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The  pu rpose  of t he  p r e sen t  i n v e s t i g a t i o n  was no t  t h a t  
of s t i m u l a t i n g  or i nduc ing  m i t o t i c  a c t i v i t y  in  l emon  f ru i t  
e x p l a n t s  as a n  end  in  i tself  b u t  r a t h e r  to  i n v e s t i g a t e  t h e  
r e l a t i onsh ip  be tween  t h e  endogenous  a n d  exogenous  
n u t r i e n t  fac tors  assoc ia ted  w i t h  t he  t r a n s f o r m a t i o n  of 
qu iescen t  cells in  v ivo  in to  m i t o t i c a l l y  ac t ive  cells in 
v i t ro .  T h u s  t he  p r inc ip le  of t h o u g h t  u n d e r l y i n g  t he  p r e s en t  
i n v e s t i g a t i o n  is well  expressed  b y  t he  fo l lowing q u o t a t i o n  
f rom FILNER2~: ' W o u l d n ' t  i t  be nice to  h a v e  sys t ems  in 
wh ich  a d e v e l o p m e n t a l  e v e n t  is i n i t i a t ed  b y  a me tabo l i t e ,  
p a r t i c u l a r l y  one whose  b i o c h e m i s t r y  is well  k n o w n  ? 
Then ,  w i t h  a l i t t l e  b i t  of luck,  p e r h a p s  t he  si te  of i n i t i a t i on  
and  t he  cha in  of b iochemica l  s teps  l ead ing  to  t h e  develop-  
m e n t a l  e v e n t  would  be found  in t he  k n o w n  b i o c h e m i s t r y '  2e. 

Zusammen/assung. Nachweis  e iner  Mi tose -Akt iv i t / i t  bei  
Z i t r o n e n f r u c h t - G e w e b e s c h n i t t e n ,  die auf  e inern Calcium- 

K a l i u m - S a c c h a r o s e - M e d i u m  ohne  ande re  b e k a n n t e  N/ihr-  
s u b s t a n z e n  beb r f i t e t  wurden .  
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O b s e r v a t i o n s  o n  N u c l e o l a r  S t a i n i n g  w i t h  O s m i u m  T e t r o x i d e  

A s imple  t e c h n i q u e  for nuc leo la r  s t a in ing  in p l a n t  cells, 
based  on  t he  o s m i u m  t e t r o x i d e  (OsO4) f ixa t ion ,  has  been  
r epo r t ed  b y  BATTAGLIA and  MAaGINI ~. The  app l i ca t i on  of 
t h i s  t e c h n i q u e  has  a l lowed us to  s t u d y  t he  t o p o g r a p h i c  
d i s t r i b u t i o n  of t he  osmiophi l ic  c o m p o n e n t  in  n o r m a l  an d  
segrega ted  nucleol i  of A llium cepa m e r i s t e m a t i c  cells 2, 3. 
The  m e c h a n i s m  of nuc leo la r  s t a in ing  w i t h  OsO~ r ema i n s  
u n k n o w n ,  a l t h o u g h  a r eac t i on  be tween  OsO 4 an d  un-  
s a t u r a t e d  l ipids  has  been  sugges ted  ~, 4. W e  here  p r e s e n t  
some o b s e r v a t i o n s  in r e l a t i on  to a m e c h a n i s m  wh ich  
could accoun t  for nuc leo la r  s t a in ing  w i t h  OsO 4. 

Materials and methods. Root s  of A llium cepa bu lbs  
g rowing  in t a p  w a t e r  a t  r oom t e m p e r a t u r e  were f ixed 
w i t h  OsO 4 for 3-10 m i n  in one of t h e  fol lowing so lu t ions :  
a) 1% in dis t i l led  w a t e r ;  b) 5% in dis t i l led w a t e r ;  c) 2 .5% 
in 0.1 2// p h o s p h a t e  buf fe r  a t  p H  7.0, a n d  d) 2 .5% in 
0.4 N NH~. O t h e r  f ixa t ives  were also used:  e) 5% formal -  
dehyde  in 0.1 M p h o s p h a t e  buf fe r  a t  p H  7.0 for  30 rain,  
fol lowed by  OsO 4 as in  b) ; f) 1 h in  96% e thanol ,  fol lowed 
b y  50% a n d  25% e thanol ,  d is t i l led  w a t e r  a n d  t h e n  OsO 4 
as in b). Af te r  f i xa t i on  an d  w as h i n g  in  d is t i l led  w a t e r  t he  
s amples  were h e a t e d :  g) a t  60~ d u r i n g  15 m i n ;  h) a t  
80~ d u r i n g  5 m i n ;  i) a t  100~ d u r i n g  2 rain,  or j) t r e a t e d  
10 m i n  w i t h  1% p - p h e n y l e n d i a m i n e  in 70% e t h a n o l  5. 

Before  t h e  OsO~ t r e a t m e n t ,  e x t r a c t i v e  p rocedures  a n d  
e n z y m a t i c  d iges t ions  were car r ied  o u t  as follows: k) 
RNase ,  1 m g / m l  in 0.1 M p h o s p h a t e  buf fe r  a t  p H  7.0, 
1-2  h a t  r oom t e m p e r a t u r e  or a t  37~ fol lowed b y  
w as h i n g  in 5% cold perchlor ic  acid for 10 m i n ;  1) t ryps in ,  
1 m g / m l  in dis t i l led  w a t e r  a t  p H  a d j u s t e d  to 8 w i t h  0.01 N 
NaOH,  1 h a t  37~ m) 5% perch lor ic  acid,  16 h a t  4~ 
n) abso lu te  e t h a n o l  1 h, fol lowed b y  ch lo ro fo rm for 
3-48 h, a n d  t h e n  abso lu te ,  96%,  70% a n d  50% e t h a n o l ;  
o) 5 N HC1, 1 h a t  r o o m  t e m p e r a t u r e  ; p) DNase ,  1 m g / m l  
in 0.1 M p h o s p h a t e  buffer  a t  p H  7.0, 2 -4  h a t  37~ 

Af te r  all t hese  p rocedures  t h e  roo t - t i p s  were f l a t t e n e d  
in 1-2 drops  of d is t i l led  water .  The  Feu lgen  r eac t i on  was 
car r ied  ou t  in  roots  p rev ious ly  f ixed for  10 ra in  as in  b). 
Af te r  a 10 ra in  hydro lys i s  in  1 N HC1 a t  60~ t h e  roo ts  
were t r e a t e d  w i t h  t h e  Schiff ' s  r e ag en t  for 30 min .  Some 
samples  f ixed as in  c) an d  t r e a t e d  as in g) or j), were 
d e h y d r a t e d  in alcohols  a n d  e m b e d d e d  in  3/[araglas. 
T h i n  sect ions  were o b t a i n e d  w i t h  a P o r t e r  B l u m  micro-  
t o m e  a n d  obse rved  in a Zeiss 9A elect ron microscope  
w i t h o u t  s ta in ing .  O t h e r  sect ions  were s t a ined  w i t h  u r a n y l  
a ce t a t e  an d  lead c i t r a t e  as usua l ly .  

Results and discussion. The  o b s e rv a t i o n s  are s u m m a r i z e d  
in t h e  Table .  A n y  of t h e  OsO~ f ixa t ions ,  fol lowed b y  a n y  
of t h e  h e a t i n g  p rocedures  or b y  t h e  t r e a t m e n t  w i t h  

Fig. 1. Allium cepa root-tip cells after osmium staining. 
Fig. 2. Greater magnification of an osmium-stained cell, showing 
the high contrast of the nuleolus (arrow). 
Fig. 3. RNase digestion before OsO 4 fixation. Notice the unstained 
nucleolus (arrow). 
Fig. 4. Ethanol fixation and tryipsin digestion before osmium 
staining. The nucleolus appears slightly stained (arrow). 
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Osmium staining in light microscopy after severn experimental procedures 

EXPERIENTIA 30/7 

Fixations or/and pretreatments OsO 4 treatment Post-treatment Staining degree 

Nucleolus Chromatin Cytoplasm 

(a,b, c, d) (g, h,i,j) + + +  -- + +  
(b) 4- -- -- 

Formaldehyde (e) (b) (i) + + + + -b + 
Ethanol (f) (b) (i) + + + -- + + 
RNase (k) (b) (i) -+- -- -- 
Ethanol (f), RNase (k) (b) (i) -- -- i 
Ethanol (f), perchloric acid (m) (b) (i) -- + + + i 
Formaldehyde (e), trypsin (1) (b) (i) + -- + 
Ethanol (f), trypsin (1) (b) (i) + + -- + 
Ethanol (f), chloroform (n) (b) (i) + + + • + + 
Ethanol (f), HC1 (o) (b) (i) -- + + + -- 
Ethanol (f), DNase (p), HC1 (o) (b) (i) -- -- -- 

Letters refers to the treatmelats detailed ill material and methods. 

p -pheny lend iamine ,  resul ts  in a da rk  b rown s ta in ing  of 
the  nucleol i  (Figures 1 and 2). The cy top lasm appears  
b rown  and  the  nuclear  con t en t  remains  uns ta ined .  
W i t h i n  te lophase  nuclei, the  occurrence of b rown-  
s ta ined prenucleolar  bodies  can also be observed.  Mitotic  
chromosomes  appear  uns ta ined  bu t  t hey  are out l ined by  
the  s ta ined  cy toplasm.  

The lack of hea t ing  af ter  the  OsO 4 t r e a t m e n t  resul ts  in a 
ve ry  pale s ta in ing  of t he  nucleolus.  P re f ixa t ion  can 
modi fy  the  s ta in ing p a t t e r n  ( formaldehyde)  or no t  
(ethanol). T r e a t m e n t s  w i th  IRNase, cold perchlor ic  acid 
or HC1 s t rongly  decrease the  osmiophi l ia  of the  nucleolus 
and the  cy top la sm (Figure 3), while t r yps in  diges t ion 
resul ts  in a s l ight ly decreased s ta in ing of bo th  s t ruc tures  
(Figure 4). Chloroform ex t rac t ion  does no t  modi fy  the  
af f in i ty  of nucleoli  and  cy top lasm for OsO4, as revealed by  
l ight  microscopy.  

U n d e r  t he  e lectron microscope,  the  same osmium 
s ta in ing d i s t r ibu t ion  shown ill Figures  1 and  2 is observed.  
A sl ight  increase in the  general  con t ras t  can be ob ta ined  
by  s ta in ing wi th  uranyl  ace ta te  and lead ci t rate ,  bu t  the  
con t ras t  be tween  nucleoli  and ch roma t in  remains  cons tan t .  

The capac i ty  of OsO 4 to react  wi th  the  l ipidic com- 
ponen t s  of cells and t issues is ac tual ly  well known.  In  
addi t ion,  exper imenta l  evidence for a mechan i sm of 
OsO4 f ixa t ion  wh ich  implies hydrogen  bond ing  wi th  
pro te ins  has  recent ly  been  repor ted  by  LITMAN and 
BAR~ETT % U n d e r  t he  e lec t ron microscope,  several  au thors  
have  observed the  h igh  con t ras t  of r ibonucleopro te in  
conta in ing  s t ruc tures  af ter  OsO 4 f ixat ion,  as well as the  
low s ta in ing degree of the  ch roma t in  7 -L Our resul ts  agree 
wi th  all these  observat ions .  Af ter  OsO 4 f ixat ion,  nuclei  
and chromosomes  r ema in  Feulgen  pos i t ive  in f l a t t ened  
prepara t ions ,  sugges t ing  t h a t  there  is no appreciable  
D N A  loss dur ing  the  OsO~ t r e a t m e n t  (ref. 1). 

Our resul ts  indica te  t h a t  a reac t ion  wi th  R N A  is 
p robab ly  impl ied in the  nucleolar  s ta in ing by  OsO 4. The 
'pars  granulosa '  of t he  nucleolus - which  seems to  be the  
region of g rea tes t  R N A  concent ra t ion4 _ appears  as t he  
more  osmiophi l ic  region in l ight  microscopya,  ~~ 
T r e a t m e n t s  w i th  RNase  or perchlor ic  acid which  e l iminate  
t he  nucleolar  and cy toplasmic  basophi l ia  in mer i s t ema t i c  
cells a, s t rongly  reduce the  osmium s ta in ing of nucleoli  and 
cytoplasm.  OsO4 has been considered unreac t ive  wi th  
respect  to  nucleic acids ~a, bu t  i t  could reac t  by  produc ing  
an unb lackened  b u t  bound  form of osmium~4, ~5. Accord-  
ing to  ZOBEL and BEEt~ 16 Os~) 4 reac ts  w i th  pyr imid ines  of 

dena tu red  D N A  and  the  e thylenic  bond  of the  pyr imid ines  
(only ill s ing les t randed  nucleic acids) can condense  wi th  
OsO~ to  form 4, 5-diol osmates  n. This  reac t ion  - s imilar  
to  t h a t  which  occurs be tween  OsO~ and  o ther  a romat ic  
compounds  - ,  could p r e sumab ly  account  for t he  osmio- 
phi l ia  of nucleoli.  The high s ta in ing  degree of the  chrom-  
a t in  by  OsO~ af ter  hydro lys is  in 5 N HC1 (which is 
r emoved  by  a previous  DNase  digestion) also suggests  t he  
pa r t i c ipa t ion  of py r imid ines  of t he  apnr in ic  DNA in the  
reac t ion  wi th  OsO v The p resen t  resul ts  allow us to  assume 
t h a t  R N A ,  or a t  least  r ibonucleoprote ins ,  is one of t he  
more  reac t ive  osmiophil ic  componen t s  w i th in  the  
n u c l e u s  17. 

Resumen. La fi jacidn con t e t rox ido  de osmio or ig ins  
una  t inc idn select iva del nucleolo y c i top lasma en 
c61ulas mer i s tem~t icas  de A llium cepa. Las observaciones  
efec tuadas  ind ican  que esta  t inc idn se b a s s  en la reaccidn 
ent re  el t e t rox ido  de osmio y es t ruc turas  que cont ienen  
r ibonucleoprote lnas .  
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