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A 'Ferti l izat ion M e m b r a n e '  in the Asc id ian  
H e r d m a n i a  m o m u s  and its  Relat ion  

to Self-  and Cross -Fer t i l i za t ion  

I t  is a charac te r i s t i c  of cer ta in  asc idian species t h a t  
the  eggs are r e f rac to ry  to the  spe rm from the  same 
individual .  O the r  species exh ib i t  typ ica l  i n t e rg rada t ion  
be tween  th is  comple te  self-s ter i l i ty  to  comple te  self- 
fer t i l i ty  1, ~. 

One of the  conclusions resul t ing from MORGAN'S 
ex tens ive  work  (see review 3) on genet ic  and physiological  
aspects  of self-s ter i l i ty  in C i o n a  i n t e s t i n a l i s  was t h a t  the  
block to self-fer t i l izat ion is associa ted  wi th  the  chorion.  
He  was  able to  increase the  self-fer t i l izabi l i ty  of the  eggs 
by several  d i f fe ren t  t r e a t m e n t s ,  a m o n g  which  were 
exposing  t h e m  to acid sea wa te r  or to pro teo ly t ic  enzymes.  
TYLER 4 sugges ted  t h a t  a lyric agen t  f rom the  sperm 
migh t  be l inked wi th  an  immunologica l  t ype  of egg-sperm 
in te rac t ion  like t h a t  known  to act  a t  the  egg surface in 
o the r  species. The exis tence  of such a mechan i sm appears  
p robab le  in l ight  of t he  e x p e r i m e n t s  of MINGANTI 5, who 
d e m o n s t r a t e d  ascidian spe rm agglu t ina t ion  by  a fertilizin- 
like subs tance  ob ta ined  from t r y p s i n - t r e a t e d  eggs. 
ORTOLANI 6 has  p rov ided  fu r the r  evidence  for a surface- 
located blocking mechan i sm by  abol ishing self-s ter i l i ty  
in C. i n t e s t i n a l i s  with  the  chela t ing  agen t  versene.  

Since no fer t i l izat ion m e m b r a n e  e levat ion  has  been 
descr ibed in ascidians,  the  usual  cr i ter ion for self- 
s ter i l i ty  has been failure of the  egg to cleave. Bu t  in 
ferti l ized eggs of H e r d m a n i a  m o m u s  (from the  Hawai ian  
Is lands)  a ' fer t i l iza t ion m e m b r a n e '  does ex is t ;  in un- 
in semina ted  or in sterile eggs it is absent .  Fai lure of the  
m e m b r a n e  to e levate  in cases of s ter i l i ty  provides  a 
more  logical cr i ter ion for t he  m e m b r a n e - l o c a t e d  block 
t h a n  does cleavage failure. I t  adds  credence  to the  
chor ion-block  t heo ry  of self-steri l i ty,  w i t h o u t  expe r imen t -  
al ly a l te r ing  the  egg surface,  as was  done  in t he  o t h e r  
work.  

The typica l  ascidian chor ion bears  the  inner  follicle 
cells and  encloses the  per ivi te t l ine fluid, which  suspends  
the  t e s t  cells. I t  rises from the  egg surface dur ing  the  2 h 
following release of the  egg from the  oviduct .  In mos t  
species only  th is  m e m b r a n e  elevates ,  b u t  in some memb er s  
of the  families Ascidiidae and  Pyur idae  a second,  more  
delicate,  m e m b r a n e  (inner chor ion or inner  membrane)  
separa tes  f rom the  inner  side of the  chor ion shor t ly  af ter  
the  la t t e r  has  e leva ted  7, s. 

In  the  Hawai ian  H e r d m a n i a  m o m u s  (family Pyur idae)  
the  virgin chor ion e levates  af ter  the  egg is released f rom 
the  ov iduc t  (Figure 1), as in o the r  ascidians,  b u t  the  
inner  chor ion acts  like a fert i l izat ion m e m b r a n e  and 
becomes vis ibly separa te  wi th in  4 min af ter  fer t i l izat ion 
(Figure 2). This  inner  chor ion is unlike a classical fert i l iza- 
t ion membrane ,  for it separa tes  from the  inner  surface of 
the  exis t ing chor ion ins tead  of f rom the  egg surface. 
There  is evidence v t h a t  the  mate r ia l  in the  in terchor ionic  
space is a gel, and,  thus ,  t he  ferti l ized egg of I t .  m o m u s  
is r emin iscen t  of t h a t  of N e a n l h e s  ( N e r e i s ) ,  which also 
forms a gela t inous  coat  a f te r  fert i l izat ion.  

There  are confl ic t ing repor t s  on the  s t ruc tu re  of the  
H e r d m a n i a  egg from the  Ind ian  Ocean. I)AS'8 ana tomica l  
s t u d y  of H .  p a l l i d a - - w h i c h  a p p a r e n t l y  is s y n o n y m o u s  
wi th  H .  m o m u s ~ - - d e s c r i b e d  the  m a t u r e  egg wi th  bo th  
inner  and outer  chor ion ; no ment ion  was made  of the  egg 
being fertilized. SEBASTIAN 1° on the  o the r  hand ,  de- 
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Fig. I. Unfertilized egg of Herdmania momus showing the uninsemi- Fig. 2. Fertilized egg of Herdmania momus showing tile separation of 
nated chorionic membrane, the inner chorion ('fertilization membrane'). 
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sc r ibed  t he  d e v e l o p m e n t  of H, pallida a n d  i l l u s t r a t ed  t h e  
fer t i l ized egg w i t h  on ly  one  m e m b r a n e ;  h e  m a d e  no  
reference to  a change  in t he  m e m b r a n e  u p o n  fer t i l iza t ion .  

Experimental. After  d issect ing t h e  gonads  f rom a n  
ind iv idua l ,  t h e  eggs were pressed f rom t he  ov iduc t s  in to  
a Syracuse  d ish  where  t h e y  were w a s h e d  w i t h  one  or  
more  changes  of sea  water .  A l iquo t s  of eggs were p i p e t t e d  
to f ive o t h e r  Syracuse  dishes,  each  c o n t a i n i n g  10 m l  of 
sea  water .  A n u m b e r  of eggs were lef t  in  t h e  o r ig ina l  
d ish  as a con t ro l  aga ins t  a cc iden t a l  c ross - insemina t ion .  
The  semina l  f luid was d r a w n  f rom t he  t es tes  b y  p u n c t u r -  
ing t h e m  w i t h  glass capil lar ies .  T h e  s p e r m  was  d i l u t ed  
j u s t  pr ior  to use w i t h  1 m l  of sea  wate r .  

To ex amine  t he  m e m b r a n e  in r e l a t i on  to  self-  a n d  
cross-fer t i l izat ion,  e igh t  g roups  (five asc id ians  pe r  g roup)  
were i n s e m i n a t e d  accord ing  to  MORGAN'S 5 × 5 t e s t  
p rocedure  n.  The  eggs f rom each  a n i m a l  were t e s t e d  w i t h  
t he i r  own spe rm a n d  w i t h  t h e  s p e r m  of each  of t he  o t h e r  
four  an ima l s  in  t h e  group.  T h e  d a t a  f rom these  e igh t  
g roups  were  t h e n  pooled  (F igure  3) to  show t h e  co r re l a t ion  
b e t w e e n  m e m b r a n e  e l eva t i on  a n d  cross- a n d  self- 
fer t i l iza t ion.  

One  dish  of cross-s ter i le  eggs was found,  b u t  i t  was  
o m i t t e d  f rom F i g u r e  3, as  i t  c o n t a i n e d  on ly  28 eggs. 

Howeve r ,  t h e  a p p e a r a n c e  of t h e  m e m b r a n e s  was  no  
d i f f e ren t  I rom t h a t  of  t h e  self-ster i le  eggs, as  would  be  
expec t ed  if t h e  b lock  to fe r t i l i za t ion  occurs  a t  t he  chor ion  
in  b o t h  self- a n d  cross-s ter i l i ty .  

I n  no  case was  a n  egg fer t i l ized (as . ind ica ted  b y  
c leavage)  w i t h o u t  showing  m e m b r a n e  s epa ra t i on ,  b u t  
m e m b r a n e  s e p a r a t i o n  w i t h o u t  c l eavage  d id  occur ;  i t  
was found  in  a n  ave rage  of 10 .3% of t h e  c ro s s - i n semina t ed  
eggs a n d  6 .8% of t h e  s e l f - i n semina t ed  eggs. Fo l lowing  
MORGAN 3 who  sugges ted  t h a t  se l f - fer t i l iz ing s p e r m  m a y  
ar ise  b y  m u t a t i o n s  in  t he  s p e r m  t r ac t ,  one  m i g h t  p o s t u l a t e  
t he  occur rence  of incomplete fe r t i l i ty  m u t a t i o n s .  These  
cou ld  r e su l t  i n  s p e r m  def ic ien t  in  some f ac to r  a f fec t ing  
specif ic i ty ,  such  t h a t  cho r ion  a c t i v a t i o n  was  p e r m i t t e d  
b u t  nuc l ea r  a c t i v a t i o n  was  no t .  However ,  s u c h  a 
h y p o t h e s i s  does  n o t  exp la in  t he  3 .5% g rea t e r  ( P  < 0.025) 
m e m b r a n e  s e p a r a t i o n  w i t h o u t  c leavage  in  t he  cross- t h a n  
in t he  se l f - in semina ted  eggs. 

The  close co r re l a t ion  b e t w e e n  m e m b r a n e  s e p a r a t i o n  
a n d  c leavage  is ev idence  for  a close c o n n e c t i o n  b e t w e e n  
cho r ion  a c t i v a t i o n  a n d  f e r t i l i za t ion ;  t h e  fa i lure  of t h e  
egg m e m b r a n e  to  e l eva t e  in  cases of se l f - s te r i l i ty  cor-  
re la tes  w i t h  t h e  ex i s tence  of a block.  Care m u s t  be  t aken ,  
however ,  in  i n t e r p r e t i n g  t h i s  as ev idence  for a chor ion-  
loca ted  block.  W h i l e  t h e  p r e s e n t  f ind ings  are in  a g r e e m e n t  
w i t h  those  of ear l ier  inves t iga to r s ,  no  t i m e  sequence  
s t u d y  h a s  b e e n  m a d e  oI m e m b r a n e  s e p a r a t i o n  a n d  
cor t ica I  r e sponse  in  H. mom4ts t o  exc lude  t he  poss ib i l i ty  
t h a t  t h e  o b s e r v e d  m e m b r a n e  s e p a r a t i o n  m a y  be  a 
consequence  of a n  a n t e c e d e n t  r eac t ion  a t  t h e  egg co r t ex  
or e lsewhere  x*. 
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Fig. 3. Pooled data from eight 5 × 5 tests showing cross- and sell- 
fertilization in relation to the percent membrane separation and to 
the percent eggs cleaved (2 to 4 blastomeres). Each unit of the histo- 
gram represents one dish, containing eggs with the indicated percent 
cleavage or membrane separation, The values are given to the nearest 
whole percent with values between zero and one shown as 1%. All 

samples shown had more than 30 eggs and averaged 77 eggs. 

Zusammenfassung. I m  Ei  de r  Ascidie  Herdmania 
morons hebt sich n a c h  de r  B e s a m u n g  die B e f r u c h t u n g s -  
m e m b r a n  v o n d e r  ~usse ren  H a u t  ab.  Die  t~or re la t ionen ,  
die b e s t e h e n  zwischen  M e m b r a n a b h e b u n g  n n d  B e f r u c h -  
tung ,  sowie i h r e m  U n t e r b l e i b e n  u n d  de r  Steri l i t&t,  
s t f i t zen  w i e d e r u m  die Chor ionb lock theo r i e  de r  Au to -  
s te r i l i t~ t .  
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Frac t ionat ion  of the  Liver  E x t r a c t  
on  S e p h a d e x  G25 

D e x t r a n  gels are  used for desa l t ing  of m a c r o m o l e c u l a r  
ma te r i a l s  1,~ as well  as s epa ra t i on  of p ro te ins ,  pep t ides  
a n d  a m i n o  acids  ~,~ a n d  nucleic  acids  a n d  nuc leo t ides  5. 
Because  of t h e  mi ld  cond i t ions  d u r i n g  gel f i l t r a t i o n  a n d  
t h e  q u a n t i t a t i v e  s e p a r a t i o n  of low a n d  h i g h  mo lecu l a r  
compounds ,  th i s  m e t h o d  is su i t ab le  for t h e  i so la t ion  of 
low molecu la r  ma te r i a l s  f rom tissues. This  s t u d y  descr ibes  
t he  s e p a r a t i o n  of a n  e x t r a c t  of r a t  l iver  b y  gel f i l t r a t i on  
on  S e p h a d e x  G 2 5 . 4 0  m l  of r a t  l iver  e x t r a c t  (105.000 g; 
60 min)  was  I r a c t i o n a t e d  on  a c o l u m n  of S e p h a d e x  G25 
(3 x 95 cm) in  a buf fe r  ( 0 . 0 1 M  NH4HCO 3, p H  8.6) a t  a 
speed  ol 50 m l  pe r  h o u r  a n d  a t  a t e m p e r a t u r e  of 3°C. 

T h e  f r ac t ions  were  a n a l y s e d  b y  m e a s u r i n g  t h e  a b s o r p t i o n  
a t  260 m #  a n d  280 m #  (Figure  a), b y  c o n d u c t o m e t r i c  
d e t e r m i n a t i o n  of salts,  b y  Bia l ' s  r e ac t i on  for  sugars  a n d  
b y  a modi f i ed  m e t h o d  for  p h o s p h o r u s  assays  6 (F igure  b). 
The  n i n h y d r i n  r e a c t i o n  was p e r f o r m e d  accord ing  to  
MOORE a n d  STEIN ~ (Figure  c). 
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