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ABSTRACT 

Heat Shock Protein 70 (HSP70) induction helps alleviate the adverse effects of several types of stress 

in the cells. It can also play a significant role in sperm protection and survival during the extreme 

conditions of the semen cryopreservation process. The present study was conducted to investigate the 

role of this protein in spermatozoa of water buffalo by analyzing the changes in its gene expression, 

protein induction, and distribution after cryopreservation. Differences in HSP70 mRNA and protein 

levels between fresh and frozen semen samples were determined through real-time PCR and western 

blot analysis, respectively. Cellular localization patterns of HSP70 in the different sample groups were 

then detected in an indirect immunofluorescence assay. Lastly, the average sperm motilities of the 

semen sample groups were evaluated and compared. Results showed that the HSP70 mRNA expression 

decreased by fifty percent (P<0.05) while the protein level significantly rose by sixty percent (P<0.05) 

in the frozen sample group. The localization of HSP70 protein in the sperm head also shifted from the 

equatorial segment in the fresh sample group to the post-acrosomal region in frozen semen samples. 

Moreover, the average sperm motility appeared to fluctuate with the mRNA level and comparably 

decreased by fifty percent (P<0.05) in the frozen sample group. These changes on the HSP70 in 

spermatozoa exhibited the adverse effects of the underlying capacitation-like event in the 

cryopreservation process. Overall, these findings presented a valuable insight into the current buffalo 

semen cryopreservation technique and a potential approach to its improvement. 

Keywords: Cryopreservation; HSP70; Spermatozoa; Water Buffalo 

 

Introduction 
Semen cryopreservation is an integral process of most assisted reproduction technology, like artificial 

insemination and in-vitro fertilization. It allows the maximum and indefinite utilization of germplasm 

for the breeding of agriculturally important animals and the conservation of genetic materials. However, 

the extreme state at which the cells are sustained has been shown to cause detrimental stresses (Watson, 

2000). The cold and osmotic shock in particular cause membrane destabilization (Watson, 2000; Morris 

et al., 2012), lipid peroxidation (Morris et al., 2012; Olszewska-Slonina, 2013), and protein aggregation 

(Cao et al., 2003) in cryopreserved sperm. If these cellular changes are not controlled, they can further 

trigger a cascade of irreversible reactions that highly resemble the process of sperm capacitation 

(Cormier and Bailey, 2003; Talukdar et al., 2016). This ‘capacitation-like’ event renders the 

spermatozoa susceptible to further degradation of the cell membrane (Harrison, 1996) and external 

influences (Watson, 2000), consequently limiting the reproductive lifespan of cryopreserved semen 

(Ellington et al., 1999) and compromising its overall quality (Watson, 2000, Pini et al., 2018). Even the 

fertilizing ability of the spermatozoa can be reduced (Cormier and Bailer, 2003). Indeed, it posed a 

huge constraint in the success of semen cryopreservation. 

The Heat Shock Protein (HSP) family had been demonstrated to confer cellular tolerance against such 

types of harmful traumas and protect the cells from degradation (Guerriero and Raynes, 1990). 

Specifically, higher expression of HSP70 in a subpopulation resulted in a significantly lower percentage 

of reacted, or ‘capacitated’, spermatozoa (Holt et al, 2015; Mohamad et al., 2018). Several studies 

suggested that HSP70 may have additional roles in sperm aside from stress tolerance. For instance, its 

intracellular level had been observed in many cases to change proportionally with sperm motility 
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(Zhang et al., 2015; Huang et al., 2000). Furthermore, HSP70 had been previously reported to play a 

key role in gamete interaction by serving as an important binding site (Matwee et al., 2001). This was 

later supported in a separate study wherein the lack of HSP70 transcript in the sperm effectively 

inhibited the process of fertilization (Nixon et al., 2015).  

However, what is known on the effect of cryopreservation on HSP70 in water buffalo spermatozoa 

remains very limited and uncertain. This knowledge can unravel a new perspective on semen 

cryobiology and can have valuable implications in the optimization of the cryopreservation technique. 

The present study was therefore undertaken to investigate the changes in the gene expression, protein 

synthesis, and distribution of HSP70 in water buffalo spermatozoa after semen cryopreservation. The 

change in the motility of the samples was also considered and examined to monitor the quality of the 

cells.  

 

Methodology 

The study was conducted for several months from October 2018 to June 2019. Semen collection was 

done simultaneously with the routine semen collection and processing of the National Bull Farm, 

Philippine Carabao Center at Central Luzon State University, Carranglan, Nueva Ecija, Philippines. 

Samples were then taken to the Reproduction and Physiology Section Laboratory, Philippine Carabao 

Center National Headquarters and Genepool for subsequent laboratory procedures and analyses.  

 

Test samples  

A total of 10 healthy water buffaloes (Bubalus bubalis) sperm donor bulls were selected as the sample 

source. They were maintained with uniform feeding and management following the good animal 

husbandry practices (GAHP) of the institution. Two collections of semen using an artificial vagina were 

conducted with an interval of seven days apart, during which two ejaculates were obtained from 

individual donor bulls. Each ejaculate first underwent the sperm motility evaluation and then pooled 

into one sample.  

 

Experimental group 

Samples were divided into two groups, the Fresh and Frozen group, which were prepared and processed 

separately. The fresh group consisted of the 1ml pooled semen samples obtained from individual bulls 

that were extracted immediately after collection. The other sample group, the Frozen group, was first 

subjected to the standard cryopreservation process using a tris-egg yolk-glycerol (TEY) extender 

(Mamuad and Venturina, 2013). These were kept in liquid nitrogen for approximately sixty days and 

then evaluated again for post-thaw sperm motility before extraction. Since frozen samples were 

extended, 5ml semen was used for extraction and sample preparation. 

 

Gene expression analysis 

The extraction protocol of Rajoriya et al. (2014) for total RNA isolation using Trizol® Reagent 

(Thermo Fisher Scientific, USA) heated at 60 ̊ C was adapted with minor modifications. After isolation, 

2ml of pooled semen samples were dehydrated with alcohol and centrifuged consistently at 12000 rpm 

for 15 min at 4 ˚C.  The samples were then air-dried for at least two hours before rehydration with 20 

µl of Nuclease-Free Water (Invitrogen, USA) and incubation for 10 min at 60 ˚C. Total RNA samples 

were kept at -80 ˚C until subsequent analysis.  

Preceding gene expression analysis, complementary DNA (cDNA) of the RNA samples was 

synthesized using SensiFAST™ (Bioline, UK), following the manufacturer’s instructions. From these, 

both the target and reference genes were amplified using the primers originally designed by Manjari et 

al., (2014) on Tarai Buffalo. The primer sequences were: For: 5’-CTC 

GTCGATGGTGCTGACCAAG–3’ and Rev:5’–TCCTGTCCAGGCCGTAGGCGAT–3’ for HSP70 

and For: 5’–AGGTCATCCCTGAGCTCAACGG–3’ and Rev: 5’–

TCGCAGGAGACAACCTGGTCCTCA–3’ for GAPDH. Real-time polymerase chain reaction (Rt-

PCR) was performed in triplicates with StepOnePlus™ Real-Time PCR System Thermal Cycling Block 

(Applied Biosystems, USA) employing the reaction mix and PCR profile used in the previous study of 

Maylem et al. (2018). Threshold cycles (Ct) of all the genes under study were recorded for analysis 

while the melting temperature was noted for validation. The Delta-delta method was implemented to 

determine the relative expression of the samples (Pfaffl, 2001)  



Western blot analysis 

The total protein, or lysate, was extracted from the semen samples after sonication with a filtered lysis 

buffer consisting of 50 mM Tris, 150 mM NaCl and 1% Triton X-100 and Protease Inhibitor (Sigma-

Aldrich, USA). Samples were then stored at -80 ˚C until the following analysis. 

Lysates were pre-heated at 95 ˚C for five minutes and mixed with 4x Laemmli buffer solution (Bio-

Rad, USA) before the separation by gel electrophoresis. Separated proteins were transferred thereafter 

to Polyvinylidene flouride (PVDF) membranes and blocked with 5% Non-fat dried milk and 20% 

Tween 20 in PBS at 4 ̊ C. The membranes were incubated after with a Monoclonal Anti-HSP70 (Sigma-

Aldrich, USA) and Anti-GAPDH antibodies (Cell Signaling Technology, USA) overnight. They were 

washed three times with PBS-Tween 20 and incubated with a secondary antibody for two hours at 4 

˚C. A colorimetric assay was then carried out using Opti-4CN Substrate Kit (Bio-Rad, USA) for the 

detection of target proteins. Finally, a semi-quantitative analysis was performed on the detected protein 

bands using the Image Lab v.5.1 (Bio-Rad, USA) to determine the HSP70 relative protein value of each 

sample group. 

 

Immunolocalization 

A small volume (500 µl) of semen samples were washed with PBS and fixed with 3.7% 

Paraformaldehyde (w/v) for 30 min at 4 ˚C. Samples were then permeabilized with 0.1% PBS-Triton 

X-100 and incubated at room temperature for 10 min. The sperm concentration was adjusted to 1x105 

cells/ml with PBS-Triton from which 10 µl of the samples were taken and mounted on poly-L-lysin 

pre-coated glass slides. These were fixed by air drying at 37 ˚C and blocked with PBS containing 5% 

goat serum (Sigma; PBS-GS) at 4 ˚C. Afterward, the slides were incubated with a monoclonal anti-

HSP70 antibody in PBS-GS overnight. This was immediately followed by the incubation with a 

secondary antibody, Alexa Flour® 555 goat anti-mouse IgG (Life Technologies, USA), for one hour. 

The slides were subsequently counterstained with Hoechst 33258 (Life Technology, USA) solution for 

10 min and sealed with a coverslip using Fluoroshield™ with 1,4-Diazabicyclooctane (Sigma-Aldrich, 

USA). Using a fluorescent microscope (Nikon Ti, Nikon, Japan), the target protein was detected and 

visualized with a magnification equivalent to 40x. 

 

Statistical analysis 

The means of the relative HSP70 mRNA expression, relative protein value, and sperm motility were 

calculated and expressed in meanSD in the results.  Comparisons between sample groups were 

performed using T-test and Tukey’s Post Hoc test at 0.05 level of significance in the JMP 13.0 (SAS 

Drive, North Carolina, USA) statistical software. 

 

Result  
The relative HSP70 mRNA expression and protein value in water buffalo semen were observed to differ 

significantly (P<0.05) between sample groups (Table 1). HSP70 expression was higher in the fresh 

semen group than the frozen group. It was initially measured up to 4.570.81 in the samples but 

decreased by around fifty percent after the cryopreservation process (P<0.05, Figure 1A). In contrast, 

the relative HSP70 protein value in semen increased considerably following the process. From 

5.030.77 in fresh semen samples, it increased by at least sixty percent in the frozen sample group 

(P<0.05, Figure 1B) 

 

Table-1. HSP70 content and sperm motility of fresh and frozen group 

Sample Group Relative HSP70 mRNA 

expression* 

Relative HSP70 protein 

value* 

Sperm Motility 

(%) 

Fresh 4.570.81a 5.030.77b 61.2712.46a 

Frozen 2.120.66b 7.550.91a 31.717.34b 

Means without a common letter differ significantly (P<0.05). *Relative measures of HSP70 have no 

unit. 

 

There was also a shift in the cellular localization of the HSP70 protein in water buffalo spermatozoa 

after cryopreservation. It initially appeared as a thick, slightly angled line at the middle of the fresh 



sperm head, an area known as the equatorial segment (Figure 2A). It was also detected as a well-defined 

line in the sperm tail, that extended from the mid-piece to the end-piece. In the Frozen sample group, 

only this tail signal was retained. The head fluorescent pattern of HSP70 was altered and replaced by a 

granular, round signal at the post-acrosomal region (Figure 2B). 

Similarly, the sperm motility significantly differed between the two sample groups. The 61.27% 

average sperm motility recorded in the fresh sample group was reduced to 31.71% in the frozen sample 

group after freeze-thawing (P<0.05, Figure 3).  

 
Figure-1. Relative HSP70 mRNA level (A) and protein level (B) in Fresh and Frozen sample 

groups. 

 
Figure-2. Localization of HSP70 in Fresh (A) and Frozen (B) spermatozoa of water buffalo. 

 

 
Figure-3. Mean sperm motility of Fresh and Frozen semen sample groups. 

 

Discussion  
The cryopreservation process appeared to have opposite effects on the transcript and protein level of 

HSP70 in water buffalo spermatozoa: the HSP70 mRNA level declined while the protein level 

increased. These findings suggest an induction of HSP70 protein synthesis in the sperm samples during 

the process, wherein the HSP70 mRNA was likely consumed. Since spermatozoa lose their potential 



for transcription at maturity and could no longer carry out gene expression (Boerke et al., 2007), the 

lost HSP70 mRNA in the samples could not be replaced. This inevitably led to a significant drop in its 

level. On a different note, the rise in HSP70 protein level was unprecedented in frozen spermatozoa. 

Previous works on semen cryopreservation generally described a significant decrease in sperm protein 

levels. An earlier study on water buffalo even recorded a 55% reduction in HSP70 protein after 

cryopreservation. The decrease in protein level therein was attributed to the process-related degradation 

(Varghese et al., 2016). A Similar indication of protein translation was only discovered in the 

spermatozoa undergoing sperm capacitation. During this modification, nuclear-encoded mRNAs were 

translated into proteins by mitochondrial-type ribosomes to replace damaged ones and/or fulfill the 

particular needs of the sperm (Gur and Breitbart, 2003).  

As for its cellular localization, HSP70 protein was initially detected at the equatorial segment of the 

sperm head in the Fresh sample group. This area acts as the reservoir of molecules in the cells that are 

transferring from one region of the sperm head to another (Gadella et al., 1994). It presents a convenient 

position for HSP70 to mediate its role in the translocation of other polypeptides (Arispe et al., 2002; 

Craig, 2018). Among artiodactyls, the cellular localization of HSP70 protein in fresh spermatozoa 

varies greatly and only the boar semen displayed a comparable fluorescent pattern. It appeared 

triangular under higher magnification in the same area in pig spermatozoa (Spinaci et al., 2005).  In 

other species such as cattle and horses, the fluorescent pattern was detected in the acrosomal and post-

acrosomal regions respectively (Kamaruddin et al., 2004; Volpe et al., 2008). 

After cryopreservation, the cellular localization of HSP70 protein in frozen water buffalo spermatozoa 

shifted. The process was known to generate multiple stresses in the cell that can trigger the 

redistribution of HSP70 protein and its proper functioning to a different location (Guerriero and Raynes, 

1990; Volpe et al., 2008). Hence, in frozen spermatozoa, the localization of HSP70 protein was moved 

to the post-acrosomal region of the sperm head. This region typically holds specific antigens associated 

with gamete interaction (Matwee et al., 2001). It seemed like a rather appropriate position for HSP70 

protein in spermatozoa, considering that the protein served as an important binding site during sperm-

egg recognition (Matwee et al., 2001). Other studies even speculated that due to its significance, it 

might even undergo an exposition to the sperm surface (Spinaci et al., 2005). This new localization of 

HSP70 protein in frozen samples matched the position of the protein in vitro capacitated boar 

spermatozoa (Spinaci et al., 2005). It appeared to concur with the earlier observations and likewise 

indicate a resemblance between cryopreservation and capacitation on their effect on the HSP70 protein 

in the sperm. 

Meanwhile, a decline in the sperm motility of water buffalo spermatozoa was also documented after 

cryopreservation. Semen quality, in general, could decrease up to 40-50% after freezing and thawing 

(Hu et al., 2011), specifically the sperm motility of frozen samples was lowered compared to the fresh 

sample group (Andrei, 2009). This loss in sperm movement seemed to be related to the change in the 

expression of HSP70, as though the exhaustion of HSP70 mRNA favored the attenuation of motility. 

Similarly, the decline in the motility of bovine spermatozoa was found to be proportional to the gradual 

decrease in HSP70 mRNA level at different stages of freezing (Zhang et al., 2015). In pig spermatozoa, 

as well, the reduced motility of some sample groups was linked to the significantly low level of HSP70 

protein (Huang et al., 2000).  

During cryopreservation, an underlying event is commonly induced that greatly mirrors the effect of 

capacitation on the sperm (Cormier and Bailey, 2003; Talukdar et al., 2016). This event is widely 

referred to as ‘capacitation-like’ and elicits the same ultrastructural and biochemical modifications in 

frozen spermatozoa like elevated metabolic rates, lipid peroxidation, uncontrolled calcium influx, and 

an increased tendency for acrosome reaction (Cormier et al., 1997; Brum et al., 2008; Talukdar et al., 

2015). It is however completely different and separated from the capacitation process in vitro (Thomas 

et al., 2006; Naresh and Atreja, 2015). The changes on HSP70 presented above that reflected the effects 

of sperm capacitation could be the manifestations of the capacitation-like event in cryopreservation. 

Indeed, this can substantiate the induction of protein translation in spermatozoa because the increase in 

the calcium level during the capacitation-like event can promote the synthesis of HSP70 protein 

(Khanna et al., 1995). It can also explain the decline in the sperm motility observed in the results since 

the resulting cellular modifications often lead to the loss of different sperm attributes (White, 1993; 

Harrison, 1996). Hence, it may be necessary to eliminate the capacitation-like event from the 

cryopreservation process to alleviate this effect and improve the post-thaw quality of the spermatozoa 



(Longobardi et al., 2017; Reddy et al., 2018, Hezavehei et al., 2018). Future studies should revisit the 

current techniques in buffalo semen cryopreservation and seek various ways to integrate the control of 

the event for optimization strategies. 

 

Conclusion 

In sum, the present study reported the changes induced by the cryopreservation process on the HSP70 

of water buffalo spermatozoa. It revealed the capacitation-like event that underlay the process and 

discussed its implications on the HSP70 protein itself and sperm cells in general. The findings of this 

study offered a new perspective to the buffalo semen cryobiology and a potential approach in improving 

the cryopreservation process.  
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