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Identification of 17-l 8 kDa zona pellucida binding proteins from boar 
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Zona peilucida (ZP) binding proteins from boar spermatozoa were compared with antigens recognjzed by ACR.2 and ACR.3 monoclonal antibod- 
ies. The ZP binding proteins of 55,53,45 and 38 kDa are identical with various forms of boar acrosin immunolo~caIly detected by ACR.2 antibody. 
The ZP binding proteins of 17 and 18 kDa are recognized by ACR.3 antibody. The N-terminal amino acid sequence of the 17 kDa protein revealed 

that it is not derived from an acrosin molecule. 
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1. INTRODUCTION 2. EXPERIMENTAL 

Fertilization is a complex reaction which consists of 
several consequently occurring steps [ 11. Sperm/egg 
recognition as the first step in the sperm/egg interac- 
tion plays a key role in fertilization. 

Several ZP binding proteins have been described in 
mammalian spermatozoa (for review see [2]). A high- 
moIecular form of acrosin has been identified as a ma- 
jor ZP binding protein from boar spermatozoa g-51. 
This protein recognizes and binds fucose and mannose 
moieties [3--61. Besides the major ZP binding protein, 
other proteins binding the zona ~lycoproteins and also 
fucose and mannose moieties have been revealed in 
boar spermatozoa. Proteins of 67, 38 and 17-20 kDa 
have been described [2-81. 

In this report, we describe identification of the boar 
sperm ZP binding proteins and compare them with 
several forms of boar acrosin revealed by ACR.2 
monoclonal antibody and with antigens recognized by 
ACR.3 antibody. For further ch~acte~zation of the 
17 kDa zona binding protein, the N-terminal amino 
acid sequence of this protein was determined. 
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2.1. Preparation of sperm extract and seminal plasma 
Freshly ejaculated boar spermatozoa were centrifuged at 800 x g 

to remove seminal plasma, and sperm pellet was resuspended in PBS 
containing 2 mM Nadine (Sigma) and washed twice. The sper- 
matozoa were resuspended in 20% (v/v) glycerol, 30 mM ben- 
zamidine and adjusted to pH 3 with hydrochloric acid, extracted at 
4°C overnight, centrifuged at 15000 x g, and the supernatant was 
subjected to SDS-polyacrylamide gel electrophoresis (SDS-PAGE). 
The seminal plasma was spun at 15000 x g and applied directly to 
SDS-PAGE. 

2.2. Electrophoresis and Western blotting 
SDS-PAGE was performed on 12% polyacrylamide slab gels under 

nonreducing conditions [9] and the proteins were transferred onto 
nitrocelhtlose sheets [lo]. Molecular weight was estimated by com- 
parison with mobility of low-molecular weight markers (Pharmacia) 
used in a reduced form. 

2.3. Prepa~tion and b~otiny~ation of ZP proteins 
ZP proteins were prepared as described previously [ll]. Protein 

concentration was approximately estimated by absorbance at 280 nm 
and the purity of ZP glycoproteins was checked by SDS-PAGE. Pro- 
tein concentration was adjusted to 1 mg-ml-’ with PBS and lOU$ 
of this solution was added to 1OOgI of 0.2 M NaHCO3, pH 9, and 
reacted with 40 pg iV-hydroxysuccinimidylbiotin (Sigma) in 20 ~1 
dimethylformamide. After 30 min at 25”C, the reaction was stopped 
by addition of 20 ~1 1 M glycine, and the sample was dialysed against 
PBS and stored at -20°C until used. 

2.4. Reaction of nitrocellulose-immobilized proteins with specific 
probes 

For immunodetection [lo] of ZP proteins, monoclonal antibody 
4F2 [ll] and for detection of acrosomal proteins, monoclonal an- 
tibodies ACR.2 and ACR.3 [12] were used. The ZP binding proteins 
were revealed either by incubation with biotinylated ZP proteins 
(stock solution diluted 1: 100) or by incubation with nonmodified ZP 
proteins (100,ug .ml-‘) and then with monoclonal antibody against 
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ZP (4F2). The binding experiments in the presence of fucoidan 
(1 mg *ml-') were used as a negative control. For identification of 
fucose-bearing proteins, nitrocellulose was probed with biotinylated 
UEA (Sigma) at a concentration of lO fig-ml-‘. Biotinylated probes 
were identified by Streptavidin-pero~d~e (1:300, Amersham), using 
the protocol recommended by the manufacturer. For total protein 
visualization, the nitrocellulose was stained with colloidal gold solu- 
tion 1131. 

2.5. Purifcation of the 17 kDa ZP binding protein 
Lyophilized sperm extract (24Opg) was subjected to 12% SDS- 

PAGE [9] and transferred onto a glass fiber sheet (GF-C, Whatman) 
coated with Polybrene (Sigma) [14]. Electroblotting was performed 
in 25 mM Tris, 0.5 mM dithiothreitol, pH 8.4, for 4 h at 85 V [lS]. 
The membranes were stained with fluorescamine (10 mgel-‘, Sigma) 
in acetone. Proteins were visualized under 254 nm UV light and 
17 kDa major ACR.3 antigen was cut from the sheet and subjected 
to sequencing. Position of the ACR.3 antigens was identified by im- 
munoblotting performed in parallel. 

2.6. Amino acid sequence analysis 
The Edman degradation was carried out in a 470 A Gas Phase Pro- 

tein Sequencer (Applied Biosystems) according to a modified stan- 
dard program 03 CPTH supplied by the manufa~urer. The content 
of PTHs in the individual cycles was assayed by HPLC using a 
Beckman Ultrasphere ODS column. 

3. RESULTS AND DISCUSSION 

In preliminary experiments, radioiodinated [S-7] or 
biotinylated [3,4] ZP glycoproteins were used to probe 
sperm proteins. To avoid partial denaturation of ZP 
glycoproteins during labelling procedures, we aIs0 used 
nonmodified ZP proteins for binding experiments. No 
differences in binding of biotinylated and nonmodified 
ZP glycoproteins to sperm and seminal plasma proteins 
were observed (Figs 1 and 2). When the proteins of 
sperm extract were probed, we revealed ZP binding 
proteins of 55, 53, 45, 38 and 17-18 kDa (Fig. lc,e). 
When we compared positions of these proteins after 
SDS-PAGE and protein transfer onto ~tro~ellulose 
with several forms of acrosin distinguished by ACR.2 
monoclonal antibody (Fig. lg,j), we could confirm a 
suggestion [5] that ZP binding proteins not only of 55 
and 53 kDa but also of 43 and 38 kDa are identical 
with boar acrosin. Acrosin molecules were never im- 
munologically detected in boar seminal plasma. The 
finding is in good agreement with the ones previously 
described [5,7]. Using the ACR.3 monoclonal antibody 
we revealed that ACR.3 recognizes proteins with the 
same electrophoretical mobility as the ZP binding pro- 
teins of 17 and 18 kDa (Fig. lc,d,e, and Fig. 2c,e,g). 
These proteins are present in acid-extracted sperm pro- 
teins and also in the boar seminal plasma. The binding 
of solubilized ZP to the sperm proteins can be inhibited 
by fucoidan or dextran sulphate [3-51 and thus the bin- 
ding experiments in the presence of fucoidan were used 
as a negative control (Fig. Id and Fig. 2f). 

It was surprising that acrosin and the 17-18 kDa ZP 
binding proteins can bind the UEA, a lectin with a 
specificity to fucose moieties (Fig. 11). This observation 
and the fact that acrosin and the 17 kDa sperm proteins 
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Fig. 1. Reaction of nitrocellulose-immobilized sperm proteins with 
specific probes. (a) Colloidal gold staining of Pharmacia LMW 
standards (90, 67, 43, 30, 20, 14 kDa). (b) Colloidal gold-stained 
total protein. (c) Binding of biotinylated ZP glycoproteins. (d) 
Binding of biotinylated ZP proteins in the presence of fucoidan. (e) 
Detection of ZP binding proteins by incubation with ZP proteins and 
then with 4F2 antibody. (f) Binding of 4F2 antibody only. (g) Binding 
of ACR.2 antibody. (h) Binding of ACR.3 antibody. (i) Blot was 
incubated with boar sperm extract (10 pg sml-‘) and then probed 
with ACR.2 antibody. (j) Detection was carried out under the same 
conditions as in (i) except that fucoidan was added to the boar sperm 
extract solution. (k) Detection was performed as in (j) but ACR.3 
antibody was used. (1) Detection of fucosylated glycoproteins by 
biotinylated UEA. (m) Control experiment in the presence of 

fucoidan. 

show fucose-binding activity [3-51, suggest that both 
molecules bind one another. This suggestion was con- 
firmed by the experiment, in which the nitrocellulose- 
immobilized sperm proteins were incubated with the 
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Fig. 2. ‘Reaction of nitrocellulose-immobilized seminal plasma 
proteins with specific probes. (a) Colloidal gold staining of 
Pharmacia LMW standards. (b) Colloidal gold-stained total protein. 
(c) Binding of ACR.3 antibody. (d) Binding of ACR.2 antibody. (e) 
Binding of biotinylated ZP proteins. (f) Binding of biotinylated ZP 
proteins in the presence of fucoidan. (g) Detection of ZP binding 
proteins by incubation with ZP glycoproteins and then with 4F2 

antibody. fh) Binding of 4F2 antibody only. 



Volume 264, number 2 FEBS LETTERS May 1990 

1 5 10 

AQNLPXRFLXPAI 

Fig. 3. Gino-te~inal amino acid sequences in ZP binding protein 
of 17 kDa. Sequence analysis was confirmed in two independent 

experiments. 

solubilized sperm proteins and the blot was then probed 
with ACR.2 antibody. New bands in the positions of 
the 17-18 kDa ZP binding proteins appeared (compare 
Fig. lg with Fig. Ii). The source of the newly observed 
band of 27 kDa was discussed in a previous paper [ 121. 
This protein is recognized by ACR.4 monoclonal an- 
tibody and binds boar acrosin. When fucoidan was 
added to the solution of boar sperm extract, the newly 
observed bands would disappear and blots probed with 
ACR.2 and ACR.3 antibodies would show the normal 
binding pattern (compare Fig. lj,k with Fig. lg,h). 

To confirm a suggestion that the 17 kDa ZP binding 
protein is not related to the acrosin, this protein was 
subjected to amino acid sequence analysis. The se- 
quence of 11 amino acids from the N-terminus (Fig. 3) 
was compared with SWISSPROT protein sequence 
library and with a sequence of the preproacrosin gene 
[ 171. Neither acrosin nor another protein had sufficient 
homology with the N-terminus of the 17 kDa protein. 

The findings evidenced in this work suggest that, 
although acrosin seems to be a major ZP binding pro- 
tein of boar spermatozoa, at least two distinct families 
of ZP binding proteins are present in these cells. 
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