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INTRODUCTION 

Secretions from the testes, epididymis, seminal 

vesicles and other accessory glands contribute 

to the complex mixture of fluid and proteins 

that comprise seminal plasma. The seminal 

plasma contains many biological substances 

and regulates the fertilization and successful 

pregnancy. The proteins present in seminal 

plasma are being studied to assess the semen 

quality and fertility.  These fertility-regulating 

proteins present in bull seminal plasma and 

spermatozoa have been studied in detail but 

not in buffaloes. The seminal plasma provides 

more than half of the proteins to the 

spermatozoa, the functions of these proteins 

depends on the localization on the 

spermatozoa. Hence studying the localization 

of these proteins might elucidate the possible 

functions during fertilization process and help 

to predict bull fertility.  
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ABSTRACT 

Semen quality evaluation is important for improving fertility of animals especially the dairy 

cows. The aim of the present study was to localize PDC-109, one of the fertility regulating 

proteins in buffalo spermatozoa. Indirect immunofluorescence was performed in spermatozoa to 

localize PDC-109. The semen samples were fixed in paraformaldehyde and the PDC-109 was 

localized using goat polyclonal primary antibody (1:50 dilution) and chicken anti-goat-FITC as 

secondary antibody (1:200 dilution). The PDC-109 was localized in the apical portion of the 

acrosomal membrane and post-acrosome region of the buffalo spermatozoa. Since, PDC-109 

was localized in the acrosome membrane, it may bind to the choline phospholipids, and may play 

an important roles in capacitation and acrosome reaction, motility regulation as well as to form 

oviduct sperm reservoir before fertilization. PDC-109 also localized in the post acrosomal 

region indicating that PDC-109 might be involved in the sperm penetration deep into the oocyte 

cytoplasm. This is the first report localized PDC-109 in buffalo spermatozoa. 
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Few of the most extensively studied proteins 

in bull spermatozoa are PDC-109 (protein with 

N-terminus aspartic acid, D and carboxy 

terminus cystine, having 109 amino acids), 

BSP-A3, and BSP-30-kDa belongs to family 

of acidic heparin-binding proteins called 

bovine seminal plasma proteins (BSPs) 

secreted by the seminal vesicles. These 

proteins represented approximately 70-86% of 

the total protein content of bovine seminal 

plasma
11

. PDC-109 is the abundant protein 

among all the three bovine seminal plasma 

proteins
12

. After ejaculation, PDC-109 protein 

coats the spermatozoal surface by specific 

interaction with choline containing 

phospholipids, resulting in cholesterol efflux 

from the sperm membrane and causes 

decapacitation and prevent premature 

acrosome reaction
8
. Thus, PDC-109 is known 

to increase sperm motility
13

, capacitation and 

acrosome reaction
16

, sperm–egg interaction 

and fertilization 
17

and helps in the formation of 

oviductal sperm reservoir
6,7

. Also, prolonged 

exposure of spermatozoa to PDC-109 protein 

during processing for cryopreservation or at 

higher concentration in seminal plasma 

induces changes in sperm plasma membrane 

by stimulating lipid and cholesterol efflux 

resulting in membrane destabilization followed 

by cryoinjury manifested by premature 

capacitation and acrosome reaction
1,9

.  

Though, there is a wealth of 

information regarding the beneficial and or 

detrimental effects of the PDC-109 protein in 

cattle spermatozoa,
14,15 

but no information is 

available on cytolocalization of PDC-109 in 

buffalo spermatozoa. Based on the locations of 

proteins binding, for example, either 

acrosome, equatorial segment, post-acrosome, 

mid piece or tail, it may be possible to predict 

the functions of these proteins and may 

provide insights into their role in male fertility.  

Hence, the objective of the present 

study was to evaluate the topographical 

distribution of PDC-109 protein on ejaculated 

buffalo spermatozoa. 

 

MATERIAL AND METHODS 

The ejaculated buffalo semen samples were 

collected from Nandini Sperm Station, 

Hessaraghatta, Bengaluru, Karnataka. All 

these chemicals were of analytical grade or 

molecular biology grade. All the experimental 

steps were carried out at room temperature 

(25-27°C) except incubation of cells with 

primary antibody, which was carried out at 

4°C.  

The neat semen samples were washed 

in 50% Percoll (Sigma-Aldrich, USA) in 

Phosphate Buffered Saline (PBS, pH 7.2) by 

centrifuging at 1000g (Remi, CM-12, India) 

for 5 min at room temperature (25-27°C). The 

sperm pellet was resuspended in 1 mL PBS 

and centrifuged at 300g for 5 min. The 

resulting sperm pellets were resuspended in 

1mL of 4% paraformaldehyde in PBS and 

incubated for 20 min at room temperature and 

further centrifuged at 300g for 5 min. The 

fixed spermatozoa were resuspended and 

smeared onto the slides coated with 0.01% 

poly-L-lysine (Sigma-Aldrich, USA) and 

incubated at room temperature for 5 min.  

Permeabilization of sperm membrane was 

carried out in 0.1% Triton X-100 (SRL, India) 

in PBS for 30 min. The blocking was carried 

out by incubating the smeared slides in 5% 

chicken serum diluted in PBS for 30 min. 

After incubation, the slides were washed thrice 

in PBS for 5 min each and were incubated 

with primary antibody, BSPH-1 goat 

polyclonal IgG (Santa Cruz, USA)  at 1:50 

dilution in PBS for overnight at 4°C. Negative 

controls were also incubated for overnight in 

blocking buffer without primary antibody. 

After overnight incubation, the slides were 

washed twice in PBS for 5 min each. All the 

slides were incubated with secondary 

antibody, chicken anti-goat conjugated with 

fluorescein isothiocyanate (Santa Cruz, USA) 

at 1:200 dilution in PBS for 1 hour at room 

temperature. After incubation, the slides were 

washed thrice in PBS for 5 min each. The cells 

were counterstained with 4',6-Diamidino-2-

phenylindole dihydrochloride (DAPI, 

Himedia, India),10µg in 1000µL of PBS by 

incubating for 1 hour with gentle rocking. The 

excess of DAPI was removed by washing with 

PBS for 5 min and allowed to dry in dark. 

Further the slides were mounted with antifade 
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agent (Prolong diamond antifade, Invitrogen, 

Thermofisher, USA) and incubated for 

overnight in dark. The fluorescent signals were 

captured at a magnification of x1000 for FITC 

(excitation at 450-490, dichroic mirror (DM) 

at 505 and barrier filter (BA) at 520) and 

DAPI (excitation at 330-380, DM at 400 and 

BA at 4200 using fluorescent microscope 

(Eclipse E50i, Nikon, Japan). The RGB 

images of FITC and DAPI labeling in sperm 

was compared with negative controls, the 

merged image of FITC and DAPI was 

considered to measure the intensities 

respectively. The intensity of PDC-109 

localization in sperm was measured in pixels 

and represented as intensity profile graph on 

validating with negative control. 

 

RESULTS AND DISCUSSION 

Our results demonstrate for the first time in 

buffalo spermatozoa that the antibody against 

PDC-109 (BSP A1/A2) protein was bound to 

apical portion of the acrosome membrane and 

post-acrosome region of ejaculated buffalo 

spermatozoa. Negative control showed 

absence of PDC-109 localisation in acrosome 

membrane and post-acrosome region of 

buffalo spermatozoa (Fig.1), (Fig.2, Intensity 

profile of  merged image of Buffalo 

spermatozoa expressing PDC-109),(Fig.3 

Intensity profile of  merged image of negative 

control of Buffalo spermatozoa showing 

absence of expression and showing peak of 

counter stain, DAPI ). The expression of PDC-

109 was also not consistent in all the 

spermatozoa in an ejaculate. Similar to the 

present study, in bull spermatozoa, PDC-109 

protein binds to the sperm surface at the 

acrosome, post-acrosome and mid piece 

region
10

. However, in another study reported 

that the PDC-109 was localized to only on the 

acrosomal region of the sperm head which is 

the region known to bind to oviductal 

epithelium
4,5

. 

Association of PDC-109 protein with 

membranes of the ejaculated buffalo sperm 

head suggests that it may be involved in 

cholesterol and phospholipid removal from the 

membrane, as reported in bovine 

spermatozoa
8
. Not all buffalo spermatozoa 

expressed in the acrosome region, may be due 

to PDC-109 present in seminal plasma might 

have caused membrane changes by 

rearrangement of cholesterol and 

phospholipids. 

The spermatozoa acquire PDC-109 

protein from the seminal plasma during the 

time of ejaculation. During this brief period, 

PDC-109 binds to acrosomal membrane or 

post acrosomal (plasma) region of the sperm 

head. PDC-109 stabilizes the sperm membrane 

by preventing free movement of phospholipids 

(arrested state). This arrested (decapacitated), 

state may prevent premature acrosome 

reaction of spermatozoa
3
. Binding of PDC-109 

in the acrosomal membrane also causes 

cholesterol efflux (first cholesterol efflux) and 

release of some phospholipids resulting in 

decreased in cholesterol/phospholipid ratio. 

This leads to destabilization of sperm 

membrane during cryopreservation or in 

response to the chemokine signalling in the 

female reproductive tract. These actions of 

PDC-109 may depend on the abundance of 

PDC-109 in spermatozoa
14

.  

These PDC-109 in spermatozoa act as 

an anchoring protein to bind to oviductal 

epithelium and thus helping spermatozoa to 

preserve viability and motility in the oviductal 

reservoir
6
. When oviductal/follicular fluid 

enters the oviduct, high density lipoproteins 

present in them docks to PDC-109 present in 

sperm membrane and PDC-109 leave the 

sperm membrane complexing with HDL. 

Because cholesterol is recognized to have an 

important stabilizing effect on membranes, its 

outflow (second cholesterol efflux) results in 

further destabilization of the membrane. As 

calcium enters through this altered sperm 

membrane, Phospholipase A2 is activated, 

converting phospholipids to lysophospholipids 

that are known to destabilize membranes leads 

to activated sperm motility due to calcium 

influx. As a result, it provides hypermotility 

and thrust for the release of sperm from 

oviductal reservoir and to penetrate zona 

pellucida.  
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The adhesion to zona pellucida would  trigger  

acrosome reaction. Thus, PDC- 109 protein not 

only decapacitates the spermatozoa at early 

stages but may eventually promote 

capacitation and helps in process of 

fertilization
15

.Thus, major functions of 

interacting proteins of PDC-109 in relation to 

the Bos taurus genome were identified as cell 

recognition, cholesterol efflux, capacitation, 

acrosome reaction, and fertilization
14

. 

Excess of PDC-109 expression in 

spermatozoa was correlated with bulls with 

low fertility
14

. Higher concentration of PDC-

109 in seminal plasma or prolonged exposure 

of spermatozoa to PDC-109 protein during 

processing for cryopreservation causes 

changes in sperm plasma membrane by 

stimulating lipid and cholesterol efflux 

resulting in membrane destabilization followed 

by cryoinjury manifested by premature 

capacitation and acrosome reaction
9
.  

The protein is also localized in the 

post acrosmal region suggesting that this 

protein might be involved in deep penetration 

of sperm into the cytoplasm
2
 to facilitate 

efficient transfer of nuclear material to the 

oocyte. 

In cattle, though localization of PDC-

109 in mid-piece region has been reported, in 

buffalo spermatozoa, PDC-109 was not 

observed to be localized in the mid piece. 

Since, the proteins present close to 

mitochondria has been involved in sperm 

motility
13

, whether absence of this protein in 

mid piece could be the reason for sluggish 

motility of buffalo spermatozoa need to be 

studied. 

 

 
Fig. 1: Immunocytolocalisation of PDC-109 protein in apical portion of acrosome membrane and post-arcosome region of buffalo 

spermatozoa(a) counter stained with DAPI (b), (c) merged image of a& b. Negative control  showing absence of  fluorescent signal 

over acrosome and post-acrosome region of buffalo spermatozoa(d), counterstained with DAPI (e), (f) Merged image of (d) &(e) 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Intensity profile of merged image of PDC-109 localization in Buffalo spermatozoa showing peak in the florescent area 
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Fig. 3: Intensity profile of merged image of negative control of PDC-109 in Buffalo spermatozoa showing absence of peak 

for flouroscent area and intensity of counterstain DAPI (nuclear stain)  is showing peak 

 
CONCLUSION 

In buffalo ejaculated spermatozoa, PDC-109 is 

localized in the apical region of acrosome and 

post acrosomal region suggesting the 

importance of this protein in capacitation 

process and sperm penetration to oocyte 

cytoplasm for successful fertilization 
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