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Pattern of calcium oxalate crystals. Nicotiana tabacum Linn., A1, healthy leaf; AI' , affected leaf; • 100. N. tabacum Linn., A2, healthy leaf; 
A(, affected leaf; • 400. Nicotiana rustica Linn., B, healthy leaf; B', affected leaf; • 100. Dendrobium, C, healthy leaf; C', affected leaf; • 100. 
Beta vulgaris var. cicla, D, healthy leaf; D', affected leaf; x 100. 

c rys ta l l ine  inorganic  c o m p o n e n t s  m a r k e d l y  d i f fe ren t  
f rom t h a t  in a h e a l t h y  p l a n t  of t he  same kind,  i t  is safe 
to  conc lude  t h a t  a t  leas t  some a b n o r m a l i t y  is p r e sen t  in  
t h e  m e t a b o l i c  s y s t e m  of subs t ances  in  t h a t  p l an t .  3. T h e  
p a t t e r n  of c rys ta l l ine  inorgan ic  c o m p o n e n t s  in  t he  h o s t  
p l a n t  can  become  an  i m p o r t a n t  i nd i ca to r  for p rob ing  the  

b e h a v i o r  of a v i rus  in t h e  hos t  p l an t .  Consequent ly ,  t he  
p a t t e r n  analys is  of c rys ta l l ine  inorgan ic  c o m p o n e n t s  m a y  
be expec ted  to m a k e  a cons iderab le  c o n t r i b u t i o n  in t he  
fu tu re  for t h e  e luc ida t ion  of t h e  p ro l i fe ra t ion  m e c h a n i s m  
of v i ruses  an d  f o r m a t i o n  m e c h a n i s m  of c rys ta l l ine  in-  
organic  componen t s .  

P o l y ( A )  A s s o c i a t e d  R N A  f r o m  M i t o c h o n d r i a  and M i c r o s o m e s  of Rat  Bra in  
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Summary. R a t  b ra in  m i t o c h o n d r i a  con t a in  a s igni f icant  p ropo r t i on  of poly(A) associa ted R N A  which  is h igher  t h a n  
t h a t  found  in mic rosomes  f rom the  same source. W h e n  s t e a d y  s t a t e  poly(A) R N A  of b r a i n  m i t o c h o n d r i a  was  ana lyzed  
b y  microelec t rophores is ,  i t  d i sp layed  a cha rac t e r i s t i c  s epa ra t i on  p a t t e r n  w i t h  a large a m o u n t  of ' free '  poly(A).  

Most  of e u k a r y o t i c  messenger  R N A ' s  a p p e a r  to  be  
assoc ia ted  w i t h  a p o l y a d e n y l a t e  s t r e t ch  a t  the i r  3" 
end2-5. W h e r e a s  t he  func t ion  of th i s  poly(A) ' ta i l '  is n o t  
comple t e ly  unde r s tood ,  i t  gives an  i m p o r t a n t  tool  for 
m R N A  isolat ion.  I n  fact ,  poly(A) associa ted  R N A  m a y  
be i so la ted  b i n d i n g  i t  specifically,  in cond i t ion  of h igh  
ionic s t r e n g t h ,  to  Mill ipore f i l ters  6, olygo(dT)-cel lulose 7 
or po ly (U) - sepharose  s. 

R e c e n t l y  t he  poly(A) assoc ia ted  f r ac t ion  of R N A  f rom 
r a t  b r a i n  po lysomes  was shown  to be v e r y  ac t ive  in a n  in 
v i t ro  p ro t e in  syn thes i s  s y s t e m  9. On t he  o the r  hand ,  micro-  
somal  poly(A) R N A  iso la ted  f rom the  b r a i n  of m y e l i n a t i n g  

r a t s  can  d i rec t  t h e  syn thes i s  of r a t  mye l in  encepha l i to -  
genic p ro t e i n  1~ These  resu l t s  ind ica te  t h a t  also the  b r a i n  
po tysomal  poly(A) associa ted  R N A  has  t h e  p roper t i es  
of messenger  RNA.  

Poly(A) assoc ia ted  R N A  was de t ec t ed  also in m i t o c h o n -  
dr ia  of H e L a  cells 11, l i  an d  t h o r o u g h l y  ana lyzed  for sedi- 
m e n t a t i o n  an d  e lec t rophore t i c  cha rac te r i s t i c s  13. As far  as 
we are aware,  no  s t u d y  on poly(A) R N A  in b ra in  mi to -  
c h o n d r i a  is a t  p r e s e n t  avai lable .  T h u s  we s tud ied  poly(A) 
associa ted  R N A  b i n d i n g  to  Mill ipore f i l ters  in mi tochon -  
dr ia  of r a t  b r a i n  w i t h  r ega rd  to  i t s  a m o u n t  an d  electro-  
phore t i c  charac te r i s t ics .  W e  s tud ied  as well for  compar i son  
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Pattern of separation of Millipore filter binding RNA from brain 
mierosolnes and mitochondria on 1.7% acrylamide --0.7% agarose 
and 3.5% acrylamide --0.7% agarose gels. About 0.01 o.d.u.260 were 
applied. The gels were run at 6~ under 10 volts/cm with an average 
current of 200 b~A/gel, 20' for the 1.7% and 30' for the 3.5% gel. oI!A 
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A) Poly(A) associated RNA from brain mitochondria run on a 1.7% 
aerylanlide --0.7% agarose gel. 
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B) Poly(A) associated RNA from brain n~itochondria run on a 3.5% 
a/:rylamide --  0.7 % agarose gel. 
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C) Poly(A) associated RNA from brain nlicrosomes run o17 a 1.7% 
acrylamide --  0.7 % agarose gel. 
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D) Poly(A) associated RNA from brain microsomes run on a 3.5% 
acrylamide --  0.7 % agarose gel. 

t h e  c h a r a c t e r i s t i c s  of  po ly (A)  R N A  f r o m  b r a i n  m i c r o s o m e s .  
W e  h a v e  c h o s e n ,  as  a t oo l  for  po ly (A)  R N A  i s o l a t i o n ,  

t h e  Mi l l ipore  f i l t e r  t e c h n i q u e  b e c a u s e  i t  is s i m p l e  a n d  s u i t -  
a b l e  for  i s o l a t i o n  of  po ly (A)  t a i l s  of  m o r e  t h a n  50 n u -  
c l e o t i d e s  l ong ,  as  a p p e a r s  t o  be  t h e  ca se  for  m i t o c h o n d r i a l  
po ly (A)  la 

F o r  t h e  e l e c t r o p h o r e t i c  a n a l y s i s  of  t i le  Mi l l ipo re  b i n d -  
i n g  R N A ,  we  h a v e  u s e d  a m i c r o m e t h o d  w h i c h  a l l ows  
a n a l y s i s  of  IRNA in  0.01 o .d .u .  260 a m o u n t s  1~. T h i s  e n -  
a b l e d  u s  to  a n a l y z e  u n l a b e l l e d  s t e a d y  s t a t e  po ly (A)  R N A  
of  b r a i n  m i t o c h o n d r i a  s t a r t i n g  f r o m  a r e a s o n a b l e  n u m b e r  
of  a n i m a l s  (4 r a t s  for  e a c h  e x p e r i m e n t ) .  

Methods .  P r e p a r a t i o n  of s u b c e l l u l a r  f r a c t i o n s  a n d  e x -  
t r a c t i o n  of  R N A .  M i c r o s o m e s  a n d  m i t o c h o n d r i a  w e r e  
p r e p a r e d  f r o m  g r o u p s  of 4 r a t s  of  a r o u n d  250 g w e i g h t  b y  
t h e  p r o c e d u r e  d e s c r i b e d  p r e v i o u s l y  14. R N A  w a s  e x t r a c t e d  
f r o m  t h e  2 f r a c t i o n s  b y  t h e  m e t h o d s  d e s c r i b e d  in  t h e  s a m e  
p a p e r .  

A d s o r p t i o n  of R N A  o n  Mi l l ipore  f i l t e r s .  A f t e r  one  w a s h  
b y  a l coho l i c  r e p r e c i p i t a t i o n ,  R N A  w a s  d i s s o l v e d  in  1 m l  
of  500 m M  KC1, 1 m M  MgC12, 10 m M  T r i s  ( p H  7.6) 6. 
2 a l i q u o t s  of  0.1 m l  we re  t a k e n  for  t h e  d e t e r m i n a t i o n  of  
t h e  o p t i c a l  d e n s i t y  of  t h e  s o l u t i o n  a t  260 n m  be fo re  t h e  
a b s o r p t i o n  on  Mi l l ipo re  (o.d. 1260) a n d  t h e  r e m a i n i n g  
0.8 m l  w e r e  p a s s e d  a t  10~  a t  t h e  s p e e d  of  0.5 m l / m i n  
t h r o u g h  a Mi l l ipo re  f i l t e r  p r e s o a k e d  in  t h e  s a m e  s o l u t i o n ,  
a c c o r d i n g  t o  t h e  t e c h n i q u e  of  BRAWERMAN e t  al.% T h e  
f i l t e r  w a s  t h e n  w a s h e d  3 t i m e s  w i t h  1 m l  of  t h e  bu f f e r .  
W e  a s s e s s e d  p r e v i o u s l y  t h a t  in  t h e  3rd  w a s h  v i r t u a l l y  n o  
m o r e  m a t e r i a l  is w a s h e d  f r o m  t h e  f i l ter .  Al l  t h e  f i l t r a t e s  
w e r e  c o l l e c t e d  a n d  t h e  f i na l  s o l u t i o n  w a s  b r o u g h t  t o  
e x a c t l y  5 m l  a n d  r e a d  a t  260 n m  in  t h e  s p e c t r o p h o t o -  
m e t e r  (o.d.  2260). T h e  p e r c e n t a g e  of  t h e  i n p u t  R N A  re-  
t a i n e d  o n  t h e  f i l t e r  w a s  c a l c u l a t e d  b y  t h e  f o l l o w i n g  for -  
m u l a  : 

0.8 x o.d.160 --  5 X o.d.~60 

0.8 X o.d.~6 0 

T h e  f i l t e r s  we re  t h e n  k e p t  a t  - - 8 0 ~  u n t i l  t h e  R N A  e lu -  
t i o n  s t ep .  

E l u t i o n  a n d  e l e c t r o p h o r e s i s  of  Mi l l ipore  b i n d i n g  R N A .  
T h e  e l u t i o n  of  b o u n d  R N A  f r o m  t h e  f i l t e r s  w a s  p e r f o r m e d  
a c c o r d i n g  to  t h e  p r o c e d u r e  of  BRAWERMA~V e t  al. 6. A f t e r  
t h e  e l u t i o n ,  R N A  w a s  p r e c i p i t a t e d  b y  e t h a n o l  a n d  r ed i s -  
s o l v e d  in  s a m p l e  b u f f e r  ~5 a t  a o . d . ~  0 of 10.0. 
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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). 

Wall Hydroxyproline and Growth of Georeactive Roots (Zea mays L.) 
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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. 


