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ABSTRACT 

 
The present study was designed to investigate the topographical distribution of seminal plasma (SP) 
proteins on epididymal and ejaculated bovine sperm. Using immunocytochemistry and confocal 
microscopy the binding patterns of bovine SP proteins BSP-A3, albumin, transferrin, prostaglandin D-
synthase (PGDS) and nucleobindin in ejaculated and cauda epididymal sperm from adult bulls were 
evaluated. Experiments were performed using sperm from 5 males. Data showed a positive signal, only 
detected for anti-PGDS, in the acrosomal cap of epididymal and ejaculated sperm. In ejaculated sperm, a 
very weak signal for nucleobindin 2 in the midpiece and equatorial regions was detected, using the anti-
rat nucleobindin. BSP-A3 was detected on all sperm regions studied, with a more evidenced signal in 
acrosome and midpiece. However, no binding was detected for albumin or transferrin in neither 
epididymal nor ejaculated sperm. In conclusion, PGDS, BSP-A3 and nucleobindin interact directly with 
bovine sperm, with specific topographic distribution. These findings may add to the knowledge of how 
these proteins modulate sperm functions, thus providing fundamental support for studies designed to 
evaluate how they influence sperm functions. 
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RESUMO 
 
Investigou-se a distribuição topográfica da ligação de proteínas seminais à membrana de 
espermatozoides bovinos epididimários e ejaculados. Utilizando imunocitoquímica e microscopia 
confocal, avaliaram-se a topografia de ligação das proteínas BSP-A3, albumina, transferrina, 
prostaglandina D sintetase (PGDS) e nucleobindina 2 (NUC2) à membrana espermática. Os 
experimentos foram realizados utilizando espermatozoides de cinco touros. Os resultados mostraram 
que, para espermatozoides epididimários, somente detectou-se a PGDS na crista do acrossomo. Nos 
espermatozoides ejaculados, a PGDS ligou-se de forma mais intensa à crista acrossômica, enquanto a 
NUC2 apresentou sinal bastante fraco na peça intermediária e região equatorial. A BSP-A3 ligou-se a 
todas as regiões estudadas, de forma mais intensa na peça intermediária e acrossomo. Nenhum sinal foi 
detectado para albumina ou transferrina, seja em espermatozoides epididimários ou ejaculados. 
Concluiu-se que PGDS, BSP-A3 e NUC2 interagem diretamente com espermatozoides bovinos, e mostrou 
distribuição topográfica específica. Estes achados permitem melhor compreensão sobre o papel 
desempenhado por essas proteínas na regulação da função espermática e da fertilidade. 
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INTRODUCTION 
 

Seminal plasma proteins have been implicated in 
several sperm functions, including capacitation 
and acrosome reaction (Thérien et al., 1995; 
Siciliano et al., 2008). The intensity of selected 
protein spots in 2-D maps of seminal plasma 
(Killian et al., 1993), accessory sex gland fluid 
(Moura et al., 2006a) and cauda epididymal fluid 
(Moura et al., 2006b) is related to the fertility of 
dairy bulls as well. Furthermore there is a 
relationship of these proteins with the in vitro 
penetration of bovine oocytes (Moura et al., 
2007a). 
 
Recently, it has been reported that fertility-
associated proteins from bull accessory gland 
fluid (AGF), such as osteopontin, BSP-30kDa 
and BSP-A1/A2 (Killian et al., 1993; Moura et 
al., 2006a; 2007ab) are able to bind ejaculated 
sperm membrane and remain attached to the 
cells, even after contact with oviductal fluids 
(Souza et al., 2008). These findings brought new 
insights to the proposed models of how these 
proteins affect sperm function, and fertilization 
itself.  
 
Likewise, a comprehensive analysis of the 
proteome of bovine cauda epididymal fluid has 
been conducted, identifying a very diverse set of 
proteins, such as lipocalin-type prostaglandin D 
synthase (PGDS), albumin, transferrin and 
nucleobindin (Moura et al., 2007c). PGDS has 
been reported to be more prevalent in the seminal 
plasma of high fertility bulls (Killian et al., 1993; 
Gerena et al., 1998). Although there is only one 
form of PGDS detectable in 2-D gels of bovine 
seminal plasma, in the cauda epididymal fluid 
(CEF) PGDS is composed by a series of four 
spots, which comprise 7.6% of all protein spots 
quantified in the CEF gels (Moura et al., 2007b). 
Three of these PGDS isoforms, however, were 
found to be 2 to 3-fold more abundant in the CEF 
of low fertility males (Moura et al., 2006b). 
Although these findings seem contradictory, one 
possible explanation would be that proteins from 
the AGF could modify some of these isoforms 
during ejaculation. 
 
Also, albumin represents 21% of all proteins 
detected in 2-D maps of bovine CEF (Moura et 
al., 2007c) and transferrin is one of the major 
epididymal proteins as well (Dacheux et al., 
2006). Such proteins are associated with sperm 

quality and fertility in several species (Bernstein, 
1987; Moura et al., 2007b), although the precise 
mechanisms involved in their actions are not 
completely elucidated. 
 
In addition to the previously mentioned proteins, 
our research group was the first to describe the 
presence of nucleobindin in both the AGF 
(Moura et al., 2007a) and CEF (Moura et al., 
2007b). This protein is a multifunctional 
calcium-binding protein and participates in 
activation of intracellular signaling pathways, 
cell-cell interaction and apoptosis, among other 
events (Valencia et al., 2008), but its role in the 
reproductive tract is still unknown. Thus, 
secretions of both AGF and CEF contain proteins 
that directly or indirectly affect sperm functions. 
In this regard, the knowledge of interactions 
between such proteins and the sperm will bring 
valuable information about their role in 
reproduction. 
 
The present study was conducted to investigate 
the binding ability and topographical distribution 
of certain seminal plasma proteins on epididymal 
and ejaculated bovine sperm. 
 

MATERIAL AND METHODS 
 
Binding patterns of bovine seminal plasma 
proteins BSP-A3, albumin, transferrin, 
prostaglandin D-synthase and nucleobindin were 
analyzed in ejaculated and cauda epididymal 
sperm from adult bulls. Ejaculated sperm were 
collected from 5 mature Holstein bulls using an 
artificial vagina. Epididymal sperm was collected 
from 5 other Holstein males at a local 
slaughterhouse. The binding of each protein on 
sperm was evaluated by immunocytochemistry 
and confocal laser scanning microscopy. 
 
The analysis of ejaculated sperm was conducted 
with semen from reproductively normal, mature 
Holstein bulls. After the collection with an 
artificial vagina, the semen was kept in a water 
bath at 37°C and an aliquot was evaluated for 
motility, to ensure that the semen had at least 
90% of motile cells. Samples were centrifuged 
(700 x g for 15 min) to separate the seminal 
plasma, and the sperm pellet was then washed in 
two additional centrifugations with modified 
Tyrode’s medium (MTM; Parrish et al., 1988). 
To obtain cauda epididymal sperm, the 
epididymis and vas deferens from five 



Binding patterns of seminal... 

Arq. Bras. Med. Vet. Zootec., v.63, n.3, p.535-543, 2011 537 

slaughtered Holstein sires were dissected from 
the testes. After cutting the vas deferens 
approximately 5 cm from the cauda of the 
epididymis, PBS was flushed back to the 
epididymis with a syringe and a small incision 
was made at the cauda wall to allow the release 
of the cauda milieu. Cauda sperm was then 
obtained through the centrifugation of this cauda 
secretion to separate cells from cauda fluid (700 
x g for 15 min). Following this first separation, 
cauda sperm was washed with MTM, as done 
with samples of ejaculated sperm. After the 
washings, we collected aliquots of both 
ejaculated and epididymal samples to determine 
sperm concentration using a hemocytometer 
(Souza et al., 2008). 
 
For immunocytochemistry, both ejaculated and 
cauda epididymal sperm samples, each 
containing 5 x 106 cells, were fixed in 
paraformaldehyde (2%) for 10 minutes and 
washed twice in PBS (700 g, 15 min., 4°C), as 
previously described (Souza et al., 2008). To 
block non-specific sites, spermatozoa were next 
incubated for 2 hours, under gentle agitation at 
4°C, in PBS-Tween 20 containing 5% of bovine 
serum albumin (BSA; Sigma, USA). Sperm cells 
were then incubated with the primary antibodies 
in the same blocking solution for 2 hours (under 
gentle agitation and 4°C), using the following 
antibody concentrations: 1:100 for anti-
transferrin, 1:200 for anti-PGDS and anti-BSP 
A3 and 1:250 or 1:500 for anti-nucleobindin. 
After this first incubation sperm were washed 
three times with PBS-Tween 20 (500 g, 5 min, 
4°C) and incubated with the secondary antibody, 
a FITC-conjugated anti-IgG (1:300, Sigma Inc., 
Saint Louis, USA) for 1 hour in a solution with 
PBS-Tween 20 and 1% BSA. Three washes 
followed this incubation (as described above) 
and smears were immediately prepared in a dark 
room, using an anti-fade reagent (Invitrogen 
Corp., Carlsbad, USA), for confocal analysis. 
 
Antibody against BSP-A3 was purified from 
respective rabbit anti-sera (Moura et al., 2007a), 
kindly provided by Dr. Puttaswamy Manjunath 
(Department of Medicine, University of 
Montreal, Canada). In summary, a column with 
protein-A Sepharose matrix (Sepharose CL-4B; 
Sigma Co., St. Louis, MO, USA) was washed 
initially with 50 mM PBS containing 0.15 M 
NaCl (pH 7.4) and adsorbed proteins were eluted 
with Glycine-HCl (pH 2.5). Fractions with 

absorbance at 280 nm were pooled, which 
contained basically immunoglobulins, including 
the anti-BSP antibodies, and immediately 
adjusted to pH 7.4 with 0.1 N NaOH. The 
antibody solution was then fractioned and stored 
at –20°C until use. 
 
Polyclonal antibody against recombinant PGDS 
was generated in New Zealand rabbits, where the 
IgG fraction of the serum was separated using 
protein-A matrix chromatography (Gerena et al., 
2000). For nucleobindin, two different antibodies 
were chosen, one produced against bovine 
nucleobindin (Somogyi et al., 2004), kindly 
provided by Dr. Mikael Wendel (Center for Oral 
Biology, Karolinska Institute, Sweden), and 
another directed against human nucleobindin 2 
and purchased from GenWay Biotech (San 
Diego, USA). Anti-bovine transferrin and anti-
BSA were affinity-isolated and generated in 
rabbit, according to manufactory’s description 
(Sigma Inc., St Louis, MI, USA). For all studies, 
controls were conducted using incubations of 
sperm cells with only the first or second 
antibody, and with no antibody. 
 
Images of sperm treated with FITC-conjugated 
antibodies were acquired by a laser scanning 
confocal microscopy using an emission 
wavelength of 510nm, and Fluoview™ software 
(Fluoview 300 Confocal Microscope, Olympus 
Inc., Center Valley, USA). Images were obtained 
as a series of sequential planes taken every 
0.125µm, with a total depth of 5µm (Souza et al., 
2008). The image stacks were deconvoluted to 
improve the resolving power and to eliminate 
noises and out-of-focus blur, using AutoDeblur 
& AutoVisualize version 9.3 (Media Cybernetics 
Inc., Silver Springs, MD, USA). Five cells were 
analyzed for each origin (epididymis and 
ejaculate) and for each antibody treatment. The 
average pixel intensity of all sequential planes 
taken from each cell were compared among 
different regions of sperm and between 
ejaculated and epididymal sperm by Duncan 
statistical test (SAS, 2003). 
 

RESULTS 
 
For epididymal sperm, a positive signal was 
detected only for the antibody against PGDS, 
bound to the upper segment of the sperm 
acrosome (Fig. 1). On ejaculated sperm, this 
binding pattern of anti-PGDS was also found, but 
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the intensity of fluorescence was higher (p<0.05) 
than that quantified for epididymal sperm (Fig. 
2). Interaction of nucleobindin was only seen on 
ejaculated sperm, restricted to the midpiece and 
equatorial regions, using the antibody directed 
against bovine nucleobindin (Fig. 3). The anti-
human nucleobindin 2 did not show any reaction 
to sperm cells from any source. 
 
Anti-BSP A3 was detected in the midpiece, 
acrosomal and equatorial regions of ejaculated 
sperm (Fig. 4), but the signal was more intense 
(p < 0.05) in the acrosome and midpiece when 
compared to that of the equatorial region (Fig. 5). 
 
No binding could be detected for antibodies 
against albumin or transferrin in either 
epididymal or ejaculated bovine sperm. No 
detectable fluorescence was visualized when 
sperm cells were incubated with only the first or 
second antibody, and with no antibody (Fig. 6). 
 

DISCUSSION 
 
Using the cauda epididymal fluid and ejaculated 
sperm, the presence of proteins previously 
described in other different tissues was assessed, 
which could be important in reproduction. A 
detailed description of the binding patterns of 
BSP A1/A2 and BSP 30kDa proteins for bovine 
sperm membrane has been previously reported 
(Souza et al., 2008). In this study, 
immunoreactivity patterns are described for these 
proteins in ejaculated sperm and after incubation 
with isthmic and ampullary oviductal fluids. The 
aforementioned proteins strongly bound to the 
acrosomal and equatorial regions of the sperm 
head and to the midpiece of intact sperm, 
however, have a positive reaction in the 
acrosomal region for acrosome-reacted sperm 
could not be detected (Souza et al., 2008). 
 
In the present study a similar binding pattern for 
BSP-A3 was detected, confirming prior reports 
that BSP-A3 binds to different regions of 
ejaculated bovine sperm, but it is not found on 
epididymal sperm membrane (Manjunath et al., 
1993). This protein originates from the vesicular 
glands (Manjunath et al., 1988) and interacts 
with the sperm during ejaculation, more 

specifically with membrane choline-containing 
phospholipids (Desnoyers and Manjunath, 1992), 
a step that initiates sperm capacitation (Thérien 
et al., 1995). Identically to the other BSPs, BSP-
A3 might remain attached to the sperm 
membrane until the oviduct (Souza et al., 2008), 
where it is involved in the formation of the 
sperm reservoir (Gwathmey et al., 2006). Thus, 
the localization of this protein suggests its 
importance over sperm function and further 
studies must be performed to delineate how it 
acts upon fecundation. 
 
A positive binding of PGDS to the acrosome of 
both epididymal and ejaculated sperm is also 
described in this study. Immunocytochemistry 
studies confirmed that PGDS interacts with the 
acrosomal region of ejaculated bovine sperm; 
however, it is still unclear whether PGDS bounds 
to epididymal sperm or not (Gerena et al., 2000). 
The present study is the first to report that PGDS 
reacts with cauda epididymal sperm. Moreover, 
given that this protein is synthesized by the testis 
and epididymis and there is no evidence of its 
expression by the AGF (Gerena et al., 1998; 
Fouchécourt et al., 1999; Moura et al., 2006b; 
2007a), the PGDS observed bound to ejaculated 
sperm, as observed in this study, indicates that 
the protein is already linked to sperm in the 
epididymal milieu. The specific role played by 
PGDS in male fertility is still a matter of 
speculation, but it has been suggested that it 
works as a transporter of lipophilic substances, 
such as retinol, across testis/epididymal-blood 
barriers and to the sperm (Leone et al., 2002). 
Negative relationships exist between the 
intensity of PGDS spots detected in the CEF 2-D 
electrophoresis maps and non-return rates of 
dairy bulls (Moura et al., 2006a), while positive 
associations were detected between PGDS spot 
intensity in 2D maps of seminal plasma and bull 
fertility (Killian et al., 1993). Other researchers 
found positive correlations between seminal 
plasma PGDS and sperm motility in the man 
(Chen et al., 2005; 2007a). Regardless of the fact 
that some of these results are contradictory, the 
existence of empirical associations between 
PGDS and reproductive traits suggests that this 
protein does influence male fertility. 
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Figure 1. Prostaglandin D synthase binding of 
ejaculated (a) and epididymal (b) bovine  
sperm. Images obtained through indirect 
immunofluorescence and laser scanning confocal 
microscopy. 
 

 
 
 
 
 
 
 

 
Figure 2. Quantitative prostaglandin D synthase 
binding of ejaculated (a) and epididymal (b) 
bovine sperm. 
 

 
Figure 3. Binding pattern of nucleobindin 2 of ejaculated bovine sperm. Images obtained through indirect 
immunofluorescence and laser scanning confocal microscopy. 
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Figure 4. Binding pattern of BSP A3 of 
ejaculated bovine sperm. Images were obtained 
through indirect immunofluorescence and laser 
scanning confocal microscopy. 

 
 
 
 
 

 
Figure 5. Quantitative BSP A3 binding for 
different regions of ejaculated bovine sperm. 
 
 
 
 
 

 

 
Figure 6. Laser scanning confocal microscopy images of the controls, containing only the fluorescent 
antibody. No detectable fluorescence can be seen in the fluorescent (a), visible (b) and mixed (c) 
channels. 
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In addition, information shown here about PGDS 
binding to sperm acrosome before and after 
ejaculation supports the notion that PGDS may 
affect sperm not only while it is stored in the 
cauda epididymis, but also at and/or after 
ejaculation, with potential consequences to 
gamete viability in the female reproductive tract. 
 
Another protein observed in the present 
experiment is the nucleobindin, which can be 
found in different organs, such as central nervous 
system, colon and in the extracellular matrix of 
bones and teeth (Somogyi et al., 2004; Chen et 
al., 2007b; Foo et al., 2008), and has the ability 
to bind calcium, trigger intracellular signaling 
pathways and mediate apoptosis-related 
processes, among other roles (Valencia et al., 
2008). It is possible that nucleobindin could play 
a role in sperm capacitation, due to its 
involvement with calcium influx. Thus, the 
presence of this protein in ejaculated sperm 
could indicate its importance on the reproductive 
tract. Indeed, the presence of nucleobindin 2 in 
the AGF (Moura et al., 2007a) and CEF (Moura 
et al., 2007b) of the bull was already reported. In 
addition, there is practically no information 
about the role of nucleobindin in the male 
reproductive tract, and herein this work brings 
new information about this protein’s interaction 
with the midpiece of ejaculated sperm, 
suggesting that the multifunctional nucleobindin 
may in fact influence sperm metabolism. 
 
Additionally, transferrin and albumin are some 
of the most abundant proteins in the cauda 
epididymal fluid from bulls (Moura et al., 2007c) 
and other species, such as humans and rams 
(Dacheux et al., 2006). Transferrin is only 
present in the epididymal secretion while 
albumin is present in both cauda epididymal and 
accessory sex gland fluids from mature bulls 
(Moura et al., 2006a; Moura et al., 2007a). The 
presence of transferrin in the epididymis could 
be explained by the fact that this protein is 
involved in a scavenging strategy and prevents 
damages caused by excessive iron. Also, 
transferrin is likely important for normal 
reproduction given that a lower expression of 
this protein correlates with a high occurrence of 
defective sperm in rats (Bernstein et al., 1987) 

and infertility in men (Holmes et al., 1982). 
Regarding albumin, it has several roles in the 
male, including the stimulation of both sperm 
motility (Akerlöf et al., 1989) and acrosome 
reaction (Singleton and Killian, 1983) and 
protection of sperm membrane against lipid 
peroxidation (Armstrong et al., 1998). Further 
results obtained in the present study clearly 
define that neither transferrin nor albumin binds 
to either epididymal or ejaculated sperm, despite 
the abundance of these two epididymal 
components. This observation suggests that 
transferrin and albumin influence the sperm 
function in the epididymis and at ejaculation by 
mechanisms independent of binding to the 
sperm. 
 
Given this scenario, it may be intriguing to 
visualize how albumin would participate in 
acrosome reaction without binding to the cell. 
However, such event occurs in the oviduct and 
not at ejaculation and both isthmus and ampulla 
fluid, express high amounts of albumin (Souza et 
al., 2007). This albumin, in turn, could then bind 
to sperm given their membrane has gone through 
several structural modifications by the time 
sperm reaches the oviduct and enough evidence 
exists to show that capacitation does change 
sperm membrane (Manjunath and Thérien, 
2002). 
 
In conclusion, binding patterns of BSP  
A3, lipocalin-type prostaglandin D-synthase, 
transferrin, albumin and nucleobindin to 
epididymal and ejaculated sperm were evaluated. 
BSP A3 is expressed only in the AGF (Thérien 
and Manjunath, 2003), PGDS and transferrin 
only in the bovine CEF (Moura et al., 2007ab), 
while albumin and nucleobindin are components 
of both secretions. The present study shows 
evidence that BSP A3, PGDS and nucleobindin 
physically interact with sperm, either epididymal 
and/or ejaculated sperm. However, transferrin 
and albumin, despite their abundance in 
reproductive fluids of mature bulls, do not bind 
to sperm. These findings provide fundamental 
support for studies designed to evaluate how 
those seminal plasma proteins influence sperm 
functions. 
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