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Table IL Developmental capacity of oocytes (matured in vitro with 
progesterone) after shedding by foster females and 'artificial' 
fertilization 

Totals % 

Oocytes shed 296 100 
Activation reaction 158 53.3 
Blastula stage 30 10.8 
Hatching tadpoles 20 6.7 
Feeding tadpoles 13 4.4 
Metamorphosed frogs 8 2.7 

eggs, spon taneous  ac t iva t ion ,  i.e. cor tex con t rac t ion  and 
cleavage (in unfer t i l ized eggs cleavage is abort ive) .  The 
two types  of Xenopus laevis laevis oocytes,  those  which  
had  passed  t h rough  an oviduct  wi th in  3 h and  those  
which  had  been  kep t  in m a t u r a t i o n  med ium for 3 h, 
were so t r e a t ed  and the i r  behaviour  compared .  Oocytes  
which had  passed the  ov iduc t  were ferti l ized following 
WOLF et  a l ) .  In addi t ion to  t he  paral lel  s torage of 
oocytes  in m a t u r a t i o n  m e d i u m  (a), a second contro l  was  
done as follows: 3 ovula t ing  females were sacrificed, and  
the i r  se rum p r e p a r e d . . O o c y t e s  ma tu r ed  wi th  proges ter -  
one were t rans fe r red  into th is  se rum (medium b) af ter  
t he  m a t u r a t i o n  spot  had  appeared,  and  incuba ted  for 3 h. 
AlI expe r imen t s  were realized a t  21-22~ ( t empera tu re  
of the  solut ions used). 

Results. Tables  I and  II .  

Discussion. The process  of m a t u r a t i o n  no t  only  induces 
comple t ion  of meiosis and  the  t r an s fo rma t i o n  f rom the  
cy toplasmic  s ta te  of an oocyte  (RNA synthesis)  to  the  
cy toplasmic  p rog ram of an egg (DNA synthesis) ,  bu t  
also acts  on the  oocytes  m e m b r a n e  (for review seeS). The 
p resen t  results  suggest  t h a t  cor tex  m a t u r a t i o n  in vivo 
depends  on con tac t  of t he  oocyte  wi th  the  oviduct ,  since 
the  controls  did no t  conta in  fully ma tu re  eggs. This 
obse rva t ion  is cor robora ted  by  the  possibi l i ty  of raising 
the  low metabol ic  ac t iv i ty  of a b o d y  cav i ty  egg to the  
high level of a shed egg by  t r ea t ing  the  b o d y  cav i ty  eggs 
wi th  ex t rac t s  from the  u p p e r m o s t  pa r t  of the  oviduct  s . 

Summary.  Contac t  of proges te rone  ma t u red  oocytes  
of Xenopus laevis w i t h  the  ov iduc t  reduces  t h e  t ime  
necessary  to a t t a in  cleavage capac i ty  from 24 h to 3 h. 
Ful l  m a t u r i t y  has been d e m o n s t r a t e d  by  normal  develop- 
m e n t  of the  ma t u r ed  eggs af ter  fert i l ization.  
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Nuclear  Envelope  Changes  Related to Cell Act ivat ion in Helianthus  tuberosus  L. 

Nuclear  pore complexes  are sites of communica t ion  
be tween  nucleus and cy top la sm th rough  which macro-  
molecular  exchange  is e f fec tedl .  Al though  the  s t ruc tura l  
organiza t ion  of the  pore  complex  appears  to be similar  in 
mos t  cell types ,  there  is considerable  var ia t ion  in the  
n u m b e r  of pores  in t h e  nuclei  of d i f ferent  species and  
t issues x. F u r t h e r m o r e  pore  f requency  and pore n u m b e r  
per  nucleus can increase in a given cell t ype  wi th  an 
increase in its metabol ic  ac t iv i ty  2-5. 

The ac t iva t ion  of p l an t  s torage t issues is accompanied  
by  m a n y  changes  6 including a rise in R N A  synthesis ,  an 
increase in nucleolar  size, po lysome fo rmat ion  and pro te in  
synthesis .  A th in-sec t ion  s tudy  of Daucus carota root  cells 
also revealed a doubl ing  of nuclear  pore f requency  T, 
suggest ing t h a t  nuclear  pore  n u m b e r  migh t  be an im- 

p o r t a n t  control l ing fac tor  in the  process of cell ac t ivat ion.  
In  th is  p re l iminary  repor t ,  we describe the  resul ts  of an 
inves t iga t ion  in to .  nuclear  enve lope  u l t r a s t ruc tu re  of 
d o r m a n t  and ac t iva ted  Helianthus tuberosus t ube r  cells, 
in which  the  f reeze-fracture  t echn ique  was employed  to 
p e rmi t  a more  accura te  analysis  of nuclear  pore f requen-  
cies. 

Materials and method. E x p l a n t s  of H. tuberosus tuber  
t issue were p repa red  and  incubated ,  as descr ibed pre- 
viously s. Nuclei were ex t r ac t ed  f rom d o r m a n t  tissue, and 
t issue incuba ted  for 24 h ( termed ac t iva ted  t issue in this  
report) ,  f ixed in 0.1 M cacodyla te  buffered 2.5% glutaral-  
dehyde,  g lycer inated,  frozen in mel t ing  freon 12, and 
f reeze-fractured using the  BULLIVANT-AMEs m e t h o d  s. 
Cleaned replicas were e x a m i n e d  wi th  an A E I  EM6B 

Frequency of nuclear pores in nuclei from Helianthus tuberosus tuber 
cells 

Nuclear pores Sample size 
([xln -e ~- SD) 

Dormant ceils 11.3 i 1.8 
(0 h incubation) 

Activated cells 11.9 • 1.9 
(24 h incubation) 

363 tim 2 of nuclear 
envelope from 24 iluclei 

191 ~xm '2 of nuclear 
envelope from 34 nuclei ~ 

�9 The smaller total area of nuclei sampled in activated cells results 
from the reduced frequency of large areas of face fractures of the 
convoluted nuclear envelopes. 
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Fig.  1. Th in - sec t ioned  0 h (dormant )  a r t i choke  nucleus  f rom tissue f ixed sequen t i a l ly  in g l u t a r a l d e h y d c  a n d  o s m i u m  te t rox ide ,  a n d  e m b e d d e d  
in ara ld i te .  The  nuc lea r  profile shows no i n d e n t a t i o n s  a t  th is  s tage.  • 7,000. 

Fig.  2. 24 h (active) a r t i choke  nucleus ,  p r e p a r e d  s imi la r ly  to F igure  1. Note  the  convo lu t ed  out l ine  of the  nuc lea r  envelope.  • 7,000. 

Fig.  3. Phase  c o n t r a s t  p h o t o m i c r o g r a p h  of 0 h (do rman t )  nucleus  i so la ted  in c a c o d y l a t e  bu f fe red  g l u t a r a l d e h y d e ,  showiI~g typ ica l  s m o o t h  
ou t l ine  a n d  mul t ip le  smal l  nucleoli .  • 1,450. 

Fig.  4. Phase  c o n t r a s t  p h o t o m i c r o g r a p h  of t yp i ca l  24 h (active) nucleus  i so la ted  in c a c o d y l a t e  bu f fe red  g l u t a r a l d e h y d e .  The  nuc leus  is l a rge r  
t h a n  a t  0 h, shows a convo lu t ed  out l ine,  a n d  has  a single l a rge  nueleolus.  • 1,450. 

Fig.  5. F reeze - f rac tu re  repl ica  of p a r t  of a 0 h (do rman t )  i so la ted  nucleus ,  showing  f r e q u e n c y  a n d  d i s t r i bu t ion  of nuc lea r  pores .  • 30,000. 
Enc i rc led  a r r o w  in this  a n d  the  fol lowing f igure ind ica te  d i rec t ion  of shadow.  

Fig.  6. F reeze - f rac tu re  repl ica  of p a r t  of a 24 h (active) i so la ted  nucleus.  The  f r e q u e n c y  a n d  d i s t r i bu t i on  of nuc lea r  pores  a p p e a r s  s imi la r  to 
t h a t  obse rved  a t  0 h. • 30,000. 
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e lec t ron  microscope.  Mater ia l  was  processed for t h in -  
sec t ion  s tud ies  as descr ibed  p rev ious ly  6. Changes  in 
nuc lea r  m o r p h o l o g y  were m o n i t o r e d  us ing  a Zeiss pho to -  
microscope equ ipped  w i t h  phase  c o n t r a s t  optics.  

Results. L i g h t  microscopy  revea led  a r educ t i on  in 
n u m b e r s  of nucleoli ,  a n  increase  in t o t a l  nuc leo la r  vo lume  
a n d  d e v e l o p m e n t  of nuc leolar  vacuoles  on cell a c t i v a t i o n  
(compare  F igures  3 a n d  4). F u r t h e r m o r e ,  t he  nuc leus  
en la rged  and  deve loped  an  i r regular  ou t l ine  w i t h  deep 
infold ings  (Figures 1 and  2; 3 a n d  4). As a consequence  
of this ,  t h e  nuclei  i sola ted f rom a c t i v a t e d  cells h a d  a 
m u c h  la rger  surface area.  However ,  t h e i r  pore  f r equency  
d id  n o t  differ  s ign i f i can t ly  (p >> 0.01) f rom t h a t  of dor-  
m a n t  cell nuclei  (Table  and  Figures  5 a n d  6), despi te  t he  
f ac t  t h a t  a t  t h e  re la t ive ly  low pore densi t ies  observed,  
the re  appea r s  to  be suff ic ient  space to  a c c o m m o d a t e  m a n y  
more  pores. B o t h  t ypes  of nuclei  revea led  a n u m b e r  of 
d i f fe ren t  appea ran ces  of t h e i r  pores  in  freeze f r ac tu re  
replicas.  These  can  be  u n d e r s t o o d  in t e r m s  of t he  pos i t ion  
of t he  c leavage p lane  t h r o u g h  t he  pore  9-11 a n d  do no t  
ind ica te  a n y  a l t e r a t i on  in nuc lea r  pore  s t ruc tu re .  

Discussion. The  changes  occur r ing  in t he  nucleolus  are 
in a g r e e m e n t  w i t h  those  p rev ious ly  r epor ted  ~2. T h e  
d e v e l o p m e n t  of an i r regular  nuc lea r  profi le  has  been  
n o t e d  in a c t i v a t e d  D. carota roo t  cells 7 a n d  is no t  an  
u n c o m m o n  fea tu re  of o the r  ac t ive  cells 13. A l t h o u g h  t he  
nuc lea r  changes  in H. tuberosus follow those  of D. carota 
i t  is i n t e res t ing  t h a t  t h e y  differ  w i t h  regard  to the  
dens i t y  of pores  in t he  nuc lea r  envelope.  I n  v iew of t he  
fac t  t h a t  a n  increase  in nuc lea r  pore  f r equency  c o m m o n l y  
accompan ie s  cell a c t i v a t i o n  in a n u m b e r  of sys tems  ~-a 
a n d  in pa r t i cu la r ,  D. carota roo t  cells a c t i v a t e d  in a n  
iden t ica l  m a n n e r  to  t h a t  used here  for H. tuberosus ~, t h e  
lack of a co r re spond ing  change  in H. tuberosus m a y  seem 
surpr iz ing.  

I f  nuc lea r  pore  complexes  are  r ega rded  as re la t ive ly  
s tab le  en t i t i es  h a v i n g  t he  capac i t y  to  v a r y  t he  r a t e  a t  
wh ich  nuc lea r  p r o d u c t s  are t r a n s p o r t e d  t h r o u g h  t h e m ,  
t h e n  f o r m a t i o n  of new pores  m i g h t  n o t  occur  unless  t he  
a m o u n t  of ma te r i a l  to  be e x p o r t e d  to  the  c y t o p l a s m  is in 
excess of t h a t  wh ich  ex is t ing  pores  can  process.  D a t a  on  
flow ra te s  of m a t e r i a l  t h r o u g h  nuc lea r  pores  shows 
v a r i a t i o n  be tween  species and  in t h e  same  sys t em a t  
d i f fe rent  d e v e l o p m e n t a l  s tages  1,14,15. Thus ,  t he  difference 
in response  b e t w e e n  H. tuberosus a n d  D. carota m a y  be 
a c c o u n t e d  for in t e r m s  of differences in t he  capac i ty  of 
t he  nuc lea r  pores  a l r eady  p r e s e n t  to  m e e t  t h e  new t r a n s -  
p o r t  demands .  

A n y  e x p l a n a t i o n  for t he  difference m u s t  also t ake  in to  
a c c o u n t  t h e  increase  in nuc lea r  surface  area.  A l t h o u g h  a 
s imi la r  pore  f r equency  is shown  in d o r m a n t  and  ac t ive  
cells of H. tuberosus, t h e  abso lu te  n u m b e r  of nuc lea r  
pores  pe r  nuc leus  m u s t  rise w i t h  t he  d e v e l o p m e n t  of 
u n d u l a t i o n s  in the  nuc l ea r  surface.  I t  m i g h t  be t h a t  al- 
t h o u g h  f o r m a t i o n  of new nuc lea r  pores  is required,  a 
r es t r i c t ion  of a n  u n k n o w n  n a t u r e  on  pore  f r equency  exists ,  
m a k i n g  a n  increase  in nuc lea r  pores  d e p e n d e n t  on  t he  
f o r m a t i o n  of new nuc lea r  envelope.  

W h a t e v e r  t h e  exp lana t ion ,  i t  is c lear  t h a t  the  re la t ion-  
ship  b e t w e e n  nuc lea r  pore  f r equency  and  cell m e t a b o l i s m  
is more  complex  t h a n  or ig ina l ly  an t i c ipa ted ,  and  em- 
phas izes  t h a t  an  increase  in t o t a l  pore  n u m b e r  is no t  
a lways  a c c o m p a n i e d  b y  an  increase  in pore  f requency.  
F u r t h e r  work  is in progress  to  a t t e m p t  to  d e t e r m i n e  more  
precisely the  fac tors  wh ich  lead to nuc lea r  pore  f o r m a t i o n  
in t h i s  a n d  o t h e r  cell sy s t ems  16. 

Summary .  The  u l t r a s t r u c t u r e  of nuclei  f rom d o r m a n t  
and  a c t i v a t e d  Helianthus tuberosus t u b e r  cells ha s  b e e n  
i n v e s t i g a t e d  w i t h  p a r t i c u l a r  reference to nuc lea r  pore  
f r equency  a n d  nuc lea r  enve lope  invag ina t ions ,  and  t h e  
resul t s  d iscussed in r e l a t ion  to  obse rva t ions  m a d e  on  
o the r  cell types .  

N. J. SEVERS and  E. G. JORDAN 

Biology Department, Queen Elizabeth College, 
University o/ London, Campden Hil l  Road, 
London W 8  7 A H  (England), 12 June 1975. 

9 j .  KARTENBECK, M. ZENTGRAF, U. SCHEER and W. W. FRANKE, 
Adv. Anat. Embryol. Cell Biol. 45, 7 (1971). 

10 A. ~r G. BLOBEL and G. E. PALADE, J. Cell Biol. 55, 
104 (1972). 

11 N. J. SEVERS and E. G. JORDAN, J. Ultrastruct. Res. 52, 85 (1975). 
13 j .  M. CHAP~t~.N and E. G. JORDAN, .]. exp. Bot. 22, 620 (1971). 
13 E. GRUNDMANN, Allgemeine Cytologic (Thieme, Stuttgart 1964). 
1~ U. SCHEER, Devl. Biol. 30, 13 (1973). 
15 W. W. FRANKE, Experientia 27, 372 (1971). 
x* Receipt of an award from the S. R. C. is gratefully acknowledged 

by N. J. S. 

O c c u r r e n c e  of E x t r a - O v a r i a n  Ovu le s  in S u n f l o w e r  P lan t s  (Hel ianthus  a n n u u s  L.) 
Trea ted  w i t h  Chlor f lureno l  

M o r p h a c t i n s  (der iva t ives  of f luorene-9-carboxyl ic  acid) 
h a v e  been  r epo r t ed  to  increase  or decrease  t he  n u m b e r  of 
f lowers 1 f a v o u r  femaleness  2-4, a n d  cause  suppress ion  or 
fusion of f lowers or of f loral  p a r t s  2, 5, 6. I n  th i s  l abo ra to ry ,  
t he  effects  of ch lor f lu reno l  (2 -ch loro-9-hydroxy  f luorene-  
(9) -methyla te ,  E M D  7301 W) are  be ing  s tud ied  on  t he  
d e v e l o p m e n t  of t he  inf lorescence in some m e m b e r s  of 
t he  Composi tae .  One of t h e  i n t e r e s t i ng  obse rva t ions  m a d e  
w i t h  sunf lower  is r epo r t ed  here.  

P l a n t s  of Helianthus annuus L. var .  Armav i r sak i j ,  
h a v e  a t e r m i n a l  inf lorescence bea r i ng  a whor l  of sterile 
r a y  f lorets  and  800-2,000 b i sexua l  disc f lorets  which  form 
frui ts .  The  infer ior  o v a r y  ha s  a basa l ly  a t t a c h e d  ovule  
(Figure  1}. 

A fol iar  sp ray  of aqueous  ch lor f lu renol  solut ion was 
g iven  to 6-week-old p l a n t s  a t  t he  fol lowing concen t r a t i ons  : 
3 • 10 .3 M,  10 .3 M, 3 X ! 0-4 M,  10 -~ M,  a n d  3 X 10 -5 M,  
a long w i t h  0 .01% Tween  80 as t h e  su r f ac t an t .  The  con-  
t ro is  received on ly  t he  s u r f a c t a n t  solut ion.  8 to  10 weeks 
later ,  c e r t a in  inf lorescences  of t r e a t e d  p l a n t s  were ob-  
se rved  in wh ich  t he  in i t i a t ion  of the  disc f lorets was 
h a p h a z a r d  ins t ead  of be ing  in spira ls  as in controls .  Some 
of the  f lorets  showed  exposed ovules  (Figure 2). 1 to  7 
(rarely up  to 14) ovules  were found  p ro jec t ing  t h r o u g h  
t h e  n a r r o w  a p e x  of t he  corolla  tube ,  or  ly ing in t he  
midd le  of t h e  sp l i t -open  boa t - l ike  corolla, or emerg ing  
l a te ra l ly  t h r o u g h  t he  o v a r y  wall. Some f lorets  showed 2 
ovules  each,  one basa l ly  a t t a ched ,  n o r m a l  ovule  con- 


