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C h a r a c t e r i s t i c s  of  the  N u c l e o l i n i  O b s e r v e d  U n d e r  

T h e  t e r m  ' n u c l e o l i n i '  is a n  o ld  o n e  1 a n d  s e r v e s  t o  
d e s i g n a t e  t i n y  b o d i e s ,  m o r e  or  less  s p h e r i c a l ,  t h a t  a p p e a r  
in  t h e  n u c l e o l u s ,  e x p e c i a l l y  in  r e l a t i o n  t o  a p a r t i c u l a r  
f u n c t i o n a l  s t a g e  of  i t  S , 3. W h i l e  s o m e  a u t h o r s  m a i n t a i n  
t h a t  in  t h e  n u c l e o l u s  t h e r e  e x i s t s  a s k e i n - l i k e  f i l a m e n t  t h a t  
is t o  b e  t e r m e d  ' n u c l e o l o n e m a '  4, 5, o t h e r  a u t h o r s  c o n s i d e r  
t h a t  t h e  s t r u c t u r e s  a c t u a l l y  p r e s e n t  in  t h e  n u c l e o l u s  a r e  
t h e  n u c l e o l i n i  e,~ or,  a t  a n y  r a t e ,  n u c l e o l a r  g r a n u l e s  8 
U n f o r t u n a t e l y ,  u p  t o  a c e r t a i n  t i m e  ago ,  t h e  u s e  o f  s i l ve r  
n i t r a t e  as  i m p r e g n a t i o n  s u b s t a n c e  9 o f t e n  g a v e  r i se  t o  
s u p e r - i m p r e g n a t i o n s  t h a t  g a v e  t h e  m i s t a k e n  i d e a  t h a t  
t h e r e  a c t u a l l y  e x i s t e d  in  t h e  n u c l e o l u s  a f i l a m e n t  w o u n d  
l ike  a s k e i n :  n a m e l y ,  t h e  n u c l e o l o n e m a .  H o w e v e r ,  w h e n  
i n i t i a l l y  t h e  e l e c t r o n  m i c r o s c o p e  10,11 s h o w e d  t h e  e x i s t e n c e  
of  a s o r t  of  r e t i c u l u m ,  t h i s  w a s  m i s t a k e n l y  i d e n t i f i e d  w i t h  
t h e  n u c l e o l o n e m a  TM. A n d  e v e n  if o n e  o f  t h e  a u t h o r s  - 
n a m e l y  BERNHARD 13,14 _ _  t h a t  c o n t r i b u t e d  in  c r e a t i n g  t h i s  
m i s t a k e n  i d e a  l a t e r  s t a t e d  h o w  t h i s  r e t i c u l u m  s h o u l d  be  
c o n s i d e r e d  - t h a t  is, n o t  a s c r i b a b l e  t o  t h e  n u c l e o l o n e m a  
( t h o u g h  h e  p r o p o s e d  k e e p i n g  t h i s  t e r m )  - m a n y  s u b s e q u e n t  
a u t h o r s  h a v e  c o n t i n u e d  to  a s s i g n  i t ,  in  f ac t ,  t o  t h e  n u -  
c l e o l o n e m a l ~ .  F o r t u n a t e l y ,  a t  p r e s e n t ,  in  m a n y  w o r k s  on  
t h e  u l t r a s t r u c t u r e  of  t h e  n u c l e o l u s ,  t h e r e  is  m e n t i o n  o f  i t s  
o c c a s i o n a l  r e t i c u l u m - l i k e  a p p e a r a n c e  b u t  no  l o n g e r  o f  
' n u c l e o l o n e m a '  16. 

T h e  o b j e c t  o f  t h i s  n o t e  is to  m a k e  a f u r t h e r  c o n t r i b u t i o n  
t o  t h e  k n o w l e d g e  of  t h e  nuc l eo l i n i ,  a s  r e g a r d s  b o t h  c e r t a i n  
t y p i c a l  a s p e c t s  o f  t h e m  a n d  t h e i r  n u m b e r  in  r e l a t i o n  to  
d i m e n s i o n s  of  t h e  nuc leo l i .  

Materials and methods. T h e  m a t e r i a l  c h o s e n  w a s  t h e  
f o l l o w i n g :  o o c y t e s  of  m o l l u s c s ,  e c h i n o d e r m s ,  a n u r a n  a n d  
u r o d e l a n  a m p h i b i a n s ;  ce l ls  of  v a r i o u s  t i s s u e s  o f  v e r t e -  
b r a t e s ,  p a r t i c u l a r l y  t h o s e  of  t h e  n e r v o u s  t i s s u e ;  ce l ls  of  
W a l k e r ' s  t u m o u r  in  t h e  R a t  a n d  of  h u m a n  m a m m a r y  
c a r c i n o m a ;  a n d  cel ls  of  t h e  r o o t  a p e x e s  o f  t h e  p l a n t s  

the  P h o t o n  M i c r o s c o p e  

Al l ium cepa a n d  Vicia/aba.  F o r  t h e  n u c l e o l i n i ,  t h e  m e t h o d  
of  i m p r e g n a t i o n  e s p e c i a l l y  u s e d  w a s  t h a t  e m p l o y i n g  
p l a t i n u m  c h l o r i d e %  F o r  t h e  n u c l e o l u s ,  m a t e r i a l  f i x e d  in  
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Fig. 1. Oocytes of Paracentrotus lividus observed in vivo under the phase-contrast microscope (a) and under the Nomarski 's  interference 
phase-contrast  microscope (b) : the arrows indicate the nucleoli with nueleolini, e) Nucleolus of Echinus melo ooeyte in a preparation using 
plat inum chloride; there are numerous nueleolini with a high refraction (arrows). 
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Correlation table of Echinusmelo ooeytes nueleoli 
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Nucleolini number 

Y/X  6 12 18 24 30 36 42 48 54 60 IY Y-B Iy(Y-B) Iy(Y-B) 2 

Nucleoli 
diameter (in [xm) 

/x 
X-A 
Ix(X-A) 
Ix(X-A)* 
27 Ixy(X-A)(Y-B) 

10 1 1 1 3 5 
9 1 1 3 6 2 1 1 15 4 
8 1 1 3 2 1 1 1 10 3 
7 1 3 5 3 1 2 1 16 2 
6 3 3 5 2 13 1 
5 3 3 6 0 
4 16 1 17 -1 
3 23 1 24 -2 
2 7 7 -3 
1 4 4 -4 

57 12 12 9 7 9 4 3 1 1 115 5 
-24 -18 -12 -6 0 6 12 18 24 30 30 
-1368 -216 -144 -54 0 54 48 54 24 30 -1572 
32832 3 8 8 8  1728 324 0 324 576 972 576 900 42120 

2256 -162 -264 -126 0 186 180 216 72 120 2478 

15 75 
60 240 
30 90 
32 64 
13 13 
0 0 

-17 17 
-48 96 
-21 63 
-16 64 

48 722 

= 16.3 Y-= 5.4 a2x = 178.57 aZy = 6.04 P = 26.98 r = 0.82 by/x= 0.15 

v a r i o u s  w a y s  (Zenker ,  Hel ly ,  Bouin ,  Carnoy)  w a s  s t a i n e d  
b y  t h e  m e t h o d s  of Mal lory ,  U n n a - P a p p e n h e i m ,  D o m i n i c i  
a n d  1% to lu id ine  b lue ;  t h e  ex i s t ence  of R N A  w a s  d e m o n -  
s t r a t e d  b y  m e a n s  of check i ng  w i t h  r i bonuc lea se .  T h e  
F e u l g e n - R o s s e n b e c k  t e s t  w a s  ca r r i ed  o u t  on  p r e p a r a t i o n s  
f ixed  in C a r n o y  a n d  Hel ly .  O b s e r v a t i o n s  were  m a d e  n o t  
on ly  w i t h  t h e  o r d i n a r y  m i c r o s c o p e  b u t  also, e spec i a l l y  
in  v ivo ,  w i t h  t h e  p h a s e - c o n t r a s t  mic roscope ,  t h e  N o m a r s k i ' s  
i n t e r f e r ence  p h a s e - c o n t r a s t  mic roscope ,  a n d  t h e  p o l a r i z i n g  
mic roscope .  

Results  and discussion. T h e  r e su l t s  o b t a i n e d  m a y  be  
s u m m a r i z e d  as  fo l lows :  1. Nuc leo l in i  a re  p r e s e n t  in a n y  
t y p e  of cell w h a t s o e v e r :  a n i m a l  or  vege tab le ,  s o m a t i c  or  
ge rmina l ,  n o r m a l  or  t u m o r a l .  I t  is n o t  poss ib le  to  d i s cove r  

t h e m  e i the r  in t h e  nucleol i ,  i m m e d i a t e l y  a f t e r  m i to t i c  
d iv is ion ,  or  in t h e  o o c y t e s  or  in n e o p l a s t i c  cells a t  t h e  
b e g i n n i n g  of t h e i r  g r o w t h ,  N o r m a l l y ,  whi le  t h e y  a re  
a b s e n t  in r e l a t i ve ly  s m a l l  nucleol i ,  t h e y  are  p r e s e n t  in  t h e  
l a rge r  nuc leo l i  in  n u m b e r s  t h a t  inc rease  w i t h  t h e  v o l u m e  
a t t a i n e d  b y  t h e  l a t t e r .  
2. T h e  nuc leo l in i  m o s t l y  a p p e a r  sphe ro ida l ,  t h o u g h  it  is 
poss ib le  to  f ind  m o r e  or  less e l o n g a t e d  e x a m p l e s .  I n  e v e r y  
nuc leo lus ,  t h e i r  d i s t r i b u t i o n ,  as  wel l  as  t he i r  size ( f rom 
0.25 ~ m  to  1.8 ~m),  is h i g h l y  va r i ed .  

3. As  a r e su l t  of  i m p r e g n a t i o n  w i t h  p l a t i n u m  chlor ide  
(F igu re  lc) ,  t h e  nuc leo l in i  a p p e a r  as  of a n  i n t e nse  g a r n e t  
red  colour ,  w h i c h  s t a n d s  o u t  a g a i n s t  t h e  b a c k g r o u n d  of t h e  
nucleoli ,  w h i c h  is eme r a ld  green.  As a resul t  of v a r y i n g  
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Fig. 2. Dispersion diagram of the nucleoli diameter and nucleolini number of Ech,nus melo ooeytes. 
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t he  angle of incidence of the  l ight  of the  microscope,  as is 
normal ly  achieved by  tu rn ing  the  m i c r o m e t e r  screw, t he  
garne t  red  colour t ends  towards  a yel low tone.  U n d e r  t he  
microscope wi th  polar iz ing f i l ters  set  a t  90 ~ the  nucleolini  
appea r  d iv ided in to  4 ve ry  b r igh t  q u a d r a n t s  by  a b lack 
in ter ference  cross. In  t he  p re sen t  s ta te  of our  s tudies ,  i t  
appears  t h a t  the  nucleol in i  possess no s ta in ing  af f in i ty  and 
t h a t  even less do t h e y  have  pos i t ive  cy tochemica l  react ions.  
There  is no t  even a Feulgen-pos i t ive  react ion.  One can be 
deceived into t h ink ing  t h a t  a reac t ion  of th is  k ind exis ts  
by  the  charac te r i s t i c  ga rne t  red colour of t he  nucleolini ;  
however ,  i t  is easy to check th is  by  va ry ing  the  angle of 
incidence of the  l ight  of the  microscope.  U n d e r  the  polar-  
izing microscope,  in the  p repa ra t ions  ob ta ined  by  the  
o rd ina ry  techniques ,  the  nucleolini  still  show the  charac-  
ter is t ic  b lack in ter ference  cross. 

4. Nucleolini  m a y  coexist ,  in one and  the  same nucleolus,  
w i th  one or more  vacuoles.  There  is a ve ry  sharp  difference 
be tween  them,  since the  former  show h igh  refract ion,  
which  is no t  revealed by  the  con ten t  of t he  la t ter .  

5. Nucleolini  are especial ly a b u n d a n t  in the  nucleoli  of 
v i te l logenet ic  oocytes  and  deve loped  neoplas t ic  cells, and  
th is  is found in concomi tance  wi th  the  following condi t ions  
p resen ted  by  these  nucleol i :  a more  or less ma rk ed  
aff in i ty  for the  anil ine blue of Mallory 's  me thod ,  l i t t le  or 
no af f in i ty  for t he  pyron ine  of the  U n n a - P a p p e n h e i m  
m e t h o d  and  the  to lu id ine  blue of the  Dominic i  me thod .  
A check wi th  r ibonuclease  shows t h a t  t he  af f in i ty  for 
pyron ine  and to luidine  blue is due to RNA.  Thus i t  is t h a t  
t he  nucleolini  are found  in greater  n u m b e r s  in those  
nucleoli  in which  there  is a condi t ion  of lower dens i ty  of 
the i r  cons t i tuen t s  ~, as also of a smaller  q u a n t i t y  - or 
poss ib ly  the  absence  - of r ibonucleoprote ins .  

6. In  the  ceils observed  in vivo, the  nucleolini  are 
evident ,  especial ly in nucleoli  of oocytes  and  neoplas t ic  
cells. They  appear  of a fa in t  red colour, which  tu rns  to a 
more  yel low tone as the angle of incidence of the  l ight  of 
the  microscope is var ied :  these colours s t and  out  agains t  
the  background  of the  nucleoli,  which  is fa in t ly  green. 
Unde r  the  phase -con t r a s t  microscope,  as also under  the  
Nomarsk i ' s  in ter ference  phase -con t r a s t  microscope (Figure 
1 a and b), the nucleolini  appea r  more  ev iden t  t h a n  under  
the  o rd inary  microscope.  U n d e r  the  microscope wi th  
polar iz ing filters set  a t  90 ~ , i t  is not possible  to ident i fy  
the  b lack in ter ference  cross. 

Regard ing  the  earl ier  s t a t e m e n t  t h a t  t he  grea ter  the  
vo lume  of the  nucleoli  the  more  numerous  were the  nucleo- 
lini, previous s tudies  17 had  been  carried out  on the  oo- 
cytes  of Bufo  vulgaris, which  are po lynuc leo la t e  Also 
R A M O N  C A J A L  is had  po in ted  out,  in nerve  cells, a rela- 
t ionsh ip  be tween  the  n u m b e r  of the  nucleolar  granules and 
the  d imens ions  of the  nucleoli.  We have  now tu rned  our 

a t t e n t i o n  to t he  oocytes  of the  Ech ino id  Echinus  melo; 
dur ing  the i r  whole  g rowth  these  oocytes  have  only  one 
nucleolus. For  t he  species under  examina t ion ,  the  cr i ter ia  
adop ted  for e labora t ing  the  s ta t i s t ics  were the  same as 
those  employed  for the  oocytes  of Bufo  ; the  m e a s u r e m e n t s  
were t aken  in 115 nucleoli  of d i f fe rent  oocytes,  

The smal les t  nucleolus d i ame te r  was 1.5 tzm, the  largest  
10.5 ~m; the  m a x i m u m  n u m b e r  of nucleolini  counted  was 
61, a n u m b e r  t h a t  m a y  be considered as the  exper imen ta l  
l imi t  of t he  count .  Up to  a nucleolus d i ame te r  of 2.7 ~m 
no granules were found.  The m e a n  values  ob ta ined  were:  
d iamete r  of nucleoli :  5.8 ~xm; n u m b e r  of nucleolini:  13.7. 
W i t h  the  values  found,  t he  d ispers ion d i ag ram (Figure 2) 
was d rawn  up re la t ive  to nucleoli  d i amete r  and  n u m b e r  of 
nucleolini, as well as t he  corre la t ion Table. F r o m  these  
were ob ta ined  a coeff icient  of regression (by/x) equal  to 
0.15 and a coeff icient  of corre la t ion  (r) equal  to  0.82. F r o m  
the  d iagram it is easily deduced  t h a t  t he  n u mb er  of 
nucleolini  increases in re la t ion to  the  increase in t he  
nucleolar  d iameters .  However ,  the  d i s t r ibu t ion  of the  
poin ts  does no t  appear  uni form along the  line of regression, 
since there  are m a x i m u m  values  of one d imens ion  t h a t  do 
no t  cor respond to  the  m a x i m u m  va lues  of the  other.  
Since the  coeff icient  of corre la t ion is equal  to  0.82, we can 
equal ly  asser t  t h a t  be tween  the  two magn i tudes  considered 
in the  oocytes  of Echinus  melo the re  is a s ignif icant  correla- 
t ion  on the  s ta t i s t ica l  level. 

Riassunto.  I r i su l ta t i  delle r icerche condo t t e  al micro-  
scopio fotonico sul nucleolo di  cellule vegeta l i  e animali ,  
somat iche  e germinali ,  normal i  e tumora l i  hanno  permesso  
di a f fermare  ancora  una  vo l ta  che le sole s t ru t tu re  presen t i  
in esso sono i nucleolini.  L ' es i s tenza  dei nucleolini 6 s t a t s  
c o m p r o v a t a  in vivo,  come pure  con varie  tecniche  in 
seguito ad osservazioni  compiu te  con diversi  t ip i  di  
microscopio.  L 'ana l i s i  s t a t i s t i c s  e f f e t tua ta  su ovocit i  di 
Echinus  melo ha  permesso di  confermare  che i nucleolini, 
che sono assent i  nei nucleoli  pifi piccoli, sono poi t a n t o  pifi 
numeros i  per q u an t o  pih e levato  6 il vo lume dei nucleoli 
pitl grandi .  
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M o r p h o l o g i c a l  B a s i s  of Fol l ic le  Cel ls  - Oocyte  In terac t ion  in N o r m a l  Pupae  and I so la ted  Pupal  Abdo-  
m i n a  of Gal ler ia  m e l l o n e l l a  L. 

The complex  s t ruc tu re  of follicular cel l /oocyte in terface  
in vi te l logenet ic  insect  oocvte  was observed  by several  
authors .  However ,  the  observa t ions  on the  changes  of i ts  
p a t t e r n  in the  course of la ter  deve lopmen t  of the  egg 
vesicle in normal  and  hormonal ly  d i s tu rbed  condi t ions  

have no t  been  signalized. The present  s tudy  gives some 
informat ions  on th is  subject .  

Mater ia l  and methods. The follicular cel l /oocyte in terface  
was s tudied  in t he  egg vesicles of Galleria mellonella L. 
bred on bee ' s  wax  unde r  l abora tory  condit ions.  The 

Fig.  1. Oocy te  (ooc.) / fol l icular  ep i the l ium (f. ep.) in t e r face  in  t e r m i n a l  egg vesicle of 6 t h - d a y  p u p a .  N u m e r o u s  p i n o c y t o t i c  canal icul i  a n d  vesi- 
cull are seen. m, mitochondrium. Fig. 2. Fragment of a similar region as in Figure 1. The ooeyte and follicular epithelium plasmalemma are 
marked. Fig. 3. Oocyte/follicular epithelium interface in egg vesicle at early vitellogenesis. The agglomeration of electron dense material filling 
the interspace of these ceils is visible. Pinocytotic vesicles marked by arrow, vm., vitelline membrane. Fig. 4. Oocyte/follicular epithelium 


