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The Binding of Organic Mercurials by Normal and Sucrose-Swollen Embryos of the Sea Urchin 
Paracentro tus  l i v idus  

Liv ing  e m b r y o s  of sea  u rch ins  t ake  u p  inc reas ing  
a m o u n t s  of o rgan ic  mercu r i a l s  as t h e y  deve lop  1. Th i s  ob-  
s e r v a t i o n  suggests  t h e  c o n t i n u a l  a p p e a r a n c e  of new sulf- 
h y d r y l  g roups  a t  t he  surface  of t h e  embryos .  I t  seems 
p laus ib le  t h a t  some of t h e  mercu r i a l  is b o u n d  b y  m a t e r i a l s  
h o l d i n g  t h e  e m b r y o n i c  cells toge the r .  W e  h a v e  t r i ed  
s t r e t c h i n g  t he  e m b r y o s  b y  m e a n s  of sucrose,  as desc r ibed  
b y  MOORE 2, to  d e t e r m i n e  w h e t h e r  t he  osmot ic  swell ing 
w h i c h  r e su l t s  m i g h t  in f luence  t h e  a m o u n t s  of mercu r i a l s  
b o u n d  b y  t h e  embryos .  

3Iethods. Fer t i l i zed  eggs of Paracentrotus lividus were  
rea red  in  sucrose  in  sea  w a t e r  (1 p a r t  m o l a r  sucrose  to  9 
p a r t s  sea  wa te r )  f r o m  two-cei l  s t age  u n t i l  h a t c h i n g  was 
comple t ed .  Con t ro l s  were  s imi la r ly  exposed  to  sea  w a t e r  
d i l u t ed  w i t h  a c o r r e s p o n d i n g  a m o u n t  of i sosmot ic  NaC1. 
Af t e r  h a t c h i n g ,  t h e  e m b r y o s  were r e m o v e d  to  n o r m a l  sea  
w a t e r  w h e r e  w i t h i n  30 m i n  t h e y  showed  a m a r k e d  increase  
in  t h e  d i a m e t e r  of t h e  b las tocoe l  a n d  a t h i n n i n g  of t h e  
b las tocoe l  wall .  Cont ro l  e m b r y o s  d id  n o t  show s u c h  
changes .  

T h e  e x t e n t  of b i n d i n g  of o rgan ic  mercu r i a l s  b y  swol len  
a n d  con t ro l  e m b r y o s  was  d e t e r m i n e d  b y  expos ing  300,000 
e m b r y o s  to  a m e a s u r e d  a m o u n t  of mercu r i a l  for 3 h, a n d  
t h e n  a s s a y i n g  t h e  a m o u n t  of mercu r i a l  le f t  in  t h e  super -  
n a t a n t  a f t e r  r e m o v a l  of t h e  embryos ,  a cco rd ing  to  t he  
m e t h o d  of FRIDOVlCI~ a n d  HANDLER z. 75 m/~moles of 
p a r a m e r c u r i c h l o r o b e n z o a t e  (PCMB) or  p a r a c h l o r o m e r c u r i -  
b e n z e n e  su l fona t e  (PCMBS)  were  a d d e d  to  2-4  mt  sea  wa-  
t e r  a n d  0 . 5 M  NaC1 so lu t ion  (I:1) c o n t a i n i n g  300,000 
suc ro se - t r e a t ed  or  con t ro l  embryos ,  a n d  lef t  to  s t a n d  a t  
r o o m  t e m p e r a t u r e  for  3 h. I n  a pa ra l l e l  series of exper i -  
m e n t s  t h e  mercu r i a l  was  a d d e d  a t  t he  end  of t he  3 h in-  
c u b a t i o n  to  m e a s u r e  a n y  m e r c u r y - b i n d i n g  m a t e r i a l  re- 
leased b y  t h e  e m b r y o s  d u r i n g  the  i n c u b a t i o n  per iod .  A t  
t h e  end  of t h e  i n c u b a t i o n  t h e  e m b r y o s  were s e p a r a t e d  b y  
c e n t r i f u g a t i o n  a n d  t h e  s u p e r n a t a n t  was  a s sayed  for" re- 
m a i n i n g  m e r c u r i a l  b y  t h e  a d d i t i o n  of p h o s p h a t e  buffer ,  
p H  7, to  a c o n c e n t r a t i o n  of 0.1M, e t h y l e n e  d i a m i n e  te-  
t r a c e t a t e  (EDTA)  to  0.01M, fol lowed b y  d i th i zone  in car-  
b o n  t e t r a c h l o r i d e  a d j u s t e d  t o  a n  a b s o r b a n c e  of 0.85 O.D.  
Af te r  1 ra in  of s h a k i n g  t h e  cold mix tu re ,  t h e  a b s o r b a n c e  of 
t he  CC14 p h a s e  was  r ead  a t  625 nm.  Th i s  a b s o r b a n c e  is 
d i r ec t l y  p r o p o r t i o n a l  to  t h e  a m o u n t  of mercu r i a l  b o u n d  
b y  t h e  embryos .  

Results. E m b r y o s  r ea red  in  sucrose  a n d  r e m o v e d  a f t e r  
h a t c h i n g  to  n o r m a l  sea  w a t e r  showed  a t y p i c a l  swell ing of 
t h e  b l a s tocoe l  w i t h  t h i n n i n g  of t h e  b l a s t u l a  wall .  T h e y  
deve loped  a t  t h e  s a m e  r a t e  as con t ro l s  b o t h  before  a n d  
a f t e r  h a t c h i n g ,  b u t  t h e  onse t  of h a t c h i n g  a n d  i ts  comple-  
t i on  were  s l igh t ly  de l ayed  in t h e  t r e a t e d  embryos .  

The  suc rose - t r ea t ed  e m b r y o s  b o u n d  P C M B  a n d  P C M B S  
to  t he  same  e x t e n t  as d id  t h e  n o r m a l  embryos .  (Table) .  

B o t h  t r e a t e d  a n d  con t ro l  e m b r y o s  b o u n d  a b o u t  
35 m/~moles of PCMB,  a n d  a b o u t  10 m/ano l e s  of PCMBS.  
The  P C M B S  is t h o u g h t  to  p e n e t r a t e  cha rged  d i f fus ion  
ba r r i e r s  less read i ly  t h a n  P C M B  a n d  sea  u r ch in s  h a v e  pre-  
v ious ly  b e e n  s h o w n  to  b i n d  P C M B S  less t h a n  P C M B  a t  
va r ious  s tages  of d e v e l o p m e n t  1 Our  p r e s e n t  resu l t s  sug-  
ges t  t h a t  n e i t h e r  t h e  increase  in size of t h e  b l a s tocoe l  n o r  
t he  c o n c o m i t a n t  t h i n n i n g  of t h e  b las tocoe l  wal t  i nvo lves  a 
c h a n g e  in t h e  n u m b e r  of s u l f h y d r y l  groups ,  m e a s u r a b l e  
w i t h  t h e  p r e s e n t  assay,  a t  or  n e a r  t h e  sur face  of t h e  b l a s to -  
meres .  

A d i f fe rence  in b e h a v i o r  d u r i n g  exposu re  to  t h e  mer -  
cur ia l s  was  o b s e r v e d  in t h e  t r e a t e d  a n d  con t ro l  e m b r y o s .  
N o r m a l  e m b r y o s  exposed  to  t h e  o rgan ic  mercu r i a l s  s w a m  
m o r e  s lowly t h a n  u n e x p o s e d  embryos ,  whe reas  swol len  
e m b r y o s  s w a m  a t  t he i r  o r ig ina l  r a t e  e v e n  in t h e  p re sence  
of mercur ia l s .  Since c i l ia tes  are  immobi l i zed  b y  a n d  b i n d  
the se  s a m e  mercu r i a l s  t h e  ef fec t  o n  c i l iary  a c t i v i t y  m a y  be  
a genera l  one  4. Howeve r ,  t h e  d i f fe rence  in  t h e  s w i m m i n g  
a c t i v i t y  of n o r m a l  a n d  swollen e m b r y o s  in t h e  p re sence  of 
m e r c u r i a l  sugges t s  t h a t  t h e  l oca t ion  of  t h e  m e r c u r i a l  b ind -  
ing s i tes  m a y  di f fer  b e t w e e n  t h e  two.  

Conclusions. T h e  organ ic  mercu r i a l s  wh ich  a t t a c h  to  t h e  
l iv ing  e m b r y o s  d u r i n g  t he  pe r iod  of a s s a y  a re  t h o u g h t  to  
r e a c t  w i t h  free s u l f h y d r y l  g roups  a t  t h e  sur face  of b la s to -  
meres .  T h e  n u m b e r  of t he se  g roups  a p p e a r s  n o t  to  c h a n g e  
in response  to  m e c h a n i c a l  s t r a i n  imposed  o n  t h e  ce l lu lar  
sur faces  a n d  j u n c t i o n s  b y  t h e  o smo t i c  forces w h i c h  swell 
t he  e m b r y o s  r ea red  in sucrose  ~. 

Rdsumd. E n  r u e  d ' a t u d i e r  les effets  d ' u n e  t e n s i o n  i n t e r -  
cel lula i re  sur  les g roupes  su l fhydr i les  A la surface  des b l a s to -  
mares ,  nous  t imes  sub i r  a u x  b las tu les  d ' o u r s i n  u n  gonfle-  
m e n t  o smot ique ,  en  les t r a i t a n t  au  sucrose.  Les  e m b r y o n s  
enfl6s a b s o r b b r e n t  ensu i t e  a u t a n t  de raac t i f  mercur i e l  que  
les e m b r y o n s  n o r m a u x .  Nous  en  dadu i sons  que  les g roupes  
su l fhydr i les  superf ic iels  ne  s o n t  pas  in f luencas  p a r  les 
forces o s m o t i q u e s  qu i  d d f o r m e n t  les pa to i s  des  e m b r y o n s .  
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Amounts of organic mercurials bound by 300,000 normal and sucrose- 
swollen embryos of P. lividus after 3 h exposure 

Experiment Reagent Nornml Sucrose-swollen 

(mpmoles mercurial) 

1 PCMB 32 32 
2 40 36 

3 PCMBS 12 12 
4 11 8 
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