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Two-dimensional electrophoresis (2-D PAGE) led to identification in the polypeptide maps of boar
seminal plasma of four conserved polypeptides with identical molecular weight of 24 kDA, and
different ranges of isoelectric point (pI): (1) 7.4-7.7, (2) 8.1-8.4, (3) 8.5-8.8 and (4) 9.2-9.4. In the
current study the molecular structures of these polypeptides were analysed, for the first time, by
mass spectrometry (LC — MS/MS). Computerized mass spectrometry analysis of the peptides
obtained after trypsin-digestion of the polypeptides demonstrated their similarity to the family
of spermadhesins (crystal structure of two members of the spermadhesin family), especially to
epididymal spermadhesin AWN-1. In addition, homology was found of peptides 3 and 4 with a
lysozyme C precursor (1,4-beta-N-acetylmuramidase C). The results presented might indicate the
participation of the analysed polypeptides in the processes accompanying fertilization.
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Seminal plasma of mammals is a mixture of secretions originating from the testes,
epididymes, accessory sex glands and ejaculatory ducts. Components of seminal
plasma, in particular proteinous and peptide substances, play an important role in
the function regulation of the male gamete. Seminal plasma contains a variety of
components, including regulators of capacitation and acrosome reaction, fertility
proteins, enzymatic proteins, proteins influencing semen freezability and regulators
of motility of sperms [Shivaji ez al. 1990]. These substances, secreted at ejaculation,
are associated with major functions of spermatozoa, that is, with their motility and
fertilizing ability.

In mammals, fertilization involves a number of specific interactions between
substances bearing traits of ligands and receptors that occur at the surface of the
reproductive cells. It should be mentioned that, after ejaculation, most of the
seminal plasma proteins bind to the surface of the plasmalemma of spermatozoa,
thus determining their fertilizing ability. Moreover, some of these substances could
disassociate from the plasmalemma of spermatozoa during their migration in the
female reproductive tract [Strzezek er al. 2005]. During migration, spermatozoa
undergo specific changes associated with their maturation process, referred to as
capacitation [Breitbart 2002]. Capacitation is aimed at triggering structural changes
in the plasmalemma of a spermatozoon, resulting in the exposure its receptors for
binding with the zona pellucida to enable the initiation of the acrosome reaction prior
to sperm-egg fusion. In the regulation of these processes a significant role is ascribed
to low-molecular proteins — spermadhesins, which are mainly located at the apical
part of the acrosome region of the sperm head. These substances are thought to be
capable of the recognition of receptor sites and binding of spermatozoa with receptors
of the zona pellucida [Haase et al. 2005].

Analysis of the biochemical characteristics of seminal plasma proteins requires
the application of modern analytical methods. Recently, the two-dimensional
electrophoresis (2-D PAGE) has been successfully applied for mapping proteins of boar
seminal plasma [Kordan et al. 2004, 2008]. The method has enabled the identification
of individual polypeptides in the complex protein structure. An investigation presented
here has demonstrated, among others, quantitative and qualitative changes in the
composition of the polypeptide maps of the seminal plasma, as related to season and
boar age. Nevertheless, in all the analysed samples of the seminal plasma, we have
identified four conserved polypeptides, each having a molecular weight of 24 kDa and
different isoelectric point, ranging from 7.4 to 9.4. This study aimed at analysing the
structural traits of the above-mentioned polypeptides of boar seminal plasma, using
mass spectrometry.
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Material and methods
Obtaining the seminal plasma

Ejaculates were collected manually from three boars of the Polish Large White
and Polish Landrace breeds kept at the Laboratory of the Biology of Reproduction,
Department of Animal Biochemistry and Biotechnology, University of Warmia
and Mazury in Olsztyn. Analyses were conducted on 16 ejaculates. The study was
approved by the Local Ethics Committee, permission no. 42/2007.

After collection, the ejaculates were filtered through sterile gauze in order to
remove the gelatinous fraction and centrifuged twice, first at 900 x g for 20 min and
then at 10,000 x g for 20 min at room temperature. The resulting seminal plasma was
kept at -80°C (193.2 K), until electrophoretic separation.

Preparation of seminal plasma samples for electrophoretic separation with 2-D PAGE

Prior to electrophoretic separation, protein content was determined in the samples
according to Lowry et al. [1951]. The samples were diluted to a final concentration
of 0.1 mg protein/ml and pre-incubated for purification with a Plus One 2-D Clean-
Up reagent Kit, (AMERSHAM BIOSCIENCES) according to the producer’s
recommendations. After pre-incubation, the samples were suspended in 100 pl of lysis
buffer (9.5 M urea — AMERSHAM BIOSCIENCES, 2% Triton X-100 — SIGMA, 65
mM (0.65 x 10" M) DTT — SERVA, 2% solution of ampholytes in pH range of 3 to
10 - AMERSHAM BIOSCIENCES, 0.1% Bromophenol Blue - SIGMA) and stored
at -80°C (193.2 K), until 2-D PAGE analysis.

2-D PAGE of seminal plasma proteins

The 2-D PAGE was conducted according to O’Farrel ef al. [1977], in a pH gradient
of 3 t010 and 6 to10, with modifications.

Isoelectrofocusing (IEF)

A purified sample of seminal plasma proteins was diluted in a lysis buffer as
described above, to reach a final concentration of 75ug /145ul. The purified sample was
applied onto a strip (ZOOM Strip, pH 3-10 NL or 6-10 NL, INVITROGEN) fixed in a
cassette (ZOOM IPG Runner cassettes, INVITROGEN). The cassette was mounted in
an apparatus (ZOOM IPG Runner, INVITROGEN) and the electrophoretic separation
was run in deionized water using variable voltage (20 min —200 V, 15 min —400 V, 15
min — 700 V, 120 min — 1,000 V). On completion of the isoelectrofocusing, the strips
were stored at -80°C (193.2 K), until analysed.

Denaturing electrophoresis (NuPAGE)

After isoelectrofocusing, the strips were equilibrated for 30 min in a buffer of the
following composition: 6 M urea, 2% SDS (SIGMA), 0.375 M Tris, 20% glycerol
(POLISH CHEMICALS Inc., Poland), 2% DTT and 0.2% Bromophenol Blue, and for
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10 min in an identical buffer containing of 2.5% iodoacetamide (SIGMA). Afterwards,
the strips were placed onto a previously prepared 10% electrophoretic polyacrylamide
NuPAGE (INVITROGEN) gel. Electrophoretic separations were conducted in a
buffer of the following composition: 250 mM MES (2-N morpholino ethane sulfonic
acid), 250 mM Tris, 5 mM EDTA (POLISH CHEMICALS Inc., Poland), 0.5% SDS
(SIGMA); 24.5 mM sodium bisulfite (SIGMA), using a Mini Protean Il apparatus
(Bio-Rad) and different voltages (15 min — 80 V and 50 min — 130 V).

Detection of samples after 2-D PAGE electrophoresis

Polyacrylamide gels were stained with the silver method [Shevchenko ez al. 1996].
Electrophoregrams were analysed with PD Quest™ 6.2 software (Bio-Rad). After the
analysis of electrophoregrams, individual polypeptides were cut out from the gels and
stored in 1% acetic acid until further analyses.

Mass spectrometry (MS)

The spectrometric analysis of the polypeptides obtained was carried out in
the Environmental Laboratory of Mass Spectrometry, Institute of Biochemistry
and Biophysics of the Polish Academy of Sciences in Warsaw. The samples were
analysed with liquid chromatography coupled with tandem mass spectrometry (liquid
chromatography/two stage mass spectrometry — LC-MS/MS), according to the
procedure described by Kordan et al. [ 2007]. The output list of precursor and product
ions was compared with the protein database of the National Center for Biotechnology
(NCBI), USA using the MASCOT local server.

Results and discussion

The use of 2-D PAGE at a pH gradient of 3 to 10 enabled to obtain polypeptide
maps of boar seminal plasma proteins. Interestingly, analyses of their composition
demonstrated the presence of four conserved polypeptides, with identical molecular
weight of 24 kDa, but different isoelectric point: (1) pl 7.4-7.7; (2) pl 8.1-8.4; (3) pl
8.5-8.8; and (4) pl 9.2-9.4, respectively (Fig. 1). Taking into account the obtained
pl values of these polypeptides, electrophoretic separations of the seminal plasma
proteins were conducted at a pH gradient of 6 to 10 (Fig. 2), giving a higher resolution
of electrophoregrams and, consequently, enabling easier isolation of these substances
for mass spectrometry analysis, as shown in Table 1. It should be mentioned that
recent investigations [Kordan et al. 2004] have demonstrated the presence of these
substances in all analysed seminal plasma samples obtained from boars aged 6 to 42
months.

In this study, the use of computerized mass spectrometry showed, for the first time,
that the analysis of the peptides obtained after trypsin-digestion of the polypeptides
demonstrates their similarity to the family of spermadhesins (crystal structure of
two members of the spermadhesin family), especially to epididymal spermadhesin
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Fig 1. Two-dimensional electrophoresis (2D-PAGE) of boar seminal plasma in a pH gradient 3-10. 1, 2,
3, 4 — polypeptides.
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Fig 2. Two-dimensional electrophoresis (2D-PAGE) of boar seminal plasma in a pH gradient 6-10. 1, 2,
3, 4 — polypeptides.
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Table 1. Analysis of the conserved polypeptides from boar seminal plasma using mass

spectrometry
Poly- Molecular Homologous amino acid
peptide Protein weight of Sge Lence
(no.) polypeptide (Da) q
Crystal structures of two ' 1151 DTSGSISNTDR
1 members of the spermadhesin 1349 MAIPYLNLACGK
family
AWN-1 spermadhesin 919 SSSNIATIK
Crystal structures of two 51 DTSGSISNTDR
members of the spermadhesin 151 DTSGSISNTDR
2 Famil P 1858 EYVEVFDGLLSGPSYGK
Y 1858 EYVEVFDGLLSGPSYGK
. 919 SSSNIATIK
AWN-1 spermadhesin 919 SSSNIATIK
imembers ofthe spermadesin 1151 DISGSISNTDR
family P 1858 EYVEVFDGLLSGPSYGK
3 . 919 SSSNIATIK
AWN-1 spermadhesin 919 SSSNIATIK
Lysozyme C precursor
(1,4-beta-N-acetylmuramidase C) 1427 FESNFNTQATNR
1151 DTSGSISNTDR
Crystal structures of two 1365 MAIPYLNLACGK
members of the spermadhesin 1407 DTSGSISNTDRQK
family 1491 VIKDTSGSISNTDR
4 1858 EYVEVFDGLLSGPSYGK
. 919 SSNIATIK
AWN-1 spermadhesin 919 SSNIATIK
Lysozyme C precursor 1427 FESNFNTQATNR
(1,4-beta-N-acetylmuramidase C) 1752 NTDGSTDYGILQINSR

AWN-1. In addition, in the case of polypeptides 3 and 4, analyses demonstrated their
homology to precursor of lysozyme C (1,4-beta-N-acetylmuramidase C).

Spermadhesins are a group of low-molecular proteins of the seminal plasma (12-
16 kDa), which display strong adhesive properties and lectin-like activity, and are
implicated in sperm-egg interaction [Haase et al. 2005]. These substances also exhibit
ligand-binding ability to heparin, serine proteinase inhibitors, phospholipids and
carbohydrates [Calvete et al. 1995a]. Two fibronectin domains have been identified in
the structure of spermadhesins. Fibronectin is a glycoprotein with a dimeric structure
that displays adhesive properties and strong affinity for glycosaminoglycans and
gangliosides, and binds receptors of various cells [Manjunath and Thérien 2002,
Strzezek 2002]. The presented properties of fibronectin increase the sperm binding
ability to receptors of the zona pellucida [Calvete et al. 1995a]. Spermadhesins also
function as regulators of capacitation and acrosome reaction in spermatozoa and
act as immunosuppressive factors during the transport of spermatozoa in the female
reproductive tract [Kwok et al. 1993].
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Presently, 6 spermadhesins have been identified in boar seminal plasma: AQN-
1, AQN-2 (PSP-I), AQN-3, AWN, DQH and PSP-II [Calvete et al. 1994, 1995ab,
Phucienniczak et al. 1999]. These substances display 40-60 % amino acid sequence
similarity. The AWN spermadhesin possesses two isoforms (AWN-1 and AWN-2)
that differ due to the presence of an acetylated alanine in the N-terminal sequence of
AWN-2. It should be noted that AQN-2 (PSP-I) and PSP-II are glycoproteins, whereas
AQN-3 and AWN (isoforms 1 and 2) occur in the non- and N- and O-glycosylated
forms. Presently, no new carbohydrate components have been identified in the
structure of the AQN-1 protein. AQN protein group occurs mainly in the seminal
vesicles [Calvete et al .1994, 1995b], whereas AWN proteins are secreted by the
rete testis and tubuli recti [Calvete et al. 1994, Dostalova ef al. 1995]. Noteworthy is
the detection of the AWN spermadhesin on spermatozoa bound to the zona pellucida
in vivo [Rodriguez-Martinez et al. 1998]. This phenomenon indicates that the AWN
spermadhesin may modulate the fertilizing ability of epididymal spermatozoa. Recent
studies have demonstrated that porcine AWN spermadhesin is also secreted in the
female reproductive tract, especially in the Fallopian tube [Ekhlasi-Hundrieser et al.
2002]. The DQH spermadhesin is a protein comprising of a 25-amino acid signal
peptide. This substance was obtained by cloning the complementary structure of
DNA. Homology has been shown of the amino acid sequence of DQH with that of
the sequence of spermadhesins from bull (BSP-A1/A2 and BSP-A3) and stallion
seminal plasma (HSP-1) — Phucienniczak et al. 1999]. Moreover, DQH has also been
demonstrated to reduce the percentage of spermatozoa binding to the zona pellucida
[Kordan et al. 1999].

Proteins belonging to the spermadhesin family have also been identified in the
reproductive tracts of other animal species and humans. In cattle, investigations enabled
the identification and characterization of three proteins belonging to the spermadhesin
family, namely: BSP-A1/A2 (also referred to as PDC-109), BSP-A3 and BSP-30-kDa
[Calvete et al.1995b, Manjunath and Thérien 2002, de Cuneo et al. 2004]. In addition,
BSP-like proteins have been identified in ram and buffalo [Manjunath and Thérien,
2002], as well as in stallion and human seminal plasma [Calvete ef al. 1995bc].

As mentioned earlier, the mass spectrometry analysis of polypeptides 3 and 4 also
demonstrated their affinity to a precursor of lysozyme C. The antibacterial properties
of lysozyme, a cationic protein, are due to its ability to hydrolyze the glycosidic bond
between N-acetylmuramic acid and N-acetylglucosamine in bacterial peptidoglycan.
Moreover, lysozyme, occurring in almost all body fluids, binds to negatively-charged
lipopolysaccharide through its polycationic domains, resulting in a suppression of its
endotoxic activity [Slemp-Migiel and Wiczkowski 2006]. Bielas [2002] demonstrated
a positive interaction of lysozyme with the plasmalemma of boar spermatozoa,
particularly at the mid-piece region. Further investigations by Bielas er al. [2003]
demonstrated that the addition of 4 or 6 pg of lysozyme dimer to 1 ml fresh boar
semen enhanced the motility of frozen-thawed spermatozoa, without having any marked
effect on acrosome integrity. Moreover, fresh semen supplementation with lysozyme
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had a beneficial effect on motility parametres and acrosome integrity of frozen-thawed
stallion and dog spermatozoa [Dubiel et al. 2000, Nizanski et al. 2000].

The results of this study indicate that the four conserved polypeptides of boar

seminal plasma, analysed by mass spectrometry, showed similarity to spermadhesins
and lysozyme C. This allows to anticipate that the polypeptides analysed might be
implicated in the processes accompanying fertilization and in regulation of the male
gamete activity. Finally, the findings of this study point to the significant role of
secretions of the accessory sex glands and epididymis of boar in the regulation of
these processes.

10.

11.

12.

48

REFERENCES

BIELAS W., 2002 — Wplyw réznych metod konserwcji nasienia knura w niskich temperaturach
na wybrane wlasciwosci plemnikéw (Effect of different freezing methods on the quality of boar
spermatozoa). In Polish. Acta Scientiarum Polonarum, Medicina Veterinaria 1(2), 13-22.
BIELAS W., DUBIELA., NIZANSKIW., 2003 — Wplyw dimeru lizozymu na jako$¢ konserwowanego
w niskich temperaturach nasienia knura (Effect of lysozyme dimer on the quality of deep frozen boar
semen). In Polish, summary in English. Medycyna Weterynaryjna 59 (3), 259-262.

BREIBART H., 2002 — Intracellular calcium regulation in sperm capacitation and acrosomal reaction.
Molecular Cell Endocrinology 187, 139-144.

CALVETE J. J., MANN K., SCHAFER W., RAIDA M., SANZ L., TOPFER-PETERSEN E., 1995a
— Boar spermadhesins PSP-II: location of posttranslational modifications, heterodimer formation
with PSP-I glycoforms and effect of dimerization on the ligand-binding capabilities of the subunits.
FEBS Letters 365, 179-182.

CALVETE J. J., SANZ L., DOSTALOVA Z., TOPFER-PETERSEN E., 1995b — Spermadhesins:
sperm-coating proteins involved in capacitation and zona pellucida binding. Fertilitit 11, 25-40.
CALVETE J. J., SANZ L., REINERT M., DOSTALOVA Z., TOPFER-PETERSEN E. 1995¢
— Heparin-binding proteins on bull, boar, stallion and human spermatozoa. In: Advances in
Spermatozoal Phylogeny and Taxonomy (B.G.M. Jamieson, J. Ausio, L. Justine, Eds) 166, 515-
524.

CALVETE J.J., SOLIS D., SANZ L., DIAZ-MAURINO T., TOPFER-PETERSEN E., 1994 —
Glycosylated boar spermadhesins AWN-1 isoforms. Biological origin, structural characterization by
lectin mapping, localization of O-glycosylation sites and effect of glycosylation on ligand binding.
Biologycal Chemistry 375: 667-673.

De CUNEO M. F.,, VINCENTI L. M., MARTINI A. C., PONCE A. A., RUIZ R. D., 2004 — Effects
of PDC-109 on bovine sperm functional activity in presence or absence of heparin. Theriogenology
62,207-216.

DOSTALOVA Z., CALVETE I. J., SANZ L., TOPFER-PETERSEN E., 1995 — Boar spermadhesins
AWN-1. Oligosaccharide and zona pellucida-binding characteristics. European Journal of
Biochemistry 230, 329-336.

DUBIEL A., BIELAS W., NIZANSKI W., 2000 — The effect of lysosyme dimer (KLP-602) on
stallion spermatozoa depending on method of preservation at low temperature. Proceedings of the
14" Interation Congress of Animal Reproduction, Stockholm. Abstracts 2, 149.
EKHLASI-HUNDRIESER M., SINOWATZ F., GREISNER DE WILKE., WABERSKID., TOPFER-
PETERSEN E., 2002 — Expression of spermadhesin genes in porcine male and female reproductive
tracts. Molecular Reproduction and Development 61, 32-41.

HAASE B., SCHLOTTERER Ch., HUNDRIESER M.E., KUIPER H., DISTL O., TOPFER-
PETERSEN E., LEEB T., 2005 — Evolution of the spermadhesin family. Gene 352, 20-29.



Structural analysis of selected polypeptides of boar seminal plasma

14.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. KORDAN W., MALINOWSKA A., LECEWICZ M., WYSOCKI P., FRASER L., STRZEZEK

J., 2007 — The structure of platelet-activating factor acetylhydrolase (PAF-AH) isolated from boar
seminal plasma and examined using mass spectrometry. Animal Science Papers and Reports 25 (4),
289-295.

KORDAN W., MOLLOVA M. V., IVANOVA M., HOLODY D., GEORGIEVA R., STRZEZEK J,.
1999 — Immunolocalization and binding characteristics of boar seminal plasma glycoprotein (Gp-
54) and its component — the sperm motility inhibiting factor (SMIF). Animal Science Papers and
Reports 17 (2), 49-57.

. KORDAN W., SOLTWODA D., STRZEZEK J., 2004 — Polymorphism of seminal plasma proteins

as a marker of male fertility. Proceedings of the Twelfth of the Polish Veterinary Society, Warsaw,
p. 68.

KORDAN W., STRZEZEK. J, SOLIWODA D., LECEWICZ M., MOGIELNICKA M., 2008 —
Mapping of boar seminal plasma proteins by two-dimensional polyacrylamide gel electophoresis.
Medycyna Weterynaryjna 64 (2), 223-226.

KWOKS. C.M.,YANG D., DAIG., SOARES M. J., CHEN S., MCMURTRY J. P., 1993 — Molecular
cloning and sequence analysis of two porcine seminal proteins, PSP-I and PSP-II: new members of
the spermadhesin family. DNA Cell Biology 12, 605-610.

LOWRY 1.0.M., ROSENBROUGH N.I,, FARR R.L., RANDALL R.J., 1951 — Protein measurement
with folinphenol reagent. The Journal of Biological Chemistry 193, 265-275.

. MANJUNATH P., THERIEN 1., 2002 — Role of seminal plasma phospholipids-binding proteins

in sperm membrane lipid modification that occurs during capacitation. Journal of Reproductive
Immunology 53, 109-119.

NIZANSKI W., DUBIEL A., BIELAS W.E., 2000 — Effects of lysosyme dimmer on the quality of
deep frozen of dog semen. Proceedings of the 14" Interation Congress of Animal Reproduction,
Stockholm. Abstracts 2, 164.

O’FARREL P.Z., GOODMAN H.M., O’FARREL P.H., 1977 — High resolution of two-dimensional
electrophoresis of basic as well as acidic proteins. Cell 12(4), 1133-1142.

PLUCIENNICZAK G., JAGIELLO A., PLUCIENNICZAK A., HOLODY D., STRZEZEK J., 1999
— Cloning of cDNA encoding the DQH component of 54 kDa glycoprotein from boar seminal vesicle
fluid. Molecular Reproduction and Development 52, 303-309.

RODRIGUEZ-MARTINEZ H., IBORNA A., MARTINEZ P., CALVETE J.J., 1998 — Immuno-
electronmicroscopic imaging of spermadhesins AWN epitopes on boar spermatozoa bound in vivo to
the zona pellucida. Reproduction, Fertility and Development 10, 491-497.

SHEVCHENKO A., WILM M., VORM O., MANN M., 1996 — Mass spectrometric sequencing of
proteins from silver-stained polyacrylamide gels. Analytical Chemistry 68, 850-858.

SHIVAII S., SCHEIT K. H., BHARGAVA P. M., 1990 — Proteins of Seminal Plasma. A Willey-
Interscience Publications. New York.

SLEMP-MIGIELA., WICZKOWSKI A., 2006 — Ludzkie endogenne biatka i peptydy antybakteryijne.
Annales Academiae Medicae Silesiensis 60(4), 366-369.

STRZEZEK J., 2002 — Secretory activity of boar seminal vesicle glands. Reproductive Biology 2
(3), 243-266.

STRZEZEK J., WYSOCKI P, KORDAN W., KUKLINSKA M., MOGIELNICKA M., SOLIWODA
D., FRASER L., 2005 — Proteomics of boar seminal plasma — current studies and possibility of their
application in biotechnology of animal reproduction. Reproductive Biology 5, 279- 290.

49



W. Kordan et al.

Wtadystaw Kordan, Agata Malinowska,
Marzena Mogielnicka, Marek Lecewicz

Zastosowanie spektrometrii mas (MS) do charakterystyki
struktury wybranych polipeptydow plazmy nasienia knura
uzyskanych po elektroforezie dwukierunkowej (2-D PAGE)

Streszczenie

Stosujac metodg elektroforezy dwukierunkowej (2-D PAGE) zidentyfikowano w skladzie map
polipeptydowych plazmy nasienia knura cztery zakonserwowane polipeptydy o identycznej masie
czasteczkowej 24 kDa i nastgpujacych zakresach punktu izoelektrycznego: (1) 7,4-7,7; (2) 8,1-8,4;
(3) 8,5-8,8 i (4) 9,2-9,4. W analizie ich struktury molekularnej zastosowano spektroskopi¢ mas (LC
— MS/MS). W prezentowanych badaniach, zastosowana po raz pierwszy komputerowa analiza widma
masowego peptydow uzyskanych po trawieniu trypsyna wszystkich badanych polipeptydow, wykazata ich
podobienstwo do rodziny spermadhezyn (cristal structure of two members of the spermadhesin family),
zwlaszcza do spermadhezyny najadrzowej — AWN-1. Dodatkowo wykazano homologi¢ polipeptydow 3
i 4 z prekursorem lizozymu C (/,4-beta-N-acetylmuramidase C). Prezentowane wyniki sugerowa¢ moga
udzial analizowanych polipeptydéw w procesach towarzyszacych zaptodnieniu.
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