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and protein profile(s) of different regions
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Total proteins and their profile(s) in three regions of epididymis, its fluid and sperm membrane
extract (SME) were analysed with an objective to determine the changes in spermatozoa during
epididymal maturation in goat buck. The protein content from caput to cauda increased non-
significantly (P>0.05) while significantly (P<0.05) in tissue homogenate and spermatozoa. SDS-
PAGE analysis indicated the removal of >205, 205 and 95 kDa; 40 kDa proteins only in the caput
and corpus spermatozoa, respectively. The proteins with molecular weight of 10, 18, 25, 35 and 20
kDa, detected only in cauda and corpus spermatozoa, respectively, seem to be associated in the
maturation process of spermatozoa during epididymal transit. SDS-Page analysis of tissue and fluid
indicated that the >205, 205, 195, 200, 45, 25, 18, 15 and 12 kDa proteins are structural as well as
secretory proteins because of their presence both in the epididymal tissue and fluid. The nature of
100, 97, 75 and 70 kDa was found to be purely structural because of their presence in the tissue only,
whereas 90, 35, 6.5 and 3.0 kDa proteins, mainly of secretory nature, due to their detection only in
the fluid. Therefore, the presence of 35, 25, 18 kDa proteins both in the epididymal fluid and cauda
sperm indicate that these proteins are associated with goat buck sperm maturation and fertility.
Therefore, it can be concluded that the proteins of 35, 25, and 18 kDa, associated with goat sperm
maturation are similar to the mentioned molecular markers in other species and can be worked out
as fertility markers for goat buck semen.
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Mammalian spermatozoa acquire their fertilizing ability during the epididymal
transit. Testicular spermatozoa are differentiated morphologically, but are still
functionally immature as they cannot recognize, bind to, and penetrate the oocytes.
Being transcriptionally and translationally silent, spermatozoa progressively acquire
their fertilizing potential during epididymal transit, relying on the activities of the
epididymal epithelium that creates an ever changing luminal environment along the
duct [Chabory et al. 2009]. Caput and corpus regions of epididymis are responsible
for sperm maturation whereas cauda region is involved in sperm storage ensuring that
male gametes are available in sufficient number at ejaculation [Sullivan 2004].

Various investigations show extensive and sequential surface modifications
characterized by large surface changes in the caput epididymis and acquisition of new
components at the surface membrane as the sperm transit in the terminal part of the
organ [Hammerstedt and Parks 1987]. Such changes may result either in removing,
masking or un-masking pre-existing surface components [Bedford and Cooper 1978,
Olson and Hamilton 1978, Voglmayr et al.1982] or the absorption and incorporation of
epididymal fluid polypeptide [Olson and Orgebin-Crist 1982]. The importance of these
membrane proteins on the physiological activities of sperm motility and fertilizing
ability is still to be determined. A lot of work has been done in this aspect in different
species, but the nature of these proteins in various species is still unclear. Facing the
above, the aim of this study was to measure total proteins and their profile(s) in three
regions of epididymis, its fluid and sperm membrane extract (SME) of goat buck.

Material and methods

Reagents

All chemicals were purchased from SISCO RESEARCH LABORATORIES
(SRL) Private, Ltd., Mumbeai, India.

Collection of homogenate, fluid, and spermatozoa of three regions of
epididymis

Testes from five goat males (Capra hircus) aged 18-24 months were procured
from the Department of Veterinary Clinics, Guru Angad Dev Veterinary and Animal
Sciences University, Ludhiana, Punjab, India. The caput, corpus and cauda parts of
epididymes were separated, freed from blood and washed in phosphate buffer saline
(PBS, 0.1M, pH7.4). Thereafter, each part was cut into pieces and epididymal fluid
was collected by squeezing and repeatedly washing in PBS. Subsequently, epididymal
fluid of each part was centrifuged at 3000 rpm to separate out spermatozoa from it.
Then, each region was homogenized in PBS and centrifuged at 10,000 rpm to obtain
the tissue homogenate.
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Extraction of protein from tissue homogenate, fluid and spermatozoa
from three parts of epididymis

Proteins were partially purified from tissue homogenate and fluid by precipitating
with saturated ammonium sulphate. The precipitates were dissolved in PBS (pH
7.4).

Sperm membrane proteins were extracted from the spermatozoa by incubating
1.0 x 10°spermatozoa in 1.0 ml of 1% deoxycholate (DOC)/ sodium dodecyl sulphate
(SDS) in 62.5 mM Tris-HCI buffer (pH 6.8) in boiling water bath (5 min). Sperm
suspension was centrifuged at 10,000 rpm for 10 min. To get sperm membrane extract
(SME), 5 % mercapto-ethanol was added to the supernatant, kept in boiling water bath
for 5 min and again centrifuged at 10,000 rpm for 10 min.

Analysis / separation of tissue homogenate-, fluid- and sperm membrane-protein
of three regions of epididymis

Total protein and SDS-PAGE. In all the samples total protein was estimated
according to Lowry et al. [1951] while SDS-PAGE was performed according to
Laemmli et al.[1970].

Proteins were fractionated in all the samples by SDS-PAGE using 10% acrylamide
gel and Tris-glycine (pH 8.3) as tank buffer. Gels were run at a current of 3mA/sample
till the dye reached the other end. Gels were fixed in 10% TCA and stained with 0.5
% commassiie brilliant blue stain for 1 h and de-stained with 7% acetic acid and 10 %
methanol to remove the background stain. Molecular weights of unknown bands in
the samples were calculated by comparing with those of standard (Banglore genei 3.0,
6.5, 14.3,20.1, 29, 43, 66, 97.4 and 205 kDa) run along with the samples.

Statistical

The data were analysed by computerized software programme for analysis
of randomized block design (RBD). P value of 0.05 was selected as a criterion for
statistically significant differences.

Results and discussion
Total protein

The protein content of tissue homogenate (1.8-3.0 mg/g) and of spermatozoa
(1.66-4.50 mg/107 sperms) shows an increase from caput to cauda. The protein
content from caput to cauda increased non-significantly, while significantly in tissue
homogenate (P<0.05) and in spermatozoa (P<0.05) - Table. 1. Protein content declined
progressively in epididymal fluid (3.5 to 1.80 mg/ml) being significant (P<0.05) from
corpus to cauda (Tab.1).

Sperm membrane proteins extracted with SDS and DOC showed highest
percentage of extraction in caput as compared to corpus and cauda (Tab. 2).
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Tablel. Means and standard errors for total protein in tissue, fluid and
spermatozoa of three regions of epididymis of goat buck

Epididvmis Tissue-homogenate Fluid Spermatozoa
piaidy (mg/g tissue) (mg/ml) (mg/107)
Caput 1.80°+0.40 3.50°+0.44 1.66"+0.07
Corpus 2.40°+0.15 3.00°+0.19 3.29°+0.21
Cauda 3.00"+0.32 1.80°+0.11 4.50°+0.13

®Any two means in a column bearing different superscripts are
significantly different at P<0.05.

Table 2. Means for protein content (mg/10” sperma-
tozoa) in sperm membrane extracts of epidi-
dymal spermatozoa of goat buck

Deoxycholate ~ Sodium-dodecyl

Epididymis (%) sulphate (%)
Caput 1.00° (60) 1.16°(70)
Corpus 0.96° (29) 1.08° (33)
Cauda 117 (26) 1.09° (24)

“Any two means in a column bearing different
superscripts are significantly different at P<0.05.

Figures in parentheses represent per cent extraction of
proteins from spermatozoa.

Characterization of sperm membrane, epididymal fluid
and tissue proteins by SDS-PAGE in sperm membrane proteins

>205, 205, 97, 70, 65, 45, 30, 25 kDa; 97, 70, 65, 60, 45, 40, 25 kDa and 97,
65, 60, 45, 30, 25 kDa proteins were separated by SDS-PAGE in 97, 70, 65, 45, 20
kDa and 97, 30, 25, 18, 10 kDa proteins from the sperm surface of caput, corpus and
cauda spermatozoa, respectively (Tab. 3). SDS-PAGE analysis indicated the removal
of >205, 205, 95 kDa; 40 kDa proteins only in the caput and corpus spermatozoa,
respectively. A 30 kDa protein of caput spermatozoa was missing in the corpus
region, its reappearance in the cauda spermatozoa indicate its reorganization during
epididymal transit. The presence of 10 and 18 and of 20 kDa proteins only in the cauda
and corpus spermatozoa, respectively, indicates their association in the maturation
process of spermatozoa during epididymal transit.

Epididymal fluid/ tissue proteins

The proteins with molecular weight of >205, 205, 200, 97, 75, 70, 65, kDa; >205,
205,200, 100, 97, 70, 65, 45, kDa; >205, 205,200, 97, 70, 65,45,25,20, 18, 15 kDa
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Table 3. Protein profile (molecular weight, kDa), of epididymal sperm
membrane extracts of goat buck

Sample DOC-SME SDS-SME

No. Caput  Corpus Cauda Caput  Corpus Cauda
1 >205 -- -- -- -- --

2 205 -- -- 205 -- --

3 97 97 97 97 97 97
4 -- -- -- 95 - --

5 70 70 -- 70 70 --

6 65 65 65 65 65 --

7 -- 60 60 -- -- --

8 45 45 45 45 45 --

9 -- 40 -- -- -- --

10 35 -- 35 35 - 35

11 -- -- 25 -- - 25

12 -- -- -- -- 20 18

13 -- -- -- -- - 10

Table 4. Protein profile (molecular weight, kDa) of epididymal tissue
and fluid proteins of goat buck

Sample Tissue Fluid
No. Caput  Corpus  Cauda Caput  Corpus  Cauda

1 >205 >205 >205 - >205 >205
2 205 205 205 205 205 205
3 200 200 200 195 195 195
4 --- 100 --- --- --- ---
5 97 97 97 --- --- ---

6 --- --- --- 90 90 ---

7 75 --- --- --- --- ---
8 70 70 70 --- --- ---

9 65 65 65 65 65 65
10 45 45 45 45 45
11 35 35 35
12 25 25
13 20 20 20 20
14 18 18 18 18
15 15 15 15 15
16 --- --- --- 12 --- 12
17 --- --- --- 6.5 --- 6.5
18 --- --- --- 3.0 --- ---

were separated by SDS- PAGE in the epididymal tissue of caput; corpus and cauda
spermatozoa respectively (Tab. 4). Whereas 205, 195, 90, 65, 45, 35, 25, 20, 18, 15,
12, 6.5, 3.0 kDa; >205, 205, 195, 90, 65, 45, 35, 20, 18, 15 kDa; >205, 205, 195, 65,
45, 35,20, 18, 15, 12, 6.5 kDa proteins were detected by SDS-PAGE in caput; corpus
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Table 5. Nature of epididymal proteins of goat buck

Molecular Detected in .
weight (kDa) fissue fluid Nature of protein
>205 caput, corpus, cauda corpus, cauda structural/secretory
205 --00-- caput, corpus, cauda  structural/secretory
195-200 --do-- --do-- structural/secretory
100 corpus - structural
97 caput, corpus, cauda - structural
90 - caput, corpus secretory
75 caput - structural
70 caput, corpus, cauda - structural
45 corpus, cauda caput, corpus, cauda structural/secretory
35 - --do-- secretory
25 cauda caput structural/secretory
18 cauda caput, corpus, cauda structural/secretary
15 cauda --do-- structural/secretory
12 cauda --do-- structural/secretory
6.5 - caput,--------- ,cauda secretory
3.0 - caput secretory

and cauda fluid respectively. SDS- Page analysis of tissue and fluid indicated that the
>205, 205,65, 45, 25, 20, 18 and 15 kDa proteins are structural as well as secretary
proteins because of their presence both in the epididymal tissue and fluid(Tab. 5). The
nature of 200, 100, 97, 75 and 70 kDa was found to be purely structural because of
their presence in the tissue only. Whereas, 90, 35, 12, 6.5, 3.0 kDa proteins mainly of
secretary nature due to their detection only in the fluid (Tab. 5).

Therefore, the presence of 35, 25 and 18 kDa proteins both in the epididymal
fluid and cauda sperm indicate that these proteins are associated with goat buck sperm
maturation and fertility.

In this study the higher number of proteins in the caput epididymal fluid and
lower in caput tissue homogenate as compared to corpus and cauda regions shows
the secretory activity of caput region. Djakiew et al. [1984] suggested that most
of the proteins present in caput epididymal fluid decrease gradually to corpus and
cauda regions probably due to selective re-absorption by the lining epithelium as has
been not clearly shown for transferring macro-globulins in rats. In the present study,
significant increase in the protein content of the spermatozoa from caput to cauda
region indicates the absorption of protein from the epididymal fluid.

Sperm membrane extracts

Higher percentage of extraction of surface protein with DOC and SDS from
caput spermatozoa indicates the increase in the rigidity of sperm membrane during
maturation which may be required for fertility of spermatozoa. Numerous studies
reported that membranes of mature spermatozoa can be selectively extracted with
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detergents, proteases and lipases [Ahuja et al. 1984, 1985, Kinger et al.1989, Sundhey
et al. 1992].

Characterization of sperm membrane, epididymal fluid and tissue proteins with SDS-PAGE.

About 13 bands within the range of 10- >205 were identified by SDS-PAGE in
DOC and SDS-SME of caput-, corpus- and cauda- spermatozoa. Haden et al. [2000]
resolved at least 14 different swine sperm membrane proteins by 2-d electrophoresis,
13 of which possessed acidic PIS range 4.2-4.8. Ten and 18 kDa proteins were
detected mainly in the cauda spermatozoa of goat buck. Vierula and Rajaneimi [1981]
identified 42-47 kDa proteins as predominant of bull cauda spermatozoa. Major 17-36
kDa proteins were also detected in the cauda spermatozoa of rat and sheep [ Zaheb
and Orr 1984].

SDS-PAGE analysis also indicated that in male goat >205, 205, 95, 40, 30 kDa
proteins were removed from the sperm surface, whereas 10, 18 and 20 kDa proteins
were deposited to the spermatozoa during epididymal transit. Several studies on
mammalian sperm suggested that 25 kDa [Daucheux et al. 1989], 45, 26 kDa [ Hegde
etal. 1991] and 16, 22.5, 26, 37, 60 kDa [Robitaille et al. 1991] proteins disappeared
or accumulated in the spermatozoa during epididymal transit.

A series of events including changes in the composition of membrane lipids
and proteins, ion exchange between the extra and intracellular environment of
spermatozoa [Olson et al.2002, Gatti et al.2004, Sullivan et al. 2005] occurs during
the epididymal transit. The epidiymal epithelium secretes proteins that potentially
affect not only sperm maturation [Dacheux and Dacheux, 2002], but also other aspects
of sperm physiology while these are stored in the cauda [Hinton ez al, 1995]. These
proteins may determine important attributes of the fertilizing capacity of spermatozoa.
Electrophoretic analysis of epididymal fluid proteins has been performed in various
mammals, mainly rodents. A few major secretory proteins have been identified
biochemically, some of them appearing to represent sperm surface components. In
the present study the proteins with molecular weight of >205, 205, 200, 195, 45,
25, 18, 15, 12 kDa; 100, 97, 75, 70 kDa and 90, 35, 6.5, 3.0 kDa were recognized
as mainly of secretory / structural, structural or secretory nature, respectively. About
32 [Deepanee et al. 2007], 17 [Alumot et al. 1971] and 16 [Koskimies et al. 1975]
protein bands were also identified by SDS-PAGE in the epididymal fluid of goat, ram
and rat, respectively.

The presence of 35, 25, 18 kDa proteins in goat buck sperm extracts and fluid
seems to indicate that these compounds are specific to the sperm and are related to its
maturation during the epididymal transit.. Olson and Hinton [1985] were also of the
opinion that major luminal fluid proteins may be associated with cauda spermatozoa.
Similarly, a rat epididymal glycoprotein of 37 kDa (DE) is synthesized by the
epithelium of the proximal segments of the epididymis and associates with the sperm
surface during epididymal transit [Kohane et al. 1980]. Guo et al. [2007] indicated
that ERP-29 (a rat precursor) is related to secretory protein synthesis and absorbed
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by spermatozoa, may play a role in sperm maturation during the epididymal transit,
particularly in the sperm/ organelle membrane. Moura et al. [2006] also presented
empirical evidence that certain cauda epididymal proteins are significant molecular
indicators of bull fertility.

The involvement of proteins of 14, 18, 20 kDa has been shown in zona pellucida
binding [Hanguing et al. 1991, Naz 1992]. It is known that fertility-associated antigen
(FAA), a heparin binding protein from seminal vesicles and prostate glands, binds to
spermatozoa membrane and modulates heparin-sperm interactions that are indicative
of fertility [Killian er al. 1993, Ax et al. 1999, McCauley et al. 1999). Two seminal
plasma proteins, prostaglandin-D-synthetase and osteoponin are more abundant in the
semen of high fertility bulls when compared to low fertility bulls [Cancel et al. 1997,
Gerena et al. 1998]. The role of another protein of sperm i.e. P34H involves in zona
pellucida binding in humans ovum is well documented [Boue et al. 1996]. Using the
different molecular tools and antibodies developed against human p34H epididymal
sperm protein, a 25 kDa protein has been characterized in bovine sperm, which is added
to the sperm during epididymal transit and anchored to glycophosphatidylinositol
[Parent et al. 1999]. The ability of p25b to serve as a marker for sperm damages
that can occur during freezing-thawing processes has been documented. Differential
expression of 125 proteins was significant between high- and low-fertility bull
spermatozoa and these proteins are potential biomarkers for bovine male fertility
[Peddinti et al. 2008]. Therefore, it can be concluded that the proteins of 35, 25, 18
kDa, related to goat sperm maturation are similar to the above mentioned molecular
markers and can be worked out as fertility markers for goat buck semen.
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