A.®. Bypouna, A.B. Kysvmuna, T.A. Cuodenvnuxosa. K eonpocy ycosepuwiencmeosanus npenooasanus
XUMUYECKUX OUCHUUNIUH 018 CHYOEHMO8 MeOUUUHCKozo u papmauesemuyeckozo gaxyrvmemos OHMeoYy. -
Cmameos.

Annomayusn. B cmamve npedcmasiena 63aumocesasb u SmManHoCcmes n0O20MOGKU N0 XUMUYECKUM OUCYUNTUHAM
6 OHMeoV. Obocnosana yenecoobpasnocms compyoHUYecmed axKaoeMudeckux Hayuuvix yupesicoenuu, BY306 u
Manou axademuu nayx wkonvHuxog Ooecckoll obracmu npu no02omoske OyOVuux CMmyOeHmos MeOUYUHCKO20 U
apmayesmuueckoeo haxyrbmemos K HAYYHOU U NPAKMUYECKOU OesTMeTbHOCTIL.

Kniouesvie cnosa: ¢pusuyeckas u KOIOUOHAS XUMUSL, OUOOPeAHUYECKAs U OUONOSUYECKAs XUMUSL, MOHU3M,
manas axademus HayK wKoavHuxkoe Ooecckoli obracmu, npeemMcmeeHHOCb, IMANHOCb.

Yanina F. Burdina, Alla V. Kuzmina, Tatiana A. Sidelnykova. To the Question of Improvement of Teaching
of Chemical Disciplines for the Students of Medical and Pharmaceutical Faculties of Odessa National Medical
University. — Article.

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.

Key words: physical and colloid chemistry, bioorganic and biological chemistry, monism, small academy of
sciences of schoolchildren of the Odessa area, succession, stage.
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BIOINFORMATIC ANALYSIS OF HUMAN SPERMATOZOA
HSPA2 PROTEIN

Summary. Bioinformatic analysis of human spermatozoa HspAZ2-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.

Key words: HspA2-protein, human spermatozoa, hyaluronic acid, bioinformatic analysis.

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, AADI11466, 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 MEGAS 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.

71, Homo_sapiens_heat_shock_70kDa_protein_2_(HSPAZ)_gene_complete_cds
96| Homo_sapiens_heat_shock_protein_(HSPAZ2) gene_complete_cds
3 Homo_sapiens_heat_shock_70kDa_protein_2_mRMNA_(cDMNA_clone_MGC:33922_IMAGE:5276121)_complete_cds
70| Homo_sapiens_heat_shock_protein_family_A_(Hsp70)_member_2_{HSPA2)_mRNA
Human_heat_shock_protein_ mRNA_complete_cds
M 94! Human_heat_shock_protein_mRNA_complete_cds(2)
{ Pan_paniscus_heat_shock_70kDa_protein_2_(HSPA2) mRNA
100f 931 Pan troglodytes heat shock 70kDa protein 2 (HSPA2) mRNA
1IJI][ Synthetic_construct_Homo_sapiens_clone_ccsbBroadEn_00797_HSPA2_gene_encodes_complete_protein
Jynthetic_construct_Homo_sapiens_clone_ccsbBroadEn_06408_HSPA2_gene_encodes_complete_protein

55 85 Homo_sapiens_heat_shock_70kDa_protein_2_mRNA_(cDNA_clone_MGC:1844_IMAGE:3358246)_complete_cds
] WL{ Gorilla_gorilla_gorilla_heat_shock_70kDa_protein_2_transcript_variant_2_{HSPA2)_mRNA
100" Gorilla_gorilla_gorilla_heat_shock_TOkDa_protein_2_transcript_variant_2_{HSPAZ2) mRNA(2)
Bk Colobus_angolensis_palliatus_heat_shock_70kDa_protein_2_(HSPAZ)_transcript_variant_X1_mRNA

a5 _|: ‘acaca_nemestrina_heat_shock_70kDa_protein_2 (HSPAZ) mRNA
] Mandrillus_leucophaeus_heat_shock_70kDa_protein_2_(HSPAZ)_transcript_variant_X2_mRNA

Nomascus_leucogenys_heat_shock_T0kDa_protein_2_(HSPAZ2)_transcript_variant_X2_mRNA
Aotus_nancymaae_heat_shock_70kDa_protein_2_(HSPA2)_mRNA

Microcebus_murinus_heat_shock_70kDa_protein_2_{HSPAZ2)_transcript_variant_¥2_mRNA
100 Felis_catus_heat_shock_70kDa_protein_2_{HSPA2)_transcript_variant_X1_mRNA

—
0.005

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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9| hypothetical protein Pongo abelii

63 | hypothetical protein Pongo abelii(2)

e L heat shock-related 70 kDa protein 2 Pongo abelii

heat shock protein Homo sapiens

45| heat shock-related 70 kDa protein 2 Pan paniscus

2 heat shock-related 70 kDa protein 2 Pan troglodytes
i HSPA2 protein Homo sapiens

heat shock-related 70 kDa protein 2 Homo sapiens

heat shock-related 70 kDa protein 2 isoform 1 Gorilla gorilla gorilla
70 kDa protein 2 isoform X1 Nomascus leucogenys

73, heat shock-related 70 kDa protein 2 Saimiri boliviensis boliviensis

8 4‘— heat shock-related 70 kDa protein 2 Callithrix jacchus

heat shock-related 70 kDa protein 2 Aotus nancymaae

75 heat shock-related 70 kDa protein 2 Canis lupus familiaris

heat shock-related 70 kDa protein 2 Ceratotherium simum simum

a3

5 heat shock-related 70 kDa protein 2 Odobenus rosmarus divergens

54 heat shock-related 70 kDa pratein 2 Felis catus
73 heat shock-related 70 kDa protein 2 isoform X2 Panthera tigris altaica

0.001

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. COGO0443 is not assigned to any domain superfamily and has unknown functions.

Chaperone protein DnaK. Members of this family are the chaperone DnakK, 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
(TIGRO1991). 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].

HspAZ2 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, COGO0443, Chaperone protein DnaK). Functions of 2
HspA2 protein domains (PRK00290, COG0443) are still unknown [1; 4].

1.

9
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A.M. Benzep, M.O. Konecnuxkosa. bioingpopmamuunuii ananiz HspA2-6inky n100cexozo cnepmamo3oioy.

Anomauyia. [ocniosxceno cenemuyne ma MONeKyAApHO-2enemuune pisnomanimms HspA2-0inky ar00cvkoeo

cnepmamo30ioy, wiaxom OioiHpopmMamuuHo2o aHanizy nobyo008ana mooeinb 0aHo2o OLIKY, 00cCaidxiceHa 1020 6y008a

ma noKazami OIOXIMIYHI 61ACMUBOCTIL.

Knrouosi cnosa: HspA2-6in0k, 1100cbKkutl cnepmamosoio, eianrypoHosa Kucioma, 0ioiHpopMamuyHu auauis.
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A.H. Benzep, M.O. Konecnukosa. buoungpopmamuueckuit ananuz HspA2-6enka uenoseueckozo
cnepmamosouoa.

Annomayusn. Hccnedosamvl cenemuyeckoe U MONEKVIsPHO-ceHemudeckoe pasHoodpasue HspA2-6enka
YenoBeuecKo20 CRepMamo3oudd, nymem OUOUHGOPMAMUYHOLO AHATU3A NOCMPOEHA MOOelb OAHHO20 OelKa,
UCCIe008aHO €20 CMpOeHUe U NOKA3AHbL OUOXUMUYECKUEe CEOLICNEA.

Knroueswie cnosa: HspA2 6enok, uenogeuweckuii cnepmamosouo, 2UaiypoHo6ads KUCIOmMa, ODUOUHDOPMAMULHUL
ananus.
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MIACTEHIS: B BIF BCTYITA€ TAHIAEM (TOPAKAJIBHUM XIPYPTI 1
AHI'TOHEBPOJIOTI)

AHoTanis. B cmammi asmopu nogiooMusioms npo 8npoeadNHCeH s HOBOI MEMOOUKU ONePANUEHO20 JIIKYEAHHS.
miacmeHnii 6 ymoeax Bilicbkogo-meouunoeo Kiiniunozo yewmpy Ilieoennozo peciony VYkpainu. Ilobysasuwiu Ha
cmaxcysanni 6 kuiniyi Bapsinaii (m. Awikenon, I3painw), y npogecopa Anona €nina, mopaxanvui xipypeu enepuie 8
Vkpaini npoeenu 06i mumomexmomii 3a 6i0e0mopaKkoCKONIMHOI0 MemoouKkoio. Biomiueno snauni nepesacu oanoi
MEmOOUKU HAO [HWUMU ONepamusHumu memooamu Jnikyeannss miacmenii. CyuacHuil nioxio 0o OiaeHOCMuKu ma
JUKYB8AHHA MiACmeHii 3 YpAaxy8aHHAM HABEOeHUX OaHux y Oinbulocmi 8UNAOKie Oonomazae KOMNeHCY8amu CMmaH
nayienmis.

KuiiouoBi cinoBa: miacmenis, mumoma, mumomexkmomis, i0eomopaxoCcKOnivHa Memoouxd.

Pocilicbko-ykpaincbka BiiiHa 2014-2016pp. mpu3Bena a0 3pOCTaHHS aBTOPUTETY BIMCHKOBO-
MEIMYHUX JiKyBanbHO-npodinakTruunux 3axnanis  (JI[I3) cepen 1MBiIBHOTO HaceleHHS  Hamol
barpkiBIIMHY, a BIATaK /10 3pOCTAHHS KUIBKOCTI 3BEPHEHb TPOMaJIH YKpPaiHU 3 PI3HOMaHITHOIO ITAaTOJIOTIENO.
Le B cBOrO uepry Bumarae Bij daxisuis BMKII [IPY (M. Oneca) HajaBaTi HaHOUIBII SKICHY CIIeIiali30BaHy
MEIUYHY J0oroMory. Hamry yBary mpuBaOwiIH MamieHTH 3 MiaCTEHI€0.

Miactenis (M) — 1e Baxke oOpraHoHecrnenu@iyHe ayTOIMyHHE 3aXBOPIOBAHHS, IPU SKOMY
MOPYIITY€ETHCS. HEPBOBO-M5I30Ba Iepeiada, Mo KIiHIYHO MPOSBISETHCS CIA0KICTIO Ta MATOJIOTYHOK BTOMOO
PI3HHX TYpTIB MornepedHocMyTacTux M’s3iB [1]. 3axBoproBaHicTh MmiacteHii csrae Bin 4 1o 10 Bunanakis Ha
MIJIBHOH HacelieHHs 3a pik. Po3noBcrokenicTs craHoBUTh | Bunanok Ha 7200 — 22000 »xutenis [1; 2 |.
XBOpitOTh B OCHOBHOMY JIIOAM BikoM a0 40 pokiB, TOOTO TpOMaIsHM Tpare3maaTHoro Biky. Cepen HHX
CIIBBITHOIICHHS Y0JIOBIKIB /10 *iHOK 1:3. ITicist 40 pokiB CHIBBITHOIICHHS YOJIOBIKIB JI0 )KIHOK CTAHOBUTH
1:2. B erionorii M ocHOBHe Micle 3aiiMae MynbTH(aKTOpianbHa Teopis. [lyckoBuM MexaHiZMOM
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