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The protein tyrosine phosphorylation is considered as a hallmark event of capacitation 
in most of the mammalian spermatozoa. The induction of premature capacitation is one 
of the detrimental effects of cryopreservation. In present study, we have compared the 
tyrosine phosphorylation of proteins in fresh and cryopreserved buffalo spermatozoa in 
egg yolk tris (without additives; taken as control), soya milk tris (without additives) and 
soya milk tris extender with additives like Taurine and Trehalose. The tyrosine 
phosphoproteins were detected by immunoblotting using Clone PT-154 as primary 
antibody and a HRP-conjugated secondary antibody followed by chemiluminescence 
detection. Ten tyrosine phosphoproteins were detected in cryopreserved buffalo 
spermatozoa. A significant (p<0.05) decrease in tyrosine phosphorylation was observed 
in soya milk tris based extender. Furthermore, the supplementation of Taurine and 
Trehalose in soya milk extender significantly (p<0.05) reduced the level of tyrosine 
phosphorylation indicating the reduced cryocapacitation as compared to the egg yolk 
extender.  
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Introduction 
 
Procedures that are employed to cryopreserve 
sperm i.e. dilution, cooling, freezing and thawing 
(Cormier et al. 2003) induce sub lethal damage due 
to sudden temperature changes, osmotic  stress and 
intracellular ice crystal formation (Hammadeh et 
al., 2001) leading to premature capacitation called 
―Cryocapacitation‖ (Watson, 2000; Bailey et al., 
2000). The biochemical changes that are associated 
with the cryocapacitation are an efflux of cholesterol 
that leads to an increase in membrane fluidity, 
bicarbonates, intracellular pH, Ca+2 and cAMP 

dependent tyrosine phosphorylation (Baldi et al. 
2000). Phosphorylation of proteins is a post 
translational modification event that acts as one of 
the regulatory mechanism to control various cellular 
processes (Hunter, 2000; Pawson, 2004). Various 
studies (Visconti et al., 1997, Galantino et al., 1997)  
have previously reported that capacitation is 
correlated with cAMP  dependent increase in 
protein tyrosine phosphorylation in mammalian 
species. Protein tyrosine phosphorylation is also 
known to regulate sperm function such as motility 
and zona pellucida recognition (Shi and Roldan, 
1995).  
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An extender which is used to cryopreserve semen 
should contain energy source substrate, high 
molecular weight to prevent cold shock and ionic 
and non-ionic substances to maintain osmotic 
pressure and pH (Aires et al., 2003). A very high 
progesterone concentration in egg yolk extenders 
used for semen cryopreservation activates 
channels that result in uncontrolled calcium influx 
and premature capacitation as reported in a recent 
study (Dalal et al., 2019).  
 
Nowadays, plant based extenders show 
competitive results and are used for 
cryopreservation because it prevents viral 
infections and allergic reactions that are mostly 
associated with egg yolk based extenders (Hinsch 
et al., 1997).   In addition, cryoprotectants such as 
Taurine  (a sulfonic amino acid) and Trehalose, (an 
alpha linked disaccharide) are supplemented to the  
extenders for freezing buffalo (Chen et al., 1993; 
Uysal  et al., 2007), boar (Hu et al., 2009), ram 
(Bucak et al., 2007) and dog (Michael et al., 2007) 
spermatozoa also improve the sperm function after 
cryopreservation. Taurine act as an anti-oxidant 
and help in membrane stabilization (Meizel et al., 
1980) whereas Trehalose  has high water retention  
and prevents ice crystallization (Aboagla and 
Terada, 2003).  
 
The objective of the present study was to 
investigate the status of protein tyrosine 
phosphorylation in buffalo spermatozoa 
cryopreserved in soya milk extender which has not 
been reported as yet.  The effect of cryoprotectants 
such as Taurine and Trehalose in soya milk 
extender has also been studied. 
 
Materials and methods 
 
Semen collection and cryopreservation 
 
The Murrah buffalo (Bubalis bubalis) bulls (3-5 
years age) were maintained at Artificial Breeding 
Research Centre,  NDRI, India, under uniform 
nutritional conditions. Semen was collected, twice 
a week, from four buffalo bulls (eight ejaculates 
from one bull) using artificial vagina (IMV, 
L’Aigle Cedex France) maintained at 41°C. The 
semen was assessed immediately for mass activity 
and progressive motility by light microscopy and 
ejaculates were immersed in a warm water bath at 
38.5°C until semen was extended. Standard 

semen characteristics like progressive motility, 
viability and membrane integrity in the fresh 
semen ejaculates were also studied. Semen 
ejaculates presenting more than 80% progressive 
motility and 1 × 109 cells / ml were used in this 
study. Each ejaculate was split into aliquots and 
one aliquot was diluted in tris based extender 
(20% egg yolk v/v, 274 Mm Tris , 87 mm Citric 
acid , 43 mm Glucose , 10 00 000 IU Benzyl 
penicillin per litre, 7 50 000 IU Streptomycin per 
litre) without additive and taken as control . 
Other aliquots were diluted in soya milk (25% v/v 
replaced in Tris base extender, Mohan and Atreja, 
2014) without additives and soya milk with 
additives viz. Taurine (50mM) or Trehalose 
(100mM). Diluted samples were aspirated into 
medium sized (0.25 ml) French straws, sealed 
with polyvinyl alcohol powder and equilibrated at 
4°C for 4 h. After equilibration, the straws were 
frozen in liquid nitrogen vapour, 5 cm above 
liquid nitrogen, for 10 min and then the straws 
were plunged into liquid nitrogen for storage. 
After storage for 4 weeks, frozen straws were 
thawed at 37°C for 30 s in a water bath and used 
for the study of different semen parameters.  
 
Sperm culture medium 
 
Modified Tyrode’s Hepes – buffered medium (sp- 
TALPH) was used for washing of spermatozoa (pH 
7.4-7.45, osmolarity: 280-285 mosmol/kg) and 
modified Tyrode’s bicarbonate-buffered medium 
(sp- TALP, pH 7.40, osmolarity: 265-270 
mosmol/kg) was used for sperm culture. Both the 
media were prepared as by Galantino-Homer et al. 
(1997). 
 
Semen processing 
 
Diluted frozen – thawed semen were collected 
separately into 15 ml polypropylene tubes and 
centrifuged at 275 × g for 6 min. The seminal 
plasma was discarded and pellet was subjected to 
two washes by resuspension with 3 ml of sp- TALP 
and centrifugation at 275 × g for 5 min. The loose 
sperm pellet was resuspended with 3 ml of sp – 
TALP and subjected to a final centrifugation step 
to remove the sp – TALP media completely. The 
pellet was resuspended with sp – TALP and the 
sperm concentration was determined by 
haemocytometer and adjusted to 100 × 106 
cells/ml with sp – TALP. 
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Post thaw sperm motility and viability 
 
For the post – thaw motility analysis, five 
cryopreserved semen straws were thawed by 
immersion in a water bath at 37°C for 30 s. 
Immediately 10µl of thawed semen aliquots were 
transferred into glass slides and cover slips 
applied. Sperm motility was assessed by 
determining the percentage of spermatozoa 
showing any movement of the flagellum. The 
percentage of linear motile sperm was estimated 
at 37°C by light microscope at 400x. At least 300 
spermatozoa were counted per slide. The mean of 
the three estimations was used as the final 
motility score (Mohan and Atreja, 2014). The 
sperm viability was assessed according to the 
method of Therien and Manjunath (2003) using 
eosin B and nigrosin stains. Briefly , 10 µl of 
sperm suspension was incubated at 37°C for 2 
min on a microscope slide and mixed with 5 µl of 
5% eosin B and 5 µl of 10% nigrosin. The stained 
sperm were spread on the slide and 400 
spermatozoa were counted for viable (white) and 
nonviable (red) cells under light microscope 
(400X). 
 
Hypoosmotic swelling test (HOST) 
 
The hypoosmotic swelling test (HOST) was used to 
evaluate the functional integrity of sperm plasma 
membrane. This test was performed by incubating 
10µl of fresh semen with 990µl of 150 mOsmol/kg 
hypoosmotic solution (74.98 mM fructose, 24.99 
mM trisodium citrate) and 100µl of cryopreserved 
semen with 900µl of 100 mOsM hypoosmotic 
solution (49.95 mM fructose, 16.66 mM trisodium 
citrate) at 38.5 ̊ C for 1 h.  
 
After incubation, a small drop from the fresh and 
cryopreserved semen suspension separately was 
placed on a clean, dry and grease free glass slide 
and covered with a cover slip. The slide was 
examined under the high power magnification 
(400X) of a bright field microscope. A minimum of 
200 spermatozoa were counted per slide for 
different types of swelling pattern. 
 
Detection of tyrosine – phosphorylated 
proteins 
 
Sperm proteins were extracted according to the 
method of Galantino – Homer et al. (1997) using 

1mM sodium orthovanadate as tyrosine 
phosphatase inhibitor and total protein in the 
extract was analyzed by the method of Lowry et al. 
(1951).  
 
SDS PAGE and immunoblotting  
 
Ten microgram of cell lysate was loaded  and 
proteins were resolved by SDS-PAGE on a 10% 
(w/v) uniform gel. Separated proteins were 
transferred to Immobilon-P PVDF membrane 
adopting a two- step transfer method of Otter et 
al. (1987). Equal  loading and transfer efficiency 
was checked by staining the membrane with 0.5% 
ponceu S dye in 1%  glacial acetic acid (Salinovich 
and Montelaro, 1986) and by analysing the 
transfer of pre-stained molecular weight marker 
onto the PVDF membrane. The membrane was 
then blocked with 5% (w/v) non-fat dried milk 
prepared in Tris-buffered saline with Tween – 20 
and sodium orthovandate (TBS-TV: 20 mM tris, 
150 mM NaCL, pH 7.6; 0.1%(v/v) Tween 20, 1mM 
Na3VO4) for overnight at 4°C. The membrane was 
incubated with monoclonal antiphosphotyrosine 
antibody [Sigma: 1869, Clone pT- 154, diluted 
(1:2000) in TBSTV] for 2 h at room temperature. 
After washing with TBS-T, membrane was 
incubated with goat anti-mouse IgG- Peroxidase 
activity was visualized by Immobilon Western 
blotting chemiluminescent detection reagents 
(Millipore Corporation , Billerica, MA 01821 
U.S.A) according to manufacturer’s instruction 
using Kodak X-OMAT-AR X- ray films.    
Duplicate blots were also probed with secondary 
antibody alone to rule out any non- specific 
binding to transferred proteins. After 
chemiluminescence detection , the X- ray films 
were photographed by an image analysis (Image 
Scanner III, GE- Healthcare) and densitometric 
analysis was performed with Multi Gauge analysis 
software (Version 2.2. Fujifilm, Tokyo, Japan). To 
determine the relative changes in the intensities 
of protein bands, the intensity obtained with     
the control spermatozoa was assigned base value 
of 100. 
 
Statistical analysis 
 
All the experiments were done in three replicates. 
Data were analysed of variance using the statistical 
product and service solutions, version 17.0.1 
software (SPSS Inc.,Chicago IL, USA). 
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Results  
 
Sperm motility, viability and membrane 
integrity 
 
The standard semen quality parameters like 
progressive motility, viability, membrane integrity 
(HOST) of fresh and cryopreserved (post thaw) 
spermatozoa were assessed and results are shown 
in Fig. 1. Cryopreservation of semen significantly 
reduced (p<0.05) the motility of spermatozoa 
(46.66 ± 1.66) as compared to fresh coordinates 
(81.66 ± 1.66). The viability of the cryopreserved 
spermatozoa was significantly declined (p<0.05) 
due to freeze thaw procedures. The percentage of 
spermatozoa with coiled tails (membrane intact) 
was also significantly (p<0.05) reduced in 
cryopreserved semen (39.33 ± 1.45) as compared 
to the fresh semen (76.66 ± 4.33). The comparison 
between extenders showed no significant 
difference in terms of sperm motility, viability and 

membrane integrity (p< 0.05). The post thaw 
motility of spermatozoa extended in soya milk 
extender was (48.33 ± 1.66) as compared to 
control group (46.66 ± 1.66).  
 
The viability of spermatozoa extended in soya 
milk extender was (71 ± 1.73) as compared to 
control group (68 ± 2.08) which is almost same. 
The percentage of spermatozoa extended in soya 
milk extender with coiled tails (40.66 ± 0.88) was 
almost similar in control group (39.33 ± 1.45). The 
addition of cryoprotectant like taurine and 
trehalose to the freezing extender led to higher 
post-thaw motility (51.66 ± 1.66; 50 ± 2.88) as 
compared to control group (46.66 ± 1.66; p< 
0.05). Significant differences were observed in 
viability (67.66 ± 2.90, 69 ± 2) and HOST (45 ± 
2, 46.33 ± 4.05) upon addition of additives to 
extender during freeze-thawing process compared 
to control group (p ˂ 0.05) (Fig . 1). 

 

 

 
Fig. 1:  Sperm motility, Viability and membrane integrity of buffalo spermatozoa diluted in Egg yolk 
Extender and Soya milk Extender and presence of additives viz. Taurine and Trehalose in soya milk 
extender. Values are the mean ± S.E.M. of three experiments. Mean with different letters a ,b,c  are 
significantly different (p ˂ 0.05). 
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Fig. 2:  Protein tyrosine phosphorylation in buffalo 
spermatozoa cryopreserved in egg yolk tris and soya 
milk tris extender (Soya milk tris extender with 
additives taurine and trehalose). The cryopreserved 
semen were thawed, processed and total proteins were 
extracted and resolved in 10% uniform SDS-PAGE 
(10µg/lane), electrotransferred on to a PVDF membrane 
and tyrosine phosphoproteins were detected using 
monoclonal anti-phosphotyrosine antibody (clone pt-
154). The blot indicates following lanes:  Lane 1) Fresh 
Buffalo spermatozoa – Fresh; Lane 2) Buffalo 
spermatozoa in Egg yolk Extender – Egg Yolk; Lane 3) 
Buffalo spermatozoa in soya milk extender – Soya; Lane 
4) Buffalo spermatozoa + taurine in soya milk extender 

– Soya Tau; Lane 5) Buffalo spermatozoa + trehalose in 
soya milk extender – Soya Tre. 
 
Detection of tyrosine phosphorylated 
proteins 
 
Tyrosine phosphorylation was estimated in both 
fresh and cryopreserved (with additives) buffalo 
spermatozoa (Fig. 2).  Five tyrosine 
phosphorylated proteins (49, 55, 72, 86 and 95 
kDa designated as p49, p55, p72, p86 and p95) 
were detected in fresh buffalo spermatozoa.  
 
Cryopreservation procedures significantly 
(p<0.05) increased the tyrosine phosphorylation of 
proteins extensively and at least 10 proteins (20, 
30, 32, 49, 55,72, 86, 95, 100 and 104 kDa) 
designated as p20,  p30, p32, p49, p55, p72, p86, 
p95,p100 and p104 were found in buffalo 
spermatozoa cryopreserved in egg yolk extender as 
shown in Fig. 2.  Similar tyrosine phosphoprotein 
profile was observed in buffalo spermatozoa 
cryopreserved in soya milk as well as soya milk 
supplemented with additives taurine and trehalose. 
However, the band densities for tyrosine 
phosphoproteins were less intensive in soya milk 
as well as soya milk supplemented samples as 
compared to egg yolk extender as shown in Table 1. 
Densitometric analysis revealed the relative band 
intensities (Table 1) of ten tyrosine 
phosphoproteins and statistically significant 
(p<0.05) inhibition of tyrosine phosphorylation 
was found in soya milk extender (and with 
additives).

 
Table 1. Relative band intensities of protein tyrosine phosphorylated detected in cryopreserved buffalo (Bubalus 
bubalis) spermatozoa.  Tyrosine phosphorylation in egg yolk extender without additives was taken as 100%. Egg yolk 
extender was taken as control. Values are expressed as mean ±S.E. of three replicates. 

Molecular mass of the 
detected tyrosine 
phosphorylated 
proteins (pkDa) 

Fresh 
spermatozoa 

Spermatozoa 
cryopreserved 
in Tris based 
egg yolk (EYC) 
extender 

Spermatozoa 
cryopreserved 
in soya milk 
extender 

Spermatozoa 
cryopreserved 
in soya milk 
extender + 50 
mM taurine 

Spermatozoa 
cryopreserved in 
soya milk 
extender 
+ 100mM 
trehalose 

p104 - 100 93.21 ± 0.32 68.94 ±.081 63.15 ± .56 

p100 - 100 105.26 ± 0.26 99.90 ± 0.25 77.34 ±0.45 

p95 98.45 ± 0.30 100 106.33 ± 0.38 114.98 ± 0.44 98.08 ± 0.11 

p86 83.93 ± 0.11 100 104.28 ± 0.27 98.93 ± 0.12 95.70 ± 0.45 

p72 64.47 ± 0.33 100 93.90 ± 0.33 76.06 ± 0.47 81.11 ± 0.14 

p55 72.67 ± 0.26 100 85.31 ± 0.40 71.46 ± 0.32 95.26 ± 0.32 

p49 80.98 ± 0.25 100 91.22 ± 0.52 81.00 ± 0.31 53.11 ±0.11 

p32 - 100 71.45 ± 0.31 63.39 ± 0.31 45.53 ± 0.43 

p30 - 100 74.99 ± 0.50 58.02 ± 0.07 37.47 ± 0.67 

p 20 - 100 54.10 ± 0.21 47.22 ±0.55 67.98 ± 0.49 



Int. J. Curr. Res. Biosci. Plant Biol. (2019) 6(7), 18-25  
 

 

H. Batra et al. (2019) / Protein tyrosine phosphorylation in buffalo spermatozoa cryopreserved in soya milk extender 
supplemented with taurine and trehalose 

 

23 

Discussion 
 
The increased global concern for semen 
contamination, control of pathogen transmission 
and microbial safety has replaced the traditional 
extenders with the choice of plant based chemically 
defined mediums in assisted reproductive 
technology. Egg yolk extenders increase the risk of 
production of endotoxins which may reduce the 
fertilizing capacity of spermatozoa (Aires et al., 
2003). On the other hand, soya milk extender is 
free from such contamination and has better 
protection in comparison to egg yolk extender 
(Mohan and Atreja, 2014). The supplemented 
cryoprotectants in extenders protects the 
spermatozoa against freeze damage, maintain 
osmotic pressure and helps in stabilizing the 
membrane structure during freezing and thawing 
(Reddy et al., 2010). Several reports have widely 
studied the addition of Taurine and Trehalose to 
freezing extenders in order to improve sperm 
quality parameters (Bucak et al., 2007; Hu et al., 
2009). In present study, buffalo spermatozoa 
extended in egg yolk, soya milk and additives in 
soya milk such as Taurine and Trehalose have 
been compared for various sperm quality 
parameters and protein tyrosine 
phosphorylation. Various reports have shown a 
time dependent increase in protein tyrosine 
phosphorylation of specific proteins of molecular 
range 40-120 kDa in species like hamster 
(Kulanand and Shivaji, 2001), pigs (Tardif et al., 
2001) and equine (Pommer et al., 2003).  It is 
evident from these studies that protein tyrosine 
phosphorylation is an important post translational 
modification and it acts as one of the sperm cell's 
regulatory mechanism which is associated with 
capacitation.  Our results are also in agreement to 
these studies and show a significant decrease 
(p<0.05) in post  thaw motility, viability, 
membrane integrity and an increase in the degree 
of cryocapacitation in frozen-thawed  buffalo  
spermatozoa  as compared to fresh semen. 
 
Soya milk contains lecithins which take care of 
plasma membranes and protect the viability of 
cells (Layek et al., 2016). In present study, the 
degree of cryocapacitation was significantly 
(p<0.05) less in spermatozoa cryopreserved in 
soya milk extender. Furthermore, addition of 
Taurine (50mM) and Trehalose (100mM) to soya 
milk extender also showed a significant reduction 

in pre-mature capacitation like changes as 
indicated by tyrosine phosphorylation in 
comparison to control samples. Taurine is a 
permeating cryoprotectant which causes 
membrane rearrangement resulting in better 
survival of spermatozoa during cryopreservation 
(Holt, 2000). On other hand, trehalose is a non-
permeating cryoprotectant that protects against 
the osmotic stress (Molinia et al., 1994). The 
findings in this study clearly indicate the use of 
soya milk extender with additives (Taurine and 
Trehalose) maintain the better condition of sperm 
viability, integrity, progressive motility and 
reduced tyrosine phosphorylation.  Hence, 
cryocapacitation reduces in soya milk extenders 
with cryoprotectants in terms of reduced tyrosine 
phosphorylation. 
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