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Abstract 

Spermadhesins are multifunctional proteins involved in boar sperm capacitation and gamete recognition. Using anti-AWN 
antibodies, we have followed the fate of spermadhesin AWN along the maturation and capacitation stages of boar spermatozoa. 
In addition, the amount of spermadhesins AQN-1, AQN-2, and AQN-3 relative to that of AWN was determined by amino acid 
analysis after reverse-phase HPLC isolation. Our data show that AWN-1 is the only spermadhesin on the surface of epididymal 
sperm and that a large amount of AQN-1, AQN-2, AQN-3, AWN-1 and AWN-2 become coated on ejaculated spermatozoa. The 
number of spermadhesin molecules on ejaculated sperm (12-60 × 106/spermatozoa) is sufficient to form a many-molecules-thick 
coat over the sperm head. However, 50-75% of the AQN-1, AQN-2, and AQN-3 population, and around 90% of coated AWN 
(1 + 2) are released from ejaculated sperm during capacitation. This indicates that a large subpopulation of each boar 
spermadhesin is loosely associated to the sperm surface and may function as decapacitation factors. The remaining spermadhesin 
molecules, which are tightly bound to the sperm head's surface may play a role as either positive capacitation factors and/or in 
gamete recognition and binding. 
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1. Introduct ion 

Mammalian spermatozoa which are newly synthe- 
sized in the testis and released into the lumen of the 
seminiferous tubules are in a functionally immature 
state, i.e. unable to fertilize eggs [1-3]. They acquire 
this biological activity during subsequent passage 
through the epididymal duct, a process called epididy- 
mal maturat ion [1,4]. In addition, freshly ejaculated 
sperm of most mammalian species do not respond to 
acrosome reaction agonists but become capable of un- 
dergoing the acrosome reaction after several hours of 
residence in the female 's  genital tract,  or after incuba- 
tion in vitro in an appropriate  medium [1-3]. The 
poorly understood events which prepare spermatozoa 
to undergo the acrosome reaction in response to inter- 
action with its homologous zona pellucida have been 
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collectively denominated 'capacitation'  (see Refs. 5 and 
6) for recent reviews). It seems plausible that factors 
attached to the sperm surface upon mixing with semi- 
nal plasma at ejaculation prevent premature  acrosome 
reaction and are subsequently released from the sperm 
surface during capacitation, permitting the expression 
of endogenous or extrinsic positive regulators of zona 
pellucida-induced exocytosis [7,8]. 

One important facet of sperm maturat ion and ca- 
pacitation is the continuous remodeling of the sperm's 
plasma membrane  as a consequence of the constantly 
changing microenvironment [9] found by spermatozoa. 
In the bovine, heparin-binding proteins (15-17 kDa) 
from seminal plasma bind peripherally to ejaculated 
spermatozoa and play a positive regulatory role in 
capacitation potentiating zonae pellucidae-induced 
acrosome reactions in epididymal sperm [10]. In the 
mouse, a 6.4 kDa proteinase inhibitor from seminal 
vesicle fluid associates to, and inactivates, an epididy- 
mal sperm-associated 15 kDa zona pellucida-binding 
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protein at ejaculation [11-14], and is removed during 
in utero or in vitro incubation [15,16]. In the pig, 
spermadhesins AQN-1, AQN-2, AQN-3, and AWN 
(12-14 kDa) present in seminal plasma become associ- 
ated to the sperm's head surface at ejaculation (17-20; 
see [21] for a review). They are multifunctional pro- 
teins which possess zona pellucida glycoproteins-, ser- 
ine proteinase inhibitor-, and/or  heparin-binding sites 
[21-23], and may thus play a role in sperm capacitation 
and gamete recognition. However, whether they repre- 
sent positive or negative capacitation factors has not 
been established. 

Here, we have quantitated the amount of spermad- 
hesins AWN (isoforms 1 and 2), AQN-1, AQN-2, and 
AQN-3 in epididymal fluid, epididymal sperm, seminal 
vesicle fluid, seminal plasma, freshly ejaculated sperm, 
swim-up spermatozoa, and 3 h and 24 h capacitated 
sperm. Our results show that only AWN-1 is present 
on epididymal sperm (5.9-7.5- 106 molecules/sperm), 
though it is absent from epididymal fluid. On the 
contrary, high amounts of all spermadhesins (ranging 
from 0.6 to 7.2 mg/ml) are present in seminal vesicle 
fluid and seminal plasma. Following ejaculation, 12-60 
• 106 molecules of each AQN-1, AQN-2, AQN-3, and 
extra 50- 106 AWN molecules (isoforms 1 and 2) be- 
come coated to the surface of spermatozoa. However, 
around 60% of adsorbed spermadhesins AQN-1, 
AQN-2, and AQN-3 are released after 3 h in vitro 
capacitation, the amount of AWN-1 decreases to the 
level found on epididymal sperm, and the whole AWN- 
2 population is lost. This figure changes only slightly 
upon 24 h capacitation. Our data indicate that differ- 
ent subpopulations of spermadhesins may play diverse 
roles as either decapacitation factors, positive capacita- 
tion elements, and/or  receptors for zona pellucida. 

2. Materials and methods 

Sample preparation 
Epididymal spermatozoa and seminal vesicle fluid 

were released from the epididymal duct and seminal 
vesicles, respectively, of recently (0.5-1 h) sacrificed 
boars at the local slaughter by cutting the tubules at 
different sites. Sperm was separated from epididymal 
fluid by centrifugation at room temperature at 160 x g 
for 5 min. Spermatozoa were washed twice with 20 mM 
phosphate, 135 mM NaCI, pH 7.4, (PBS buffer) by 
centrifugation, and resuspended in this buffer. Sperm 
count was determined using a Neubauer chamber. 

Freshly ejaculated boar sperm was collected as de- 
scribed [24], and separated from seminal plasma by 
centrifugation as above• Spermatozoa were washed with 
PBS buffer, and resuspended in this buffer. Alterna- 
tively, washed sperm was extracted overnight at 4°C 
with five (pellet) volumes of 2.5% (v/v) acetic acid, 

10% glycerol, with gentle stirring (acid extraction) [25]. 
After centrifugation at 14000 × g for 15 min at room 
temperature, the clear supernatant was dialyzed against 
water, and lyophilized. 

Swim-up and in vitro capacitation 
To obtain the swim-up fraction, freshly ejaculated 

boar spermatozoa were washed three times with Hepes 
buffer (20 mM Hepes, 1.5 mM CaC12, 1 mM MgCI 2, 95 
mM NaC1, 1 mM KzHPO4, 5 mM glucose, 60 mM 
saccharose, 5 mM sodium pyruvat, 0.5% bovine serum 
albumin, pH 7.4), resuspended in this buffer, and 1 ml 
deposited at the bottom of a tube containing 5 ml 
Hepes buffer. The tube was placed at an inclination of 
45 ° for 1 h at 37°C in an incubator under a 5% CO 2 
atmosphere [26]. The swim-up spermatozoa in the up- 
per 1 ml fraction were recovered by centrifugation 
(160 x g, 5 rain), resuspended in Hepes buffer, and its 
concentration determined as above. For capacitation, 
the pelleted, washed Swim-up fraction was resus- 
pended with two volumes of capacitation buffer (25 
mM sodium bicarbonate, 29 mM sodium lactate, 10 
mM Hepes, 2,3% (w/v) bovine serum albumin, 10 g/1 
TCM medium (Seromed-Biochrom, KG Berlin) (pH 
7.8) (adjusted just before use), preconditioned overnight 
at 37 ° C under a 5% CO 2 atmosphere [1]. Spermatozoa 
were allowed to capacitate in a high humidity, 5% CO 2 
incubator. Aliquots were taken at 3 h and 24 h, the 
spermatozoa recovered by centrifugation, washed three 
times with PBS buffer, and resuspended in this buffer 
at the desired sperm count. 

Solid-phase anti-A WN binding assay 
Polyclonal monospecific anti-AWN antibodies (re- 

cognizing both isoforms of AWN) were raised in 
chicken, the IgG fraction was purified from the egg's 
yolk as described [27], dialyzed against 20 mM phos- 
phate, 135 mM NaC1, 1 mM NAN3, pH 7.4, and stored 
at -20°C until used. The suitable working dilution was 
determined using an ELISA procedure. To this end, 
microtiter plates were coated with 1/zg purified AWN- 
1 [20] in 100/zl 50 mM sodium carbonate buffer (pH 
9.6) overnight at 4°C, blocked with 200 /zl 20 mM 
Tris/HC1, 150 mM NaC1, 0.5% (w/v) bovine serum 
albumin, 0.1% (v/v) Triton X-100, pH 7.4 (washing 
buffer) for 1 h at 37°C, and incubated with 100/zl/well 
of different anti-AWN dilutions for 1 h at 37°C. The 
plate was then extensively washed with washing buffer, 
incubated for 1 h at 37°C with 100/zl/well of a 1 : 2000 
(v/v) dilution of goat biotinylated anti-chicken IgG 
(Vector Laboratories, Burlingame, California), washed, 
and incubated with 100 /zl/well of a 1:4000 (v/v) 
dilution of streptavidin-peroxidase conjugate (Sigma) 
for 1 h at 37°C. After washing, the plate was developed 
with 100/zl/well of 2 mg/ml O-phenylendiamine in 20 
mM citric acid, 50 mM phosphate, pH 5.0, containing 
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Table 1 
Spermadhesin content  in fluids of the boar sex accessory glands and in spermatozoa at different stages of maturation (1) expressed in/xg// . t l ;  (2) 
Spermadhesin molecules / spermatozoa  (in millions); (3) determined using competitive ELISA; (4) determined 

Seminal Seminal Epididymal Ejaculated Swim-up 2 Capacitated Sperm 2 
Fluid 1 Plasma 1 Sperm 2 Sperm 2 

3 h  24h  

A W N  3 2.1 (0.2) 1.8 (0.2) 6.7 (0.8) 50.4 (24.2) 37.6 (11.4) 9.5 (1.5) 7.3 (1.2) 
AQN- I  4 1.2 (0.I) 1.1 (0.2) 21.9 (10.5) 16.4 (4.8) 9.3 ( I . I )  7.1 (1.3) 
AQN-24 7.2 (0.5) 6.4 (0.7) - 61.5 (29.3) 45.9 (13.4) 20.3 (8.2) 15.4 (2.8) 
AQN-34 0.6 (0.1) 0.5 (0.1) - 12.5 (6.2) 9.4 (2.8) 9.7 (3.6) 7.4 (2.4) 

70 #1 H20 2 30%/ 100 ml. The color developed was 
measured at 492 nm using an automated microELISA 
reader (ICN). The working dilution of anti-AWN, de- 
fined as that causing 95% of maximal antibody binding, 
was 1 : 3000 (v/v). 

Quantitation of A WN by enzyme immunoassay 
The total AWN content (isoforms 1 and 2) in epi- 

didymal fluid, epididymal sperm, seminal vesicle fluid, 
seminal plasma, ejaculated spermatozoa, swim-up 
sperm, and capacitated sperm samples, was deter- 
mined by competitive ELISA. To this end, 50 /zl of 
different dilutions of each sample (in PBS buffer) was 
mixed with an equal volume of a 1:3000 (v/v) anti- 
AWN antibody dilution, and incubated for 1 h at 37°C. 
The samples were then centrifuged (14000×g, 15 
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Fig. 1. Quantitation of A WN using competitive enzyme immunoassay. 
A) Standard curve of inhibition of ant i -AWN antibodies (1:3000) 
binding to 1 brg AWN-1 immobilized on microtiter plate wells by 
soluble AWN-1 (ICs0 = 0.3 /zg). B) Inhibition curves obtained with 
seminal vesicle fluid (11 II) ( IC50=0.14 /~1) and seminal 
plasma (D - -  ~ )  (ICs0 = 0.17 p.l). C) Quantification of A W N  in 
epididymal sperm (© ©) (ICs0 = 1.86.106 spermatozoa) and 
ejaculated sperm (A A) (ICs0 = 0.24-106 spermatozoa). D) 
The same as in C) but  using Swim-up sperm (11 II) (ICso = 
0.35"106 spermatozoa) and 24 h capacitated sperm (zx zx) 
(IC5o = 1.71 • 106 spermatozoa).  

min) and the free anti-AWN antibodies in the clear 
supernatant were titrated by ELISA as described above. 
A standard inhibition curve obtained by incubating 
different amounts of purified AWN-1 with anti-AWN 
was run in parallel in each experiment. For each sam- 
ple the ICs0 was defined as the amount of sample (/zl 
fluid, number of spermatozoa, or/~g of purified AWN) 
which neutralizes 50% of the initial anti-AWN antibod- 
ies. The amount of AWN in a given sample was deter- 
mined using the following equation: 

number of AWN molecules 

= [ (ICS°AWN-1)/(ICS°Sample)MwAWN_I ]xN 

where M w AWN-1 is 14471.2 [17), and N is Avogadro's 
number (6.023 • 1023). The IC50 of AWN is given in /zg 
and the units of the IC50 of the sample are either 
number of spermatozoa or/zl of fluid. 

To rule out the possibility that IgG molecules bind 
unspecifically to the sperm surface, a control experi- 
ment was carried out which consisted in pre-incubating 
the boar spermatozoa preparations with different 
amounts of non-immune IgG before adding the anti- 
AWN antibody solution. 

Reverse-phase HPLC analysis and quantitation of AQN- 
1, AQN-2, and AQN-3 

For determination of the concentration of spermad- 
hesins AQN-1, AQN-2, and AQN-3, the proteins from 
samples whose AWN content had been previously es- 
tablished by competitive ELISA (see above) were iso- 
lated by reverse-phase chromatography using either a 
Lichrospher RP-100 (Merck) C18 column (25.0.4 cm, 
5/zm particle size) eluting at 1 ml/min with a gradient 
of 0.1% trifluoroacetic acid in (A) water and (B) ace- 
tonitrile as described [20]. The whole AQN-1, AQN-2, 
AQN-3, and AWN (1 + 2) [20] fractions were dried 
using a Speed-Vac (Savant), and the protein content 
determined by quantitative amino acid analysis (using 
an Alpha Plus automated amino acid analyzer, Phar- 
macia-LKB) after hydrolysis with 6 N HC1 for 24 h. 
The concentration of protein was calculated based on 
the established amino acid sequence of each protein 
[17-19], taken as reference the values obtained for 
alanine, valine, and lysine. The results were corrected 
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Fig. 2. Isolation of boar spermadhesins. Purification of the different boar spermadhesins (labeled AQN-1, AQN-2, AQN-3, AWN-1, and AWN-2) 
from samples of A) acid extract of epididymal sperm; B) Seminal vesicle fluid; C) acid extract of ejaculated spermatozoa; and D) acid extract of 
24 h capacitated sperm, was achieved by reverse-phase chromatography. 

for handling loses using as a coefficient the ratio be- 
tween the amount of AWN determined in the same 
sample by ELISA and by amino acid analysis (AAA) 
after HPLC isolation: 

/xg AQN-x = ~g AQN-x by AAA x 

(/xg AWN by ELISA//~g AWN by AAA) 

This correction coefficient was consistently 4-8. 

3. Results 

Quantitation of A WN by competitive ELISA 
The amount of spermadhesin AWN (isoforms 1 and 

2) in secretions of the male sex accessory glands and in 
different sperm samples was determined using compet- 
itive ELISA by comparing the amount of purified 

AWN-1 which neutralizes 50% of anti-AWN antibod- 
ies binding to immobilized AWN-1 with the amount of 
sample (/xl or number of spermatozoa) causing the 
same effect (Fig. 1). The concentration of AWN found 
in seminal plasma (Table 1) indicates that this protein 
represents around 7-8% of the total boar seminal 
plasma proteins (which typically contains 28-30 
mg/ml). The AWN content in seminal vesicle fluid was 
always slightly, but consistently, greater than in the 
seminal plasma obtained after centrifugation of fresh 
ejaculates (Table 1). This may be due to dilution of 
seminal fluid with secretions of the other male sex 
accessory glands (prostate, Cowper's gland and Littre's 
gland) or to the large amount of AWN molecules 
which are coated to the sperm surface upon mixing of 
epididymal sperm with seminal fluid at ejaculation. 
Indeed, the population of AWN molecules increases 

Table 2 
Relative distribution of individual spermadhesin populations along the maturation process of boar spermatozoa. (1) The mean values in Table 1 
were used for calculation of percentages. 

Percentage of the total spermadhesin population 1 

Epididimal Seminal Ejaculated Swim-up Capacitated Sperm 
Sperm Fluid Sperm 3 h 24 h 

Spermadhesin 
AWN 100 18.9 34.4 34.4 19.4 19.6 
AQN-1 - 10.8 14.9 15.1 19.1 19.1 
AQN-2 - 64.9 42.1 41.9 41.6 41.4 
AQN-3 - 5.4 8.5 8.6 19.9 19.9 
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almost 10 times on the surface of ejaculated sperm in 
comparison with epididymal sperm (Fig. 1C, Table 1). 
On the other hand, the amount of AWN molecules 
coated to ejaculated spermatozoa decreased a 25% in 
swim-up sperm (Table 1) and and this decoating effect 
was more dramatic in capacitated spermatozoa, where 
the number of AWN molecules per spermatozoa was 
of the same order of magnitude than in epididymal 
sperm (Fig. 1D, Table 1). 

Quantitation of  spermadhesins AQN-1, AQN-2, and 
AQN-3 

Due to the lack of specific antibodies against pro- 
teins of the AQN family, we have quantitated the 
amount of each spermadhesin by amino acid analysis 
after reverse-phase HPLC separation (Fig. 2). In paral- 
lel, the total amount of AWN in each sample was 
established as described above. Table 1 shows the 
results obtained with different samples. Interestingly, 
the distribution of each individual spermadhesins on 
spermatozoa at different stages of maturation does not 
change in parallel (Fig. 2, Table 2). Thus, the only 
spermadhesin found in epididymal spermatozoa is 
AWN-1 (Fig. 2A). Spermadhesin AWN-2 is first found 
on seminal vesicle fluid (Fig. 2B) and is subsequently 
coated to ejaculated sperm (Fig. 2C). Moreover, the 
relative concentration of both AQN-1 and AQN-3 in- 
creases during sperm maturation, whereas the popula- 
tion of AWN-1 constantly decreases, AWN-2 is com- 
pletely lost during capacitation, and the amount of 
AQN-2 remains stable from ejaculation to 24 h capaci- 
tation. The decrease in spermadhesin concentration on 
capacitated spermatozoa was not due to membrane 
exocytosis since under the conditions used less than 
15% of spermatozoa underwent the acrosome reaction. 

4. Discussion 

Many studies have indicated that the spectrum of 
proteins that bind to the sperm surface varies during 
the maturation process and may be responsible for 
inducing changes which facilitate the acquisition of 
fertilizing ability by the spermatozoa. Thus, though 
epididymal spermatozoa from many mammalian species 
are fertile to some extent, interaction of spermatozoa 
with constituents of epididymal fluid during epididymal 
maturation, seminal plasma at the time of ejaculation, 
and during capacitation in the female reproductive 
tract, may modulate their fertilizing ability and may 
ensure that only spermatozoa which reach the vicinity 
of the egg react in a proper  manner with acrosome 
reaction agonists, i.e. the zona pellucida network. This 
effect may depend on both the absolute and the rela- 
tive concentration of the constituents of the different 
fluids that are coated to, or released from, the sperma- 

tozoa surface along the different stages of its matura- 
tion and capacitation process. 

Here, we have investigated the time-course of ap- 
pearance of proteins of the spermadhesin family [21] 
on the surface of boar spermatozoa and their fate 
during the different stages of the sperm's live, i.e. 
epididymal maturation, mixing with seminal plasma at 
ejaculation, and in vitro capacitation. Surprisingly, only 
one member of the spermadhesin family, AWN-1, was 
present on epididymal sperm (Table 1, Fig. 1A). Since 
AWN-1 is a zona pellucida binding protein, we hypoth- 
esize that it may be one of the factors which contribute 
to the fertilizing activity of epididymal spermatozoa. In 
addition, the fact that AWN-1 is not present in epi- 
didymal fluid indicates that either it is quantitatively 
adsorbed on sperm or, more probably, that it is synthe- 
sized and coated to the spermatozoa surface before 
sperm enter the epididymal duct, i.e. in the testis or 
rete testis. Indeed, immunohystochemical studies using 
an anti-AWN antibody show positive material in the 
rete testis (F. Sinowatz, W. Amselgruber, personal 
communication). 

Following ejaculation, high amounts of all spermad- 
hesins are coated to the sperm surface (Table 1, Fig. 
1C). The relative amounts of each spermadhesin on the 
surface of ejaculated sperm does not reflect their rela- 
tive contribution to seminal fluid (or plasma) composi- 
tion (Table 2), however. Thus, spermadhesins AWN, 
AQN-1, and AQN-3 become 2-, 1.5-, and 1.5-fold 
enriched on sperm whereas the concentration of AQN- 
2 decreases 1.5 times. The reason for this uneven 
coating of different spermadhesins on the sperm sur- 
face is not clear. Whether  this implies that individual 
spermadhesins are preferentially adsorbed to different 
sperm surface domains needs a detailed investigation. 
Nevertheless, assuming that a spermadhesin molecule 
may have molecular dimensions similar to an im- 
munogJobulin domain [28], which are typically 30 × 35 
× 25 A, one can calculate that a single molecule will 
cover around 800 ~2 of sperm surface. Since the sperm 
bead's surface is about 150 /zm 2, it follows that the 
AWN-1 population on epididymal sperm is sufficient 
to cover one-third of the entire sperm head surface, i.e. 
the whole acrosomal cap where it has been localized by 
indirect immunofluorescence [17], with a one-mole- 
cule-thick coat. On the other hand, adsorption of fur- 
ther 150 million seminal plasma spermadhesin mole- 
cules on ejaculated spermatozoa (Table 1) may involve 
the formation of a ~ 8-molecule-thick coat over the 
sperm head. Since spermadhesins show a pronounced 
tendency to self-aggregation at pH above 5.0 (unpub- 
lished results), we speculate that this might be the 
driving force for adsorption. On the other hand, 
whether the first spermadhesin shell is attached to the 
sperm surface by specific membrane receptors or di- 
rectly to lipid moieties, needs further investigation. 
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The first possibility is used in the binding of the major 
seminal plasma protein to bull ejaculated spermatozoa 
[29], while the latter case would resemble the binding 
of the sea urchin sperm-egg adhesion molecule bindin 
[30,311. 

Interestingly, 75% of the total spermadhesin popu- 
lation on ejaculated sperm is subsequently released 
from the surface of capacitated spermatozoa (Table 1). 
Our working hypothesis is that a large amount of 
spermadhesin molecules, loosely attached to the sperm 
surface (spermadhesin-spermadhesin aggregation), may 
act as decapacitation, or acrosome stabilizing, factors, 
while the remaining spermadhesin pool may function 
as capacitation factors, i.e. by their heparin-binding 
activity [23] or, together with other sperm membrane- 
associated moieties, as primary receptors for zona pel- 
lucida glycoproteins [21]. 

Molecules with similar sperm coating properties as 
boar spermadhesins have been identified in a number 
of species. An acrosome stabilizing factor (ASF), a 
large glycoprotein (360 kDa) made up of two subunits 
(Mw 92000 and 38000), has been described in rabbit 
seminal plasma on the basis of its ability to reversibly 
alter sperm capacitation and block the in vitro induced 
acrosome reaction [32]. In the rat, the amount of the 
epididymal acidic glycoprotein DE (37 kDa, pI 4.9-5.1) 
[33,34] bound to spermatozoa increases progressively 
from the caput to the cauda epididymal spermatozoa 
[35]. Incubation of cauda epididymal spermatozoa in 
utero or in a capacitating medium for 6 h reduced the 
amount of bound protein to the level observed in caput 
sperm, suggesting that it may prevent the occurrence of 
premature acrosome reaction in the male genital tract. 
Protein DE bind to the plasma membrane in the 
acrosomal and postacrosomal region of cauda sperma- 
tozoa, and antibodies against it block fertilization [36]. 
Thus it appears that the epididymal protein DE might 
be a component of a sperm structure involved in the 
process of fertilization [37]. In man, a basic 140 kDa 
seminal vesicle protein (SBP) whose synthesis is andro- 
gen-dependent binds to spermatozoa at ejaculation 
[38,39]. SBP 140 kDa is immunologically related to rat 
seminal vesicle secretory (SVS) protein IV (17 kDa) 
[38,39], which also binds to spermatozoa. In the bovine, 
major acidic seminal plasma proteins BSP-A1/2 and 
BSP-A3 (PDC-109) (15-17 kDa) bind to spermatozoa 
at ejaculation and have been involved in sperm capaci- 
tation by heparin-like glycosaminoglycans [10]. Note- 
worthy, the amino acid sequences of rabbit ASF [40], 
rat DE protein [41], rat SVS-IV [42], and the bovine 
heparin-binding proteins BSP-A1/2 [43] and PDC-109 
[44] are neither homologous between them nor show 
similarity to boar spermadhesins [21]. Thus, the exiting 
question of whether capacitation (i.e. acrosome stabi- 
lizing) factors are species-specific molecules, deserves a 
detailed investigation. 
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