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Nucleo lar  E n l a r g e m e n t  in L e m o n  Fruit  E x p l a n t s  (Citrus Umon L . )  

A n  en la rged  nuc leo lus  is usua l ly  cons ide red  as  be ing  
a s ign of inc reased  p r o t e i n  s y n t h e s i s  1-*. STXCH 7 h a s  
i n d i c a t e d  t h a t  a h y p e r t r o p h i c  nuc leo lus  m a y  n o t  be  a n  
i n d i c a t i o n  of h i g h  p ro t e in  s y n t h e s i s  in cells u n d e r  a b n o r -  
m a l  condi t ions .  Th i s  c o m m u n i c a t i o n  p r e s e n t s  obse rva -  
t i ons  on  nuc leo la r  e n l a r g e m e n t  in qu ie scen t  n o n - d i v i d i n g  
cells u n d e r  cond i t i ons  w h i c h  would  n o t  be  r ega rded  as 
f a v o u r a b l e  for  increased  s y n t h e t i c  ac t iv i ty .  

Vesicle s t a lk s  were  r e m o v e d  a sep t i ca l ly  f rom m a t u r e  
l e m o n  f ru i t s  (Citrus limon L.) a n d  inocu la t ed  o n t o  
dis t i l led  w a t e r  a n d  1 M m a n n i t o l  in  ' P y r e x '  P e t r i  d ishes  
a n d  p laced  in t he  d a r k  a t  25 °C a f t e r  sea l ing  t he  d ishes  
w i t h  ' P a r a f i l m ' .  E x p l a n t s  were h a r v e s t e d  a f t e r  v a r y i n g  
per iods  in v i t ro  a n d  u n s t a i n e d  p a r a f f i n  sec t ions  of C R A F  
a n d  F P I - f i x e d  t i ssue  were m a d e  as desc r ibed  p rev ious ly  s. 
U n s t a i n e d  pa ra f f i n  sec t ions  of f resh ly  excised s t a lks  
se rved  as phys io log ica l  a n d  cy to logica l  con t ro l s  a n d  al l  
spec imens  were  e x a m i n e d  a n d  p h o t o g r a p h e d  w i t h  posi-  
t i ve  p h a s e  c o n t r a s t  microscopy.  

Nucleol i  of t h e  con t ro l  t i s sue  were  p r e d o m i n a n t l y  
s p h e r i c a l - s h a p e d  u n i f o r m - a p p e a r i n g  s t r u c t u r e s  (ca. 1 ~ m  
in d i ame te r )  in  s p i n d l e - s h a p e d  nuc le i  as  desc r ibed  pre-  
v ious ly  g (F igure  1). Sp i n d l e - s h ap ed  nucle i  h a v e  also b e e n  
obse rved  in l iv ing  l emon  f ru i t  t i s sue  xo a n d  arc  no t ,  t he re -  
fore, f i x a t i o n  a r t e fac t s .  Nuc leo la r  e n l a r g e m e n t  was  a p p a r -  
e n t  a f t e r  6 h in  v i t r o  a n d  m a x i m u m  size (ca. 3 ~ m  in  
d i ame te r )  was  a t t a i n e d  a f t e r  24 h on  d i s t i l l ed  wate r .  
M a n y  cells w i t h  en la rged  nucleol i  were a p p a r e n t  a f t e r  
48 h (F igure  2). The  nucleol i  were p rogress ive ly  sma l l e r  
a f t e r  7 2 - 9 6 h  wh ich  i n d i c a t e d  t h a t  t h e  e n l a r g e m e n t  
process  h a d  ceased a n d  t h a t  t h e  nucleol i  were  poss ib ly  
r e t u r n i n g  to  t h e i r  n o r m a l  size. T h e  nucle i  were pre-  
d o m i n a n t l y  sp ind le - shaped  t h r o u g h o u t  t h e  en t i r e  pe r iod  
of t r e a t m e n t .  

Nuc leo la r  e n l a r g e m e n t  occur red  more  r ap i d l y  on  m a n -  
n i to l  t h a n  on  dis t i l led  water ,  m a x i m a l l y  en la rged  nucleol i  
(ca. 3 ~m in d i ame te r )  be ing  e v i d e n t  a f t e r  12 h. M a n y  
of t h e  cells c o n t a i n e d  en la rged  nucleol i  b y  48 h (Figure  3). 

Fig. 1. Control tissue showing the nucleoli m the spindle-shaped 
nuclei. Note the state of the cytoplasm. × 800. 
Fig. 2. Spindle-shaped nuclei with enlarged nucleoli in stalk incu- 
bated on distilled water for 48 h. Note the state of the cytoplasm. 
× 800. 
Fig. 3. Spindle-shaped nuclei with enlarged nucleoli of a stalk 
incubated on 1 M mannitol for 48 h. Note the complete plasmolysis 
of the cytoplasm. × 800. N, nucleus; n, nucleolus. 
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T h e  c y t o p l a s m  of t h e  p l a smolyzed  cells was  r educed  to  
a p p r o x i m a t e l y  */s i t s  or ig ina l  v o l u m e  b y  12 h a n d  to  
a p p r o x i m a t e l y  x/3 i t s  o r ig ina l  v o l u m e  b y  24 h. A t  48 h,  
p l a smolys i s  was  comple te ,  t h e  c y t o p l a s m  of t h e  cells 
h a v i n g  b e e n  reduced  to  r e l a t ive ly  smal l  masses  (Figure  3). 
T h o u g h  t h e  shape  of t he  nucle i  in t h e  p l a s m o l yzed  cells 
was  d i s t o r t e d  a t  t imes ,  t h e i r  sp ind le  shape  was  s t i l l  
d iscernib le .  

Nuc leo la r  e n l a r g e m e n t  u n d e r  t h e  a b n o r m a l  cond i t i ons  
of cell p l a smolys i s  desc r ibed  he re  lends  s u p p o r t  to  t h e  
sugges t ions  of STICH 7'11, t h a t  nuc leo la r  g r o w t h  m a y  be  
d e p e n d e n t  u p o n  t h e  m e t a b o l i c  a c t i v i t y  of t he  cy top l a sm,  
and  t h a t  u n d e r  a b n o r m a l  cond i t ions  a n  en l a rged  nucleolus  
is no t  necessar i ly  a s ign of inc reased  p r o t e i n  syn thes i s .  
Nuc leo la r  e n l a r g e m e n t  in  l emon  f ru i t  cells i n c u b a t e d  on  
d is t i l led  w a t e r  a n d  on  a h y p e r t o n i c  m a n n i t o l  so lu t ion  
ind ica t e  t h a t  th i s  p h e n o m e n o n  is n o t  a r e su l t  of changes  
in t h e  w a t e r  c o n t e n t  of t h e  nucleol i .  Th i s  is in  a g r e e m e n t  
w i t h  t h e  f i nd ing  ~ t h a t  t h e  increase  a n d  decrease  of 
nuc leo la r  v o l u m e  in Acetabularia mediterranea was n o t  
due  to  changes  in  w a t e r  c o n t e n t .  

Note added in proof. T h e  fo l lowing  o b s e r v a t i o n  was m a d e  
a f t e r  t h i s  a r t ic le  was  s en t  to  press .  M a r k e d  nuc leo la r  
e n l a r g e m e n t  was  e v i d e n t  in  m a n y  cells of l e m o n  e x p l a n t s  
t h a t  were  p l aced  on  a d r y  glass sur face  i m m e d i a t e l y  u p o n  
r e m o v a l  f r o m  t h e  f ru i t  a n d  i m m e d i a t e l y  covered  w i t h  
l iqu id  p a r a f f i n  (L igh t  Grade)  a n d  p l aced  in  t h e  d a r k  for 
48 h a t  25°C. 

Riassunto. L ' i n g r o s s a m e n t o  nuc lea re  ~ s t a t o  os se rva to  
in cellule p l a smol i zza t e  e n o n  p l a smol i zza t e  di  t e s s u to  d i  

f r u t t o  di  l imone .  Ques te  osse rvaz ion i  c o n f e r m a n o  le pre-  
ceden t i  i nves t igaz ion i  secondo le qua l i  l ' i n g r o s s a m e n t o  
nuc lea re  p u b  d i p e n d e r e  d a  u n a  a t t i v i tA  c i t o p l a s m a t i e a  
e che so t to  condiz ion i  n o n  n o r m a l i  u n  nucleo  ing rossa to  
n o n  r a p p r e s e n t a  n e c e s s a r i a m e n t e  u n  i n c r e m e n t o  di  s in-  
tes i  p ro te ica .  
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R o t a t i o n  and F ir s t  R e v e r s i o n  in the  Octopus E m b r y o  - A Case  of G radua l  R e v e r s a l  of C i l i ary  B e a t  

Coleoid C e p h a l o p o d a  show t w o  types  of egg depos i t .  
D e c a p o d a  enclose t h e i r  eggs in  je l ly  cases. T h e  egg 
cho r ion  (a p r o d u c t  of t h e  ovary )  s t r o n g l y  increases  in  
size d u r i n g  e m b r y o n i c  d e v e l o p m e n t ,  g iv ing  t h e  e m b r y o  
a m p l e  space  in  t h e  pe r iv i t e l l i n  f lu id  w h i c h  i t  c i rcu la tes  
b y  m e a n s  of c i l i a ry  m o t i o n  x. T he  Octopoda ,  on  t h e  o t h e r  
h a n d ,  lay  eggs t h a t  are  s u r r o u n d e d  b u t  b y  a n  e longate ,  
s t a lked  chor ion ,  w h i c h  swells  on ly  s l igh t ly  d u r i n g  devel -  
o p m e n t ;  t h e  e m b r y o  r e m a i n s  t i g h t l y  enclosed.  

I n  1875, LANKESTER 9 n o t e d  t h a t  t h e  Octopus e m b r y o  
a t  a n  ea r ly  s tage  reverses  i t s  pos i t i on  in t h e  chor ion,  
t u r n i n g  a r o u n d  f r o m  t h e  mic ropy le  to  t h e  s t a lk  side. 
Th i s  i m p o r t a n t  p h e n o m e n o n  s u n k  i n to  obl iv ion ,  however ,  
for  more  t h a n  ha l f  a c e n t u r y  3. PORTMANN 4 red i scovered  
i t  in  1933, a n d  - r e fe r r ing  to  i t  as t h e  f i r s t  r eve r s ion  - 
he  descr ibed  a second  reve r s ion  p e r f o r m e d  b y  a n i m a l s  
a t  a l a t e  e m b r y o n i c  s tage,  c o m p e n s a t i n g  for  t h e  f i r s t  
r eve r s ion  in o rde r  to  b r i n g  a b o u t  a pos i t i on  b e t t e r  su i t ed  - 
b u t  n o t  necessa ry  5 - for  h a t c h i n g .  A d o u b l e  r eve r s ion  
is also k n o w n  in  Eledone a n d  TremoctopusS, V; m o s t  
o b s e r v a t i o n s  were m a d e  on  Octopus, h o w e v e r  s, 9. A t ime-  
lapse  f i lm s t u d y  b y  PAINLEV~ a n d  ORELL110 i l l u s t r a t e s  
al l  m o v e m e n t s  of t h e  Octopus em br yo .  La te ly ,  SA- 
CARRAO 11 cr i t ica l ly  rev ised  t h e  en t i r e  p r o b l e m  of t h e  
f i r s t  r eve r s ion  or  ' b l a s tok ines i s '  e. 

I n s p i t e  of t h i s  large  b o d y  of i n f o r m a t i on ,  t h e  m e c h a -  
n i sm  ach iev ing  t h e  f i r s t  r eve r s ion  r e m a i n e d  u n k n o w n ,  
m a i n l y  because  Oc to pod  e m b r y o s  were  a s s u m e d  to  b e  
en t i r e ly  devo id  of ci l ia  TM. Th i s  is t r u e  for  t h e  a c t u a l  
embryo ,  b u t  I obse rved  t h a t  t h e  ec tode rmic  sur face  of 
t h e  ou t e r  yo lk  sac is covered  w i t h  c i l ia ry  cells. T he  ci l ia  
are  v e r y  de l ica te  a n d  c a n n o t  be  seen t h r o u g h  t he  cho r ion  
wh ich  is t r a n s p a r e n t ,  b u t  on  ba re  embryos ,  t h e y  can  

eas i ly  be  obse rved  in v i v o  u n d e r  t h e  mic roscope  ; e x a m i n a -  
t i o n  of h i s to log ica l  sec t ions  also revea l s  t h e i r  presence .  

Earlier observations. I n  o rde r  to  u n d e r s t a n d  t h e  f u n c t i o n  
of t h e  ci l ia  d u r i n g  t h e  f i r s t  revers ion ,  we h a v e  to  recal l  
t h e  o b s e r v a t i o n s  desc r ibed  b y  t h e  a f o r e - m e n t i o n e d  
au tho r s .  

T h e  yo lk  mass  is p e n e t r a t e d  w i t h  a n e t w o r k  of p l a smic  
processes  of t he  yo lk  s y n c y t i u m  t h a t  are  l ike ly  to  b r i n g  
a b o u t  t h e  c o n t r a c t i o n  a long  t h e  l o n g i t u d i n a l  ax is  of t h e  
egg p reced ing  t h e  f i r s t  r eve r s ion  ~,n.  T h e  yo lk  m a s s  
fo rms  t o g e t h e r  w i t h  t h e  o v e r l a y i n g  e m b r y o  a n d  yo lk  
enve lope  a u n i t y ;  a g l id ing  of t h e  b l a s tod i sc  on  t h e  yo lk  9 
is i nconce ivab le  n .  

F r o m  s tage  V I  (s taging  acco rd ing  to  NAEF 3) on, t h e  
e m b r y o  s lowly r o t a t e s  a r o u n d  i t s  l o n g i t u d i n a l  ax is  9. Th i s  
r o t a t i o n  is d i r ec ted  clockwise w h e n  seen f rom t h e  micro-  
py le  end  of t he  chor ion  a n d  r e m a i n s  so before,  d u r i n g  
a n d  a f t e r  t he  f i rs t  r eve r s ion  x0. 

1 S. RANZl, Boll. Soc. Nat. Napoli 38, 99 (1926). 
E. R. LANKESTER, Q. J. microsc. Sci. 15, 37 (1875). 

a A. NAEF, Fauna Flora Golfo Napoli, 35. Monogr. (1928). 
4 A. PORTMANN, Arch. Zool. exp~r, g~n. 76, 24 (1933). 

S. v. BOLETZKY, Verh. naturf. Ges. Basel 77, 165 (1966). 
e A. PORTMANN, Rev. Suisse Zool. d4, 359 (1937). 

G. F. SACARR~,O, Arqu. Museu Bocage 20, 1 (1950). 
s A. PORTMANN and K. Wmz, C. r. Acad. Sci., Paris 242, 2590 (1956). 
9 M. v. ORELLI and K. MAN6OLD-Wmz, Vie Milieu 12, 77 (1961). 

10 j .  PAXNLEV~ and M. v. ORELLI, (Film) Inst. Cin6matogr. Scienfif. 
Paris (1958). 

n G. F. SACARRXO, Arqu. Museu Bocage (Ser. 2a) 2, 25 (1968). 
t2 p. FIOROm, Acta Anat. 50, 264 (1962). 


