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On the Origin of the Prote in  Yolk in the Oocytes  of Aplysia depilans (Gastropoda ,  Opis tobranchia)  

A. BOLOGNARI and  A. LICATA 

Istituto di Zoologia e di Anatomia comparata dell' Universitdt, Messisa (Italy), 26 November 7975. 

Summary. In  the  oocytes  of Aplysia depilans it  has  been observed  e lect ronmicroscopical ly  t h a t  ' gemmae '  or ' daugh te r -  
nucleoli '  separa te  f rom the  nucleolus. These ' gemmae '  af ter  hav ing  overcome the  nuclear  membrane ,  would aggregate  
together ,  even af ter  t r ans format ion ,  into yolk  globules. These observa t ions  seem to give plausibi l i ty  to the  hypo thes i s  
t h a t  there  is a close re la t ionship  be tween  p roduc t ion  of r ibonucleoprote ic  mater ia l  by  the  nucIeolus and  yolk p roduc t ion .  

F r o m  the  researches ~ carr ied out  a t  th is  In s t i t u t e  of 
Zoology, especial ly on the  oocytes  of Molluscs and Echino-  
derms,  the  hypo thes i s  t h a t  the  pro te in  yolk globules are 
formed by  the  aggregat ion  of r ibonucleoprote in  granula-  
t ions  coming f rom the  nucleus  has appeared  ever  more  
convincing.  The facts  which  have,  above all, led in this  
direct ion are the  following : 1. A progressive concen t ra t ion  
of granulat ions ,  a l ready  sca t t e red  everywhere  and  re- 
sponsible for a diffuse basophil ia,  into ever  more  dense 
globular  fo rmat ions ;  2. the  presence of occasional  in- 
clusions in tile globules of various cy top lasmat i c  mater ia l  
(lipid drops,  f r agment s  of cy tomembranes ,  mi tochondr ia ,  
etc.) ;  3. when  the  aggregat ions  have  t aken  place, the  
scars i ty  or absence of those  granula t ions  which were a t  
f i rs t  sca t te red  everywhere  in the  cytoplasm.  A t t e n t i o n  is 
also d rawn to the  fact  t h a t  considerable  cy tochemica l  
research ~ has  enabled  us to  aff i rm the  presence of I~NA 
in the  yolk globules a t  the  beginning  of the i r  format ion .  
Other  inves t iga t ions  a, carr ied out  especially on the  oocytes  
of Aply s ia  depilans, have  es tab l i shed  t h a t  t he  yolk 
globules once formed then  undergo a comple te  t rans-  
fo rmat ion ;  the  def ini t ive  ones, which form the  t rue  

reserve subs tance  of the  egg, have  s ta inable  aff ini ty,  
u l t r a - s t ruc tu ra l  and cy tochemica l  character is t ics  d i f ferent  
f rom those  of the  globules a t  the  beginning of the i r  for- 
mat ion.  This research has  also es tab l i shed  4 the  exis tence 
in the  nucleolus of 2 successive phases  of ac t iv i ty  relat ive 
to  the  yolk fo rmat ion :  t he  first, when  i t  supplies the  ri- 
bonucleopro te ins  for t he  initial  yolk  globules format ion ,  
and the  second, when  i t  supplies o the r  substances ,  no t  
ye t  identif ied,  for tile processes of the  t r an s fo rma t i o n  of 
tile yolk. 

In  pursuing the  invest igat ions ,  using also the  electron 
microscope (pre-f ixat ion in glntar ic  a ldeyde a t  4%,  fixa- 
t ion  in OsO 4 a t  1% on a Millonig buffer ;  inclusion in 
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Oocyte of Aplysia depilans at the beginning of yolk production; in the nucleus (N) it is possible to observe that 'gemmae' of 'daughter-nu- 
eleoli' separate themselves from the nucleolus (n). These appear to migrate until they come in contact with the nuclear membrane (ran), 
through which they seem to transfer themselves into the cytoplasm (C). In this there are yolk globules in formation; to one globule there 
seems to adhere 3 small globules (v) which could have come from the nucleus. In the insert on the right upper portion, one can see the yolk 
globules (V) with 3 small globules adherring to it. hi the insert on the right lower corner one can see a 'gemma' (F) in the act of separating 
itself from the nucleolus, and a point (E) of the nuclear membrane in which there seems to be an extrusion. Technique outlined in the text. 
• 2,600. 
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a ra ld i te -epon ,  c o n t r a s t  w i t h  u r a n y l e  a ce t a t e  a t  5% a n d  
w i t h  lead c i t r a t e  accord ing  to Reynold) ,  one can  now h a v e  
d e m o n s t r a t i v e  p ic tu res  r ega rd ing  t he  p a r t i c i p a t i o n  of t he  
nucleolus  in  t he  in i t i a l  processes of yo lk  fo rmat ion .  The  
F igure  shows t h a t  f rom t he  nucleolus  ' g e m m a e '  or ' daugh-  
te r -nuc leo l i '  separa te .  These  t r a n s f e r  t h e m s e l v e s  in to  t he  
nuc l ea r  m e m b r a n e .  B o t h  t he  surface  of t he  nucleolus,  
comple t e ly  i r regu la r  because  of va r ious  offshoots ,  and  i ts  
i n t e r n a l  p a r t  because  of t he  cav i t ies  of v a r i o u s  f o r m s  a n d  
sizes, a p p e a r  to  ind ica te  a no t ab l e  a c t i v i t y  b o t h  in t he  
p r o d u c t i o n  of m a t e r i a l  a n d  in i t s  emission.  Th i s  is es- 
pec ia l ly  clear  a t p o i n t  / (in t he  inse r t  F)  where  the re  is a 
p ic tu re  of t he  s e p a r a t i o n  of one of these  ' g e m m a e '  f r om 
the  nuc leo la r  surface.  This  p ic tu re  has  a s t r ange  resem- 
b l ance  to  t h a t  w h i c h  concerns  t he  s epa ra t i on  of ce r t a in  
fo rms  of v i rus  f rom t he  p l a sma t i c  m e m b r a n e .  A t  the  level  
of t he  nuc l ea r  m e m b r a n e ,  on the  side of t i le nucleus,  t he  
' g e m m a e '  seem to r e t a i n  t he i r  in i t ia l  dens i t y ;  while, on  
t he  side of t he  cy top la sm ( a d m i t t i n g  t h a t  ex t rus ion  rea l ly  
t akes  place),  t h e y  a p p e a r  to  h a v e  a lesser dens i ty .  Th i s  is 

fa i r ly  clear  in p o i n t  e (in t he  inse r t  E).  In  t he  c y t o p l a s m  
the re  are also p r e s e n t  va r ious  globules  a t  t he  b e g i n n i n g  of 
t h e i r  fo rmat ion .  One of these  (v, in t he  inse r t  V) has  3 
o the r  smal l  globules  adhe r r i ng  to i t  a h n o s t  as if t h e y  would  
come t o g e t h e r  in to  a larger  one. T h e y  h a v e  the  pecu l i a r i ty  
of h a v i n g  t he  same u l t r a - s t r u c t u r a l  a p p e a r a n c e  and  t he  
same dens i t y  as t he  o the r  globules  close to  t he  nuc lea r  
m e m b r a n e .  I t  c anno t ,  however ,  be  exc luded  t h a t  be tween  
t he  smal l  globules and  the  la rger  ones  t he re  exis ts  on ly  a 
s imple  adhes ion  w i t h o u t  th i s  be ing  the  beg inn ing  of a 
fus ion of the  respec t ive  masses.  

These  new obse rva t i ons  seem to give p laus ib i l i ty  to  t he  
hypo thes i s ,  a d v a n c e d  a long t i m e  ago 1, t h a t  the re  is a 
close r e l a t ionsh ip  b e t w e e n  t he  p r o d u c t i o n  of the  r ibo-  
nuc leopro te ic  m a t e r i a l  b y  t h e  nucleolus  and  yo lk  pro-  
duc t ion ,  in the  sense t h a t  t he  fo rmer  would emit ,  u n d e r  
t he  fo rm of ' g e m m a e ' ,  tile same  mate r i a l .  The  ' gemmae ' ,  
a f t e r  h a v i n g  ove rcome  the  nuc lea r  m e m b r a n e ,  would  
aggrega te  toge the r ,  even  a f te r  t r a n s f o r m a t i o n ,  in to  
yo lk  globules.  

Application of the 'Low-Temperature Plasma Ashing Method for Biological  Tissues'  to Studies in 
the Field of Virology 
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Kyoto College o/ Pharmacy, Yamashina Misasagi, Higashiyama-ku, Kyolo 607 (Japan), 11 September 7975. 

Surmnary. I t  was  found  t h a t  t he  b e h a v i o r  of a v i rus  in hos t  p l a n t  is ref lec ted  in the  p a t t e r n  of c rys ta l l ine  inorganic  
c o m p o n e n t s  of t he  hos t  p l a n t  b y  t he  t e c h n i q u e  of t he  ' l ow- t empe ra tu r e  p l a s m a  ash ing  m e t h o d  for biological  t issues. '  

De ta i l ed  e x a m i n a t i o n s  were m a d e  on  t he  p a t t e r n  of 
ca lc ium oxa la te  c rys ta l s  in  t he  leaves  of p l a n t s  b y  
c o m p a r i n g  ti le p a t t e r n  in t he  leaves  af fec ted  b y  a v i rus  
w i t h  t h a t  in  h e a l t h y  leaves  of t he  same kind ,  and  b y  
c h a n g i n g  t h e  c o m b i n a t i o n  of t he  v i rus  a n d  hos t  p l an t s .  
T h e  v i ruses  used  were c u c u m b e r  mosaic  v i rus  (CMV), 
c y m b i d i u m  mosaic  v i rus  (CyMV), d e n d r o b i u m  mosaic  
v i rus  (DeMV), a n d  col t s foot  mosaic  v i rus ,  a n d  h o s t  
p l a n t s  were Nicotiana tabacum Linn. ,  N. rustica Linn. ,  
Dendrobium monili/orme (Linn.) Sw., a n d  Beta vulgaris 
var .  cicla. Analys i s  of c rys ta l  p a t t e r n  was m a d e  b y  t he  
' l o w - t e m p e r a t u r e  p l a s m a  a sh ing  m e t h o d  for biological  
t issues '~,~ t h a t  t he  a u t h o r  h a d  devised,  w i t h  wh ich  
biological  t i ssues  are comple te ly  a shed  a t  low t e m p e r a t u r e  
b y  v e r y  r eac t ive  oxygen  s t r e a m  exci ted  in a h igh-  
f r e q u e n c y  e l ec t romagne t i c  field u n d e r  a low pressure ,  
p r e se rv ing  m i n e r a l  m i c r o s t r uc t u r e s  precise ly  iden t ica l  
w i t h  t h e  or ig inal  t i s sue  mat r ices .  

W h e n  v i rus  was l imi ted  to one k ind  and  hos t  p l a n t  
va r i ed :  The  c u c u m b e r  mosaic  v i rus  was used, w i th  
32. tabacum Linn.  a n d  N. rustics Linn.  as t he  hos t  p lan t s .  
These  p l a n t s  con t a in  b o t h  c rys ta l  sand  colony and  c rys ta l  
sand.  

1. N. tabacum Linn.  The  m a i n  c rys ta l s  d i s t r i b u t e d  in hea l -  
t h y  leaves  are a p p r o x i m a t e l y  g lobular  c rys ta l  s and  colonies 
(Figure  A) b u t  those  in v i t a l l y  a f fec ted  leaves  are c rys ta l  
s and  colonies of a cons ide rab ly  complex  shape,  as shown  
in F igu re  A'.  

2. N.  rustics Linn.  Crys ta l  s and  colonies are few in 
h e a l t h y  leaves  (Figure B) b u t  are p r e s en t  in a cons iderab le  
n u m b e r  in t he  af fec ted  leaves  (Figure B') .  D e n s i t y  of 
c rys t a l  s a n d  d i s t r i b u t i o n  was t he  same as t h a t  in  N. 
tabacum Linn. ,  be ing  h ighe r  in a f fec ted  leaves  t h a n  in 
h e a l t h y  leaves.  

W h e n  hos t  p l a n t  was l imi ted  to  one k ind  a n d  v i ruses  
c h a n g e d :  The  hos t  p l a n t  used  was  D. moniliforme (Linn.)  
Sw., w h i c h  con t a in s  b o t h  bund l e s  of ca lc ium oxa la te  

r aph ides  and  c rys t a l  sand,  and  t i le  v i ruses  used  were 
CyMV and  DeMV. 

1. CyMV. Bund le s  of r aph ides  measu r ing  180-200 tzm 
in l eng th  are found  in h e a l t h y  leaves  (Figure C) and  such  
crys taIs  become 2-4  t imes  longer  in  t he  affected leaves  
(Figure C'). The  n u m b e r  of bund l e s  of r aph ides  t ends  to 
increase  in a f fec ted  leaves.  Th i s  t e n d e n c y  becomes  more  
m a r k e d  in t he  d i s t r i b u t i o n  dens i t y  of c ry s t a l  sand.  

2. DeMV. In fec t ion  w i t h  v i rus  h a d  h a r d l y  a n y  affect  on 
t h e  l e n g t h  of b u n d l e s  of r aph ides  in  t he  leaves and  on 
the i r  d i s t r i b u t i o n  dens i ty ,  b u t  t he  n u m b e r  of c rys ta l  s and  
t e n d e d  to  increase  in  a f fec ted  leaves.  

B. vulgaris var .  cicla, which  con ta ins  c rys ta l  s and  
colonies, was used as t he  h o s t  p l a n t  a n d  i ts  leaves  were 
infec ted  w i t h  col ts foot  mosaic  virus.  I n  th i s  case, c rys ta l  
s and  colony was genera l ly  smal ler  t h a n  those  in h e a l t h y  
leaves  (Figure D), a n d  the  size of colonies in the  affected 
leaves  (Figure D') va r i ed  cons iderab ly ,  w i t h  shape  
becoming  more  complex.  D i s t r i b u t i o n  of c rys ta l  s and  
colonies t e n d e d  to be  h ighe r  in  af fected leaves.  

I t  is qu i te  clear  f rom t h e  foregoing resul t s  t h a t  t he  
b e h a v i o r  of v i ruses  in the  hos t  p l a n t  is ref lected in t he  
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 the  hos t  
p l an t .  I n  add i t ion ,  the  fol lowing conclus ion m a y  be  
d r a w n  f rom t h e  resu l t s  of these  o b s e r v a t i o n s :  1. The  
morpholog ica l  p r inc ip le  of t he  c rys ta l s  con t a ined  in t he  
p l a n t s  used in t h e  p r e s e n t  series of e x p e r i m e n t s  r ema ins  
u n c h a n g e d  even  w h e n  the  p l a n t  i tself  undergoes  m a r k e d  
b iochemica l  and  morpholog ica l  a l t e ra t ions .  Th i s  f ac t  
can  be  appl ied  to o the r  p l a n t s  w i t h  a cons ide rab ly  h i g h  
p robab i l i t y .  2. "When a p l a n t  possesses a p a t t e r n  of 
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