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Summary. Expediency of collaboration of academic scientific establishments, Institutions of higher learning and 
Small academy of sciences of schoolchildren of the Odessa area is reasonable at preparation of medical and 
pharmaceutical faculty future student to scientific and practical activity. 
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BIOINFORMATIC ANALYSIS OF HUMAN SPERMATOZOA 

HSPA2 PROTEIN 
 
Summary. Bioinformatic analysis of human spermatozoa HspA2-protein. Genetic and molecular-genetic 

diversity of human spermatozoa HspA2-protein was researched. With the help of bioinformatic analysis the model 
structure and the biochemical properties of HspA2-protein were shown. 
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Hyaluronic acid (HA) is a glicosamineglycane present in the extracellular matrix of cumulus oophorus 

around the oocyte that proves to play the important role in natural human fertilization [3]. The use of HA is 
based on the theory that hyaluronan is a major constituent of the cumulus oophorous matrix and may play a 
critical role in the selection of mature, functionally competent spermatozoa during in vivo fertilization. The 
principles of this essay are: (1) the expression of the protein HspA2, which indicates sperm maturation; (2) 
cytoplasmic membrane remodeling, which is responsible for the formation of sperm binding sites for the 
zona pellucida of oocytes and for HA binding sites [5]. 

HspA2 is a testis-enriched member of the 70 kDa heat shock protein family that promotes the folding, 
transport, and assembly of protein complexes and has been positively correlated with in vitro fertilization 
success. Furthermore, reduced expression of HspA2 from the human sperm proteome leads to an impaired 
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capacity for cumulus matrix dispersal, sperm-egg recognition and fertilization [6]. It was suggested that 
immature spermatozoa present low HspA2 levels, fail to undergo cytoplasmic membrane remodeling and 
consequently are unable to bind to HA [5]. 

After all biological diversity, structure and biochemical properties of HspA2-protein are not fully 
explored [4].The aim of researching was to explore HspA2-encoding gene and HspA2 diversity, HspA2 
biochemical properties and to create the model of HspA2 structure using bioinformatics methods. 

Material and methods 
Nucleotide sequences of HspA2-encoding gene (accession numbers KJ897014, KJ891403.1, 

BC001752.1, DQ489378.1, DQ892538.2, BC036107.1, U56725.1, AB527255.1, U56725.1) and protein 
sequences of HspA2 protein (accession numbers AAH36107, NP_068814, XP_004055343, XP_003267860, 
XP_002824887, AAD11466, XP_003831655, CAH90525) from National Centre of Biotechnology 
Information were aligned from database of nucleotide and protein sequences, accordingly, using online 
program “BLAST” by Smith –Waterman algorithm [10, 7]. Genetics and molecular-genetics distances 
between sequences were counted with the help of program MEGA5 by Minimum Evolution Method [8]. 

Statistical significance of research was calculated by bootstrap analysis [2]. 
Protein domains and biochemical properties of HspA2 were researched by delta-BLAST online 

program [10]. HspA2 protein structure was calculated by SWISS-MODEL web-server [9]. 
Results and discussion 
 
Results of alignment of HspA2-encoding gene sequences are summed up on the Fig. 1. 

 
Fig. 1. Genetic relationship of HspA2-encoding gene 

 
Human HspA2-encoding gene is similar to HspA2-encoding gene of another primate, except M. 

murinus, which is similar to F. catus, and they are situated in their own cluster on the dendrogram. Bootstrap 
analysis of clusters dichotomy is more 70, so results of the conducted research are statistically significant [2]. 

Results of alignment of HspA2-protein sequences are summed up on the Fig. 2.
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Fig. 2. Molecular-genetic relationship of HspA2-protein 

 
Sequences of human HspA2-protein are situated in one cluster with HspA2-protein sequences of 

another Hominidae members. The second cluster consists of HspA2-protein sequences of primates (S. 
bolivensis, C. jacchus, A. nancymaae) and no-primates animals from different orders (F. catus, P. tigris, C. 
simum, O. rosmarus, C. lupus). Bootstrap analysis of clusters dichotomy is more 70, so results of the 
conducted research are statistically significant. 

According to delta-BLAST online program HspA2 consists of 4 domains: 
Hsp70. Hsp70 chaperones help to fold many proteins. Hsp70 assisted folding involves repeated cycles 

of substrate binding and release. Hsp70 activity is ATP dependent. Hsp70 proteins are made up of two 
regions: the amino terminus is the ATPase domain and the carboxyl terminus is the substrate binding region 
[1]. 

PRK00290. PRK00290 is not assigned to any domain superfamily and has unknown functions. 
COG0443. COG0443 is not assigned to any domain superfamily and has unknown functions. 
Chaperone protein DnaK. Members of this family are the chaperone DnaK, of the DnaK-DnaJ-GrpE 

chaperone system. All members of the seed alignment were taken from completely sequenced bacterial or 
archaeal genomes and (except for Mycoplasma sequence) found clustered with other genes of this systems. 
This model excludes DnaK homologs that are not DnaK itself, such as the heat shock cognate protein HscA 
(TIGR01991). However, it is not designed to distinguish among DnaK paralogs in eukaryotes. Note that a 
number of dnaK genes have shadow ORFs in the same reverse (relative to dnaK) reading frame, a few of 
which have been assigned glutamate dehydrogenase activity. The significance of this observation is unclear; 
lengths of such shadow ORFs are highly variable as if the presumptive protein product is not conserved [4]. 

HspA2 protein structure was calculated by SWISS-MODEL web-server (Fig. 3) [9]. 
Models are built based on the target-template alignment using Promod-II [9]. Coordinates which are 

conserved between the target and the template are copied from the template to the model. Insertions and 
deletions are remodeled using a fragment library. Side chains are then rebuilt. Finally, the geometry of the 
resulting model is regularized by using a force field. In case loop modelling with ProMod-II does not give 
satisfactory results, an alternative model is built with MODELLER [9]. 
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Fig. 3. HspA2 protein structure calculated by SWISS-MODEL 

 
Conclusions 
HspA2 protein is widespread in Hominidae family and some other taxons of Mammalia. Those 

proteins consist of 4 domains (Hsp70, PRK00290, COG0443, Chaperone protein DnaK). Functions of 2 
HspA2 protein domains (PRK00290, COG0443) are still unknown [1; 4]. 
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