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Immunochemical Analysis o f  the Surface of  the Sea Urchin Egg  - 
an Approach to the Study of  Fertilization 

By PETER PERLMANN* 

Intro&tction 

The sea urchin egg constitutes a classical material for 
the study of fertilization. As in all metazoa, fertilization 
of the sea urchin egg 'is the incitement of an egg to 
development by a spermatozoon, together with the 
transmission of male hereditary material to the egg' 1. 
In its first steps, this process involves (1) the attach- 
ment of the fertilizing spermatozoon to the egg, (2) the 
activating stimulus produced in the egg, and (3) the 
penetration of the egg by the spermatozoon. 

As indicated by a variety of incompatability 
reactions, the first steps of fertilization are character- 
ized by a high degree of specificity. Ultimately, this 
specificity depends on one or several highly specific 
interactions between macromolecules from the sperm 
and from the egg. Hence, for an understanding of the 
mechanism of the process it is necessary to know the 
molecular topography of the surface layers of the 
gametes and the fine structures, in precise chemical 
terms, of the molecules which interact. 

In this situation specific antibodies, used in com- 
bination with common biochemical and biological 
techniques, could be expected to offer analytical tools 
of a high power of resolution. As is well known, injection 
of foreign proteins or polysaccharides into mammals 
leads to slight structural modifications of certain of the 
globulins in the serum of the injected animals. Thereby 
these globulins, which we call antibodies, gain the 
capacity to react chemically with molecules (i. e. anti- 
gens) of the same sort as those which had been injected. 
Since the reactions between antigens and antibodies 
are highly specific, antibodies may  enable us to d6- 
termine, in vitro, various chemical fine structures in 
complicated mixtures which at present cannot be dis- 
tinguished by other means. In addition, a study, in 
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antibody-treated cells, of the interference of the anti- 
bodies with special cellular functions, may be useful for 
an elucidation of the molecular mechanisms operating 
in these functions ~-L 

Immunological investigations in the field of fertili- 
zation are not very numerous and will not be reviewed 
here. In the sea urchin, the use of antibodies has been 
introduced by TYLER, aiming to prove the importance 
of certain substances (fertilizin and antifertilizin) for 
the process of fertilization 8-1~. A discussion of these 
results falls beyond the scope of the present article. 

Some years ago, the present author started an 
immunological investigation of the macromolecules 
which constitute the surface layers of the sea urchin 
egg, and of the possible significance of these molecules 
for the process of sperm attachment and activation of 
the eggs. The study was performed with the gametes of 
the four Mediterranean sea urchins Paracentrotus livi- 
dus, Psammechinus microtuberculatus, Arbacia lixula, 
and Sphaerechinus granularis 13. The main object of 
study was Paracentrotus lividus. In this article, the 
course of the analysis will be described and the main 
results obtained thus far will be discussed. 
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The Morphology o/Fertilization 
As an introduction to this article, a very brief de- 

scription of the first steps in fertilization will be 
given Llo, 14-17 

Fig. 1.- -Unfert i l ized sea urchin egg (Ech inocard ium corda tum) .  The 
outer  l aye r  is the je l ly  layer ,  s t a ined  wi th  methylene-blue .  The pro- 
t rusion emerging from the cy top lasm corresponds to the an ima l  pole 
of the cell. In  the eggs of mos t  species, no such pro t rus ions  are found, 

(lerom IM~.IERS, unpubl ished) .  

Figure 1 shows a mature,  unfertilized egg as it 
occurs free in sea water after shedding. The cell is 
surrounded by an outer layer, the jelly layer, normally 
invisible but made visible in the figure by means of 

14 j .  RUNNSTR6M, Adv. Enzymol .  9, 241 (1949). 
1~ Ch. B. METZ, in A. TYLER et al., The Beginnings o] Embryonic 

Development (Publ.  Amer. Assoc. Advance.  Sci., "Washington D.C.  
1957), p. 23. 

1, A. L. COLWIN and L. HUNTER COL'WIN, in A. TYLER el at., The 
Beginnings ol Embryonic Development (Publ.  Amer. Assoc. Advance.  
Sci,, Wash ing ton  D. C. 1957), p. 135. 
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BRACHET and A. E. ~IIRSKY, ~'he Cetl, ~'O1. I (Academic Press Inc.,  
Publ. ,  New York 1959). 
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staining. The outmost layer of the egg cytoplasm, the 
cortex, is surrounded by a vitelline membrane and con- 
tains the cortical granules; these have been shown to be 
rich in polysaccharides and possess a species-specific 
fine structure, apparent  in the electron microscope. The 
layers are shown schematically in Figure 2 a. 

In fertilization, the sperm first passes through the 
jelly layer. There is evidence that  the jelly renders an 
appreciable proportion of the spermatozoa unfertili- 
zable. Nevertheless, under favorable conditions, some 
spermatozoa will penetrate tile ielly and finally a t tach 
to the egg surface. The exact mechanism of this at tach- 
ment is unknown. However, it seems rather likely that  
the first contact between sperm and egg is established 
by means of the tip of the acrosomal filament, a thread- 
like organella which is expelled from the sperm head at 
some stage of penetration. Under normal conditions, 
only one spermatozoon will a t tach effectively and 
eventually fertilize the egg. The mechanisms which 
protect the eggs from polyspermic fertilization are still 
under discussion. 

As soon as the a t tachment  of the sperm is completed 
a great number  of changes are rapidly started in the 
egg. Thus, from the point of a t tachment  a wave-like 
change proceeds through the cortex, leading to a con- 
tinuous expulsion of the cortical granules which are at 
least partially incorporated in the vitelline membrane.  
The new membrane,  which is lifted up from the egg 
surface, is called the fertilization membrane. A com- 
plete membrane around the egg is normally formed 
within less than a minute. The space between the 
membrane and the cortex is called the perivitellin 
space. Subsequent to the formation of the membrane,  
a clear, unpigmented layer, the hyaline layer, is formed 
from the cortex within a few minutes (Figs. 2b and 
c; 3). 

Simultaneously with these changes of the surface, 
other marked alterations take place, involving the 
entire cell. Within 4 0 - 5 0  sec after insemination, the 
penetration of the fertilizing spermatozoon in the egg 
can be recorded. At the same time, a total rearrangement 
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Fig. 2 . - -Sur face  layers  of the sea urchin egg and their  changes upon fert i l izat ion,  a, mffert i l ized egg; b, fert i l ized egg wi th  pa r t i a l ly  
e levated  fer t i l izat ion membrane ;  c, fert i l ized egg. - v. rob., vitel l iue m e m b r a n e ;  c. g., cor t ical  granules ;  1. rob., fer t i l izat ion membrane ;  

h.l., hyal ine  layer ;  pv. s., per ivi te l l ine  space. The je l ly  layer  outs ide the vi te l l ine membrane  is l int ind ica ted  in the Figure.  
(1;tom RUNNSTR6M et al.tT). 
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Fig. 3 . - - P a r t i a l l y  fer t i l ized egg  of P a r a c e n t r o t n s  l ividus.  Egg  and  
sperm were kil led wi th  fo rma l in  10 see a f t e r  insemina t ion .  By  tha t  
t ime o n l y  a smal l  m e m b r a n e  b l i s te r  has  been  fo rmed .  The  fi, r t i l izing 

s p e r m  is seen a t t a c h e d  to the  m e m b r a n e  in t h a t  region.  
(Phase  c o n t r a s t .  - F r o m  RUNNSTR6M, unpubl i shed) .  

of the egg cytoplasm occurs, leading to changes of its 
optical properties. Subsequent events are aster for- 
mation, fusion of male and female pronuclei and, 
normally after more than one hour, cell division 
(Figs. 4a-c). 

I t  must be emphasized that  most of the changes de- 
scribed above can also be brought about by various 
chemical or physical means without the participation 
of the sperm (parthenogenetic activation). Partheno- 
genesis may  lead to membrane and monaster formation 
and to cell division. However, the ensuing development 
will frequently be abnormal. 

The Immunological Analysis 
The Antisera.-The antisera used in the present in- 

vestigation were obtained from rabbits injected with 
material from the gametes of various sea urchin species. 
Antisera, induced by  means of injection of total homo- 

genates ~rein un/ertilized eggs, constituted the most 
important reagents. Such antisera contain a consider- 
able number of various types of antibodies, directed 
against the different antigens of the ceil. The com- 
plexity of the antisera can readily be visualized with 
the aid of precipitin reactions in agar gel 1s,19. Figure 5a, 
showing the reactions between a saline extract  from 
unfertilized eggs and a number  of different anti-egg 
sera may serve as illustration. The various lines seen in 
the photograph are each complex and represent a 
minimum number of specifically different antigen- 
antibody precipitates 20-~a. 

The resolving power of the antisera is not restricted 
to the various macromolecules occurring within the 
eggs of a particular sea urchin species. Comparison of 
anti-egg sera obtained with eggs from different species 
reveal, in addition, a high resolving power of the anti- 
bodies with regard to species differences2°.2'L 

In addition to the anti-egg sera, antisera against 
sperm homogenales or against isolated egg idlies were 
also used. As can be seen from Figure 5 b, no reactions 
or at best only very weak reactions took place when 
extracts from jelly-free eggs were allowed to react with 

is j .  OvDI~:, Meth. Med. Res. 5, :{:~:5 (1~352}. 
1~ {). ()VclvrI.:I~LOXV, in 1'. KALt.dS, Progress in Allergy (S. Karger ,  

Pul)l., Ba~el 1:~58), p. I. 
2o I'. PI,:llLMANN, Exp.  Cell lie.,,. 5, :l~.ll (1953). 
~ A m o n g  these an t igens ,  7 ~dub lo  pr~t(,ins could  be ident i f ied  

fu r the r  b y  a c o m b i n a t i o n  t)f 1)iochemit'al m e t h o d s  an(I vat |oi lS a g a r  
diffu.qon teehniqm,s .  Stone of these p ro te ins  are  hwal ized  in the  yo lk  
gral l t l los  of  the  e g g  w h o r e a  ~, ¢~tllor~; |)t.'h)llg to  t he  l lOll- :- ;odinlell tahle 
pa r t  of the cy top l a sm.  Dur ing  embryo log ica l  d e v e l o p m e n t  these 
prote ins  are c o n s m n e d  a n d  synthe~,ized *it i nd iv idua l  ra tes .  Pre l imi-  
l l a r y  aCCOlllltS of t h e s e  r(,~lllts h a v e  lit'eli g ivel l  e lscwhere 'a 'a ,  =a. 
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Fig. 4 . - - F e r t i l i z a t i o n  of an  egg  of E c h i n o c a r d i u m  c o r d a t u m ,  a,  P h o t o g r a p h  t aken  S rain a f t e r  insvminati~m. Je l ly  l a y e r  is invis ible .  
The p r o t r u s i o n  of the  fer t i l iza t ion  m e m b r a n e  cor responds  to the an ima l  pole, seen in Figure  | .  Note  s u p e r n u m e r a r y  s p e r m  a t t a c h e d  
to the  fer t i l iza t ion  m e m b r a n e ;  b, The  same  egg, 2~2 rain a f t e r  in semina t ion . .Male  a n d  female pronuch, i  now visihle close t o g e t h e r  n e a r  the  
cent re  of t he  cell;  c, T h e  s a m e  egg,  40 mill  a f t e r  insemina t ion .  The  pronucle i  have  now f~lsed. A p p r o x i m a t e l y  1o rain l a t e r  the  zylzotic 

nuc leus  d i sapea r s  while dividing.  (l)hast • con t r a s t .  - F rom I.~tMEICS, unlnfllli,~he(I ). 
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two such anti-jelly sera. Experiments of this kind 
demonstrated an appreciable difference in antigenic 
constitution of egg cytoplasm and jelly layer. Similarly, 
differences are found when the antigens in extracts 
from the eggs are compared with those in extracts from 
the sperm ~o. 

P-IO P41 

P40 p-5 

P-IO / P40 

d-4 J-3 

them completely unfertilizable; such eggs will not 
react with the sperm even after removal of the anti- 
serum. Moreover, they will be microscopically altered. 

a b 

Fig. 5.--.Immunological precipitations in agar. Dark field photo- 
graphs, taken after 2 days incubation at 38°C, followed by 2 weeks 
in the refrigerator. E, soluble part  of egg homogenate (Paracentrotus 
lividus), diffusing from reservoirs in the centre; P-9, P-10, P-11, 
antisera, prepared in different ways, against unfertilized, jelly-free 
eggs; J-3, anti-jelly serum, obtained with a purified jelly prepara- 
tion; J-4, anti-jelly serum obtained with a crude preparation, 
contaminated with egg antigens. Each antiserum is the serum pool 
from 5 rabbits. The various antisera diffused from the peripheral 
reservoirs. For further explanations see text. (From PEnrMANS27). 

The Response o/ the Eggs to Antiserum.-For the 
study of the antigens concerned with fertilization, 
living eggs were exposed to antiserum. Antigen-anti- 
body reactions taking place in the eggs then led to 
morphological or physiological alterations which could 
be recorded. The procedure is shown schematically in 
Figure 6. 

Exposing a small number of eggs, for example 500, 
to a standard amount of antiserum, e.g. 0.5 ml, renders 

Fig. 7. -Jelly precipitation. Unfertilized eggs of Paraccntrotus lividus, 
treated with homologous anti-jelly serum. Jelly layers precipitated 

and contracted. (Phase contrast). 

Thus, frequently a precipitation of the jelly layers is 
obtained; the affected jellies have changed optical 
properties and become visible in the microscope. In 
addition, the precipitated layers very often contract. 
Jelly precipitated eggs always agglutinate (Figs. 7, 
8 )  25--27 

~a p. PERLMANN, Exp. Cell Res. 8, 485 (195.t), 
~n p. PERLMANN, Exp. Cell Res. 10, 3~4 (1956); 
~7 P. PERLMANN, Exp. Cell Res. 13, 365 (1957). 
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t 

_ i i ! T l 
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precipitation activation Others fertilization rate [ Cortical F-a~#igen damage Others 

J-antige~ A -antigen ? C-antigens? C-antigen ? 

Fig. 6 . - -  Procedure applied for analysis of various surface antigens. Aliquots of, e.g., 0.5 ml antiserum were either mixed with 500 eggs, 
or with 10%000 eggs. The various response reactions indicated iu the Figure served for recording the different activities of the antisera. 

For further explanations see text. 
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Exposure of the eggs under the same conditions often 
leads to another response reaction which may be con- 
sidered as being the most important  in the present 
connection. In the eggs from a considerable proportion 
of the females, anti-egg serum induces parthenogenetic 
activation. Such activated eggs develop cortical re- 
actions, leading to the formation of irregular membranes 
or membrane blisters, nuclear activation and monaster 
formation. Frequently, one or more irregular cell 
divisions take place also (Figs. 9, 10) 25-27. 

Fig. 8. Agglu t ina t ion  of je l ly  p rec ip i ta ted  eggs. Eggs Irom the same 
exper imen t  as in Figure  7, pho tograph  taken  I h later. The layers  
now cont rac ted  to ve ry  nar row rims, not  visible at  the magnificat ion 

used for the photograph .  Eggs  s t rong ly  agglut ina ted .  

The extent of jelly precipitation and activation is 
strictly dependent on the ratio in which eggs and anti- 
serum are mixed. When these ratios are too high, as 
shown in the right part  of Figure 6, the eggs appear 
completely normal as judged from microscopic obser- 
vations. Nevertheless, alterations are found when their 
behavior in fertilization is studied after removal of the 
antiserum. 

Most characteristical for eggs, fertilized after pre- 
t reatment  with antiserum, are certain typical damages 
to the cortex. The fertilization membrane often remains 
attached to the egg surface and frequently only mem- 
brane blisters are formed. The membrane  appears  
precipitated and the dissolution of the cortical granules 
is more or less inhibited (Figs. 11, 12). This also leads to 
a high tendency in the eggs for polyspermic fertili- 
zation and to severe disturbances of development 27, 2 L 

Treatment  of the eggs prior to fertilization with 
anti-egg serum reduces their fertilizability. One ex- 
pression of this action is a depression of the ' ra te  of 
fertilization'. This rate can be measured by  deter- 
mining the proportion of eggs fertilized after various 
periods of egg-sperm interaction where fertilization has 
been interrupted by killing the sperm but not the eggs 
(Fig. 13) 29,30,27,31. 

The Analysis o/the Response Reactions.-Extensive 
series of experiments showed that  sera from normal 
rabbits were inactive. Hence, it could be inferred that  
the effects described above were due to the action on 
the eggs of specific antibodies. In addition, comparison 
of the action of antiserum on the eggs from different 
sea urchin species revealed a surprising species speci- 
ficity of the antibodies, as exemplified in F igure  13. 
Anti-sperm sera could be shown to be inactive also. 
For details see 2n,27,31. 

The next aim of the analysis was to achieve a 
resolution of the complex effects of antiserum into 
single components. As a first step, the nature of differ- 
ent variables governing the various responses of the 
eggs was studied. Subsequently, the dose-response 
relationships, valid under specified experimental con- 
ditions, were established for each of the responses de- 
scribed above. The findings from such experiments 

2s I).p~.:RLMANN alid ILE.IIA(:;STI~iM, Exp. Cell Res. 1~,.118 (1957). 
z9 l.ol¢l) ROTIISCIIII.I) alld M. ~l. S~,VANN, J. exp.  Biol. 2~, .103 

(lU51). 
3o B. E. ltA<;STR6~I aml  B. ItA~;STR6M, Exp.  Cell Res. 6, .179 (195.1). 
31 1'. I'~.RLMANN and IL I{. ttA(;STR6M, Exp.  Cell Res. Suppl .  a, 

271 (1955). 
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Fig. 9 . - - P a r t h e n o g e n e t i c  ac t iva t ion .  Unfert i l ized eggs of Paraccntrotus lividus, t rea ted  with homoh~gous ant i -egg scwmn, a, l,'gg wi th  
incomplete ly  e leva ted ,  i r regular  m e m b r a n e ;  b, Egg wi th  promu' lens swollen, migra ted  to the centre ¢~f the cell;  c, 3hma~ter  e~g, wi th  

slnal l  i r regular  me,nbrane blisters;  d, Sl ight ly  abnormal  2-cell ~,tmze (Pha~e contrast) .  
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Fig.  t0 .  oo- P a r t h e n o g e n e t i c  a c t i v a t i o n .  
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Unfer t i l ized  eggs of Paracentrotus lividus, p a r t h e n o g e n e t i c a l l y  a c t i v a t e d  wi th  homologous  an t i - egg  
se rmn,  a,  P h o t o g r a p h  t a k e n  2 h a f t e r  b e g i n n i n g  of a n t i s e r u m  t r e a t m e n t ;  b, P h o t o g r a p h  f rom the  s a m e  e x p e r i m e n t ,  t a k e n  12 h a f t e r  

b e g i n n i n g  of s e r u m  t r e a t m e n t .  M a n y  eggs show b e g i n n i n g  cytolys is .  

constituted the basis for a comparat ive study where 
the activities of a number  of differently prepared anti- 
sera were tested. The results have been summarized in 
Figure 14. They indicated, although they did not 
prove, that  the responses were due to the reactions of 
at least 3 - 4  separate antibodies, with their correspond- 
ing antigens 2L 

The validity of these assumptions was finally tested 
with the aid of antiserum inhibition techniques a=, 6. In 
these, use was made of specific absorption of antibodies 
prior to testing the antisera for their activities. Thus, 
when extracts or fractions, obtained from the eggs, are 
added to the antisera, antibodies are precipitated or 

b t w ~ ~, 

Fig. 11 . - -Cor t ica l  d a m a g e .  - Fer t i l ized  eggs of Paracentrotus lividus, 
p r e t r e a t e d  wi th  homologous  a n t i - e g g  s e rum.  E g g  a n d  s p e r m  ki l led 
b y  add i t i on  of fo rma l in  a p p r o x i m a t e l y  10 ra in  a f t e r  i n semina t i on .  

F o r  exp l ana t i ons  see text .  

Fig.  t 2 . - - C o r t i c a l  d a m a g e .  E g g  f rom the  s ame  e x p e r i m e n t  as  in 
F igure  I1 (Phase  con t r a s t ) .  

a2 K.  LANDSTEINER, The Speci/iciiy o/ Serological Reactions 
( H a r v a r d  Un ive r s i t y  Press ,  Cambr idge ,  Mass. 19.I6). 
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bound by antigen. When tested on the eggs, various 
activities of such antisera may be inhibited, depending 
on which antibodies were eliminated by absorptions. 
The type of results obtained is exemplified in Figure 15. 

! 00 ff . . . . . . . . .  . . . . . . . . .  o 

o;  ' d o  . . . . .  ,2'o ...... 
Seconds a f t e r  f e r t i l i z a t i o n  

Fig. 13.--Depression of fer t i l izat ion rate.  Eggs of Paracentrotus 
lividus, fer t i l ized af ter  p r e t r ea tmen t  wi th  various sera. Abscissa, 
t ime in seconds of egg-sperm in terac t ion .  Ordinate, % fertilized eggs. 
Each symbol  represents  ~200 counted  eggs, The various curves 
correspond to different  p re t r ea tmen t s  of eggs from the same batch  
a) eggs p re t rea ted  with an t i s e rum aga ins t  eggs from Arbacia lixuta: 
b) eggs p re t r ea ted  wi th  serum from normal  rabbi t s ;  c) eggs not pre- 
t rea ted;  d) eggs p re t rea ted  wi th  an t i se rum agains t  eggs from Para- 

centrotus lividus (From PERLMANN and HAGSTROM31). 

Such inhibition experiments proved in fact that 
there were four different antigens involved in the 
response reactions mentioned in this section. In ad- 
dition, certain conclusions could be drawn concerning 
the chemical nature of the antigens 3s, sL 

The antigens which will be discussed in the following 
are those involved in the response reactions shown in 
Figure 6. Other responses, e.g. osmotic alterations in 
the surface of the unfertilized eggs 2~, induction of 

3a p. PERLMANN and H. PERLMANN, l :xp .  Cell Res. 13,454 (19.57). 
a4 p. PERLMANN and H. PERLMANN) Exp. Cell lies. 13, .175 0957).  
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I:ig. 1.1. -Comparis<m of wlr ious act iv i t ies  of a number  of ant i -  
Paracent ro tus  sera. P-9, l'-ll~, P-I l ,  an t i se ra  aga ins t  jel ly-free eggs. 
The nlode of prepara t ion  of ~',ntiserllnl P-11 was different  fronl t h a t  
used for prepara t ion  of P-9 and 1'-10; .1-3, ant i - je l ly  serum ob ta ined  
with a purified jel ly tm~paration;  J-.t, ant i - je l ly  serum ob ta ined  
with a crude jelly prepara t ion  (the preeipi t in-reaet ions  ob ta ined  wi th  
these ant i sera  are shown ill l ; igure 5); Sp-6, at t t i -sperm se~'um. Each  
ant iserunl  the serum t~o l  from 5 rabbi ts ,  o -  inact ive ,  :j= to 

i i i = very  weak to s t rongly  act ive  (From PERLMANN2"t). 

polyspermy and inhibition of cytoplasmic cleavage 28, 
have not yet been analyzed and will not be treated in 
this article. The details given below concern the eggs of 
Paracentrotus lividus only. Although eggs from other 
species respond similarly when exposed to homologous 
antiserum, certain characteristic differences do ex- 
ist 26,3L The antigens of the other species have not yet 
been analyzed in detail. 

Jelly Precipitation," the J-A ntigen 

With the eggs of Paracentrotus lividus, the com- 
parison of the jelly-precipitating potencies of different 
antisera suggested that the effect was due to the re- 
action between antibodies and a particular jelly antigen 
(Fig. 14) ~7. This could be fully confirmed by means of 
inhibition experiments; thus, absorption of the antisera 
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Fig. 15. - - Inhib i t ion  of je l ly  prec ip i ta t ion  or of ac t iva t ion  of Paracentrotus  eggs af ter  absorpt ion of ant isermn.  Abscissae, mt of sea 
water  or of var ious  ant igen  solut ions used for absorption of one-nil al iquots  of an ant i - je l ly  sermn (a), or an ant i -egg sermn (b). For  
testing, 0.8-ml a l iquots  of tile absorbed (or dihtted) ant isera  were mixed with a l iquots  of O .° ml sea water ,  each con ta in ing  .%1tll reac t ive  
eggs. Ordinates, (a) % jel ly p rec ip i ta ted  or (b) % ac t iva ted  eggs. Each symbol  represents  ~2t~ cmmted  eggs. Antigen so lu t ions  used 
for absorpt ion:  P J - I l l ,  P. l -II ' ,  solut ions of '2 jelly preparat ions,  corresponding to,'.,-2;~,ooo o r ~ 7 0 o o  eggs/ml,  respec t ive ly ;  P E - I I ,  

soluble pa r t  of egg homogenate ,  made from jelly-free egg~, ;12,1lilt) eggs]ml, lh~r fur ther  detai ls  ~.  
(From P. PEaLStANN and H. PE~L.~IANNS3). 
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with various isolated jelly preparations or with homo- 
genates of jelly-free eggs revealed a high inhibitory 
capacity of the former preparations whereas the latter 
were inactive (Fig. 15a) aa 

The antigen, which thus must be part  of the jelly 
layer, is called the J-antigen. Inhibition experiments 
showed that  it  is heat-stable (100°C) between pH 4 - 8 .  
At pH3.5, it is susceptible to treatment with periodate 
as well as to heating to 100°C. Treatment  with HC1 of 
pH 1 at room temperature reduces the J-activity. The 
specificity is completely destroyed by 4 h heating to 
100°C at pH 1 aa. Inhibition experiments with a number 
of single sugars suggest that  L-fucose is an essential part  
of the antigenic determinants (unpublished experi- 
ments). 

The jelly layer of the sea urchin egg consists of 
sulfated polysaccharides in combination with protein or 
peptides ~a. The jelly layer of Paracentrotus lividus 
contains L-fucose as the main sugar and in addition 
glucose in small and variable quantities 3~. a6. The data 
given above indicate that  the J-antigen is an integral 
part  of the main polysaccharide of the jelly layer. 

The nature of the jelly precipitation is not under- 
stood. The coagulation no doubt  represents a common 
way for the jelly to respond to many kinds of un- 
related chemical agents, e.g. basic proteins or sub- 
stances which can be extracted from the gametes 
themselves1°, 14. I t  remains to be established which 
chemical groupings of the jelly layer are reacting in 
the various cases. 

The response of the eggs is very variable and entirely 
unresponsive eggs are always found. The reactivity of 
the eggs seems to be related to their state of matur i ty  
and varies during the spawning season~6,~L Since this 
variability seems to be correlated to the capacity of the 
jellies to fix antibodies (unpublished experiments), it 
might indicate that  chemical alterations are taking 
place in the layers during maturation. 

The jelly layer of the sea urchin egg is the bearer of 
a sperm-agglutinating principle, fertilizin aT, which is 
species-specific in its action. The agglutination is as- 
sumed to be brought about by means of an 'immuno- 
logical' reaction between the fertilizin of the egg and 
the corresponding antifertilizin in the spermL<9,~5. 
From the data at hand it is not apparent whether or 
not the J-determinants of the jelly substance are 
identical with the chemical structures exhibiting ferti- 
lizin activity. So far, at tempts to inhibit Iertilizin- 
induced sperm agglutination with J-antibodies have 
been without success 3s. Pretreatment of the eggs 
with J-antibodies is seemingly without effect on ferti- 

35 E. VASSEUR, Acta chem. seand. Z, 900 (1948). 
a6 E. VASSEUR and J. IMMERS, Ark. Kemi 1, 39 (1950). 
3v F. R. LILLIE, Problems o] Fertilization (University of Chicago 

Press, Chicago 1919). 
38 U. NYBERG and P. PERLMANN (tO be published). 

lization, even when the antibodies are applied over a 
wide range of concentrations ~7, also a, 

Parthenogenetic A ctivalion ; the A-A ntige,i 

In Paracentrotus lividus both anti-egg and anti-jelly 
sera may induce activation 28, =~ However, as shown in 
Figalre 14, the jelly-precipitating and the activating 
potencies of the antisera were unrelated. The partheno- 
genetic antibodies could thus be assumed to differ from 
the jelly-precipitating antibodies. Consistent results 
were obtained in inhibition experiments; these con- 
clusively demonstrated that  the activating antibodies 
were directed against one or several antigens derived 
from the cytoplasm of the eggs; however, considerable 
amounts of these antigens may sometimes occur in 
isolated jelly substances (Fig. 15 b) ~a 

Further inhibition experiments indicated that  the 
total inhibitory activity of the egg homogenates could 
be recovered in their soluble fraction. The antigen did 
not belong to the soluble proteins which are destroyed 
by the action of proteolytic enzymes. Furthermore, it 
withstands heating to 100°C both at pH 8 and at 
pH 3-5. On the other hand, it is partially destroyed by 
the action of periodate and by heating to 100°C at p H I  
(Fig. 16) 3a 

When the soluble part  of a boiled homogenate is 
studied in the electrophoresis apparatus, 3 main com- 
ponents of distinct mobilities are found aa. These can 
be separated and tested in inhibition experiments. All 
A-activity is recovered from the slowest moving 
fraction, from which it can be further purified by 
means of precipitation with ethanol. Another way of 
partial purification is to precipitate the crude extract 
with HC1 at pH 2. The precipitate then contains all the 
nucleic acid of the extract but only a small fraction of 
the antigenic activity. About 90% of the latter can 
instead be recovered from the supernatant from which 
it can again be purified further by means of ethanol. 
The methods are summarized in Table I; some quali- 
tative chemical data of A-active preparations, obtained 
in these ways, are given in Table II.  

Table L-Preparat ion of A - a n t i g e n  (Paracentrotus lividus) 
Unfer t i l i zed  eggs,  f reed f rom jel ly l aye r  a t  p H  5.2, h o m o g e n -  

ized, t r ea t ed  a t  100°C for 4 h (pH 7-8), cen t r i fuged .  
A - a c t i v i t y  in  s u p e r n a t a n t .  

Procedure 1 
A-ac t ive  f rac t ion  s e p a r a t e d  e lec t rophore t ica l ly ,  p rec ip i t a t ed  

wi th  e thanol .  

Procedure 2 
HC1 added  - +  p H  2, cen t r i fuged  

/ \  
Residue supernatant 
10% of 90% of A-ac t iv i ty ,  

A-ac t i v i t y  p rec ip i t a ted  wi th  e thano l  
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Table I I . - C h e m i c a I  properties of A-antigen 

Easily soluble in water, insoluble in ethanol. Not susceptible 
to the action of trypsin or pepsin. Heat stable at pH 3.5-8. 
Slowly hydrolyzed at pH 1-2 at 100°C. Partially susceptible 

to IO~ (pH 3.5.50°C). Electrophoretic mobility 
- 1,6 x 10 -5 cm ~ x volt -x x sec -x 

(pH 7.1, phosphate, # = 0.1). 

Some qualitative data on partially purified A-antigen 
Glucose + Hexosamine -- Ribonucleic acid - 
Mannose + Sialic acids - Sulfate + 
Galactose - Amino acids + Phosphate - 
Fucose - 

The results led to the conclusion that activation, in 
all antisera, was caused by a particular antigen-anti- 
body reaction. The antigen involved has been called 
the A - a n t i g e n .  The A-antigenic determinants are of a 
carbohydrate nature but belong to a molecule different 
from the J-antigenic molecule. This statement involves 
no implications as to the nature of the molecule in  tote. 

Thus, the polysaccharide may well be combined with 
peptides and/or with lipids; in addition, in the living 
cell it might be closely associated with other poty- 
saccharides. The data given in Table II  do not yet allow 
any conclusions as to the composition of the antigen. 
However, it may be noted that glucose seems to be the 
only carbohydrate common to both the antigenically 
active fraction of the egg extract and the isolated jelly 
layers which are A-active also. This might suggest that 
glucose, perhaps in combination with sulfate, is an 
integral constituent of the A-antigenic structures. 

The distribution of the A-antigen between the egg 
cytoplasm and the jelly layer clearly suggests its 
localization in the cytoplasmic surface of the cell. The 
existence of substances of this type in the egg surface is 
well established ag-~L The antigen seems to be bound in 
a labile fashion and hence may diffuse readily into the 
jelly layer ~2. A diffusion, occurring in the living egg, 
might at least partially explain the considerable varia- 
bility in the parthenogenetic response towards anti- 
serum of eggs of different origin or state of maturity, 
and of normal eggs or jelly-less eggs 26, ~. 

It  is of special interest that the eggs can be activated 
by means of a particular antigen-antibody reaction, 
different from a variety of other such reactions which 
take place in or near the surface of the antiserum- 
treated cells. Although it contrasts with the commonly 
found inhibitory or cytotoxie effects of antibodies on 
cells a, this response is consistent with the functional 
organization of the egg surface. The rearrangement of 
acid polysaccharides in the egg surface in connection 
with egg activation a~, and the activation of proteolytic 
enzymes 4a may offer analogies to certain events that 

a9 L. MoNr~g and S. H/RDE, Arkiv Zool. (2) 1, 487 (1951). 
t0 j .  IMMERS, Arkiv Zool. (2) 9, 367 (1956). 
41 j .  RUNNSTR6M and J. I.~IMERS, Exp. Cell Res. 10, 354 (1956). 
42 I. MOTOMURA, Sci. Rep. Tohoku Univ., 4th Ser. 18, 55.1 (1950). 
43 G. LVr~DBLAr), Arkiv Kemi 7 B, 1~7 (1954). 

are known to follow upon the immunological trigger 
reaction in anaphylaxis and allergy 44-4s. Thus, the 
stimulating action of the antibodies may be mediated 
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Fig. 16.--Two typical inhibition experiments bearing on the chemical 
nature of the A-antigen of the Paracentrotus egg. Abscissae, ml of 
sea water or variotls antigen solutiotls used for ahsorption of one-ml 
aliquots of an anti-egg serum. For testing, 0.8-ml aliquots of the 
absorbed (or diluted) antisera were mixed with aliquots of 0.2 ml 
sea water, each containing 500 reactive eggs. Ordinates, % activated 
eggs. Each symbol represents 200 eotmted eggs. Antigen solutions 
used for absorptions: (a) PE-II;, homogenate made froln jelly-free 
eggs; PE-IVa, treated with trypsin; PE-IVb, corresponding control 
without trypsin; PE-IVc, treated with pepsin; PE-IVd, correspond- 
ing eontrol without pepsitt ; C-a, C-b, controls containing enzynms and 
enzynm inhibitors but no egg honmgenates. (b) PE-II ,  homogenate 
made from jelly-free eggs; PE-IIa,  treated with periodate, pH 3.5, 
50°C, 2,t0 mitt; PE-IIb, heated to 50°C, pH 3.5, °40 rain; PE-IIc,  
heated to 100°C, pH 3.5, '2,40 Inin; PE-IIe, heated to 100*'C, pH 1, 
~240 rain; PE-II], kept at '20°C, pH 1, °40 nlin. For further details ~z. 

{From P. I)ERLMANN and H. PERLMANN33.) 

through the immunological inactivation of an enzyme 
inhibitor, viz. tile A-antigen, and the subsequent 
activation of a number of proteolytic enzymes. This 

44 p. G. H. (~ELL, Biocbem. Soc. Symposia (Cambridge, Engl.) 
No. 10, 63 (1953). 

45 M. ROCtIA E S~LVA, Histamine, its Role in Anaphylaxis and 
Allergy (Charles C. Thomas Publisher, Springfield, IlL 1955). 

4~ G. UNGAR, E. DAMGAARD, and F. P. HUMMEL, J. exp. Med. 98, 
291 (1,J53). 

47 G. UNGAR, Intern. Arch. Allergy appl. hnnmnol, t, 258 {1953). 
4s G. UNGAR and E. DAMOX^RO, J. exp. Mcd. 10l, 1 (1955). 

Exper. 4 
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explanation would be in line with the hypothesis of egg 
activation developed by RUNNSTR6M 49, 4~, ~L 

In the eggs, activated by means of antiserum, 
the spreading of a submicroscopic 'fertilization wave', 
believed to induce the microscopic cortical reac- 
tions~°-54,1,17 seems to be inhibited. Most likely, this 
inhibition is, at least partially, due to the action of 
unrelated antibodies (cf. below) which affect other 
antigens in the cortical ground substance or in the 
cortical granules. Owing to this elimination of the self- 
propagating mechanism, the stimulating antigen-anti- 
body reactions must probably cover a wide region of 
the egg surface in order to induce a visible response. 

There is little doubt that the A-antigen is an im- 
portant  constituent among the molecules involved in 
the normal activation of the egg. We may probably 
assign to it a key role as initiator of activation in 
fertilization. If so, this assumption does not necessarily 
imply that the possible reaction between the A-antigen and 
the sperm involves the A-active structures, nor that it at all 
involves an 'immunological' reaction. The reaction might 
welt be of enzymatic nature. 

Cortical Damage; the C-Antigen 

As mentioned above, certain characteristic anomalies 
in the cortical reactions of fertilized eggs are among the 
most striking features after pretreatment with anti- 
serum (Figs. 11, 12) 2~,2s. No obvious correlation could 
be detected between the jelly-precipitating or the 
activating potencies of the antisera on one hand and 
their cortex-danlaging potencies on the other. I t  was of 
interest to note that  the antisera with weak or non- 
existent cortex damaging potencies (P-11, J-3, J-4) 
were devoid also of antibodies reacting with certain. 
soluble proteins in agar-diffusion experiments (Figs. 5 
and 14) 2L 

Inhibition experiments indicated that  the antigen 
involved in this response is a soluble egg antigen, not 
detectable in the jellies. The antigenic activity is not 
destroyed with trypsin. On the other hand, the antigen 
does not withstand heating at pH 7 - 8  and is thus 
chemically entirely different from the J- and A-antigens 
described above. This antigen, which may be a protein, 
is called tile C-antigen a4 

Pretreated and fertilized eggs with cortical damage 
closely resemble eggs which have been activated by 
certain of the antisera. I t  seems reasonable to assume 
that the pronounced damage of the breakdown of the 
cortical granules and of membrane formation in both 
cases may be induced by  the antibodies reacting with 

49 j .  RUNNSTR6M, Exp. Cell Res. Suppl. 1, 469 (1949). 
~0 j .  RUNNSTR6M and G. I{RISZAT, Exp. Cell Res..3, 419 (1952). 
~1 M. SUGIYA~IA, Biot. Bull, 104, 210 (1953). 
~ M. SUGIYAMA, Biol. Bull. 104, 216 (1953). 
5a M. SUG1YAMA, Exp. Cell Res. t0, 364 (1956). 
5a R. D. ALLEN, Exp. Cell Res. 6, 412 (1954). 

the C-antigen. In any event, judging from the type of 
response, a superficial localization of the C-antigen may 
be postulated. I t  may possibly be contained in the 
cortical granules. In any case, it certainly is of im- 
portance in determining the course of the cortical re- 
action. Moreover, it is likely that  the increased tend- 
ency for polyspermie fertilization induced by  certain 
antisera 2s, is due to the reactions of antibodies with the 
C-antigen. 

Fertilization Rate Depression; the F-Antigen 

Comparison of the potencies for depressing fertili- 
zation rate of various antisera also showed that neither 
the antibodies against the J-antigen nor those against 
the A-antigen exert much activity. Moreover, the 
cortex-damaging and the fertilization-rate-depressing 
potencies of the anti-egg sera appeared to be unrelated 
(Fig. 14) ~7 

In inhibition experiments, isolated jelly preparations 
were of low inhibitory capacities whereas equivalent 
amounts of egg homogenate were strong inhibitors. 
Hence, the antibodies responsible for fertilization rate 
depression ate also directed against antigens derived 
from the cytoplasm of the eggs. Absorption with sperm 
homogenate had no effect (Fig. 17a) 34 

The rate-depressing antigens seem to be only 
partially soluble in water or saline. They are not 
attacked by  trypsin. Heating (100°C, 4 h) reduces the 
inhibitory capacity of the homogenates without de- 
stroying it completely (Fig. 17 b). Tile data were inter- 
preted to mean that  one ore more additional heat- 
stable antigens, different from the J- and A-antigens, 
are probably involved in fertilization rate depression. 
The antigen(s) has (have) been called the F-antigen. 
The heat labile factor involved in fertilization rate 
depression may be identical with the C-antigen 84 

The depression of the rate of fertilization suggests 
a localization of the F-antigen in the cytoplasmic 
surface also. Since it is heat stable it might well belong 
to the structures of the cortex assumed to be rich in 
polysaccharides or mucoproteins~°,4t, ~5. 

The depression of the rate of fertilization, following 
the immunologicM reactions, suggests that  the F- 
antigen might constitute a specific sperm receptor of 
the egg surface. However, fertilization rate depression 
is not a simple response and several unrelated mecha- 
nisms are likely to be at work 29,1,2L For example, the 
fertilization rate depression, brought about by the 
reactions of antibodies with heat labile antigens (the 
C-antigen ?), may be due to the inhibition of a cortical 
mechanism determining the physical or chemical re- 
activity of the surface. Therefore, in the rate experi- 
ments, an attached spermatozoon may sometimes be 
killed before it succeeds in starting a visible reaction in 

• ~ E. NAKAt<O, Embryologia 3, 139 (1956}. 
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the egg. This mechanism may be quite independent 
from a possible sperm receptor mechanism, instru- 
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Fig. 17 . - -Fe r t i l i z a t i on  r a t e  of Parace~drotus eggs,  p r e t r e a t e d  wi th  
var ious  a b s o r b e d  o r  m m b s o r b e d  samples  of a n  an t i - egg  se rum.  
Abscissae, t ime  in seconds  of egg - s p e r m  i n t e r a c t i o n ;  Ordinates, % 
ferti l ized eggs.  E a c h  s y m b o l  r ep resen t s  ~00 c o u n t e d  eggs. The  var ious  
curves  c o r r e s p o n d  to  d i f fe ren t  p r e t r e a t m e n t s  of the  eggs as i nd ica t ed  
in the F igures .  C = eggs p r e t r e a t e d  wi th  n o r m a l  r a b b i t  s e r u m ;  
AS = a n t i s e r u m .  (a) PJ- I I I ,  P J-IV,  je l ly  p r e p a r a t i o n s ,  PE-II,  
h o m o g e n a t e  f r o m  je l ly- f ree  eggs,  used  for  a b s o r p t i o n  of the  an t i s e rum.  
A m o u n t s  cor res t )ond ing  to  e q u i v a l e n t  ml lnbe r s  of eggs were taken  
for a b s o r p t i o n  in all cases.  PSp, s p e r m  h o n m g e n a t e .  (The jel ly pre- 
p a r a t i o n  PJ- I I I ,  which  was  of a v e r y  low i n h i b i t o r y  c a p a c i t y  in this 
expe r imen t  was  a s t r o n g  i nh ib i t o r  of a c t i v a t i o n  due  to a h igh con ten t  
of A-an t igen . )  (b) PE-I, 20°C, h o m o g e n a t e  f r o m  jel ly-free eggs, 
u n t r e a t e d ;  PE-I, 100°C, a l i quo t  of t h e  s a m e  h o m o g e n a t e ,  hea t ed  
to tO0°C for  ~2,10 min  a t  p H  8;  0.05 ml,  0-8 ml, v o h m m s  of an t igen  
solut ions  a d d e d  to  one -ml  a l iquo t s  of  a n t i s e r m n  for absorp t ion .  
The va r ious  cu rves  in th i s  d i a g r a m  are  s i gn i f i c an t l y  d i f ferent  f rom 
each o ther .  F o r  the  s t a t i s t i ca l  t r e a t m e n t  of the d a t a  of fer t i l izat ion 

r a t e  expe r imen t s2L  F o r  f u r t h e r  detai ls  sa. 
( F r o m  P. PERLMANN a n d  H.  PERLMANNa4.) 

mental during the at tachment of the sperm and in- 
volving other, heat-stable factors, such as the F-antigen. 

The Specificity o[ Sperm Attachment 

In order to explain the specificity of fertilization, 
LILLIE introduced the imlimnological concept by as- 
suming sperm at tachment to be mediated by means of 

antigen-antibody like reactions between complement ary 
molecules. The basis for his assumption was the finding 
of the sperm agglutinating fertilizin, derived from the 
eggs 3L As already mentioned above, fertilizin has later 
been identified as a component of the jelly layers of the 
eggs ~o,14,~ 

Fertilizin has long been believed to have an im- 
proving effect on the process of sperm at tachment and 
to be indispensable for fertilization56,s, 1°. However, 
except for certain data indicating an improving action 
of jelly substance on various activities, e.g. motili ty or 
oxygen consumption, of the sperm57,ss. ~, there is at 
present no conclusive evidence in favour of any im- 
• proving action in fertilization, neither of the jelly 
layer nor of its fertilizin. On the contrary, there has 
accumulated an increasing body of evidence indicating 
general inhibitory effects of dissolved jelly substance as 
well as of the jelly layer in situ on various phases of 
fertilization or egg activationS"-65; also ~7 

Whatever the biological significance of the 'immnno- 
logical' fertilizin-antifertilizin reaction, it seems quite 
evident that it cannot be as predominant in deter- 
mining the specificity of fertilization as sometimes 
claimed. Obviously, in the present connection, tile 
immunological concept cannot be taken too l i t e r a l ly -  
a fact which for instance was well recognized 
by LILLIE 37. Whereas the reactions between antigens 
and antibodies are confined to rather restricted areas 
on the surface of molecules, the specificity of the 
process of sperm attachment must be assumed to be 
more complex. I t  may involve, in its first stages, 
electrostatic attraction between charged groups, ar- 
ranged in self-repeating patterns on the surface of the 
gametes. Bivalent cations may play a r6Ie in binding 
together identically charged areas on the surfaces of the 
gametes e6,eL Upon closer contact between the mole- 
cules, irreversible at tachment of a higher degree of 
specificity may follow, involving various specific 
patterns of short range forces and steric factors. The 
final step of egg activation and penetration may 
require a spatially oriented union between an enzyme, 
for example in the acrosomal filament of the 
sperm16,es, 69, and a prosthetic group at the receptor 
sites of the eggs. Analogous conditions may be found in 
the fields of bacteriophage at tachment and of virus 

~9 A. TYLER, Biol. Bull.  8 l ,  190 (1941). 
~7 F.. VASSmm and B. HAOSTR6M, Ark iv  Zool. 37A, No. 17 (19-16). 
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hemagglutination66,7°-sL Whatever  the exact mech- 
anism, it appears reasonable to consider the existence 
of particular requirements of 'complimentariness' ,  in- 
volving different molecules, during the various stages 
of the process. I t  remains to be established, whether 
or not the fertilizin-antifertilizin reaction is involved, 
and, if so, what its r61e and its position in the sequence 
may be. 

The present investigation has given evidence for the 
occurrence of f o u r  structurally different types of 
macromolecules in the surface layers of the sea urchin 
egg. At least three of these seem to have particular and 
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important  functions in connection with sperm attach- 
ment and egg activation. In addition, there are indi- 
cations of the presence of additional factors, not yet 
determined but probably available for analysis. 
Finally, functionally similar but  structurally different 
molecules are present in the eggs of other sea urchins. 
I t  may  be hoped that  further immunochemical studies 
of the various macromolecules participating in fertili- 
zation will permit a direct approach to the problems 
discussed in this section. 
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