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A crucial step during Milization is the recognition 
and binding of the sperm to the homologous oocyte 
zona pcllucida, the glycoprotein network which sur- 
rounds all mammalian eggs [I]. It is believed that 
specific adhesion molecules or receptors located at the 
limiting surfaces are involved in the initial gaticte in- 
teraction [2,3]. In mouse, the most studied model 
species in fertilization, the zona pellucida glycoprotcin 
3 (ZP3) serves as a primary receptor for intact sperm [4) 
via O-linked oligosaccharide chains containing an 
essential galaccose residue at their non-reducing ends 
[S]. Similarly, in the pig, sperm receptor activity has 
been reported to reside on a zona glycoprotein of M, 
55 000 [6]. On the other hand, bindin, a M, 24 000 pro- 
tein located in the sea urchin sperm acrosome granule, 
which binds to an egg vitelline membrane glycoprotcin 
receptor, is the best-characterized sperm receptor- 
binding protein [7,8]. Putative high- and low-molecular 
weight sperm zona pellucida-binding proteins have been 
recognized in various species Ly: (i) incubating Western 
blots of sperm proteins with labelled zona proteins 
[g-14]; (ii) with the help of specific polyclonal and 
monoclonal antisera which inhibit sperm-zona binding 
11%173; or (iii) by using crosslinking reagents [lS,19]. 
Recently, we and ot.hers showed that boar sperm 
acrosin (M 53-55 000) possess zona-binding site(s) 
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[20,21] associated with the N-terminal pepride of its 
heavy chain [ 14). In the present work we have searched 
for low molecular weight boar sperm zons-binding pro- 
teins, A 15 kDa protein showing the required biological 
activity was isolated and biochemically characterized. 
Its N-terminal sequence, and its biological Function, 
show analogy to the sea urchin sperm receptor, termed 
bindin, suggesting that both sperm proteins may belong 
to the same evolutionary-related family. 

2. MATERIALS AND METHODS 

Ejeculnted boar spermatozoa were collected, washed and extracted 
as previously described [221. The extract was centrifuged (I h at 
20 OOOxg) and the supernatant fractionated on a Superosc-12 
preparative column (Pharmacia, Sweden) clued with 1 M formic acid 
containing 7 M urea. The fractions were neutralized with I M Tris, 
diluted 1:l (v/v) with 50 rnM Na$O,/NaHCO$, pH 9.6, immobilizV 
ed on ELlSA plates, and tested for zonnWnding activity [20]. 
Positive fractions were pooled and fractionated on a FPLC Pro.RPC 
(Pharmacia, prepnrativc grade) column eluting at 3 ml/min with a 
linear gradient of (A) water/TEA 0.1% and (B) acctonitri;e/O,l% 
TFA (O-60% B in 180 min). Fractions containing zona-binding pro- 
tein(s) were chromatographed on a HPLC RP-100 Lichrospher 
(Merck) Cl8 column (25 x 0.4 cm, 5 pm particle size) eluting at 1 
ml/min with a linear Bradient of 0.1% TFA in (A) water and (B) 
acetonitrile (isocratically (ZOolo 8) for 5 min, followed by 20-38% B 
in 15 min, and 38-46’170 B in 32 min). 

SDS-gel electrophoreris was done according to 1231. 
Electroblotting onto nitrocellulose sheets was performed following 

[24]. After blocking, the blots were incubated for 2 h at 37’C with 
biotinylatcd zona pellucida [20], washed, incubated for 1 h at 37’C 
with strepavidin pcroxidase (1:lOOO (v/v)), washed with 20 mM Tris, 
0.5 M N&I, pH 7.4, and finally developed with this buffer containing 
20% methanol, 1 mg/rnl 4-chloro-I-naphthol (Bio-Rad), and l§ al 
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Fig. 1. (A) Fractionation of acid-extracted boar sperm proteins on a 
Superose 12 column. (0 -*) indicate zona pellucida~binding activity. 
The fract.ions between vertical broken lines, containing low molecular 
weight proteins, were pooled and further purified. (B) Desalting and 
initial purifisatlon by reverse-phase FPLC of the components from 
the protein pool isolated in (A), (C) Purification by reverse-phase 
HPLC of the proteins contained in fraction 1 from B. (*) denotes 

zona pellucida-binding proteins. 
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yielded 1 number of u~id~n~~fi~d zonel pellueida- 
bindin proteins which wee are continuing to 
characterize, In this repart, hawcver, crnly the major, in 
terms d abundance, FPLi-fraction containing zone 
binding activirv (G~tion 1 frsm Fig. l&1) w~ls further 
purified (Fig, SC). Three components, two sf them ean- 
taining zona pellucida-binding activity, could be 
separated (Fig, 1C). Our purification prscedrire yielded 
several hundreds micrograms of the major protein 
(peak 1, Fig. 1C) per lot) mg of total ncid-extracted 
sperm proteins, 

SDS-gel elcctrophoresis of the isolated major aona 
pellucida-binding protein shows a single band migrating 
ns 15 kDa (Fig. 2). Ets mobility did not change after 
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Fig. 2. (Lane a) Coomassie blue-stained SDS-polyacrylamide 
(lo-2Solo) gel electrophoresis of the isolated 15 kDa protein (peak I 
from Fig. 1C). (lane b) Binding of biotinylated zona pellucida to the 
electroblotted I5 kDa protein. (Lane c) Incubation of the immr,biiized 
15 klga with zona pellucida in the presence of fusoidan. In the left 
lane, molecular weight markers: lysozyme, I4 K; soybean trypsin in- 
hibitor, 21 K; carbonic anhydrase, 30 K; ovalbumin, 43 K; bovine 

serum albumin, 6? K; and phosphorylase b, 94 K. 



wxlue~iwi~ iwlieating that the protein may centwin a 
sin&z polypCptide chain. 

The IS kBa protein binds biotinylatad zona grllueida 
(Fiy, 2), this interaction beinf inhibited by the 
aulphatcd heteropelyaaceharidc I’ueeidan (Fig 2), 
Eueoidnn haa been shown to block fertilization in tl 
wide variety sf ageeies, including rabbit [ l8], guinea pig 
]t2,28,291v boar [go], mow [311q human 1281, brown 
algae [32j and SW urchin f71. The hypothesis has been 
born thnt the initial sgertdegy interaction is medintcd 
by a Icetin-like protein on the sperm surface rceagnining 
fucose- and sulphatc-containing s!ructurcs of the zonn 
pellucida. The I ? kDa boar glycoyrotein agglutinates 
rabbit or human eryrhroeytes (data not shown), 
meeting the classical requirements of a leerin, This 
strengthens our conclusion that this sperm protein is ate- 
tually one of the components responsible for the inirial 
gamere interaction, 

3,2. Bioclremical characrerizatiorr of the IS kDu 
glycoprateirr 

N-Terminal sequence analysis of the isolated 15 kDii 
glycoprotein yielded a single sequence: 
AQNKGPHKCGGVLRNXSGRISTYE 
G P K T D C I V... 

This sequence shows a weak analogy to the sea urchin 
sperm protein bindin [33] (Fig. 3), Moreover, internal 
amino acid sequence data from of the 15 kDa protein 
indicate that the analogy to bindin is not restricted to 
the N-termirlus (Sanz et al., unpublished results). The 
other two protein peaks in Fig. IC were analyzed (data 
not shown) and the following sequences were found: 
peak 2 (17 kDa) - A Q N K G S D D C Ci G V ; peak 
3 (15 kDa) - A Q N K G P D D C G G V. Recently, 
Moos et al. [13] have identified a 17 kDa boar sperm 
zona pellucida-binding protein with the N-terminal se- 
quence: A Q N L P X R F L X P A I. It is tempting to 
speculate that boar sperms possess a family of 
analogous low molecular weight proteins some of wliich 
have a mediating role in the sperm/egg interaction, as 
has been identified in the rabbit [18], and were also 
shown to be present in human and mouse spermatozoa 
[iO,lri]. 

Amino acid analysis of the IS kDa protein (Table I) 
shows that it contains mostly polar residues, its serine 
and glycine content unusually being high. The protein 

does not contain any methioninr residue, When the 15 
kDa protein was treated with 4-vinylpyridinc under 
denaturing, but non-reducing, conditions, no cysteinr 
residue could be alkylated, whereas after reduction and 
alkylation 4 mol of tthylpyridylcysteine/mot protein 
was found. This may indicate that the I§ kDa glycopro- 
tein contains two disulpkide bridges within its structure. 

Amino-sugar analysis of the 15 kDa protein showed 
that ir contained 4 mol glucosamlne/mol glycoprotein, 
but did not contain galactosnmine, indicating that it 
will only contain Wglycosydicali~linkecl sugar 
chain(s). 

Further studies are in progress in order to elucidate 
the biophysical constants governing the interaction of 
this protein with the zone. pellucida component(s), the 
complete primary structure of this biologically relevant 
glycoprotein, its origin and its compartmentalization in 
the sperm. Identification of the component(s) in the 
zona pellucida acting as receptor(s), as well as the 
region of the sperm glycoprotein containing the com- 
plementary activity, is a challenge for future investiga- 
tions. 
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