r  of h igh  ionic s t r eng th .  Moreover ,  such  a 
p r o p o r t i o n  appea r s  to  be  s l igh t ly  h ighe r  t h a n  in b r a i n  
mic rosomes  (Table).  

Poly(A) associa ted  R N A  f rom b ra in  m i t o c h o n d r i a  was  
f r a c t i o n a t e d  b y  microe lec t rophores i s  on  agarose-acry l -  
amide  gels as r epo r t ed  in F igures  A a n d  B. On a large 
pore  gel, such  R N A  appea r s  to  be  r a t h e r  he t e rogeneous ly  
d i s t r i b u t e d  b e t w e e n  some 14 SE and  s o m e t h i n g  lower 
t h a n  4 SE w i t h  a smal l  p e a k  a t  a b o u t  13 SE (Figure A). 
I n  o rder  to  h a v e  a b e t t e r  resolut ion,  th i s  R N A  was run  
on  a more  c o n c e n t r a t e d  gel as shown  in F igure  B. Here  
we could resolve two discre te  species w i t h  SE of a b o u t  13 
a n d  11, a r a t h e r  b r o a d  p e a k  a t  7 SE and  a he te rogeneous  
b a n d  w i t h  i ts  m a x i m u m  a t  an  SE va lue  s l ight ly  lower t h a n  
4. 

F igure  C a n d  D show t he  f r a c t i o n a t i o n  p a t t e r n s  of 
poly(A) R N A  f rom b r a i n  microsomes  on t he  large a n d  

smal l  pore  gels. This  R N A  presen t s  a he t e rogeneous  dis- 
t r i b u t i o n  r ang ing  f rom some 8 to a b o u t  30 SE w i t h  in 
a d d i t i o n  a smal l  b a n d  of h igh  molecu la r  we igh t  (5.0 • 106 
Dal tons) ,  as shown  in F igure  C. W h e n  i t  was f r a c t i o n a t e d  
on  a 3 .5% ac ry l amide  - -0 .7% agarose  gel, a l lowing  a 
h ighe r  reso lu t ion  in t he  4 S - 1 8 S  range,  we could recognize  
2 low molecu la r  we igh t  b a n d s  w i t h  SE values  of 15 and  
12-13. 

These  resul t s  show t h a t  a s ign i f ican t  p r o p o r t i o n  of 
poly(A) associa ted  R N A  is p re sen t  in b r a i n  m i t o c h o n d r i a ;  
i t  does n o t  o r ig ina te  en t i r e ly  f rom mic rosoma l  c o n t a m i n a -  
t ion  as can  be infer red  f rom i ts  h igher  c o n c e n t r a t i o n  and  
i ts  d i s t r i bu t i on  which,  r ang ing  f rom some 14 to a b o u t  4 SE 
(Figure A), is qu i te  d i f fe ren t  f rom t h a t  of i ts  m ic rosoma l  
c o u n t e r p a r t .  I t s  specific e lec t rophore t i c  p a t t e r n  also dif- 
f e ren t i a t e s  i t  c lear ly  f rom t o t a l  m i t o c h o n d r i a l  R N A  whose  
d i s t r i b u t i o n  is comple te ly  d i f fe ren t  on the  2 types  of gels 
cons idered  here.  

The  fac t  t h a t  m i t o c h o n d r i a l  poly(A) R N A  of t he  b r a i n  
ranges  f rom 14 to 4 SE is in  reasonab le  a g r e e m e n t  w i t h  the  
f indings  of OJALA and  ATTARDI la, who found  t h a t  pulse 
label led  poly(A) R N A  f rom H e L a  cell m i t o c h o n d r i a  is 
smal ler  t h a n  12 S w h e n  ana lyzed  u n d e r  d e n a t u r i n g  con- 
di t ions.  However ,  3 d iscre te  b a n d s  w i th  SE va lues  of 7, 
11 and  13 could be  de t ec t ed  (Figure B) where  t he  f i rs t  of 
t h e m  seems to co r respond  to t he  m a j o r  d iscre te  b a n d  
found  b y  OJALA and  ATTARDI la. 

Moreover ,  in our  p r epa ra t i on ,  wh ich  concerns  s t e a d y  
s t a t e  poly(A) R N A  f rom whole  mi tochondr i a ,  t h e r e  is a 
large  a m o u n t  of low molecu la r  we igh t  ma te r i a l  p e a k i n g  
a t  an  SE va lue  s l igh t ly  lower t h a n  4 (Figure B). This  
m a t e r i a l  does n o t  seem to cor respond  to b r e a k d o w n  
a r t i f ac t s  because  of i ts  absence  in t he  co r re spond ing  pre-  
p a r a t i o n  f rom microsomes  a n d  its h igh  reproduc ib i l i ty .  I t  
is more  p r o b a b l y  ' free '  m i t o c h o n d r i a l  poly(A) wh ich  was 
de t ec t ed  p rev ious ly  in m i t o c h o n d r i a  f rom H e L a  ceils a n d  
which  was descr ibed to  m ig ra t e  a l i t t le  fas te r  t h a n  4 S 
m i t o c h o n d r i a l  t r ans f e r  R N A  12. 

The  Mill ipore b ind ing  R N A  f rom b r a i n  microsomes,  
p r e s e n t i n g  a he t e rogeneous  d i s t r i b u t i o n  be tween  8 and  
30 SE (Figure C), appea r s  to  be ana logous  to t h e  R N A  
which  can  be  isola ted b y  t he  same t e c h n i q u e  f rom mouse  
s a r coma  polysomes6.  Microsomal  Mill ipore b i n d i n g  R N A  
f rom b r a i n  p re sen t  also some discre te  bands ,  2 of low 
molecu la r  we igh t  (12-13 a n d  15 SE) a n d  1 of qu i t e  h i g h  
molecu la r  we igh t  (5.0 • 106 Dal tons) .  

l~ A. CUPELLO and H. I-IYDI~Ir Neurobiology 5, 129 (1975). 
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Summary. For  tile g r ow i ng  maize  roots  t he  increase  of the  c o n t e n t  of wal l  h y d r o x y p r o l i n e  was r e l a t ed  to  a decrease  of 
t he  roo t  e longa t ion  an d  vice-versa .  For  t he  georeac t ive  roots  t he  wall  h y d r o x y p r o l i n e  level  was lower in the  uppe r  p a r t  
wh ich  e longates  more  t h a n  t he  lower  p a r t  c o n t a i n i n g  more  wal l  hyd roxypro l ine .  

I t  h a s  been  largely  d e m o n s t r a t e d  t h a t  pro te ins ,  charac-  
t e r i zed  b y  a h i g h  level  in h y d r o x y p r o l i n e  (OH-PRO) ,  are 
f i rmly  associa ted  w i t h  cellulose microf ibr i l s  in p l a n t  cell 
walls  1. The  n a t u r e  of these  p ro te ins  is sti l l  u n k n w o n  b u t  
a few papers  h a v e  d e m o n s t r a t e d  a cor re la t ion  b e t w e e n  t he  
increase  of the  O H - P R O  c o n t e n t  of t he  wal l  a n d  t he  

decrease  of cell e longa t ion  ~-6. The  loss b y  the  wal l  of i ts  
ab i l i ty  to  e x t e n d  m i g h t  be  due to a rise in t he  O H - P R O -  
O-a rab inos ide  g lycopept ides  cross l inkages  w i t h  t he  cellu- 
losic f r amework1 ;  b u t  t he  d i rec t  i n t e r v e n t i o n  of OH-  
P R O  as t he  s t r e n g t h e n i n g  a g e n t  of t he  cell wall  has  no t  
ye t  been  c lear ly  p roved  6. 
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The aim of the  p resen t  expe r imen t s  was to inves t iga te  
the  wall O H - P R O  con t en t  for the  uppe r  and lower halves  
of geotropical  maize roots .  The downward  cu rva tu re  of 
these  roots  arises f rom the  ex tens ion  ra te  of the  lower p a r t  
being depressed much  more  t h a n  t h a t  of the  upper  p a r t  v, a. 
Such asymmet r i ca l  g rowth  has  to be re la ted to the  produc-  
t ion,  by  the  root  cap, of some g rowth  inhibi tors  (seeg) 
which  move  bas ipe ta l ly  f rom the  t ip  to  the  ex tend ing  
zone of roo t  1~ and also la tera l ly  inside the  hor izonta l  
root  apex  ~2. On the  o ther  hand ,  the  gradients  of the  wall 
O H - P R O  were previously  r epor ted  for similar maize roots  
when  growing in ver t ica l  pos i t ion 13. 

Selected caryopses  of Z e a  m a y s  L. cv. Bielvedon 33 
were grown in darkness  (22~ W h e n  the  p r ima ry  roots,  
which  e longated  vert ical ly,  reached 15 ~- 3 mm,  the  10 
nc 0.2 m m  apical  segments  were cut  and m o u n t e d  on 
plast ic  f rames wi th  the i r  basal  cut  ends  covered wi th  
mois t  buffered  (pH 6.1) fi l ter paper .  The f rames were 
placed in closed boxes (22 ~c 1 ~ in which  a h u m i d  at-  
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Fig. I. Elongation (in inin) and wall OH-PRO content (in [xg per 
100 mg of the wall fraction dry weight) of the extending zone (cor- 
responding to the bending part of similar georeactive roots) of vertical 
maize roots. 
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Fig. 2. Growth rate (in mm per 4 h) and wall OH-PRO content 
(in [xg per 100 mg of the wall fraction dry weight) of the upper and 
the lower halves of the georeactive zone of maize root segments, 
placed (at 0 h) in horizontal position. 

mosphere  (90 ~ 5%) was main ta ined .  All segments  
were kep t  in whi te  l ight  (0.9 ~: 6.10 2 j m 2 s-Z). Elon-  
gat ion was recorded by  making  shadow p h o t o g r a p h s  
magnif ied  3.5 t imes ;  the  s t a n d a r d  error  assessed b y  the  
t - tes t  were no t  h igher  t h a n  12%. All technica l  da t a  were 
discussed elsewhere14. Wal l  O H - P R O  co n t en t  was deter-  
mined  af ter  14 h of hor izonta l  (or vertical)  p resen ta t ion  
of tile root  segments .  The georeact ive p a r t  was carefully 
cu t  in to  upper  and lower halves  and  the  cor responding  
zone of the  control  (vert ical  roots) was also p repa red  by  
cu t t i ng  2 equal  par ts .  The cell wall  f rac t ion was ob ta ined  
b y  the  t echn ique  proposed  by  RIDGE and OSBORNE 3 and 
O H - P R O  was analyzed,  according to ]~ERGMAN and  
LOXLEY 15, in neut ra l ized  and concen t r a t ed  hydro lysa tes  18. 

Resul ts ,  re la ted  to  the  rect i l inear  growing root  seg- 
ment ,  are repor ted  in Figure  1. As can be seen, dur ing the  
f irs t  4 h, a low init ial  e longat ion occurs, followed (at least  
for the  n e x t  10 h) by  a rap id ly  increasing growth.  The 
f irs t  s tep  observed - which  could be a p r e p a r a t o r y  phase  - 
cor responds  to  an increase of t he  wall O H - P R O  level. 
Then  O H - P R O  co n t en t  s ignif icant ly  decreases when  the  
g rowth  ra te  increases. Quite  similar results  were ob ta ined  
for the  upper  and lower halves  of t he  bend ing  zone of the  
geotropical ly  s t imula ted  root  segments ;  t h e y  are given in 
Figure  2. I t  can be not iced  t h a t  the  upper  pa r t  of root  
segments ,  for which  ex tens ion  is higher,  conta ins  less 
O H - P R O  t h a n  the  lower halves  which  e longates  less. 
For  b o t h  root  pa r t s  tes ted ,  the  increased g rowth  ra te  
exac t ly  cor responds  to  a s ignif icant  decrease on the  OH- 
P R O  level. This has to  be re la ted to  the  size changes  in the  
p a r e n c h y m a  cells - d i rec t ly  d e p e n d a n t  on the  inhib i t ing  
subs tances  formed in t he  root  cap 9,zl _ which  are in- 
creasing more  rap id ly  in the  upper  p a r t  of the  bending  
zone t h a n  in the  lower 1% 

In  conclusion, the  inverse corre la t ion be tween  w a l l  
O H - P R O  con ten t  and g ro w t h  of roo t  cells is s t r ic t ly  full- 
filled. However ,  such a s t a t e m e n t  is no t  so clear for the  
root  segments  ana lyzed  dur ing  the  f irs t  hours  of the i r  
e longat ion period. Bu t  th is  p r e p a r a t o r y  phase  has  to  be 
discussed cri t ical ly:  cu t t i ng  and m o u n t i n g  the  segments  
m a y  have  some immed ia t e  t r a u m a t i c  consequences  and 
the  adap t a t i on  of th is  p l an t  mate r ia l  to  t he  new growing 
condi t ions  has also to be considered.  Some general  ques- 
t ions  have  still to  be solved. Is O H - P R O  itself d i rec t ly  
impl ica ted  in the  ex tens ib i l i ty  of t he  wall, or is the  whole 
wall g lycoprote in  concerned  ? Is O H - P R O  accumula t ion  
due to  an increased fo rma t ion  of one wall compound ,  or 
to the  synthes is  of some new OH-PRO-r i ch -g lycopep t ide  
which  specifically inhib i t s  the  wall ex tens ion  ? Dur ing  this  
wall extension,  which  acid-labile l inkages are modif ied ? 
and  is O H - P R O  par t i c ipa t ing  in some of these  cross- 
br idges  ? All these  ques t ions  will r emained  unanswered  
unt i l  t he  wall g lycoprote in  can be isolated and ent i re ly  
character ized.  
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