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ABSTRACT

Asthenozoospermia

Study of motility-associated proteins is a direct approach to decode the underlying mechanisms of the
motility-regulation pathway in a mammalian spermatozoon. In this aspect, attempts were made to
characterize and study the expression pattern of two candidate motility-associated proteins of
mammalian sperm such as Tektin-2 and SPAG6 and post-translationally modified tyrosine
phosphorylated proteins between the two defined groups of buffaloes: normozoospermic (NS) and
asthenozoospermic (AS). 1-D Western blot demonstrated three Tektin-2 immunoreactive bands (95.3,
55.7 and 33.0 kDa) in buffalo sperm tails. Of these, the intensity of 95.3 kDa band reduced significantly
(P ≤ 0.05) in sperm tail of AS group as compared to that of NS group. Similarly, the sperm ta il
demonstrated a single SPAG6-immnunoreactive band of 31.6 kDa that reduced significantly (P ≤ 0.05)
in sperm tail of AS group as compared to that of NS group. Both AS and NS group sperm tail
demonstrated at least five tyrosine phosphorylated proteins (89.5, 53.3, 44.5, 30.9 and 16.7 kDa). Of
these, the intensity of 44.5 kDa band was significantly higher (P ≤ 0.05) in AS group as compared to
that of NS group. Interestingly, within the AS group, degree of expression of 53.3 kDa tyrosine
phosphorylated protein was bull-specific. The findings of the present study have demonstrated that AS
group of buffalo bulls are associated with lower expression of Tektin-2 and SPAG6 and higher
expression of specific tyrosine phosphorylated proteins.
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1 Introduction
Fertilization in mammals is achieved by the fusion of a motile
sperm and a reproductively mature egg through a highly
orchestrated but less understood process. In cattle, about half of
the fertilization failure is attributed to defective bull (Park et al.,
2012). Moreover in a herd, a substantial number of buffalo bulls
suffer from low sperm motility called asthenozoospermia
(Guruprasad et al., 2011). However, the precise reason and
mechanism for this reduced motility of buffalo sperm are not
known. Mammalian spermatozoon, being a terminally
differentiated cell can neither undergo transcription nor translation
(Toshimori & Eddy, 2015). The principal mechanism by which a
mammalian spermatozoon acquires motility is primarily through
the post-translational modifications (PTM) of its proteins and
metabolic activities (Naresh & Atreja, 2015). Phosphorylation of
sperm proteins at tyrosine residues is one of the significant PTM.
In human sperm, the tyrosine phosphorylation of most proteins
was concentrated to the sperm tail (Ficarro et al., 2003). The
flagellar/tail proteins involved in the motility regulation pathway
are tyrosine phosphorylated either through cAMP/PKA pathway
or calcium signalling pathway (Turner, 2006). Thus, it is of prime
interest to study such flagellar/tail proteins of buffalo sperm that
are involved in sperm motility regulation and the proteins that are
phosphorylated at tyrosine residues.
Tektins are a group of α-helical structural proteins involved in the
construction of sperm cilia and flagella and possess a nonapeptide
consensus sequence RPNVELCRD conserved right from the sea
urchins to humans, suggesting its significant role in sperm
functions (Amos, 2008). Basically, three major tektin
polypeptides of molecular masses 47, 51 and 55 kDa were
originally isolated from sea urchin (Strongylocentrotus
purpuratus) sperm flagellar outer doublet microtubules (Linck &
Stephens, 1987). Tektins that have been identified in mammals
include Tektin 1-5. Tektin-1, a 50 kDa protein, was found to be
expressed in mouse spermatocytes and spermatids and localized to
the centrosomes of round spermatid and caudal end of maturing
spermatozoa (Larrson et al., 2000). Tektin-2 was found to be
crucial for integrity of the dynein inner arm and Tektin-2 null
mice are infertile due to loss of sperm motility (Tanaka et al.,
2004). Tektin-3 deficient male mice demonstrated reduced
progressive sperm motility; however other aspects like sperm
count and reproductive status remain undisturbed (Roy et al.,
2009). Tektin-4 is essential for the organized beating of sperm
flagellum and tektin-4 null mice tend to lose progressive motility
(Roy et al., 2007). Tektin-5 was found to be closely associated
with the inner side of mitochondrial sheath as revealed by
immunogold electron microscopy. Tektin-5 was localised
specifically to the middle piece of rat sperm flagellum (Murayama
et al., 2008). Thus, Tektins play a crucial role in maintenance of
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sperm motility and fertility. Men with oligoasthenozoospermia
demonstrated reduced expression of Tektin-2 than those with
normozoospermia (Bhilawadikar et al., 2013).
Sperm associated antigens (SPAGs) are a group of sperm proteins
that elicit auto-antibodies and cause infertility in males (Inaba,
2011). Among the identified SPAGs, SPAG6, 8-9, and 11 are
associated with male fertility. SPAG6 knockout mice demonstrate
impaired sperm motility and male infertility (Sapiro et al., 2002).
SPAG6 deficient mice either survive but demonstrate male
sterility or die due to hydrocephalus (Teves et al., 2014). A study
reported that, SPAG6 is essential for the normal formation and
function of immunological synapse, thus demonstrating the
significance of SPAG6 to fertility (Cooley et al, 2016). SPAG8
plays an important role in CREM-ACT (cAMP response element
modulator- activator) mediated gene transcription during
spermatogenesis (Wu et al., 2010). SPAG9 is a sperm surface
protein and have been found to play role in sperm-egg interaction
(Jagadish et al., 2005); SPAG11 isoforms were abundant in the rat
male reproductive tract and implicated to play a role in immunity
(Yenugu et al., 2006).
Protein tyrosine phosphorylation is one of the most significant
intracellular signalling events associated with sperm motility and
capacitation in several species (Visconti et al., 1995; GalantinoHomer et al., 1997; Roy & Atreja, 2008). A 55 kDa sperm
protein, identified as glycogen synthase kinase-3α, was found to
be tyrosine phosphorylated during epididymal maturation of
bovine sperm (Vijayaraghavan et al., 1997; Vijayaraghavan et al.,
2000). Tyrosine phosphorylation of two sperm proteins viz.
nuclear protein localization protein 4 homologue (68 kDa) and
keratin, type-II cytoskeletal 1 (66 kDa) were increased
significantly in AS human sperm (Chan et al., 2009). Tyrosine
phosphorylation of glucose regulated protein 78 (GRP78) was
found to be reduced significantly in sperm of AS human semen
(Parte et al., 2012). A 56 kDa protein was found to be tyrosine
phosphorylated in cryopreserved bovine sperm that are associated
with premature capacitation (Cormier & Bailey, 2003).
To the best of our knowledge, the specific association of various
isoforms of Tektin-2, SPAG6 and protein tyrosine phosphorylation
to sperm motility has not been explored so far in any ruminant
species including buffaloes. Thus, it was hypothesized that the
expression pattern of Tektin-2, SPAG6 and protein tyrosine
phosphorylation vary between normozoospermic (NS) and
asthenozoospermic (AS) groups of buffalo semen.
2 Materials and Methods
Semen samples were collected twice a week from seven Murrah
buffalo (Bubalus bubalis) bulls, between 3-5 years of age,
maintained under isomanagerial conditions at Nandini Sperm
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Station (NSS), Hessarghatta, Bangalore, Karnataka, India.
Animal management and semen collection protocols of the
sperm station were as per the relevant guidelines and regulations
of the state government.
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structures were separated as an interface in the sucrose gradient
which was collected and stored at -20°C for further use.
2.3 SDS-PAGE and Western blot for detection of Tektin-2,
SPAG6 and tyrosine phosphorylated proteins

2.1 Collection of buffalo semen and analysis of sperm motility
Semen ejaculates from Murrah buffalo bulls were collected
using an artificial vagina (IMV, France) maintained at 40°C.
Shortly after collection, semen samples were assessed for their
mass activities by light microscopy at 10 X magnifications. A
minor aliquot of semen sample was diluted (1:10) in spermTyrode’s albumin lactate pyruvate hepes buffer (sp-TALPH)
media, pH 7.4 [100-mM NaCl, 3.1-mM KCl, 0.4-mM EDTA
di-sodium
salt,
0.4-mM
MgCl2.6H2 O,
0.3-mM
NaH2PO4.2H2O, 21.6-mM Sodium lactate, 2-mM CaCl2.2H2O,
1-mM Sodium pyruvate, 40-mM hepes, 10-mM NaHCO3 and
1mg/mL (w/v) polyvinyl alcohol (PVA, 30-70 kDa)] and the
progressive motility of sperm was evaluated by computer
assisted semen analyser (CASA, version 3.2.0; Microptic,
Barcelona, Spain) (Dott & Foster, 1979). Based on the
percentage of progressive motility of sperm as assessed by
CASA, buffalo semen samples were categorized in to two
groups viz., normozoospermic (NS, progressive motility
≥70%, n=8) and asthenozoospermic (AS, progressive motility
 40%, n=10). Each of the samples for NS and AS groups was
from different bull. Two ejaculates of the same bull collected
at 30 minutes interval were pooled and this constituted one
semen sample. Semen samples having progressive motility
above 40% and below 70% were excluded for the study.
2.2 Separation of buffalo sperm head and tail
The major aliquot of semen was centrifuged to separate sperm
pellet and seminal plasma as described earlier (Divyashree & Roy,
2018). The sperm pellet obtained was subjected to sonication
followed by sucrose gradient centrifugation to separate sperm
head and tail according to the method of O’Brien & Bellve (1980)
as modified by Carrera et al. (1994). Briefly, the sperm pellet was
washed once with S-EDTA buffer, pH 6.0 [75 mM NaCl, 1% (w/v
SDS, 24 mM EDTA, pH 6.0] and resuspended in appropriate
volume of S-EDTA buffer, pH 6.0. The sperm suspension was
then sonicated (VCX130; Sonics Vibra Cell, Sonics & Materials
Inc., Newtown, U.S) at 40 % amplitude for 8 cycles at 4°C (15 sec
pulse ON, 10 sec pulse OFF). The suspension was then vortexed
(Spinix, Tarsons, Kolkata, India) for 1 minute each and stored at
4°C for 1 hour with intermittent vortexing at 10 minutes interval.
The suspension was then observed for separation of head and tail
under phase contrast microscopy (Eclipse-80i, Nikon Instruments
Incorporation, Tokyo, Japan). The suspension was then layered on
5X volumes of 1.6 M sucrose in S-EDTA and the tubes were
centrifuged at 5000X g for 1 hour at 20°C. The SDS-resistant tail
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Sperm tail suspension was added with equal volumes of 2x
reducing sample of Laemmli (1970) with 100 mM DTT as the
reducing agent. The solubilised proteins were resolved by 10%
uniform reducing SDS-PAGE according to the method of
Laemmli (1970). The molecular masses of separated proteins
were determined by applying standard protein molecular weight
markers (Precision Plus dual colour standards, Bio-Rad, Hercules,
California, US) in a reference well.
Proteins separated by SDS-PAGE gels were transferred on to the
Immobilon-P PVDF membrane (pore size, 0.45 mm) as described
earlier (Divyashree & Roy, 2018). The blots were incubated with
goat anti-human Tektin-2 and SPAG6 polyclonal antibodies @
2.6 μg/mL and 2.0 μg/mL, respectively (sc-160104, sc-165528;
Santa Cruz Biotech, Dallas, Texas, US); mouse monoclonal antiphosphotyrosine antibody @ 1.0 μg/mL (P1869, Sigma-Aldrich,
St. Louis, MO, USA) for 2 hours at room temperature. The amino
acid sequence homologies between human and predicted buffalo
Tektin-2 and SPAG6 are 91% and 96% respectively
(https://blast.ncbi.nlm.nih.gov/Blast). After washing with TBS-T,
the membranes were incubated in secondary antibodies; rabbit
anti-goat immunoglobulin conjugated with horseradish peroxidase
(dilution 1:1,60,000 and 1:1,80,000 for Tektin2 and SPAG6
respectively; A5420, Sigma-Aldrich, St. Louis, MO, USA) and
anti-mouse immunoglobulin conjugated with horseradish
peroxidase (dilution 1:50,000; A2554, Sigma-Aldrich, St. Louis,
MO, USA) for 1 hour at room temperature and washed again with
TBS-T. Subsequently, the membrane was treated with Clarity
Western ECL substrate (Bio-Rad Laboratories Inc, Hercules, CA,
USA) to visualize the peroxidase activities, as per manufacturer’s
instructions. The enhanced chemiluminescence signal that
developed on the membrane was captured on X-ray films
(Fujifilm Corporation, Tokyo, Japan) in a dark room. The exposed
films were processed and developed.
2.4 X-ray film imaging and densitometry of detected proteins
Following chemiluminescence detection of the proteins, the X-ray
films were photographed by a gel documentation system (LAS3000; Fujifilm, Tokyo, Japan). The molecular mass and
densitometric analyses of the detected protein bands were
performed using the Multi Gauge analysis software (version 2.2,
Fujifilm, Tokyo, Japan). The band having lowest intensity was
assigned a base value of 100 to determine the relative intensities
of other bands with respect to the reference band. Beta-actin and
alpha-tubulins are not good loading controls for immunoblotting
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for various reasons (Dittmer & Dittmer, 2006; Thacker et al.,
2016; Moritz, 2017). Hence, Ponceau S staining (Salinovich &
Montelaro, 1986) method was used as a loading control for the
western blot.
2.5 Statistical analysis
Data obtained were initially tested by Shapiro-Wilk test for their
normal distribution. Then the data were analyzed by
independent t-test to determine whether there is a statistically
significant difference between the means of two groups (NS vs.
AS). Both the analyses were performed using SPSS software,
version 18.0 (SPSS Inc., Chicago, IL). Data are presented as
mean ± SEM. A difference with value P< 0.05 was considered
statistically significant.
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The 1-D western blot analysis of Tektin-2 demonstrated at least
three immunoreactive protein bands such as 95.3, 55.7 and 33.0
kDa in both NS and AS buffalo sperm tail fraction with different
bulls (Figure 2A). Further, densitometric analyses revealed that
the intensity of 95.3 kDa Tektin-2 immunoreactive band of AS
group sperm tail was significantly lower (P < 0.05) than that of
the NS group (Figure 2B). Contrastingly, the intensity of 55.7 and
33.0 kDa band of AS buffalo sperm tail fraction did not vary
significantly with that of NS sperm tail fraction.
Western blot detection of SPAG6 revealed a single
immunoreactive band of 31.6 kDa in NS and AS group of sperm
tail fraction (Figure 3A) and densitometric analysis of the same
band showed a significantly lower expression in AS sperm tail
fraction as compared to that of NS group (Figure 3B)

3 Results
The progressive motility percentage of semen samples of NS and AS
group of Murrah buffalo were 82.05.05 (77.1-92.7, n=4) and
32.33.90 (24.8-37.8, n=3), respectively. Following sucrose gradient
centrifugation of buffalo whole sperm pellet in S-EDTA buffer, SDSresistant tail structures appeared in the interface, whereas sperm heads
settled as pellet. SDS-resistant tails were observed under a phase
contrast microscope (Eclipse-80i, Nikon Instruments Incorporation,
Tokyo, Japan) as longitudinal tubular structures (Figure 1).

Western blot analysis to detect tyrosine phosphorylated proteins in
buffalo sperm tail fraction portrayed at least five immunoreactive
bands viz., 89.5, 53.3, 44.5, 30.9 and 16.7 kDa (Figure 4A).
Tyrosine phosphorylation of a 44.5 kDa sperm tail protein was
significantly higher in AS group when compared with that of NS
group (Figure 4B). Interestingly, in one bull of AS group, the
tyrosine phosphorylation of a 53.3 kDa protein was significantly
higher as compared to that of other bulls of the same group as
well as all the bulls of the NS group.

Figure 1 Photomicrograph demonstrating sperm tails separated from buffalo spermatozoa following sucrose gradient centrifugation
under phase contrast optics. Scale bar =100 µm.
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Figure 2A A representative Western blot for detection of Tektin-2 protein in buffalo sperm tail fractions. Sperm tail proteins were separated using
uniform 10% SDS-PAGE. Tektin-2 protein was detected using goat anti-human Tektin-2 polyclonal antibody. Approximately, 30 μg of proteins
were loaded in each well. MWM: molecular weight markers; NS: normozoospermic sperm tail proteins; AS: asthenozoospermic sperm tail
proteins; 2B. Densitometric analysis of 95.3 kDa (NS, n=2; AS, n=3) Tektin-2 protein band as shown in Fig.2A. The data are expressed as the
mean ± standard error of the mean. Different letters above bars indicate significant differences (P<0.05) between different groups.

Figure 3A A representative Western blot for detection of SPAG6 protein in buffalo sperm tail fractions. Sperm tail proteins were separated
using uniform 10% SDS-PAGE. SPAG6 protein was detected using goat anti-human SPAG6 polyclonal antibody. Approximately, 30 μg of
proteins were loaded in each well. MWM: molecular weight markers; NS: normozoospermic sperm tail proteins; AS: asthenozoosper mic
sperm tail proteins. 3B. Densitometric analysis of 31.6 kDa (NS, n=4; AS, n=3) SPAG6 protein band of Fig.3A. The data are expr essed as the
mean ± standard error of the mean. Different letters above bars indicate significant differences (P<0.05) between different groups.
Journal of Experimental Biology and Agricultural Sciences
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Figure 4A A representative Western blot for detection of tyrosine phosphorylated proteins in buffalo sperm tail fractions. Sperm tail proteins
were separated using uniform 10% SDS-PAGE. Phosphotyrosine protein was detected using mouse monoclonal anti-phosphotyrosine antibody.
Approximately, 20 μg of proteins were loaded in each well. MWM: molecular weight markers; NS: normozoospermic sperm tail proteins; AS:
asthenozoospermic sperm tail proteins; 4B. Densitometric analysis of 44.5 kDa tyrosine phosphorylated protein band of Figure 4A (NS, n=4;
AS, n=3). The data are expressed as the mean ± standard error of the mean. Different letters above bars indicate significant differences (P<0.05)
between different groups.

4 Discussion and conclusions
The present study evidenced differential expression of Tektin-2,
SPAG6 and tyrosine phosphorylated proteins in two different
groups of buffalo sperm tails. The AS group of buffalo semen was
associated with significantly lower expression of Tektin-2 and
SPAG6 and higher expression of two specific tyrosine
phosphorylated proteins (44.5 and 53.3 kDa).
In the present study, both groups of buffalo bull sperm
demonstrated three immunoreactive Tektin-2 isoforms (95.3, 55.7,
and 33 kDa). Earlier, the molecular mass of Tektin-2, so far
reported in Homo sapiens, was 46 and 56 kDa (Iguchi et al.,
2002). This variation in the isoforms may be attributed to species
difference or cross reactivity of the heterologous anti-human
Tektin-2 polyclonal antibody used in the study. Among the three
immunoreactive isoforms of Tektin-2 detected by 1-D Western
blot, only the 95.3 kDa band demonstrated a significantly lower
expression in AS group sperm tails as compared to that of NS
sperm tails. The antibody might have also cross-reacted with
Journal of Experimental Biology and Agricultural Sciences
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intermediate filament networks/ intermediate filament proteins as
suggested earlier (Chang & Piperno., 1987; Steffen & Linck.,
1989). In a recent study, a 49 kDa Tektin-2 expression was reported
to be positively correlated with sperm motility in buffalo bulls
(Xiong et al., 2018). However, in present study, at least three
molecular weight forms of Tektin-2 immunoreactive protein bands
were detected and of these, only the 95.3 kDa band was highly
expressed in NS group bulls. Significantly lower expression of a
95.3 kDa Tektin-2 isoforms in AS group sperm tail consolidates the
functional significance Tektin-2 in buffalo bulls.
In buffalo, the 31.6 kDa SPAG6 immunoreactive band was
significantly reduced in AS group buffalo sperm tails as compared
to that of NS group. SPAG6 is an important structural protein of
sperm tail as SPAG6 knockout mice demonstrated impaired sperm
motility and male infertility (Sapiro et al., 2002). SPAG6 deficient
mice either survive but demonstrate male sterility or die due to
hydrocephalus (Teves et al., 2014). Impaired sperm motility of
SPAG6 knock-out mice was attributed to the dysfunction of
central apparatus and not due to structural abnormalities in the
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flagella (Sapiro et al., 2002). Lower expression of SPAG-6 in AS
group of buffalo semen may be attributed for lower sperm motility
and this specific association of SPAG6 to sperm motility in
buffalo has not been reported so far.
To the best of our knowledge, this is the first report to demonstrate
the higher expression of tyrosine phosphorylated proteins (53.3 and
44.5 kDa) in AS group buffalo sperm tail as compared to that of the
NS group. Apart from higher expression of 53.3kDa band in AS
group, there were also differences in the intensities/ expression
pattern among the AS group of bulls indicating individual bull-to
bull variation even within a same group. Further, the 44.5 kDa band
also displayed significantly higher expression in AS group of
buffalo sperm tail as compared to that of NS group. During the
course of sperm motility regulation pathway, tyrosine
phosphorylation is a significant event that leads the sperm to a
motile state (Tash & Bracho, 1998). Significantly higher expression
of specific tyrosine phosphorylated proteins in AS group sperm tail
may be an indication of early or premature capacitation of sperm, as
significantly higher percentage of acrosomes are lost from AS group
spermatozoa as compared to that of NS group sperm (unpublished
observation). Buffalo sperm has been reported to undergo
spontaneous capacitation even in the absence of heparin (Roy &
Atreja, 2009). In an earlier study, tyrosine phosphorylation served
as an indicator of sperm capacitation status in fresh and
cryopreserved stallion and bovine spermatozoa (Pommer & Meyers,
2002; Cormier & Bailey, 2003). Capacitation, being a timedependent event can affect the stages of fertilization process, if there
are any advances or delay in its initiation. Thus, characterization of
these highly expressed tyrosine phosphorylated proteins in AS
group of buffalo semen is of greater significance. Further, it would
be interesting to identify these proteins after 2-Dimensional gel
electrophoresis followed by Mass spectrometric identification so as
to determine the specific functional significance of tyrosine
phosphorylation in the two defined groups of buffalo bulls.
In the present study, attempts were made for the first time to
determine the association of buffalo sperm motility with the
expression pattern of two structural proteins i.e. Tektin-2 and
SPAG6 and specific tyrosine phosphorylated proteins. Higher
expression of specific tyrosine phosphorylated proteins in sperm tail
of AS group semen may be an indicator of premature capacitation
of sperm. Sperm motility being a key requisite for fertility,
molecular identification of such motility-associated proteins is a
crucial step ahead to unlock the mechanism of reduced motility in
AS group of buffalo sperm.
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