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Spawning Control in Starfish 

I n  s tarf ish ,  s p a w n i n g  occurs  w h e n  a h o r m o n a l  po lypep-  
t ide ,  a g o n a d - s t i m u l a t i n g  s u b s t a n c e  (GSS), is re leased 
f rom t h e  ne rvous  s y s t e m  in to  t h e  coelomic c a v i t y  where  
t h e  o v a r y  is su spended  1-a. Th i s  h o r m o n e  ac ts  on  t he  o v a r y  
to  p roduce  1 -me thy laden ine ,  w h i c h  func t i ons  as a meiosis-  
i n d u c i n g  s u b s t a n c e  (MIS) a n d  ac t s  on  t h e  surface  of 
oocytes  to  induce  m a t u r a t i o n  5, ~. Subsequen t ly ,  d i scharge  
of oocytes  f rom the  g o n o p h o r e  t akes  p lace  t h r o u g h  
d i s so lu t ion  of c e m e n t i n g  m a t t e r  a m o n g  t h e  eggs a n d  t h e  
fol l icular  envelope,  fol lowed b y  c o n t r a c t i o n  of t he  gonada l  
wal l  7. 

On  t he  o the r  h a n d ,  t i le  p resence  of s p a w n i n g  i n h i b i t o r s  
a n t a g o n i z i n g  t h e  ac t ion  of G S S  has  been  d e m o n s t r a t e d  in 
t h e  o v a r y  s. The  chemica l  n a t u r e  of these  subs t ances  is 
group-specif ic ,  i.e., L-g lu tamic  acid is t h e  i n h i b i t o r y  
f ac to r  for Asterina pectini/era s a n d  s te ro ida l  glycosides,  
a s t e ro sapon in s  A a n d  t3, for  Asterias amuremis 9. HEIL- 
BRUNN et  al.a~ r epo r t ed  t h e  occur rence  ill t h e  o v a r y  of 
Asterias /orbisi of a n  a n t i m e i o t i c  subs tance ,  w h i c h  t h e y  
as s igned  as h e p a r i n  or a hepa r in - l ike  subs tance .  F u r t h e r ,  
t h e y  conc luded  t h a t  t h e  same  c o m p o u n d  b locks  t he  
mi to t i c  d iv i s ion  of eggs Of Chaetopterus a n d  Arbacla. 
Cons ider ing  these  s i tua t ions ,  we i n v e s t i g a t e d  t he  an t i -  
meio t ic  effect  of t he  o v a r y  e x t r a c t  for oocytes  of Asterias 
amuremis a n d  no t i ced  t he  p resence  of a nove l  inh ib i to r ( s ) ,  
p r o b a b l y  a s t e ro ida l  glycoside(s) o t h e r  t h a n  t h e  as te rosa-  
ponins .  Th i s  p a p e r  is a p r e l i m i n a r y  desc r ip t ion  of exper i -  
m e n t a l  resu l t s  t h u s  fa r  ob ta ined .  

I t  is k n o w n  t h a t  in  Asterias amurensis oocytes  undergo  
s p o n t a n e o u s  m a t u r a t i o n  w i t h o u t  a n y  t r e a t m e n t  w h e n  
i so la ted  ar t i f ic ia l ly  ill s eawa te r  n.  I n  t h i s  expe r imen t ,  
therefore ,  oocytes  were t o r n  f rom a n  o v a r i a n  f r a g m e n t  
w i t h  forceps a n d  i m m e d i a t e l y  t r a n s f e r r e d  in to  s eawa te r  
c o n t a i n i n g  a def in i t e  a m o u n t  of t he  t e s t  s ample  k e p t  in  a 
smal l  P e t r i  dish.  The  n u m b e r  of i m m a t u r e  oocytes  sti l l  
possess ing  i n t a c t  g e r m i n a l  vesicles was  c o u n t e d  a f t e r  1 h. 
As controls ,  oocytes  were k e p t  in  ca lc ium-free  seawater ,  
whe re  t h e y  r e m a i n  in t h e  g e r m i n a l  vesicle s tage  n ,  as well  
as ill n o r m a l  seawater .  T h o u g h  a s t e rosapon ins  A a n d  ]3 
d id  n o t  i n h i b i t  s p o n t a n e o u s  m a t u r a t i o n  a t  doses of 
10-1,000 ixg/ml, t he  s eawa te r  e x t r a c t  of t h e  o v a r y  revea led  
s ign i f ican t  i n h i b i t i o n  a t  doses of 5-20 m g  d r y  t i ssue /ml .  
Th i s  co inc ided  w i t h  t h e  r e p o r t  b y  HEILBRUNN et  al . l~ 
conce rn ing  t he  o v a r y  ex t rac t .  Then ,  we a t t e m p t e d  isola- 
t i o n  and  c h a r a c t e r i z a t i o n  of t he  ac t ive  pr inc ip le  caus ing  
t he  a n t i m e i o t i c  effect: 

T h r o u g h  p r e l i m i n a r y  t r ia ls ,  20% aqueous  acetone,  
0.1 M p y r i d i n i u m  ace t a t e  ( p i t  6.1), acidic s eawa te r  
(pH 3.0) a n d  n o r m a l  s eawa te r  were found  to  be  equa l ly  
su i t ab le  for e x t r a c t i o n  f rom t h e  o v a r y  of t he  an t i m e io t i c  
subs tance ,  wh ich  was inso luble  in  a n h y d r o u s  acetone.  

Purification of antimeiotie and antispawning substances from the 
ovary of Asterias c~murensis 

Preparation Weight Dose required Dose required for 
(g) for spawning 50 % inhibition of 

inhibition meiosis (mg/ml) 
(mg/ml) 

Lyophilized ovary 620 -- -- 
Acetone powder 570 -- -- 
20% acetone 172 20 30 
80% acetone 40.5 5 15 
n-Butanol extract 4.1 0.6-0.2 3.2 
Sephadex G-25 
Fraction No. 8 0.22 0.04 > 50 
Fraction No. 10 0.72 > 50 0.3 

Then ,  t h e  pur i f i ca t ion  of  t he  ac t ive  pr inc ip le  was car r ied  
ou t  in  t he  fol lowing way  (Table).  A n  ace tone  p o w d e r  was 
p r e p a r e d  a t  f i rs t  f rom lyophi l ized  ovar ies  of 220 females  
col lected ear ly  in  t h e  b r eed ing  season. The  p o w d e r  was 
e x t r a c t e d  w i t h  20% aqueous  acetone,  to  wh ich  was a d d e d  
a n h y d r o u s  ace tone  to  m a k e  a n  80% ace tone  solut ion.  
Af te r  s t a n d i n g  o v e r n i g h t  in  t he  cold, t h e  so lu t ion  was 
cen t r i fuged  to  s epa ra t e  prec ip i ta tes .  13iological a c t i v i t y  
was found  solely in  t h e  s u p e r n a t a n t ,  wh ich  was e v a p o r a t e d  ' 
in  vacuo.  The  aqueous  res idue was acidif ied w i t h  d i lu te  
sulfuric  acid to  p H  3.0 a n d  was p a r t i t i o n e d  w i t h  a n  equa l  
v o l u m e  of ,z-butanol .  The  b u t a n o l  l ayer  was  sepa ra t ed  
and  e v a p o r a t e d  in  vacuo  to  dryness .  The  res idue  was  
d issolved in  11 ml  of 0.1 M p y r i d i n i n m  ace t a t e  buffer  
(pH 6.1) a n d  was app l ied  on to  a S e p h a d e x  G-25 c o l m n n  
(3.3 • 65 cm), w h i c h  was deve loped  w i t h  t h e  s ame  buf fe r  
( f rac t ion size, 13.5 ml ;  f low ra te ,  40 ml /h) .  The  gelf i l t ra-  
t i on  c lear ly  s e p a r a t e d  t h e  des i red  a n t i m e i o t i c  s u b s t a n c e  
( f rac t ion No. 10) f rom t h e  a n t i s p a w n i n g  s u b s t a n c e  
( f rac t ion No. 8), i den t i f i ed  as a s t e ro sapon ins  A a n d  13 9. 

The  seawa te r  e x t r a c t  of t he  o v a r y  c o n t a i n i n g  t he  an t i -  
meio t ic  s u b s t a n c e  a t  c o n c e n t r a t i o n s  of 0 .2-40 m g  d ry  
t i s sue /ml  was app l ied  to  oocytes  of A sterina pectini/era 1~. 
None  of t he  so lu t ion  t e s t ed  here  i n h i b i t e d  meio t ic  d iv i s ion  
of t h e  oocytes  i nduced  b y  lVIIS s i m u l t a n e o u s l y  app l ied  a t  
t he  essent ia l  m i n i m u m  of dose (2 • 10 .7 M) .  Thus ,  t h e  
an t ime io t i c  subs t ances  shou ld  be  cons idered  to  a r re s t  
meiosis  a t  t h e  ge rmina l  vesicle s tage  before  M I S  ac t s  on  
t h e  oocytes.  

P r e l i m i n a r y  e x a m i n a t i o n  on  t he  chemica l  n a t u r e  of t h e  
an t ime io t i c  s u b s t a n c e  revea led  t h a t  i t  be longs  to  a k i n d  
of s te ro ida l  glycoside, showing  no  hepa r in - l ike  proper t ies .  
F u r t h e r  i nves t i ga t i on  f rom chemica l  a n d  biological  
s t a n d p o i n t s  is in  progress  ~. 

Zusammen/assung. Aus E x t r a k t e n  y o n  Ovar i en  des 
Seeigels Asterias amuremis k o n n t e  mi t t e l s  Ge l f i l t r a t ion  
ein Meiosehemmstof f ,  v e r m u t l i c h  ein Steroidglycosid ,  
u n d  eine die Ablage  yon  E i e r n  h e m m e n d e ,  A s t e r o s a p o n i n  
A u n d  13 e n t h a l t e n d e  F r a k t i o n  a b g e t r e n n t  werden.  
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