BETEPUHAPHA BIOTEXHO/IOlA 32 (2), 2018

UDC 57.017.23+112.7:352.465:151.643

KUSHKEVYCH M.V., PhD Biol. Sc., e-mail: m_kushkevych@ukr.net,

KOZAK M.R., PhD Biol. Sc., e-mail: mariya_kozak@yahoo.com,

PETRUH I.M., PhD Vet. Sc., Senior Researcher, e-mail: irapetrun@ukr.net,
VLIZLO V.V., Prof., Academician of the NAAS, e-mail: vasyl.vlizlio@inenbiol.com.ua
Institute of Animal Biology of NAAS

CELLULAR PRION LEVEL IN THE ANIMALS’ TISSUES

Prion infections cause brain damage in humans and animals with lethal outcome. Cellular
prion (PrPC) is a precursor of pathological prion. Infection development depends on the level of its
production in the different tissues.

Comparative data on the relative level of molecular isoforms of the cellular prion in the
brain, spleen and small intestine of various animals, in particular cows, laboratory rats and mice,
are demonstrated.

Obtained data are important for understanding of the pathogen spreading mechanisms in
the case of infection. It can be used as one of the indices for prion infection strains determination
and in TSE diagnostics.
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Introduction. Prion infections or transmissible spongiform encephalopathies
(TSE) are group of neurodegenerative diseases affecting humans and animals [1].
The causative agent of prion infections is the pathological prion (PrP5¢). Human TSEs
includes Creutzfeldt-Jacob disease (CJD), fatal familial insomnia and kuru. Prion
infections include scrapi of sheep and goats, transmissible encephalopathy of minks,
chronic depressing illness of deer and elks, spongiform encephalopathy of cattle,
spongiform encephalopathy of cats [2].

TSEs in humans are rare but they are interest to researchers and practitioners.
They are transmissible diseases, the pathogens of which has a unique nature. This is a
protein without nucleic acids. When it enters the body's immune response is absent,
the transformation of pathogen occurs. The disease ends lethally [1].

Human TSEs are rare but provide opportunities to study human physiology and
biomedical science unique perspective.

All prion diseases of humans and animals have common histopathological
features. The classic diagnostic triad is spongiform brain vacuolization, loss of
neurons and astrocytes proliferation, the formation of amyloid plaques [2].

The precursor of pathological or infectious form is the cellular (physiological)
prion protein (PrP<), which is encoded by the Prnp gene [3]. A key event in the
pathogenesis of TSE is the conformational transformation of the PrP¢ into a PrP
protease-resistant form. Experimental data confirm that PrP¢ plays a major role in the
replication of prions and prion-induced neurodegeneration [1, 3].

Detection of cellular prion and identification of its isoforms in animal tissues is
important for the scientific understanding of pathogen distribution mechanisms. It is
also necessary for creation of methods for prion infections diagnosing, in particular
bovine spongiform encephalopathy.
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The goal of the work was to determine the level of PrP¢ in brain, spleen, small
intestine of laboratory rats, laboratory mice and cows.

Materials and methods. Manipulation with the animals were carried out
under the principles of the «European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes» (Strasbourg, 1986),
the Decision of the First National Congress on Bioethics (Kyiv, 2001) and the Law of
Ukraine «On Protection Animals from Brutal Treatment» (Kyiv, 2006).

Research was carried out on the males of white non-linear mice Mus Musculus
and laboratory rats Rattus norvegicus var. alba, Wistar line, which were held under
standard vivarium conditions. The laboratory animals were decapitated under ether
anesthesia, the brain, spleen, small intestine were selected for this research. Cattle of
black and white dairy breed were used for the researches too. The same tissues were
taken from the cattle after the slaughtering.

A western blotting analysis of the tissues was carried out. For that, the tissue
was homogenized and lysed in a special buffer as well as centrifuged at 12.000 x g
for 2 min at 4 °C. The proteins were fractionated by electrophoresis in 12% gradient
polyacrylamide gels (PAGE). The electro blotting of proteins on PVDF-membrane
was carried out (Millipore, USA). The samples with the same concentration of the
protein were deposited in each PAGE well. The membranes were incubated with
monoclonal primary antibodies (Antibody mAB6H4; Prionics, Switzerland) at +4 °C
for 12 h, and secondary polyclonal goat anti-mouse antibodies, which are conjugated
with alkaline phosphatase (Sigma, Germany) at +22 °C during 60 min. Detection of
the immune complexes was carried out using a substrate for alkaline phosphatase
CDP-Star (Tropix, UK). Visualization was performed using X-ray film Retina XBM
(Lizoform Medical, Ukraine) and film development kit for films (Kodak, Japan) [4].

Student’s coefficient was calculated to assess the probable difference between
the statistical characteristics of alternative data set. The accurate approximation was
when P<0.05 [5]. Statistical analysis of the results was carried out using Excel and
Origin software.

Results of research and discussion. PrP¢ was found in different tissues and
organs of the cattle, rats and mice. Using a western-blot analysis three forms of
cellular prion were found in the tissues of cattle and rats. They included the
diglycosylated form (35-38 kDa), partially (mono) glycosylated form (23-27 kDa)
and nonglycosylated form (19-21 kDa). Two forms of cellular prion (glycosylated
(29 kDa) and nonglycosylated (19kDa)) were observed in mice tissues.

In relation to PrP¢ glycoforms in cattle brain and spleen the diglycosylated
forms were predominated and were respectively 62% and 66%. Nonglycosylated
form was represented in the smallest amount. It was 18% in cattle brain and 11% in
cattle spleen. However, in the small intestine of cows the ratio of glycoforms of
cellular prion was different. In this tissue nonglycosylated isoform was 67%,
monoglycosylated form was 20% and diglycosylated form was presented in the
lowest level — 13%.

In rats’ tissues, the ratio of PrP¢ glycoforms was the same as in cattle brain and
spleen. The level of nonglycosylated isoform was the lowest in brain — 10% and the
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highest level was in small intestine — 19%. In brain tissue the level of di- and
monoglycosylated forms was almost identical 47 and 49% respectively (fig. 1).

Fig. 1. The level of PrP¢ isoforms in tissues of animals:
1 - brain, 2 — spleen, 3 — small intestine.

In mice’ tissues glycosylated forms were predominated. Its content was 60%,
70% and 58% respectively in brain, spleen and small intestine. The lowest level of
nonglycosylated isoform was found in spleen — 30% and the highest level was in
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small intestine — 42% (fig. 1).

Prion pathologies arise mainly as a result of oral infection, while eating
affected meat products or feed, as evidenced in experiments on monkeys [2]. In the
case of infection, the pathological prion penetrates through the mucosa of the small
Intestine. It binds with the apical laminin of epithelial cells [1]. It may also interact
with the lymphocytes PrP¢ of solitary and grouped follicles (Peyer's patches). The
lymphoid cells spread PrP5¢ with the blood to the lymph nodes and spleen, where it
enters to the neurons of the sympathetic nervous system, which innervate these
organs. In transgenic mice with inhibited production of B-lymphocytes the reduction
of disease after intraperitoneal introduction of the PrPS¢ was demonstrated. At the
same time the intracerebral introduction of animal does not affect on the rate of
infection spread in the experimental and control groups [6]. Peripheral infection of
the mice leads to the accumulation of the pathogen in the spleen even before it
appears in the brain. Under these conditions, the spleen does not perform the
protective function, but is the prion replication organ [2]. There is no immune
response, since both forms of prions pathogenic and cellular are similar and encoded
by the same gene.

This interrelation is characteristic for the brain and shows structural and
functional condition of the system of post-translation cellular prion modification. The
degree of glycosylation affects the ability of the cellular prion to be transformed into
a pathogenic form. At prion infections especially at spongiform encephalopathy in
cattle the number of nonglycosylated isoforms increases in the brain, and the level of
diglycosylated form decreases [7]. A similar picture is observed during a western blot
analysis of brain of patients who died from sporadic CJD [8, 9].

In the intestines of cows, the highest level of the deglycosylated form of
cellular prion is established. This can play a key role in the development of prion
diseases, since rodents in nature do not suffer from these pathologies. Determination
of correlation between prion isoforms and detection of changes is prospect. It can be
used as one of the indices for prion infection strains determination and in TSE
diagnostics.

Conclusion and prospects for further research. Cellular prion is synthesized
in brain, spleen and small intestine of cattle and laboratory animals. This confirms the
involvement of these organs in the development of prionopathy and explains the
mechanism of the pathogen spreading in case of infection.

Prospects for further research are the determination of the PrP® level in other

organs of the prion-replicating systems of animals.
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COAEPKAHUE KJIIETOYHOI'O IIPMOHA B TKAHAX JKHUBOTHBIX /
Kymxkesnu M.B., Kozak M.P., Ilerpyx |.M., Biusno B.B.

Ilpuonnvle uHnghekyuu 6vl3v18aIOM NOGpeENCOeHUe MO32a ) NH00EU U IHCUBOMHBIX CO
cmepmenvuvim  ucxooom.  Knemounwii  npuon  (PrP)  sensemcs — npeduecmeennuxom
namono2uiecko2o npuona. Pazeumue ungexyuu 3asucum om yposHs e20 IKCnpeccuu 6 pasHbix
MKAHSX.

Ilokazanvl cpaenumenvhvie OaHHble 00 OMHOCUMETLHOM YPOGHE MONEKVIAPHLIX U30PDOPM
KeMOYH020 NPUOHA  20TI08HOM MO32€, CeNle3eHKe U MOHKOM KUUEeYHUKe PA3TUYHBIX HCUBOMHDBIX, 6
uacmHoCmu KOpos, 1a00pamopHbIX KPbiC U MblULell.

Ionyuennvie OaHuble OOBACHAIOM MEXAHUSM PACNPOCMPAHEHUs NAmoz2eHa 6 Ccayyae
ungexyuu. E20 MONMCHO uUCnonb308amev 8 Kauecmee 00HO20 U3 nokaszameneil O onpeoeieHus:
wmammog npuonnou ungexyuu u ouaznocmuxu TCE.

Knroueswvie cnoea: knemounsiii NPUOH, MO32, CENlE3EHKA, KUUEYHUK, HCUBOMHDbLE.

BMICT KJIITHUHHOI'O IMPIOHA B TKAHUHAX TBAPHUH / Kymkesuu M.B.,
Kozak M.P., [Terpyx |.M., Baizno B.B.

Bcemyn. [lpuonni inghexyii abo mpancmicusni cnoueiopopmui enyepanronamii (TCE) ¢
2PYNOI0 HeUupoOde2eHepamusHux 3axeopioéans niodei ma meapur [1]. 36yonuxom npioHHux
inghexyiti € namonoziunuii npion (PrP%). Ionepeonuxom namonoziunoi gopmu € Kuimumnuil
(pizionoziunuii) npionnuii npomein (PrPC), axuii xooyemvcs zenom Prup. Kuiouosow nodieio 6
namozenesi TCE e kongpopmayiiine nepemeopenns PrPC y npomeinopesucmenmmuy gpopmy PrP*.

Busienenns knimunnoeo npiona ma ioenmudpixayii tioeo i30(hopm y MKAHUHAX MEAPUH €
8ANCIUBUM Ol HAYKOBO20 PO3YMIHHA MeXaHizMié po3nosciooxcenHs 30yO0Huka. Lle makoowc
HeoOXIOHO OJisl CIBOPeHHs. Memo0ie dlaeHOCMUKY NPIOHHUX THGheKyill, 30Kpema 2youacmonooionoi
enyepanonamii BPX.

Mema pobomu nonseana y GUHAYEHHI PIGHA KIIMUHHO20 NPIOHY ) MO3KY, Cele3iHyi ma
MOHKOMY KULUEYHUKY 1aDOPAMOPHUX Wypie, Muuieli ma Kopis.

Mamepianu i memoou oocnioxycenwv. J[ocnioxicenHs NPOBOOUNU HA CAMYAX OLIUX HENIHILHUX
muwei Mus Musculus ma nabopamoprux wypie Rattus norvegicus var. alba, ninii Bicmap, axux
VMPUMYBAIU 8 CMAHOAPMHUX YMOBaX 6ieapiro. Jlabopamopnux meapun dekanimyeaniu nio epipnum
Hapxo3om, 6yau 8i0ibpaHi MO30K, Cele3iHKa, MOHKUL KuuedHuk. TaKodic eUKopucmosysanu Kopie
YOPHO-OLN0T MONOYUHOT NOPOOU, NiCA 30010 AKUX 0)10 8I0IOPAHO MAKI IHC MKAHUHU.

IIposedeno secmepn 610m ananiz MKAHUH MEAPUH.

Pe3ynomamu docnioycenv ma ix o6z06opennsa. PrPC euseneno 6 pisnux mxanunax ma
opeanax eenuxoi poeamoi xyooou, wypie ma muwell. Bukopucmosyrouu eecmepn 610m ananiz, 6
MKAHUHAX 8elUKOI po2amoi Xy0odou ma wypie 610 6CmanosieHo mpu opmu KIiMUHHO20 NPIOHA.
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Cepeo nux ouenixosunvosana gpopma (35-38 xlla), uacmkoso (mowno) enikosunvosana (23-27 xlla)
ma Heenikosunvosana (19-21 x/la). Y mxanunax muweil eussuiu 08i popmu KIiMUHHO20 NPIOHA
(enikozunvosany (29 «xlla) ma wueenikosunvosany (19x/a)). Cnissionowenus enikogopm
BIOPI3HANOCA Y PI3HUX MKAHUHAX, NPOMe y MKAHUHAX MUllell, Wypie, a makoxc y cene3inHyi i MO3Ky
KOpi8 nepesaxcana Ouniko3uibosana gopma, mooi ax emicm 0e2niKo3Ulbo8aHOI 0V HAUHUNCYUM.
Y mouxomy xKuweunuxy Kopie nepeeadcas ymicm 0e2niKO3UNbOBAHOI GopMu, WO ModHice
gidiepasamu Ku0Y08y poJib NIO YAC NOACHEHHS MeXAHI3MI8 BUHUKHEHHs I NowuperHs 30YOHUKA 8
Op2aHi3Mi.

Bucnoexu ma nepcnekmueu nooanvuiux 00caioxicenv. Knimunnui npion cunmesyemcs 8
MO3KY, cene3inyi ma moHkomy Kuwieynuxy BPX ma nabopamopuux meapun. Lle niomeepoicye
3aNY4eHHs YUX Op2aHié 00 pO3BUMK)Y NPIOHONAmMii ma HNOSACHIOE MeXAaHi3M PO3NOBCHOONCEHHS.
30yY0HUKA Y pasi iHQIKYy8aHHS.

Knrouosi cnoga: kniimunnuti npion, MO30K, cene3inKd, KUUeYHUK, MeapuHu.
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