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pho tographs ,  es t imat ions  were made  by  2 persons  wi th  
a measur ing  magnif ier .  D a t a  was processed in a Digital  
PD PS/e (Digital E q u i p m e n t  Co., Maynard ,  Mass.). 

Results. In  t he  contro l  rats ,  the  whole  th ickness  of t he  
nrothel ia l  m e m b r a n e s  was abou t  110 A at  the  level of the  
p laque  areas. The uni t  m e m b r a n e  was asymmet r ic ,  since 
there  was a s ignif icant  difference in w i d t h  be tween  outer  
and  inner  leaflets (Figure 1 and  Table).  

In  the  E F A D  rats ,  the  overal l  th ickness  of the  m e m -  
b rane  was reduced,  measur ing  abou t  100 A, whereas  t he  
a s y m m e t r y  was n o t a b l y  d imin ished  due  to  a ma rk ed  
decrease in t he  w id th  of the  thick,  luminal  leaflet  (Fig- 
ure 2). Changes  in the  th ickness  of inner  and  middle  
leaflets were s ta t i s t ica l ly  no t  significant.  Similar  changes  
in w i d t h  were observed in t h e  in te rp laque  areas of m e m -  
brane.  No signif icant  difference was no ted  be tween  
luminal  p l a s m a l e m m a  and  vesicle m e m b r a n e  in contro l  
and  exper imen ta l  a n i m a l s .  

P re l imina ry  observa t ions  indica ted  t h a t  t he  ul t ra-  
s t ruc tu ra l  changes  were reversed by  adding  to  t he  diet  a 
source of EFA,  such as corn oil. 

Discussion. Our observa t ions  are in keeping wi th  da t a  
showing t h a t  po lyunsa tu r a t ed  f a t t y  acids made  up on 
molar  basis 52.3% of t he  to ta l  f a t t y  acid con t en t  of the  
b ladder  luminal  m e m b r a n e  12. A perusal  of the  Table  
indica ted  t h a t  the  3 E F A  gave the  h igh  value of 46.6%. 

We should like to  propose  t h a t  t he  unusual a s y m m e t r y  
of the  urothel ia l  m e m b r a n e  is p r imar i ly  due to its con t en t  
in E F A  ra the r  t h a n  to  the  m e m b r a n e  prote in  or muco-  
p ro te in  ~a. Fur the rmore ,  i t  m a y  be t h a t  E F A  conta in ing  
lipids m a y  have  an a symmet r i c  a r r a n g e m e n t  in the  mem-  
brane,  as has  been shown for phosphol ip id  and  glycolipid 
c o m p o n e n t s  in red blood cells~4. 

The u l t r a s t ruc tu ra l  changes  of urothel ia l  m e m b r a n e  in 
the  E F A D  would suppor t  the  view t h a t  t he  compos i t ion  
of t h e  d ie ta ry  f a t t y  acids m a y  affect  t he  p a t t e r n  of these  
lipids in subcellular  f ract ions xS. Fur the rmore ,  it  would 
seem t h a t  the  higher  the  con t en t  of E F A  in a membrane ,  
the  grea ter  t he  l ikelihood t h a t  changes  will be  induced  
b y  a def ic ient  d ie t  in these  nut r ien ts .  Thus,  l iver mi to-  
chondr ia  and  p l a s m a l e m m a  ~6-~s, as well as red cell mem-  
b rane  ~9, which are rich in E F A ,  showed chemical ,  ul t ra-  

s t ruc tura l  and  phys ica l  changes  in the  EFAD~~ Yet ,  
no var ia t ions  in the  th ickness  of the  m e m b r a n e  of these  
organelles have  been repor ted  in the  E F A D .  

Since i t  has  been  indica ted  t h a t  t he  presence of l ipids 
conta in ing  p o l y u n s a t u r a t ed  f a t t y  acids favours  a loose 
b y  ex p an d ed  a r r a n g e m e n t  of m e m b r a n e  cons t i tuen t s  
and  controls,  cer ta in  physical  proper t ies  such as f luidity,  
as well as funct ional  character is t ics  like pe rmeab i l i t y  2a, 
it  remains  to es tabl ish  the  actual  role of E F A  in the  
s t ruc tu ra l  and funct ional  proper t ies  of the  urothel ia l  
m e m b r a n e  which has  been considered unusual ly  rigid 
and  impermeab le  l~-~a. 
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Character i s t ics  of the  Nucleo l in i  Observed  under  the  Electron Microscope  

A. BOLOGNARI, A. LICATA and M. B. RlCCA 

Centro Universitario di Ricerca sui Tumori  e Istituto di Zoologic dell' Universitd~, Messina (Italy), 26 November 1975. 

Summary.  Observa t ions  wi th  the  e lectron microscope p e r m i t t e d  us to ascer ta in  t h a t  in molluscs and  ech inoderms  
oocytes  and in mal igna t  t u m o u r  cells, the  nucleolini, a l ready seen wi th  the  p h o n t o n  microscope,  cor respond to  t he  
'clear fibrillar zones' .  These p resen t  fibrils 40-60 ~_ thick,  spread  t h r o u g h o u t  a ve ry  clear mat r ix .  All a round  these  zones 
there  are o ther  closely th ickened  and inter lacing fibrils. 

I n  a previous art icle which was publ ished in th is  journal  1, 
the  character is t ics  of t he  nucleolini  observed under  the  
pho ton  microscope were explained.  These nucleolini could 
also be ex t r ac t ed  b y  mic roman ipu la to r  needles 2. 

In  a f i rs t  series of inves t iga t ions  done  by  one of us a, it  
appea red  t h a t  u n d e r  t h e  electron microscope,  cor respond-  
ing to  t he  nucleolini,  there  were found  dense  masses  of 
granula t ions  w i th  a d iamete r  no t  grea ter  t h a n  50 ~_. 
However ,  t he  researches begun b y  FABBRI 4, and followed 
by  o the r  au thors  ~, have  shown how 'clear  fibril lar zones 
(or centres) '  or s imply  'clear zones (or centres) '  cor respond 
to the  nucleolini.  

Thus  i t  seemed to  us necessary  to  resume our  inves t iga-  
t ions  to  see w h e t h e r  the  previous  results  ob ta ined  by  one 
of us could be conf i rmed or whe the r  t h e y  should be suit-  
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a b l y  m o d i f i e d .  W e  w i s h e d  t o  r e c o n s i d e r  t h e  m a t e r i a l  
f i x e d  a n d  i n c l u d e d  a c c o r d i n g  t o  t h e  f o r m e r  t e c h n i q u e  a n d  
t o  c a r r y  o u t  n e w  f i x a t i v e  a n d  i n c l u s i o n  m e t h o d s  a c c o r d i n g  
t o  t h e  p r e s e n t - d a y  c r i t e r i a .  

I n  f ac t ,  w h a t  w a s  a f f i r m e d  in  t h e  p a s t ,  e s p e c i a l l y  a b o u t  
t h e  n u c l e o l i n i  of  t h e  o o c y t e s  of  t h e  M o l l u s c s  Patella 
coerulea a n d  Aplys ia  depilans a n d  of  t h e  E c h i n o d e r m  
Paraeentrotus lividus, m u s t  h a v e  b e e n  a c o n s e q u e n c e  of  
t h e  t e c h n i q u e  e m p l o y e d .  T h i s  c a u s e d ,  a t  t h e  l eve l  o f  t h e  
nuc l eo l i n i ,  a p r e c i p i t a t i o n  of  o s m i u m  in  s u c h  a w a y  as  t o  
g i v e  t h e  a p p e a r a n c e  o f  a c c u m u l a t i o n s  ( F i g u r e  1). I t  m u s t ,  
h o w e v e r ,  b e  r e m e m b e r e d  t h a t  t h e  s o - c a l l e d  ' s p o t t e d  
n u c l e o l i '  h a v e  b e e n  d e s c r i b e d  m a n y  t i m e s  6. I n  t h e s e ,  i n  
p o i n t  of  f a c t ,  t h e r e  a r e  m o r e  o r  l ess  n o t a b l e  a c c u m u l a t i o n s  
o f  g r a n u l a t i o n s .  N o  o n e  h a s  y e t  s u c c e e d e d  i n  g i v i n g  a n  
a d e q u a t e  e x p l a n a t i o n  o f  t h e s e  nuc leo t i ,  e v e n  if  s o m e t i m e s  
v i r u s  a c t i o n  h a s  b e e n  a d m i t t e d  8, v 

T h e  o b s e r v a t i o n s  n o w  c a r r i e d  o u t  u n d e r  t h e  e l e c t r o n  
m i c r o s c o p e  ( p r e - f i x a t i o n  in  g l u t a r i c  a l d h e y d e  a t  4 % ,  
f i x a t i o n  in  O s O  4 a t  1~o o n  a Mi l l on ig  b u f f e r ;  i n c l u s i o n  in  
a r a l d i t e - e p o n ,  c o n t r a s t  w i t h  u r a n y l e  a c e t a t e  a t  5~o a n d  
w i t h  l e a d  c i t r a t e  a c c o r d i n g  to  R e y n o l d )  on  t h e  o o c y t e s  of  
t h e  M o l l u s c s  ~atella coerulea, Haliotis lamellosa, Aplys ia  
depilans a n d  of  t h e  E c h i n o d e r m s  Echi~cus melo a n d  Para- 
centrotus lividus, h a v e  p e r m i t t e d  u s  to  a f f i r m  t h a t ,  co r -  
r e s p o n d i n g  to  t h e  nuc l eo l i n i ,  t h e r e  a r e  c l e a r  f ib r i l l a r  
zones .  ( F i g u r e s  3 a n d  6) T h e s e ,  in  a v e r y  c l ea r  m a t r i x  w i t h  
r e s p e c t  to  t h e  e l e c t r o n s ,  p r e s e n t ,  in  a s p a c e d - o u t  f o r m ,  
f ibr i l s  of  a t h i c k n e s s  of  4 0 - 6 0  A.  T h e s e  zones ,  of  p r e -  

S W. BERNHARD and N. GRANBOULAN, The nucleus (Academic Press, 
New York and London t968), p. 00. 
A. BOLOa~ARI, A. D. CELL, P. IV[OTTA and L. SQU~RI, Annali 
Sclavo 7, 393 (1965). 

Fig. 1. Nncleolus of the ooeyte of Paracentrotus lividus; the arrows indicate the areas erroneously held to correspond to the nucteolinL Fixa- 
tion in OsO~ at 1% buffered at pH 7.4; inclusion in a mixture of n-metacrylate,  x 7,500. 

Fig. 2. Nucleolus of a young oocyte of Haliotis lamellosa; this appears without clear fibrillar zones or nueleolini. Technique is outlined in the 
text. x 3,500. 

Fig. 3. Nucleolus of a vitellogenetic oocyte of Aplysia depilans; tbr arrows indicate the clear fibriltar zones. • 8,000. 

Fig. 4. Nucleoli of vitellogenetic oocyte of Patella coerulea; in the amphinucleolus can be found a large vacuole (V) whose contents resemble 
the rest of t he  karyoplasm. • 8,000. 

Fig. 5. A portion of the nucleolus of a vitellogenetic oocyte of Haliotis lamdlosa; note that  the internal vacuole (V) resembles the content 
of the rest of the nncleus and that  in the peripheral part  (P) clear fibrillar zones are found. • 8,500. 

Fig. 6. Nueleolns of a vitellogenetic oocyte of Halitios lamellose; the arrows indicate the clear fibrillar zones whose limits are marked by a 
kind of a wall. • 10,000: 
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d o m i n a n t l y  c i rcular  out l ines,  have ,  all  a round ,  o t h e r  
f ibri ls  of 40-60 ~_ closely c rowded  t o g e t h e r  a m o n g  t h e m -  
selves so as to  give t h e  a p p e a r a n c e  of a s u r r o u n d i n g  wal l  
(Figure  6). 

O t h e r  o b s e r v a t i o n s  car r ied  ou t  on  t he  ceils of t he  W a l k e r  
t u m o u r ,  on  those  of t he  Yosh ida  t u m o u r  and  on those  of 
h u m a n  b r e a s t  adenoca rc inoma ,  h a v e  p e r m i t t e d  us to  
e s t ab l i sh  t h a t  t he  nucleolini ,  p r e sen t  also in g rea t  n u m -  
bers  ill t he  nucleoli ,  t he re  cor responds  to  'c lear  f ibr i l lar  
zones '  (Figure  7) w i t h  u l t r a s t r u c t u r a l  cha rac te r i s t i c s  
s imi la r  to  those  seen in t he  nucleol i  of t h e  oocytes.  

Like  the  nucleolini ,  t h e  c lear  zones are a b s e n t  (Figure 2) 
in  t h e  smal les t  nucleol i  and  the re fore  t h e y  are more  

n u m e r o u s  in r e l a t i on  to  t h e  d imens ions  of t h e  nucleoli .  
A n d  th i s  is t h e  case as m u c h  in t h e  oocytes  as in t h e  t u -  
m o u r  cells. I n  t h e  oocytes  of Patella coerulea t h e  same  
zones, like the  nucleolini ,  are  c o n s t a n t l y  a b s e n t  in t h e  so- 
called ' p r i m a r y  nucleolus '  a n d  p r e s en t  in  t h e  so-called 
' amphinuc leo l i ' .  Whi l e  t h e  f i rs t  a lways  r e m a i n  a t  a di-  
s t ance  f rom t h e  nuc lea r  m e m b r a n e ,  t h e  second come 
alongside  i t  a n  adhe r r e  closely to  it. I n  t h e  oocytes  Of 
Haliotis lamellosa t h e  c lear  f ibr i l lar  zones, l ike t h e  nucleo-  
lini, are on ly  found  in t h e  pe r iphe ra l  p a r t  (Figure  5) of t h e  
more  deve loped  nucleot i .  I n  fact ,  in  t h e  c e n t r a l  p a r t  one  
f inds  a v e r y  large vacuole  (Figure  5), which,  in t h e  elec- 
t r o n  mic rographs ,  appea r s  to  c o n t a i n  m a t e r i a l  s imi la r  to  
t h a t  of t h e  r e s t  of t h e  ka ryop la sm.  

Moreover ,  in  t h e  amph inuc l eo l i  of t h e  oocytes  of 
Patella coerulea, i t  is possible  to  f ind  r a t h e r  large vacuoles  
(Figure  4) w h i c h  h a v e  u l t r a - s t r u c t u r a l  cha rac te r i s t i c s  
s imi la r  to  those  of Haliotis lamellosa. 

W h a t  h a s  been  said will  he lp  to  e s t ab l i sh  t h a t  i t  is 
n o t  oppor tune ,  as some a u t h o r s  8, 9 h a v e  done,  to  i den t i fy  
t h e  clear  f ibr i l la r  zones w i t h  t h e  endonuc leo la r  vacuoles .  
I n  fact ,  a l r e ad y  u n d e r  t h e  p h o t o n  microscope,  i t  was  
possible  to  s ingie o u t  t h e  di f ferences  b e t w e e n  t h e  nucleo-  
l ini  a n d  t h e  vacuotesK N o w  t h e  e l ec t ron  microscope  h a s  
enab led  us to  conf i rm these  differences.  These  can  be  
assigned,  besides  to  t h e  u l t r a - s t r u c t u r a l  charac te r i s t i cs ,  
to  t h e  d imens ions ,  as well. These  d imens ions  r e m a i n  r a t h e r  
l imi ted  for t h e  clear  f ibr i l la r  zones, b u t  for t h e  vacuoles  
are a lways  qu i te  no tab le .  

Fig. 7. Nucleolus of a ceil of the Yoshida tumour adhering to the 
nuclear membrane (mn); various fibrillar zones are found (arrows). 
Technique is outlines in the text. • 16,000. 

8 H. SWIFT, The Molecular Control o/Cellular Activity (McGraw-Hill 
Book C. Inc., New York 1962), p. 00. 
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The Influence of  Maltose  and Other Carbohydrates  on the Feeding Behav iour  of Heteronychus arator 
(Scarabaeidae:  Goleoptera)  

O. R. W. SUndERLAnD a n d  J.  R. HILLIER 

Entomology Division, D.S . I .R . ,  120 Mount Albert Road, Auckland (New Zealand)i 9 December 1975. 

Summary. Severa l  of 17 c a r b o h y d r a t e s  s t i m u l a t e d  inges t ion  b y  b l a c k  bee t le  l a rvae  (Heteronychus arator) a n d  of these  
ma l to se  i nduced  a n  excep t iona l ly  s t rong  response.  Only  mal tose ,  glucose, f ruc tose  an d  sucrose s t i m u l a t e d  feeding b y  
a d u l t  beet les .  

I nves t i ga t i ons  in to  chemica l  fac tors  pos i t ive ly  in-  
f luencing inges t ion  b y  p h y t o p h a g o u s  insec ts  h a v e  usua l ly  
revea led  a m a j o r  role for sugars.  Fruc tose ,  glucose, sucrose 
a n d  mal tose  h a v e  been  impl i ca t ed  in t he  feeding b e h a v i o u r  
of a n u m b e r  of species. Sucrose ha s  been  p a r t i c u l a r l y  
f r e q u e n t l y  c i ted as a s t rong  p h a g o s t i m u l a n t ,  in  compar i -  
son b o t h  w i t h  o t h e r  sugars  a n d  w i t h  o t h e r  p l a n t  con-  
s t i t u e n t s  general ly .  I l l  t h e  case of those  sca rab  l a rvae  
whose  feeding b e h a v i o u r  ha s  been  s tud ied  1,2, sucrose 
aga in  emerged  as t h e  m o s t  effect ive  c a r b o h y d r a t e ;  
mal tose ,  glucose a n d  f ruc tose  were s o m e w h a t  less so. 

As p a r t  of a p r o g r a m m e  to  i den t i fy  t h e  chemica l  bas is  
for  p l a n t  r es i s t ance  to  t he  b l a c k  beet le ,  Heteronychus 
arator, we inves t i ga t ed  t he  inf luence  of 17 c a r b o h y d r a t e s  
on  inges t ion  b y  l a rvae  a n d  adul ts .  Ef for t s  b y  col leagues 
to  r ea r  th i s  insec t  in  t he  l a b o r a t o r y  h a d  been  f r u s t a t e d  b y  
a fai lure  of l a rvae  a n d  adu l t s  to  feed v igorous ly  on a 
s t a n d a r d  ar t i f ic ia l  d i e t  s c o n t a i n i n g  sucrose a n d  glucose (at  
concen t r a t i ons  of 3% a n d  0.5% respect ive ly)  as t he  on ly  
sugars.  W e  h o p e d  to  resolve t h i s  p rob lem.  

Fie ld-col lec ted 3rd i n s t a r  l a rvae  a n d  young  a d u l t  
bee t les  were s t a r v e d  for  24 h,  t h e n  enclosed s e p a r a t e l y  
in 5.5 em pe t r i  dishes,  each  w i t h  a s ingle t e s t  disc of a n  
ar t i f ic ia l  m e d i u m  (4% agar ,  4 %  cellulose powder)  
p r e p a r e d  w i t h  e i the r  dis t i l led w a t e r  or so lu t ions  of single 
sugars  a t  c o n c e n t r a t i o n s  of 0.1 M.  I n g e s t i o n  was e s t i m a t e d  
b y  c o u n t i n g  t i le  faecal  pe l le ts  p roduced  b y  each  insec t  
in  24 h 1. 

Most  of t h e  c a r b o h y d r a t e s  induced  some feeding b y  3rd 
i n s t a r  l a rv ae ;  an d  sucrose, f ructose,  glucose a n d  1% s t a r c h  
can  be  cons idered  effect ive  feeding s t i m u l a n t s  (Table  I). 
B u t  t h e  response  to  0.1 M ma l to se  was excep t iona l .  I t  far  
exceeded t h a t  to  t h e  o t h e r  sugars  a n d  es t ab l i shed  t h a t  
ma l to se  is a m a j o r  s t i m u l a n t  for feeding b y  these  la rvae .  
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