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In marine invertebrates, the egg jelly 
coat often shows physiological activity 
and plays an important role in fertiliza- 
tion. In sea urchins, egg jelly induces the 
acrosome reaction (1), sperm agglutina- 
tion (2), and acceleration of sperm respi- 
ration (3). The first of these is an indis- 
pensable step for fertilization since the 
egg plasma membrane can fuse only with 
the membrane of the acrosomal process, 
which is newly formed during the acro- 
some reaction (4). However, the mean- 
ing, if any, of the phenomenon of sperm 
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Fig. 1. (a) Elution profile of 
crude egg jelly from a Seph- 
adex G-100 column. Abbrevi- 
ations: V0, void volume; Vt, 
total volume. (b) Elution pro- 
file of fraction J2 from a 
DEAE-Sephadex A-25 col- 
umn eluted with a concave 
gradient from 0.5M pyridine, 
0.25M acetic acid buffer (pH 
5.2) to 1.OM pyridine, 0.5M 
acetic acid buffer (pH 5.2). 
(.........) Absorbance at 280 nm; 
(--) sugar content as deter- 
mined by phenol-sulfuric acid 
methods. 
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agglutination is unknown. The fertilizin- 
antifertilizin theory (5) describes the ag- 
glutination reaction as a binding, like 
that of an immune reaction, between 
specific substances on the gamete sur- 
faces. We think that the attachment of 
the sperm to the jelly surface initiates the 
interaction between the two gametes, 
and that sperm agglutination may reflect 
only this initial interaction. 

Egg jelly consists mainly of glycopro- 
tein. That of sea urchins contains sialic 
acid (6) and fucose sulfate (7) as the main 
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sugar components. Ishihara and Dan (8) 
have suggested the existence of frag- 
ments which induce the acrosome reac- 
tion but not sperm agglutination. A 
mucopolysaccharide-protein complex 
from starfish egg jelly has been obtained 
by phenol extraction (9). Which part of 
the egg jelly induces the acrosome reac- 
tion or sperm agglutination is still not 
known. Also it is not known whether 
sperm agglutinin and the acrosome reac- 
tion-inducing substance are identical to 
each other and what the chemical struc- 
ture of the active substance is. We have 
succeeded in isolating the sperm aggluti- 
nin, free from the acrosome reaction-in- 
ducing substance, from the egg jelly of 
the starfish Asterias amurensis. 

Suspensions of eggs, obtained by 
treating the ovaries with 1-methyl- 
adenine (10), were centrifuged at 6000g 
for 20 minutes, and the supernatant was 
used as the crude egg jelly. This was ap- 
plied to a Sephadex G-100 column and 
separated into Jl, J2, and J3 (Fig. la). 

Spermatozoa, which had been washed 
with seawater containing 1 mM histidine, 
were diluted with 100 volumes of sea- 
water. An equal volume of each fraction 
and a diluted sperm suspension were 
mixed and observed under microscopy. 
Only J1 induced the acrosome reaction 
and only J2 induced the sperm agglutina- 
tion (Table 1 and Fig. 2). Fraction J3 also 
showed a weak agglutinating activity be- 
cause of an overlap with J2, the sperm 
agglutinin; sperm agglutinin and the 
acrosome reaction-inducing substance 
are different from each other (Fig. 1). 
The sperm agglutination by jelly is irre- 
versible in the starfish, whereas it is re- 
versible in sea urchins. The agglutination 
caused by J2 was also irreversible. 

The J1 fraction was separated on a 
Sepharose 4B column into subfractions 
consisting largely of (i) methylpentose- 
rich glycoproteins and (ii) hexose-rich 
glycoproteins. 

The J2 fraction was undialyzable, but 
on Sephadex G-100 or G-50 it behaved as 
a small molecule; J2 has some affinity to 
Sephadex, a characteristic of many aro- 
matic compounds. By ion-exchange col- 
umn chromatography on DEAE-Seph- 
adex A-25, J2 was separated into three 
fractions, one of which (2-2 in Fig. lb) 
had agglutinating activity and contained 
a peptide moiety. 

This sperm agglutinin was further puri- 
fied by partition between n-butanol and 
0.1M citrate buffer (pH 3.6). The aggluti- 
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0.1M citrate buffer (pH 3.6). The aggluti- 
nating activity was recovered in the n- 
butanol layer. These two fractions were 
separated by thin-layer chromatography 
(TLC) on Kieselgel 60 (Merck) devel- 
oped in a system consisting of chloro- 
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Abstract. The egg jelly of the starfish Asterias amurensis was separated into the 
fractions Jl, J2, and J3 on a Sephadex G-100 column. The Jl fraction induced the 
acrosome reaction andJ2 induced sperm agglutination. Chemical analysis and chro- 
matography revealed that sperm agglutinin is similar to asterosaponin A. 
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form, methanol, acetic acid, and water 
(30:10:5:2, by volume). The n-butanol 
layer fraction gave two spots, T, and T2. 
The aqueous layer fraction (T3) remained 
at the origin with this solvent system. 
Each substance was isolated by prepara- 
tive TLC. Only T1 possessed agglutinat- 
ing activity. Only T3 contained any 
amino acids. These results show that the 
starfish sperm agglutinin is not a glyco- 
protein, contrary to what would be ex- 
pected from the composition of sea ur- 
chin jelly (11). 

The sperm agglutinin, T1, was readily 
dissolved in water and organic solvents 
such as a mixture of chloroform and 
methanol (2:1, by volume), methanol, n- 
butanol, and ethanol. When crude egg 
jelly was precipitated by the addition of 
ethanol, as used for sea urchins, the ag- 
glutinating activity was recovered not in 
the precipitate but in the ethanol-soluble 
fraction. The agglutinin showed a strong 
ultraviolet absorption at 244 nm, which 
was indicative of heteroannular diene. 
O-Trimethylsilylated derivatives after 
methanolysis of the agglutinin were ana- 
lyzed by gas-liquid chromatography 
(glass column, 2 m by 3 mm, packed with 
1.5 percent OV-1 on Chromosorb W). 
The result showed that the sugar part 
consisted of 2 moles each of quinovose 
(6-deoxyglucose) and fucose, and also 
that a steroidal ring was present. Use of 
the sodium rhodizonate method (12) 
showed that 1 mole of sulfate was pres- 
ent per 4 moles of sugars. All the proper- 
ties show that the sperm agglutinin is 
quite similar to asterosaponin A. 

The effective concentrations of the 
sperm agglutinin ranged between 10-3 
and 10-6M, if the molecular weight is as- 
sumed to be around 1200 as same as as- 
terosaponin A. Although the critical mi- 
celle concentration of the agglutinin is 
unknown, it is safely estimated to be less 
than 10-5M because the sperm aggluti- 
nin is undialyzable at this concentration. 
It is very likely that the agglutinin exists 
as multivalent micelles at the effective 
concentrations. 

Several saponins have been obtained 
from starfishes; the two main ones were 
named asterosaponin A and asterosapo- 
nin B (13). The former consists of a sul- 
fated steroidal ring and a sugar moiety 
containing 2 moles each of quinovose 
and fucose. The sperm agglutinin, T1, 
and asterosaponin A showed the same 
mobility on TLC with two solvent sys- 
tems: chloroform, methanol, acetic acid, 
and water (30:10:5:2, by volume) and n- 
butanol, acetic acid, and water (12:3:5, 
by volume). Although the steroidal ring 
of the sperm agglutinin is not complete- 
ly identified yet, the gas chromatogram 
7 APRIL 1978 

of trimethylsilylated derivatives af- 
ter methanolysis of the sperm agglutinin 
was the same as that of asterosaponin A 
in the retention time of a steroidal ring 
and its relative response to sugars. It 
seems safe to conclude that the sperm 
agglutinin of this starfish is an astero- 
saponin A, although its exact chemical 

Table 1. Effects of egg jelly fraction on the 
sperm. Equal volumes of 1 percent sperm sus- 
pension and an eluted fraction were mixed 
and observed with light microscopy (x100) 
for agglutination. Portions were fixed with 
formaldehyde and reacted spermatozoa were 
counted by electron microscopy. (+) Aggluti- 
nating activity, (-) no activity, and (?) weak 
activity. 

Fraction 
tested 

Whole jelly 
J1 
J2 
J3 
Seawater 

Acrosome 
reaction 

(%) 

91.0 
85.4 
2.5 
4.3 
1.0 

Sperm 
aggluti- 
nation 

+ 

+ 
+ 

Fig. 2. Agglutinating effect of egg jelly frac- 
tions. Equal volumes of 1 percent sperm sus- 
pension and a fraction dissolved in seawater 
(1 mg/ml) were mixed and observed. (a) 
Whole jelly, (b) J1, (c) J2, and (d) seawater. 
Scale bar, 50 ,tm. 

structure has not been ascertained. 
A sample of asterosaponin A prepared 

from lyophylized whole ovaries of A. 
amurensis by Ikegami (14) failed to 
cause the sperm agglutination. Astero- 
saponin A is the general name for a num- 
ber of saponins present in asteroids 
which contain 2 moles each of quinovose 
and fucose as the sugar moiety. Our 
preparation may perhaps differ in its sug- 
ar linkages or steroidal side chain from 
that of Ikegami (14). 

The effect of the sperm agglutinin was 
examined on the spermatozoa of another 
starfish, Distolasterias nipon, belonging 
to the same family as A. amurensis. The 
highly purified sperm agglutinin, T1, was 
not effective, but the partially purified 
agglutinin found in the butanol layer in- 
duced the sperm agglutination to some 
extent. It seems that the sperm aggluti- 
nin of D. nipon is not identical with but 
similar to the agglutinin ofA. amurensis. 

Recently Collins (15) has stated that 
there are two types of the sperm aggluti- 
nation in sea urchins. One is a swarming 
of freely moving sperm, "isoagglutina- 
tion," and the other is the agglutination 
with the acrosomal process. The former 
disappears spontaneously within 10 min- 
utes, and instantaneously when fixatives 
or inhibitors of sperm motility are added. 
In the case of starfish, the sperm aggluti- 
nation does not disappear either sponta- 
neously or by the addition of such fixa- 
tives, and it is induced independently of 
the acrosome reaction. 
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