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Annomauus

B nacmosweii cmamve paccmompena npobnema 6viCOKUX 1o-
mepo cuipbsi U NPoOyKMos 6 nuusesoti uHoycmpuu. Ilpedcmas-
JleH KPpAmKuti nepeueHv CYU,eCMByOuiUx NputuH Mukpoouo-
JI02U4eckoti nopuu U no0xo006 K ee MUHUMUSAUUL, BKIIIOHAS
mexHonozu4eckue, Pusudeckue u xumuueckue. B xauecmee
ATIbMEPHAMUBHL CYULECTNBYIOULUM N00X00aM PACCMOMPeHbL NPU-
DpOOHbIE AHMUMUKPOOHBLE BeL4eCiBa, O CYU4eCB08aHUL KOMO-
poLx ussecmHo yixce bonee 60 nem. AHMUMUKPOOHbLE nenmuodbL
ABTAOMCSA  I60/IIOUUOHHO OPesHUM PaKmopom 6poioeHH020
UMMYHUMEMA U 0OHAPYHUBAIOMCA 6 KAeMKAX U MKAHAX No-
360HOUHDIX U OECTIO3B0HOUHBIX HUBOMHDIX, PACHEHUAX, 2pUbaX
u 6axkmepusx. IIpedcmasnervl nodxoovl Kk ux Kaaccuguxauuu,
ocobeHHOCU CMpPOeHUsT U MexaHusmos Oeticmeust. Cucmema-
MU3UPoBanHa UHPOPMAUUT U3 8e0YULUX MUPOBLIX 043 OAHHbIX
The Antimicrobial Peptide Database u Uni Prot Protein Database
0 HATUMUU AHMUMUKPOOHBIX 6eU4eCTNE 8 IMKAHAX CBUHELl U KPYN-
HO20 P02atno20 CKOMaA, BKII0UAL UX MOJIEKYNAPHYI0 Maccy u besn-
K08-NpedulecmeeHHuKos (Npu HATUYUL), U30I/IEKMPUHECKYIO
Mouky, 3apsao, AMUHOKUCTIOMHYI0 NOC/Ie008aMENILHOCMb U 0070
2uOpoPobHOIL uacmu 6 Heil, a Makie cneKmp aKmueHoOCMu: a-
mubakmepuanvHas, NPoMuBoPUbKosas, MNPOMUBOBUPYCHAS,
npomusonapasumapuas u np. Ha ocnose nposedernozo 0630pa
1pediose bl ANbIMePHAMUEHbIE UCTOUHUKIU UX Bbl0e/IeHUS U HA-
MedeHa NepcreKmusa CO30aHus MexHOon0eul NoBbIUeHUS Xpa-
HUMOCHOCOOHOCU NUL4EE0TE NPOOYKUUU.

BBegenne

E>xerogHo HpoM3BOAMTENN IPOAYKTOB IUTAHMUA He-
CYT CylleCTBEHHbIe IIOTEpPU IPOU3BOAMUMON IPORYKIINN
JI0 TPeTH OT 00I1elt MacChl CheTOOHOTO POJOBOIbCTBIIS,
IIpe/{Ha3HAuYeHHOT0 /IS YHOTpebIeHNs B IMINY YeloBe-
KOM, 4TO COCTaBjseT okoio 1,3 miupx T B rop [1]. Cyme-
CTBEHHYIO PO/Ib B YPOBHE IIOTEpPb IUILEBON MPORYKIINK
urpaeT MUKpobmonorndeckas nopya. [Iockonpky Msco sB-
JI€TCs TIO/IHOLIEHHOV M TATE/IbHON CPEeNoI I/ Pa3BUTIA
MMKPOOPTaHM3MOB, II0CTIe Y6051, B IIpoliecce epepaboTKu
U XpaHeHWs ero MOBEPXHOCTb IMOfIBEpraeTcsi obceMeHe-
HUIO MUKPOOPTaHM3MaMI, BbI3BIBAIOIINX JOCTATOYHO ObI-
CTPYIO ITOPYY, KOTOpast IPUBOAUT K CHYDKEHUIO Ka4ecTBa,
YXYAIIEHUIO OPTaHOIENTHYECKUX Y (PUSUKO-XMMUIECKUX
CBOJICTB, HAKOIIEHNIO BPETHBIX ¥ OIMACHBIX IS 3[[0PO-
Bbs YeI0BEKA COeHEHMII, Pe3KOMY COKPAIL[eHII0 CPOKOB
xpaHeHus [2]. B 3aBucuMocCTy OT THIIa MUKPOOPTaHU3MOB,

Keywords: microbiological spoilage, shelf life, antimicrobial sub-
stances, peptides, proteins.

Abstract

The problem of high losses of raw materials and products in the
food industry is reviewed in the article. Brief lists of spoilage types
as well as the available approaches to meat preservation are dis-
cussed including technological, physical and chemical. Natural
antimicrobial substances are considered as alternative approaches,
the existence of which has been known for more than 60 years.
Antimicrobial peptides are the evolutionary ancient factor of in-
nate immunity and are found in the cells and tissues of vertebrate
and invertebrate animals, plants, fungi and bacteria. Present ap-
proaches to their classification, structure and mechanisms of ac-
tion are discussed. The information from the Antimicrobial Pep-
tide Database and the UniProt Protein Database is systematized in
relation to the presence of antimicrobial substances in the tissues of
pigs and cattle. Such parameters as the molecular weight, isoelec-
tric point, charge, amino acid sequence and share a hydrophobic
part, as well as a range of activities: antibacterial, antifungal, an-
tiviral, antiparasitic, etc. are presented in the article. On the ba-
sis of the review, alternative sources of antimicrobial proteins and

peptides are proposed as well as technology for shelf life prolonging.

Introduction

Every year, food industry loss considerable amount
of produced products, which account for about a third of
the total mass of food products intended for human nu-
trition or 1.3 billion tons per year [1]. A significant role
in the level of food losses plays microbiological spoilage.
Meat is a high value nutritive medium for microbial de-
velopment, therefore its surface is subjected to microbio-
logical contamination after slaughter, during processing
and storage. Microorganisms cause rather quick spoilage
leading to quality impairment, deterioration of organo-
leptic and physico-chemical properties, accumulation of
harmful and hazardous substances, and a sharp decrease

in shelf-life [2].Depending on a microorganisms, the fol-
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pasIMYaOT CIeAyIoLIMe TUIMBl IOpYM: HUTMEHTAIS
(B. Fluorescens, B. Pyocyanea, S. Marcescens, Tak ke IUI-
MeHTHBIE TPOXOKHU, Jalle Bcero poma Torula), cBedeHue
(Photobact. Phosphoreum), mnecueBenue (Thamnidium,
Rhizopusu Cladosporium), ocnusnenue (Pseudomonas)
n rtHuenue (Proteusvulgaris, Serratiamarcescens, Bac.
subtilis, Bac. mesentericus, Bac. Mycoides, CI. Sporogenes,
Cl. Putrificus, Cl. Perfringens). MHorue »e MMKpoOpra-
HU3MBI COXPAHSAIOT >KM3HECIIOCOOHOCTh B OX/IAXKIEHHOM
U 3aMOPOYKEHHOM MSCHOM ChIpbe (pop Enterobacteriaceae,
Bacillus, Clostridium, waubonee axtuBHbI Pseudomonas,
Achromobacter, mnecneBble rpubst Penicillium, Mucor,
Cladosporium, TpoxXcKU M HEKOTOPBIE ITaTOTeHHbIe MUKPO-
OpraHm3Mbl (307I0TUCTBI CTApUIOKOKK, CaTbMOHEIIBI,
BO30ynuTens 6orynmusma)) (3, 4, 5, 6].

C npeBHeINX BpeMeH, IOMUMO OX/IXKIEHVS, IO
HIPUMEHSIV Pas3/IMYHble NpYeMbl /IS MPOJJIeHNs Cpo-
KOB XpaHEHUs MsCa, MPUYeM HEKOTOpPbIe TEXHOIOTHYe-
CKYe ITOAXO/BI CIIOCOOCTBOBA/IN TIOBBIIIEHNIO BKYCOBBIX
Ka4yeCTB, a TaK)Ke YBEMNYMBAIN MMUTATENPHYIO LIEHHOCTbD
oIy, a GOMBIIMHCTBO TPAAUIMOHHBIX OO COXpaHU-
JIOCh M 110 celi ieHb. KolrueHne 1 Bsa/leHe — 3TO TEXHOJIO-
TUY, IPU3BAaHHbIE YAATUTH BIATY U3 MUY /I TOTO, 4TO-
Obl IpefoTBpaTUTh pocT Oakrepuii. Komuenne covyeraer
TePMUYECKYI0 06pabOTKy C IBIMOM, I7ie KII0YeBbIMIU CO-
eVHEeHVSIMM-KOHCEePBAHTAMU SIB/ISIIOTCST apOMaTIYeCKue
COeIVIHEHVsI IpeBeCUHbL. B cly4as BsIeHUSA KIIIOYEBBIM
ACIIEKTOM SIBJISIETCSI Pe3KO€e CHIDKEeHMe aKTUBHOCTY BOJ[BI
B ITIOACYLIEHHOM MsCe, Iie MUKPOOPTaHM3MBI y>Ke pas-
BuBaTbcs He cMoryT. CorleHnme U MUCIIONb30BaHME caxapa
HOMUMO MHUIIMMPOBAHNS BBIXOJA B/IATY U3 MsICa, TAKXKe
CIIOCOOCTBYET POCTY OCMOTIYECKOTO [JaB/IeHNsI, KOTOpOe
MUKpOOManbHas K/IeTKa BbIlep)KaTh He MOXKET U pa3pbl-
BaeTcs. Emje omHMM cioco6oMm siBisieTcst pepMeHTanys —
MHO)KECTBO TPAUIIMIOHHBIX KOJI6AC TOTOBUTCS U 110 Ceit
JleHb 110 CTapbIM perjentypam (40puso, caisMy, Ierre-
poHM). DTa TEXHONOTHS 3AK/ITI0YAETCS B MCIOTb30BAHUM
CTapTOBBIX KY/IBTYpP, KOTOpble 4acTO OO/Ialal0T aHTaro-
HJCTUYECKOJ aKTMBHOCTBIO II0 OTHOLIEHVIO K MUKPOOP-
raHu3MaM, BbI3bIBaOLIM 1opuy. Kpome Toro, mpakrude-
CKYI BO BCEX TPAAMILMOHHBIX TEXHOMOTVSX MCIIOb3YIOTCS
CIIeNUM M TPaBbl, OOraThle OPraHMYECKNMIU COETHEH-
AMI C BBICOKMMM aHTUOKCUJAHTHBIMM CBOJMCTBAMMU, YTO
HOMMMO YBeJIMYeHNsI BKYCOBBIX KaueCTB CIIOCOOCTBYeT
3aMeJIJIeHNIO TIPOLIECCOB IIEPEKIICHOTO OKMCIEHNs Oe/IKOB
¥ IMTINAZOB MSICHOTO CBHIPBA [7].

Ha nHacrosAmmit MOMEHT /I NpeRyNpeXaeHus mop-
Y1 MIPOJJIEHNS CPOKOB XpaHEHM BBIJIE/IAIOT CIEAYIOIIVIe
MIOZIXO/IBI: TEXHOIOrMYecKre (3amopakmBanue [8], Kor-
yenne (KOIITWIbHBIN ABIM) [9], OX/makeHne, IoCoI Msca
(moBapeHHas conb, caxap) [10, 11], 6poxenue), pusnde-
ckie (yIbTpasBYKOBBIE, ra30-MOANUPUIMPOBAHHBIE), XN-
MudecKast 06paboTKa (JJByOKICh CEepBI 11 ee IIPOV3BOJHBIE,
6eH30l1HasA, COPOMHOBas, MPONMOHOBAsA, MOIOYHASA, YK-
CycHas, BUHHAs, TMMOHHAs, NETUAPOAL[eTOBas KUCIOTDI
Yl HEKOTOPBIE MX COJY, 3PUPBI OKCHOEH30IHON KUCTOTbI)

lowing spoilage types are distinguished: pigmentation
(B. fluorescens, B. pyocyanea, S. marcescens, as well as
pigmented yeasts, more often Torula), fluorescence (Pho-
tobact. phosphoreum), molding (Thamnidium, Rhizopus
u Cladosporium), slim formation (Pseudomonas) and pu-
trefaction (Proteus vulgaris, Serratiamarcescens, Bac. sub-
tilis, Bac. mesentericus, Bac. mycoides, Cl. sporogenes, CI.
putrificus, Cl. perfringens). Many microorganisms main-
tain viability in chilled and frozen meat raw material (gen-
era Enterobacteriaceae, Bacillus, Clostridium, most active
Pseudomonas, Achromobacter, molds Penicillium, Mucor,
Cladosporium, yeasts and several pathogenic microorgan-
isms (Staphylococcus aureus, Salmonella, Clostridium botu-
linum)|[3, 4, 5, 6].

Since ancient times, humans have applied different
methods besides chilling to extend meat shelf-life. Tradi-
tional technological approaches have facilitated an increase
in palatability and food value of products. The majority of
traditional dishes also exist nowadays. Smoking and air
drying are technologies that eliminate moisture from food
to prevent bacterial growth. Smoking combines thermal
treatment with smoke fume, in which aromatic substances
from wood are the main preserving compounds. In case
of air drying, a key aspect is a sharp decrease in water ac-
tivity in dried meat, where microorganisms are no longer
able to develop. Salting and the use of sugar, in addition
to initiating moisture release from meat, also promote an
increase in osmotic pressure, which a microbial cell cannot
withstand and rupture. The other method is fermentation.
Many traditional sausages (chorizo, salami, pepperoni)
have been produced by old recipes up to date. This tech-
nology consists in the use of starter cultures, which often
have an antagonistic activity against spoilage microorgan-
isms. Moreover, practically all traditional technologies use
spices and herbs that are rich in organic substances with
high antioxidative properties, which preserve proteins and
lipids from peroxidation, and in addition increase palat-
ability of foods [7].

At present, the following approaches are used to pre-
vent spoilage and prolong shelf life: technological (freezing
[8], smoking (smoke fume) [9], chilling, meat salting (table
salt, sugar) [10,11], fermentation), physical (ultrasound, gas
modification), chemical treatment (sulfur dioxide and its
derivates, benzoic, sorbic, propionic, lactic, acetic, tartaric,
citric, dehydroacetic acids and several their salts, esters of

oxibenzoicacid) [12, 13]. However, their use can lead either
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(12, 13].OgHaKO MX UCTIONTb30BaHME MOXKET IPUBECTHU TNOO
K CHIJDKEHMIO Ka4yecTBa, B TOM 4MC/Ie IMIIEBOI LIeHHOCTH
CBIPbA U NMPOAYKTOB, MO0 K HAKOIUIEHWIO aHTUAIVIMEH-
TapHBIX PaKTOPOB U moTepe 3P PeKTUBHOCTY BHECEHHBIX
VI HaTUMBHO COfIEP>KAIuXCA OMONOrMYecKy aKTUBHBIX
BemecTB. C/IOKMBIIASICA CUTYALMsI CHOCOOCTBYET ITOUCKY
aJIbTepHATVBHBIX ITOJXOJ0B K ITOBBILIICHNIO XPAHNMOCIIO-
CcOOHOCTM IUIEeBON HMpopyKumu. TakuM pelleHyeM Mo-
TYyT CTaTh IPUPOJHBIE BellecTBA ¢ AHTMMUKPOOHOI Ha-
IPaB/IeHHOCTBIO JIJICTBMA, O CYLIECTBOBAHMU KOTOPBIX
U3BeCTHO yxe 6osee 60 jieT, IPOSBIAIIINX AKTUBHOCTb
B OTHOLIEHNM) IIVPOKOTO CIIEKTPa I'PaMIOIOKNUTENbHBIX
¥ TPaMOTpUIIATe/IbHbIX OaKTepuii, IprboB, fposoKker [14].

PacnipocTpaHéHHOCTD
¥ OCHOBHBIe XapakTepuctTuku AMII

AntuMukpo6usie mentupsl (AMII) sBnsoTcs yHU-
BEPCA/IbHBIMU ¥ 9BOJIIOLMOHHO [PEBHUMM KOMIIOHEH-
TaMU CHUCTEMbl BPOXKIEHHOTO VMMYHUTETa, KOTOpbIE
HPOAYLMPYIOTCS TO3BOHOYHBIMU U 0€CIIO3BOHOYHBIMU
JKVBOTHBIMY, pacTeHusAMY, rpubamm u 6akrepusamu [15,
16]. Tax, AMII o6Hapy>eHbI B Afe ckoprmoHa (Buthus
martensii, Hadogenes) [17,18], ssamene (Hordeum vulgare)
[19], KO)XHBIX TTOKpOBax aTmaHTU4eckoi tpecku (Gadus-
morhua) [20], ocerpa (Acipenser gueldenstaedtii) [21],
cmusu yerpunsl (Crassostrea virginica) [22], KOXXHBIX T10-
KpoBax canaMaupapsl (Andrias davidianus) [23], naryuxu
(Ranas phenocephala, Ascaphidae, Dicroglossidae, Ranidae,
Laevis Xenopus, Sphaenorhynchus lacteus (Hylidae)) [24,
25, 26], Tpombounrax Kypuubsl pomauueit (Gallusgal-
lus) [27], nevixonurax xo3wl (Capra Hircus) [28], mucniypl
(Vulpes vulpes) [29], nocs (Alcesalces) [30]; B crione, Heii-
TpoduIax  CBIBOPOTKE KPOBU KPYITHOTO POraTOro CKOTa
[31]. CormacaoThe Antimicrobial Peptide Database yxxe
upeHTUGUIMPOBaHO 2818 aHTMMUKPOOHBIX IENTHU/OB U3
IIeCT! LApcTB: 298 — GaKTepUOLVHBI U MEeNTUIHbIE aH-
TOMOTHKY OaKTepuii, 4 — apxeit, 8 — nmpocreimmx, 13 —
rpu6oB, 343 — pactenmuit, 2152 — xxuBotHbIX (Puc. 1) [32].

3penbie AMII copepxat ot 10 go 100 aMMHOKUCIOT-
HBIX OCTAaTKoB (damje BcTpevaoTcss AMII B pmamasoHe
ot 20 mo 50 a.o., Puc. 2b), xapakrepusyrorcs ampudnib-

to deterioration of quality, including food value of raw ma-
terial and products, or accumulation of anti-alimentary
factors and loss of effectiveness of added or native biologi-
cally active components. The current situation stimulates
a search for alternative approaches to increasing storabil-
ity of food. The solutions can include natural substances
with antimicrobialaction, the existence of which has been
known for more than 60 years. They exhibit activities
against a wide range of gram-positive and gram-negative

bacteria, molds and yeasts [14].

Sources and characteristics of AMPs

Antimicrobial peptides (AMPs) are the universal and
evolutionary ancient components of the innate immu-
nity, which are produced by vertebrate and invertebrate
animals, plants, fungi and bacteria [15,16]. For example,
AMPs were detected in scorpion poison (Buthus marten-
sii, Hadogenes) [17,18], barley (Hordeum vulgare) [19], skin
of Atlantic cod (Gadusmorhua) [20], Russian sturgeon
(Acipenser gueldenstaedtii) [21], mucosal secretions of the
eastern oyster (Crassostrea virginica) [22], skin of Chinese
giant salamander (Andrias davidianus) [23], frogs (Ranas
phenocephala, Ascaphidae, Dicroglossidae, Ranidae, Laevis
Xenopus, Sphaenorhynchuslacteus (Hylidae)) [24, 25, 26],
chicken platelets (Gallusgallus) [27], leukocytes of the goat
(Caprahircus) (28], red fox (Vulpes vulpes) [29] and moose
(Alcesalces) [30]; in bovine saliva, neutrophils and se-
rum|[31]. According to the Antimicrobial Peptide Database
(APD), 2818 antimicrobial peptides from six kingdoms have
been already identified: 298 bacteriocins and peptide antibi-
otics from bacteria, 4 from archaea, 8 from protists, 13 from
fungi, 343 from plants, 2152 from animals (Fig. 1) [32].

The mature AMPs contain from 10 to 100 amino acid

residues (more frequent are AMPs in a range of 20 to 50

Synthetic | CuHTeTUYECKME
1,58

Protozoan | Mpocreiiwmne
0,23

Bacteria | Baktepuu

8,43 Fungii | Tpn6bi

0,47

Plants | PacteHus
13,55

Fig. 1 — Sources of antimicrobial peptides [32, 33] | Puc. 1 — Vcrounmky aHTuMUKPOOHBIX mentuios 32, 33]
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Fig. 2. Qualitative distribution of: A — charge, b — length, B — hydrophobic amino acids in AMPs [32, 33]
Puc. 2. KonmuecrBenHoe pacupenenenne A — 3apsiga, b — pnust, B — rugpodobubix ammnuokncnor 8 AMII [32, 33]

HOCTBIO (o7t TH/POOOHBIX aMIHOKUCIOT KonmebmeTcs
B muanasoHe ot 10 1o 80 %, Puc. 2B), 061amaroT 0CHOBHBI-
MJ CBOJICTBAaMM 32 CUET BBICOKOTO COJIep>KaHVs apIHIHA
U M3UHA, ¥ HECYT IOJIOKUTE/NbHbIN 3apsifl, COOTBETCT-
BeHHo (Puc. 2A).

IIpepnonaraercs, uTto MexaHuUsM [elictBus AMII
OCHOBBIBA€TCA HA HAPYIIEHUM LEMTOCTHOCTY MeMOpaHbI
MUKPOOpraHyM3Ma: ¥3Ha4aIbHO IPOVICXOIUT 37IEKTPOCTA-
TUYECKIE IPUTSDKEHME OTPULIATEIBHO 3aPSHKEHHOI MeM-
OpaHbl ¥ KATUOHHOTO MENTHA, 3aTeM IIPOUCXOUT IUPO-
(dbobHOE B3aMMOIENICTBME COOTBETCTBYIOIIMX YYaCTKOB,
BBI3BIBAIOLIlEE [IE3MHTETPAL[MI0 MEMOPAHBI, TIOCTIE Yero Ye-
pe3 Hee IIPOHMKAIOT VIOHBI MJIV IHbIe KOMITOHEHTBI, BBI3bI-
Bas rubenb KneTku [34]. Tem He MeHee, KOHEYHOTO B3IVIsA/a
Ha MeXaHV3M HapyIIeHNs LIeIOCTHOCTY MeMOpaHBbI IOKa
He chopMupOBaH: PeIOKEHO TPU Mofie — «boUKa n3
Kernok» («barrel-stave» model), «roponpanpuas mopa»
(«toroidalpore» model) u xoBpoBasa Mopenb («carpet»
model). Onrako AMII crtocoOHBI TaK)Ke HaKaIlIMBaThCA
Y IPOSIB/IAITH aKTYBHOCTD BHY TP KineTKu [15, 35].

Iopxopmp! k kmaccupukanuu AMIIT

[Ipn xmaccudumranuum AMIIT Takke BOZHMKAIOT HEKO-
Topble pasHouyTeHMsA. Tak, AMII MOXHO pasgenuTb IO
MeXaHu3My OMocuHTe3a (3aKOAVPOBAHHbIE B TeHe MM
HeT), VICTOYHVKY (pacTUTeNbHble, OaKTepuaabHbIE, >KI-
BOTHBIE 1 IIp.), aKTUBHOCTY (QHTMOAKTepUaIbHbIE, IPO-
TUBOBMPYCHBIE, IPOTUBOIPUOKOBBIE, WHCEKTULVTHbIE
U 1p.), GUMKO-XMMUYECKVM CBOVICTBaM (KaTMOHHBIE,
HeJTpajIbHble, aHNOHHbIe / IMAPOPOOHBIe, ITUAPOPIUIb-
Hble, aMpuduabHbIe/yIbTpa-Manble (2-10 a.0.), Masble
(10-24 a.o0), cpegume (25-50 a.o.), u kpymube (50-100
a.0.), MOJIEKY/IIAPHOIl MMIIeHM (IIPOSABIIAIONIVE AKTWB-
HOCTb Ha IOBEPXHOCTM KJIeTKM win BHYTpu). Hanbomnee
CTIOKHOM ABJIAETCA KIaccu(uKanusa 10 MOJE/NAM KOBa-
JIEHTHBIX cBsA3ell u 1o 3D cTpykrype. Tak, ncxonsa us Mo-
Ienell KOBaJIeHTHBIX CBA3EN cylecTyeT 4 kmacca AMIIL:
1 — nuueitHble ofHONEemoYeuHble mentuabl (LL-37) nin
7iBa IMHEIHBIX ENTHU/A, He CBA3aHHDBIX KOBAJIEHTHOM CBS-
3pi0 (sHTeporuH L50); 2 — copmepxaiiye KOBaJIeHTHYIO
CBA3Db B IIPefie/Iax OHOI VN [IBYX Liemeit (AucynbduaHbIe
cBs3U Y AedeHCUHOB, 3¢UpHas CBA3b Y TAHTUOMOTIKOB);
3 — MMelolINe KOBA/JICHTHYIO CBS3b, IPUBOAALIYIO K LIM-
K/IM3alyM KOHIIeBoro ¢pparmMenTa nenruza (pysapumymm-
HBI); 4 — LUK/INYHBbIE NENTHUAbL, 0Opa30OBaHHBIE 3a CYET

amino acid residues, Fig. 2B). AMPs are amphiphilic (hy-
drophobic amino acids residues arein a range from 10 to
80 %, Fig. 2B), have basic properties due to the high content
of arginine and lysine and positive net charge (Fig. 2A).

It is suggested that the mechanism of AMPs action is
based on the destruction of microbial membrane. First,
peptide and negatively charged membrane of the microor-
ganism are electrostatically attracted, then the membrane
are disrupted, after that ions and other cell components
exited, which causes cell death [34]. Nevertheless, the fi-
nal opinion on the mechanism of microbial membrane
destruction has not been formed yet. Three models were
proposed: the barrel-stave model, toroidal pore model and
carpet model. However, AMPs are able to accumulate and

exhibit activities inside a cell [15, 35].

Approaches to AMPs classification

There are numerous approaches to classification of
AMPs. For example, AMPs, can be classified according
to biosynthesis mechanism (gene-coded or not), source
(plant, bacterial, animal and so on), biological functions
(antibacterial, antiviral, antifungal, insecticidal and so
on), physico-chemical properties (cationic, neutral, an-
ionic/ hydrophobic, hydrophilic, amphiphilic/ultra-small
(2-10 amino acid residues), small (10-24 amino acid resi-
dues), medium (25-50 amino acid residues), and large
(50-100 amino acid residues), molecular targets (exhibit-
ing activity on a cell surface or inside). The most complex
is classification based on covalent bonding pattern or 3D
structure. Thus, according to covalent bonding patterns,
there are four classes of AMPs: 1 — linear one-chain pep-
tides (LL-37) or two linear peptides not connected via a
covalent bond (enterocin L50); 2 — sidechain-sidechain
linked peptides (defensins containing disulfide bonds or
ether bond-containing lantibiotics); 3 — peptides with a
sidechain to backbone connection(fusaricidins); 4 — cir-

cular peptides formed with bond between N- and C-ter-
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cBsasu Mexziy N- u C-TepMuMHaIbHBIMU KOHLAMM (TeTa-
nedencunnr). Cormacuo 3Dcrpykrype Bce AMIT MoxHO
pasfenuThb Ha YeTbIpe ceMelicTBa: a, {3, af}, 1 He-af} B 3aBu-
CHMOCTH OT TUIIOB BTOPUYHBIX CTPYKTYP [14, 32, 36, 37].

AMII MmekonuTaOIINX

Y mnexonutatomyx AMII yamie Bcero 00Hapy>XKUBaoT
B KPOBU, CIM3UCTHIX 000/I0YKAX U ITOTPAaHNYHBIX SIINTe-
JIMA/IbHBIX TKAHAX, TAK KaK OHY SIBJIAIOTCS IIePBOL TMHUE
MMMYHHOII 3aI[Thl OPraHM3Ma OT BHELIHNX MUKPOOHBIX
u 6aKTepuarbHBIX BO3/IEVICTBUIL; y YelOBeKa — B CITIOHE,
CIIM3UCTON 000TIOUKe JeceH, fA3bIKa, LIeKU Tyd, momde-
JIIOCTHOI >KeJIe3bl ¥ HeOOIbIIIoi I'yOHOI JKee3bl, HeTpo-
¢dwtax, KjaeTkax IMaHeTa, TKaHAX TOHKOM KUIIKM, SINTe-
JIMAIbHBIX KIeTKaX HOca U OpOHXOB 1 Tpaxeu [38, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49]. Haubonee nsy4eHHbIMMA
cemerictBamu AMII MyiekonuUTaOMMX SBSIOTCS KaTeu-
LUINHBI, TUCTATUHDBI 1 [TeEeHCUHDI, TIPUYEM TOC/TeTHIT
KaccHanbojIee M3y4eH U MOfpasfenseTcs Ha anbda-ae-
¢dencuHpl (06HAPYXMBAIOTCS B OCHOBHOM B HeNTpodu-
nax u knetkax [Tanera), 6eta-edeHcrHBI (IOKaIM30BaHbI
B JIEJIKOLIMTAX U SMUTE/NMNATIbHBIX K/IeTKaX) 1 TeTa-fgedeH-
CMHBI (HaVMeHee M3Yy4YeHbI, OOHAPYXEHBI Y HEKOTOPBIX
npumaros) [50]. BiepBble fedeHCHHBI MIEKOIIMTAIOLINX
6bUtn onucansl B 1956 ropy Robert C. Skarnes n Dennis
W. Watson kak neiknuust [37, 51] u James G. Hirsch kak
dbarounTHHBI TOTMMOPQPHOSIIEPHBIX JIEMKOIUTOB KPOJIN-
Ka [37, 52]. B cepun pa6ot H.I. Zeya u John K. Spitznagel
[I0Ka3aJIy, OTKPBIThIE BEIIEeCTBA OTHOCATCS K OGHOMYMO-
JIEKY/IIPHOMY CeMeICTBY, KOTOpOe OHU OIpefeNIi KakK
CeMEIICTBO KaTMOHHBIX aHTUMUKPOOHBIX MPOTENHOB[37,
53], n Tonmpko B 1985 roxy Michael E. Selstedetal. mamu nm
coBpeMeHHOe HasBaHme — flebeHcuHsl (37, 54]. Heden-
CUHBI TIPENCTAB/ISIOT CO00il KaTMOHHbIE, HETTMKO3VIN-
POBaHHBIX HEINTHU/IBI, COTEPIKAIUX IIECTh OCTATKOB IN-
CTeNHa, KOTOpble 00pasylT TpU BHYTPUMOIEKY/IIpHBIE
aucynpGugHbIe MOCTIKA, B pe3y/braTe 4ero Gpopmupyer-
Csl TpexlelloueyHasi CTPYKTypa 6eTa-CKIa4aToro JaucTa
[55]. TucTaruHbpl — 3TO HeGOMbILINE KATUOHHbIE, TUCTHU-
IMH-60raThle ITENTH/BI, NPUCYTCTBYIOLMEPENMYIIeCT-
BEHHO B C/IIOHE, a KAaTeMUIUANHBI — aMpuUIaTniecKme
HENTHUAbL, IPUCYTCTBYIOLINE B IEPOKCI/a3a-0TPULATENb-
HBIX TPaHy/Iax HeMTPOPNIOB, 0OHAPYIKEHBI B K/IETKAX I10-
TOBBIX KeJIe3 UIIOTOBBIX IIPOTOKOB, B KOTOPBIX HAXOIATCS
B BIJle IIPOTIENTH/IOB U BBIAE/IAIOTCS Ha IIOBEPXHOCTD Bpe-
3y/bTaTe MPOTEONUTIIECKOTO MPOLeCCHHTa. [MCTaTHHbI
¥ KaTeJIMLM/VHbI IPeoOpasyoTcs B anbda-crypanp B I'u-
npodobuoit cpene [55].

AHTUMHUKpOOHBIE BeleCTBA CBMHEN
¥ KPYIIHOTO POraTOro CKOTa B COOTBETCTBUM
¢ Uni Prot Protein Database

CormacHo aHanu3y MexpyHapopHoit 6asbl Uni Prot
Protein Database, B TKaHsX CBMHelT ¥ KPYIIHOTO pOTraro-
rO CKOTa OTME€YaeTCs BBICOKOe cofiepKaHue Kak AMII
U IHBIX BeIlleCTB C aHTVMUKPOOHOI U IIPOTUBOBUPYCHOI

minal ends (0-defensins). According to the 3D structure,
all AMPs can be classified into four families: a, 3, af, and
non-af3 based on the types of the secondary structures
(14, 32, 36, 37].

Mammalian AMPs

In mammals, AMPs are most frequently found in
blood, mucous membranes and epithelial tissues, as they
are components of the first immune defense against exter-
nal microbial and bacterial exposure. In humans, AMPs
are found in the saliva, mucous membrane of gingivae,
tongue, cheeks and lips, submandibular gland and small
labial glands, neutrophils, Paneth cells, tissues of small in-
testine, epithelial cells of nose and bronchi, and tracheae
[38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49].The most stud-
ied mammalian AMP families are cathelicidins, histatins
and defensins. Defensins are the most studied and subdi-
vided into alpha-defensins (found mainly in neutrophils
and Paneth cells), beta-defensins (localized in leukocytes
and epithelial cells) and theta-defensins (the least studied,
found in some primates) [50]. Mammalian defensins was
described in 1956 by Robert C. Skarnes, and W. Dennis
Watson as leukins [37, 35] and James G. Hirsch as phago-
cytins produced by leukocytes of rabbit [37, 52]. In a series
of works, H.I. Zeya and John K. Spitznagel demonstrated
that discovered substances belong to one molecular fam-
ily, which they identified as cationic antimicrobial proteins
[37, 52]. Only in 1985 Michael E. Selsted et al. give them
the modern name — defensins [37, 54]. The defensins are
cationic non-glycosylated peptides containing six cysteine
residues that form three intramolecular disulfide bonds,
resulting in a triple-stranded beta-sheet structure [55].
Histatins are small, cationic, histidine-rich peptides pres-
ent in human saliva. Cathelicidinsare amphiphilic peptide-
spresented in peroxidase-negative granules of neutrophils,
sweat glands and sweat ducts, as propeptides excreting as a
result of proteolytic processing. Histatins and cathelicidins
form an alpha-helical structure in a hydrophobic environ-
ment [55].

Antimicrobial substances of pigs and cattle in

accordance with the Uni Prot Protein Database

According to an analysis of the International Uni Prot
Protein Database, porcine and bovine tissues have the high
content of both AMPs and other substances with antimi-

crobial and antiviral action [56]. Protegrins are determined
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Table 1. Data of the International Uni Prot Protein Database | Ta6miua 1. [Jannbie mesxaysapopHoii 6asst ganusix Uni Prot Protein Database

Precursor protein | Mature protein/peptide |
Name | HaumenoBanue Benok-npegmecTBeHHNK 3penslit Oemok/menTup,
MM, kDa pI MM, kDa pI
Pig | CBunbs
Azurocidin kDa 27.039 11.64 24.286 11.61
Acyl-CoA-bindingprotein 9.896 7.86 9.759 7.84
Lysozyme C-1 14.668 9.06 14.668 9.06
Lysozyme C-2 16.484 9.04 14.580 8.93
Lysozyme C-3 16.711 9.13 14.807 9.04
Protegrin-1 16.677 8.40 2.159 10.66
Prophenin-2 25.855 10.56 8.627 12.70
Antibacterialprotein PR-39 19.477 9.96 4.718 12.60
Protegrin-3 16.578 8.08 2.060 9.88
Protegrin-4 16.622 7.45 2.104 9.37
Peptidoglycan-recognitionprotein 21.223 9.25 18.852 9.19
Protegrin-2 16.478 8.08 1.960 9.88
Hepcidin 8.771 9.06 2.755 8.22
Enhancerofrudimentaryhomolog 3.910 9.87 3.910 9.87
N-acetylmuramoyl-L-alanine amidase 64.413 6.22 61.204 6.22
BPI fold-containing family A member 1 25.769 4.55 24.250 4.55
Chromogranin-A 49.621 4.66 47.832 4.61
Liver-expresse dantimicrobial peptide 2 8.818 10.73 4.596 9.37
Cattle | Kpynns1ii porarstit ckot
Lactoperoxidase 80.642 8.83 69.416 8.27
Peptidoglycan recognition protein 1 21.063 9.59 18.796 9.38
Cathelicidin-3 21.567 10.87 6.906 13.20
Cathelicidin-1 17.600 7.58 1.485 11.53
Cathelicidin-2 20.030 9.19 5.145 12.54
Lysozyme C-2 16.304 6.87 14.406 6.46
Lysozyme C-3 16.317 7.55 14.405 7.03
Lysozyme C-1 16.279 6.80 14.367 6.32
BPI fold-containing family A member 1 26.576 6.13 24.635 6.04
Cathelicidin-5 17.616 8.37 3.130 12.02
Beta-defensin 10 6.928 10.74 4.523 10.21
Beta-defensin 4 7.161 11.46 4.779 11.17
Beta-defensin 5 7.228 10.47 4.804 9.69
Lysozyme C, non-stomach isozyme 16.476 8.14 14.598 Vol
Beta-defensin 7 6.964 11.47 4.569 11.20
Liver-expressed antimicrobial peptide 2 8.856 10.73 4596 9.37
Beta-defensin 9 6.049 10.66 4.555 10.66
Beta-defensin 3 6.325 11.20 4.830 11.20
Beta-defensin 11 6.507 10.66 4.160 9.99
Caltrin 8.977 10.21 5.536 10.36
Beta-defensin 12 4.106 9.57 4.106 9.57
Cathelicidin-6 17.852 9.39 3.281 12.32
Beta-defensin 1 4.278 8.98 4.278 8.98
Lysozyme C, intestinal isozyme 16.391 9.65 14.531 9.59
Beta-defensin 6 4.839 10.74 4.839 10.74
Beta-defensin 13 4.450 9.56 4.450 9.56
Beta-defensin 2 4.649 11.20 4.649 11.20
Beta-defensin 8 4.359 10.66 4.359 10.66
Chromogranin-A 48.203 4.69
— Chromacin 2.314 4.87
— Catestatin 50.101 4.73 2.424 12.18
— Vasostatin-1 8.580 6.11
— Chromofungin 2.770 9.99
Bactericidal permeability-increasing protein 49.002 9.37 50.698 9.40
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HAIIPaB/ICHHOCTBIO JIeVICTBUA [56], IpudyeM y CBUHEN fie-
TEePMUHUPYIOTCS IPOTETPUHBL, B TO BpeMsI KaK OpraHU3M
KPYIIHOT'O POTaTOr0 CKOTA XapaKTepU3yeTcs KaTenIuiu-
HaMmy, gedeHCHAMM, pa3HOOOpa3Hble Bapyalyi TU301Y-
Ma IIPUCYTCTBYIOT ¥ 060MX BU0B XMBOTHBIX (Tabr. 1).

Kak BupmHO m3 Tabn. 1, AMIIpegko IpUCYTCTBYIOT
B )KMBOM OpraHmsMe B 3penoM Buje. Kak npasuio, onn
CHHTe3UPYIOTCA B BUfe Oe/lka — IPeIpONeNTUIHON MO-
JIEKy/Ibl, COfepsKallell CUTHaAbHBIN mentup (okomo 19
a.0.), aHMOHHBIN y4acTOK (0K0o 45 a.0.) M caM 3pesblit
nentuy. [locTTpaHcnAanonHas MogudUKanysa NenTH/i0B
XapaKTepusyeTcsl yhajleHMeM CUTHA/IbHON IIOCTIefioBa-
TEJIbHOCTY M IIOCIEAYIOIMM OTILIeIIeHNeM OIIpefie/ieH-
HBIX CETMEHTOB OT N-T€PMMHA/NIbHOTO DPErroHa MoJe-
KYJ/IbI, TeM caMbIM oOecrneunBasi pasHoo6bpasue AMII 3a
cueT pasmmunii B N-TepMuHaIbHOM pernose [57, 58].
V3BectHO, uTo AMII 0OKa3bIBAIOT TOKCMYECKOE MEVICTBIIE
He TOJIbKO Ha 6aKTepyajbHble, TPMOKOBbIE U OITyXOJIeBbIe
KJIETKY, HO ¥ Ha KJIeTKM )KMBOTO OPTaHM3Ma, B TOM 4UCTIe
U 00alaloT TUTUYECKON aKTUBHOCTBIO IO OTHOLICHMIO
K sputpouutaMm Kposu. Ilo-BuaMMOMY, TaKOil ME€XaHU3M
ux OMocmHTe3a obecmednmBaeT HAJEXKHYI «YHaKOBKY»
HeNTHAA Y HEeNTPAIM3ALUI0 eT0 aKTUBHOCTH O CUTHAJIA
00 «aTake» IMaTOreHOM.

AHTUMUKpPOOHBDIE BellleCTBa CBUHEN M KPYITHOTO
poraroro ckora B COOTBEeTCTBUN
¢ The Antimicrobial Peptide Database

Anamus 3penbix AMII, mpuCyTCTBYIOIINX y CBUHBU
U KPYIIHOTO POraToro cKoTa, cornacHo The Antimicrobial
Peptide Database mpepcrasien B Tabmuue 2 [32].

CormacHO HaHHBIM TabMMIBI 2, TKAaHU CBUHBU OoOra-
TBI IpoTerprHaMyn (1-5), XapaKTepMU3YIOMINXCSA BBICOKOII
TOMOJIOTMe}l aMMHOKUCIOTHOTO COCTaBa M 006Iaflaromux
aKTUBHOCTBIO IIPOTYB IPAMIIONIOKUTEIbHBIX U TPAMOTPH-
IJaTeNbHBIX OAKTepMil, BUPYCOB, IPUOKOB. B TKaHAX Kpym-
HOTO pPOTraTtoro CKoTa OOHApy>XeHO MHOXeCTBO HedeH-
cnHOB (1-13) ¢ pasIMYHBIM YPOBHEM TIOMOJIOTMYHOCTH
aAMIHOKVIC/IOTHOTO COCTaBa 1 IPOSIB/IIOLNX aKTUBHOCTb
IPOTUB TPAaMIIONOXUTE/IBHBIX ¥ T'PaMOTPULIATENTbHBIX
6akTepuii.

BonbmmucTBO M3yueHHbix AMII MiexonmTammmux
BBIIE/IIOT 13 HEMTPOQWIBHBIX TPAHY/IOLUTOB, OJHA-
KO OHJ TaK)Xe OOHAPY>KMBAIOTCA B TOHKOM KUIIEYHIUKE,
A3BIKE, MMEJIOMIHBIX ¥ SIUTEINATbHBIX KIeTKaX, XOTb
U B MeHbIIIeM KojudecTBe (Tabim. 2). ITO MO3BOIsIET pac-
CMaTpMBaTbh He TOJbKO I'PaHY/IAPHBIN ammapar Kak oc-
HOBHOJ1 ICTOYHMK aHTVMUKPOOHBIX BEIlleCTB, HO ¥ TKaHU
HOTPAHMYHbIX 30H M/IEKONIMTAOIIVIX, B TOM 4MC/Ie U CeNlb-
CKOXO35I/ICTBEHHBIX >KMBOTHBIX, KOTOpble BBUJY IOTpa-
HIYHOTO IIOJIOKEHMA U, KaK C/Ie[CTBIE, MHTEHCHBHOTO
KOHTAKTa C IIVPOKUM CIIEKTPOM PasHOOOpasHbIX OM0I0-
TMYECKUX areHTOB (IIaTOTeHHbIEe VM ONIOPTYHUCTIIECKIe
MMKPOOPTraHM3MbI, BUPYCBI, TPUOBI), TAKXKe MOTYT COfiep-
JKaTh HabOp BeleCTB C aHTUMMKPOOHOI HAIpaB/IeHHO-
CTBIO JIe/ICTBUSL.
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in pigs; bovine tissues are characterized by cathelicidins
and defensins. Different isoforms of lysozyme present in
both animal species (Table 1).

According to data in Table 1, AMPs are seldom pres-
ent in organism in the mature form. As a rule, they are
synthesized in a form of precursor protein — a pre-pro-
peptide molecule that contains the signal peptide (about 19
amino acid residues), anionic region (about 45 amino acid
residues) and a mature peptide. Post-translational modifi-
cation is characterized by deletion of the signal sequence
and the following detachment of certain segments from
the N-terminal region of a molecular; thereby, providing a
diversity of AMPs due to the differences in the N-terminal
region [57,58]. It is known that AMPs have toxic effects not
only on bacterial, fungal and tumor cells, but also on the
cells of organism, including the lytic activity against blood
erythrocytes. Apparently, such mechanism of biosynthesis
ensures a reliable «packaging» of a peptide and neutraliza-

tion of its activity until a signal of a pathogen attack.

Antimicrobial substances of pigs and cattle

in accordance with the Antimicrobial Peptide

Database

An analysis of the mature AMPs presented in pigs and
cattle according to the Antimicrobial Peptide Databaseis
shown in Table 2 [32].

According to data in Table 2, the porcine tissues are rich
in protegrins (1-5), that are characterized by high homol-
ogy of the amino acid composition and have an activity
against gram-positive and gram-negative bacteria, viruses
and molds. Many defensins (1-13) with different levels of
homology of the amino acid composition and with activi-
ties against gram-positive and gram-negative bacteria were
found in the cattle tissue.

The majority of the studied mammalian AMPs are ex-
tracted from neutrophilic granulocytes; however, they can
also be found in the small intestine, tongue, myeloid and
epithelial cells, although in lower quantities (Table 2). This
allows considering not only the granular cells as the main
source of antimicrobial substances, but also the tissues of
the boundary epithelial and mucous tissues of mammals
including farm animals, which can also contain a range of
substances with antimicrobial activities due to the inten-
sive contact with a wide spectrum of different biological
agents (pathogenic and opportunistic microorganisms, vi-

ruses and molds).
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3akiaoueHne

B NOKpOBHBIX TKAaHAX A3bIKa, POTOBOJ U1 HOCOBOII I10-
JIOCTENA, TPSAMOI KUIIKY CBUHBM U KOPOBBI COfIEpPXKATCS
Takue Oenky, Kak nakrodeppuH, M30POPMbI Ha3aTbHBIX
SMUTATNANBHBIX 0eKOB, MakToTpanchepput, bocdomnn-
1a3bl, HEKOTOPbIEe fleeH3NHbI Y IPOTETPUHbI, MUETOUS-
Hble 0KV, XPOMOTPAaHVH U MHOTYE JPYTHe, B TOM YuCiIe
U HeoxapakTepusoBaHHbIe [56]. Kpome Toro, morpanmd-
Hble TKaH) XapaKTePU3YIOTCA HACHIIIEHHBIM I TUIHBIM
y/I0M, C(pOPMUPOBAaHHBIM KaK JM3HAYA/IbHO PETyIATOp-
HBIMJ MOJIEKY/IaMU, TaK U MH/YLIPOBaHHBIMMI MM 0Opa-
30BaBILVMIICA B pe3y/bTare ierpajjaliyiyi VIV CO3PEeBaHNsA
0e/IKOB ¥ IeNnTUAOB. Tak, HalpyuMep, aMUHOKUCIOTHAs
CTPYKTYpa FOBXKbEro XpPOMOTPaHIHA A COTEPKMNT B cebe
psAA HEenTUAOB (XpOMalMH, KaTeCTaTWH, Ba3OCTaTHH-1
U XpOMOQYHIVH) C aKTUBHOCTBIO K OTPOMHOMY KOJI/4e-
CTBY MMKPOOPTaHM3MOB, BUPYcOB 1 rpubos. C mpyroit
CTOPOHBI, B MCC/IEOBAHUAX POCCUIICKMX YYEHBIX OBIIO
MIOKa3aHO CHHEPIUYHOE [eNCTBUE OTKPBITBIX aHTUMMU-
KPOOHBIX BelecTB [46,49], a HeKOTOpble aHTMOAKTEPH-
aJIbHbIE TEITU/IBI MUKPOOPIaHM3MOB IIOOfIHOYKE BOOO-
1le TePSI0T aKTUBHOCTD [16]. B 9T0it CBsA3M KOMILIEKCHOE
VICIIO/Ib30BaHNe OeKOBO-TIEITUIHBIX CMecell U3 LieJIeBBIX
TKaHell CeTbCKOXO3SIICTBEHHBIX JXMBOTHBIX MOXET Xa-
PaKTepu30BaThCs MOZOOHBIM 3¢ (PeKTOM, a IpUMeHeHIe
COBPEMEHHBIX OJMOTEXHOTOIMYECKMX CIOCOO0B UX BbIfe-
JIeHMsl, BK/IIOYAsd CTePWIM3YIOUIYI0 MeMOpaHHYI (UIb-
TPAINIO, TIO3BOIAT CO3JaTh BBICOKOA()PEKTUBHYIO 1 Oe3-
OIIACHYIO TeXHOJIOTMIO IS IIPOJJIEHNsI CPOKOB XpaHEeHNs
CBIPbSI U IMUIIEBBIX IPOJIYKTOB.
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VccnenoBaHme BBIIOZTHEHO 3a c4yeT rpanTa Poccniicko-
ro Hay4HOro ¢onpa (mpoekt Ne 17-76-10033).

BUBINOTPA®GUYECKIUN CITMCOK

1. HayuHble NoAXOAbI K yNpaBA€HUIO KauecTBOM [popOBOAbL-
CTBEHHble NOTEPU U NMULLEBbIE OTXOAbl B KOHTEKCTE yCTOMUM-
BbIX NMPOAOBOAbCTBEHHbIX cucTeM. AoKAaap Mpynnbl 3KcnepToB
BbICOKOr0O YPOBHA MO BOMpocamM NPOAOBOAbLCTBEHHOW 6e3-
ONMacHOCTU U nUTaHuA, 2014. — C. 1-142. [SNeKTPOHHbIN pe-
cypc: http://www.fao.org/3/a-i3901r.pdf. Aata obpalieHun:
17.09.2017]

2. KocteHko, HO.I. PyKoBOACTBO N0 CaHUTapHO-MUKPOOGUOAOTU-
YyeCKUM OCHOBaM U NPeAynpeXXAeHUI0 PUCKOB NPU NPOU3BOACTBE
U XpaHeHuU MmsacHou npoaykuuu / H0.I. KocteHko // MsacHasa uH-
AycTpua.—2015.—Ne 6. — C. 44-47.

3. Kamenik, J. The microbiology of meat spoilage: a review /
J. Kamenik // Maso International — Journal of Food Science and
Technology.— 2013. — P.1-9. [9neKTpoHHbIN pecypc: http://www.
maso-international.cz/wp-content/uploads/2013/08/maso-
international-2013-1-page-003-010.pdf. Aara o6paweHus:
17.09.2017]

4. Encyclopedia of Meat Sciences, Second Edition/edited M.
Dikeman and C. Devine // London: Academic Press, 2014.—
1712 p.

5. KocrteHko, KO.I. CaHuTapHO-MUKPOOMONOTrHUUECKHE ACMEKTbl
NPOU3BOACTBA OXAQXKAEHHOW CBUHUHbI AAMTEABHOIO CPOKa FOA-
Hoctu / LO.I. KocteHko, A.C. bataeBa, M.A. KpacHoBa // MsacHas
UHAYCTpUA. — 2014.— Ne 4. — C. 66.

6. YepHyxa, U.M. O npoareHUM CPOKOB XpaHEHUA MACHOIO Cbl-
pba./ U.M. UepHyxa, A.H. MakapeHko, A.B. ®eaynoBa, I.C. Toama-
yeBa // MsacHasa nHayctpua.— 2012.—Ne 10. — C. 12-14.

17

Conclusion

The covering epithelial and mucous tissues of the
tongue, oral and nasal cavities, rectum of pigs and cattle
contain such proteins as lactoferrin, isoforms of nasal epi-
thelial proteins, lactotransferrin, phospholipases, several
defensins and protegrins, myeloid proteins, chromogranin
and many others, including those that were not character-
ized [56]. Moreover, such tissues are characterized by the
saturated peptide profile formed both by regulatory mol-
ecules and induced or formed as a result of degradation
or maturation of proteins and peptides. For example, the
amino acid structure of beef chromogranin A contains
several peptides (chromacin, catestatin, vasostatin-1 and
chromofungin) with the activity against a great number of
microorganisms, viruses and molds. On the other hand,
the studies of the Russian scientists showed the synergetic
action of the discovered antimicrobial substances [46,49],
and several antibacterial peptides lose their activity sepa-
rately [16]. In this connection, the complex use of protein-
peptide mixtures from the target tissues of farm animals
can be characterized by a similar effect, and the applica-
tion of modern biotechnological methods of their extrac-
tion including sterilizing membrane filtration will make it
possible to develop a highly effective and safe technology
to extend shelf-life of raw materials and food products.

Acknowledgment

This work was supported by the Russian Science Foun-
dation (project No. 17-76-10033).

REFERENCES

1. Food losses and waste in the context of sustainable food
systems. The report of Group of high-level experts on food se-
curity and nutrition, 2014. — P. 1-142. [9AeKTPOHHbIN pecypc:
http://www.fao.org/3/a-i3901r.pdf. Aata obpaweHusn:
17.09.2017]

2. Kostenko, Yu.G. Guideline on sanitary microbiological princi-
pals and prevention of risks upon meat product production and
storage / Yu.G. Kostenko // Meat industry.— 2015.— N2 6. —
P. 44-417.

3. Kamenik, J. The microbiology of meat spoilage: a review /
J. Kamenik // Maso International — Journal of Food Science
and Technology.— 2013. — P.1-9. [9AeKTpOHHbIN pecypc: http://
www.maso-international.cz/wp-content/uploads/2013/08/ma-
so-international-2013-1-page-003-010.pdf.Aata  ob6palueHus:
17.09.2017]

4. Encyclopedia of Meat Sciences, Second Edition/edited M.
Dikeman and C. Devine // London: Academic Press, 2014. —
1712 p.

5. Kostenko, Yu.G. Microbiological aspects of chilled pork pro-
duction with a long shelf life / Yu.G. Kostenko, D.S. Batayeva,
M.A. Krasnova // Meat industry.— 2014.— Ne¢ 4. — P. 66.

6. Chernukha, I.M. About prolonging of raw meat storage. /
I.M. Chernukha, A.N. Makarenko, L.V. Fedulova, G.S. Tolmache-
va // Meat industry.— 2012.—Ne¢ 10. — C. 12-14.

7. Preserved Meat Guide [dnekTpoHHblipecypc: http://
www.dartagnan.com/preserved-meat-methods.html. Aata
ob6paweHun: 15.08.2017].



THEORY AND PRACTICE OF MEAT PROCESSING N°3 | 2017

7. Preserved Meat Guide [9neKTpoHHbIN pecypc: http://www.
dartagnan.com/preserved-meat-methods.html. Aata o6paue-
HuA: 15.08.2017]

8. CasuH, U.E. 0cO6€HHOCTU KPUOKOHCEPBUPOBAHUA U KpUOCe-
napauum nuwieBoro cbipbf. / U.E. CasuH // MoAautemaTuueckui
ceTeBOM 3NEKTPOHHbIA HayuHbIW XypHan KybaHckoro rocyaapcT-
BEeHHOro arpapHoro ynusepcuretra.—2011.— Ne 66(02). — C. 1-12.
9. 3onotokonosa, C.B. Teopetnueckoe o60cHoBaHWEe MeXaHU3Ma
KOHCEPBUPYIOLLEro AeMCTBUA KOMMNOHEHTOB KOMTUAbHbIX 3KCTpPaK-
T0B. /C.B. 30on0oTOKONOBA, U.A. ManaruHa // U3BecTus BbiCLUUX yueb-
HbIX 3aBeAeHUi. MuweBan TexHonorua.—2007.— Ne 3. — C. 36-42.
10. HectepeHko, A.A. MocoAa msaca U mAconpoaykToB. /A.A. He-
cTepeHko, A.C. Kaaukasa // BectHuk HTU9U. — 2012, — Ne 8. —
C. 46-54.

11. 3amnuesa, H0.A. Buabl nocona U ero npUMeHeHue B MAcone-
pepabartbiBalowe npombiliAeHHOCTH. / H0.A. 3aiuesa, E.T. lo-
puHa, A.B. MoHomapeHKko // Monopoi yueHbiit.— 2014.— Ne 4. —
C.164-167.

12. TynueBa, E.K. UHrpeaneHTbl M ynakoBKa Ha BbICTaBKe
UODA 2013: ypno6Hoe notpebreHUe HaTypaAbHbIX NPOAYKTOB. /
E.K.TynueBa // Bce o mace.— 2013.— Ne 3. — C. 5-7.

13. TyHueBa, E.K. K Bonpocy 6e3onacHocTi nuLLeBbiX A06aBOK./
E.K. TyHueBa // Bce o mace.—2015.— Ne 4. — C. 10-13.

14. AsumoBa, B.T. 9HAOreHHble aHTUMUKPOOHbIE MENTUAbI XKKU-
BOTHOro npoucxoxaeHus. / B.T. Asumona, H.U. MoratypkuHa-
HectepoBa, A.C. HectepoB // CoBpeMeHHble NpobAeMbl HayKu
u obpasoBaHuA.— 2015.— Ne 6. [9reKTpoHHbIN pecypc: https://
www.science-education.ru/ru/article/view?id=23025Aata 06-
paweHun: 15.08.2017].

15. NaHteneeB, E.B. CTpyKTypHO-PYHKLUOHAAbHOE MCCAEAOBa-
HUE aHTUMUKPOOHbIX NENTUAOB XXMBOTHOIO MPOUCXOXKAEHHUSA: AUC.
KaHA. XMM. HayK. — MockBa, 2015.— 130 c.

16. OBuMHHUKOBaA, T.B. CTPyKTypHO-PYHKLUOHAAbHOE UCCAEAO-
BaHWEe MPUPOAHBbIX MENTUAHbLIX AaHTUOMOTUKOB: AUC. AOK. XUM.
Hayk (B BUAE HayuyHoro Aoknapa). — Mockea, 2011.— 68 c.

17. Bea Rde, L. Synthesis, antimicrobial activity and toxicity of ana-
logs of the scorpion venom BmKn peptides. / L. Bea Rde, A.F. Petra-
glia, L.E. Johnson // Toxicon. —2015. —V. 101. — P. 79-84.

18. Zhong, J. Transcriptomic analysis of the venom glands from
the scorpion Hadogenes troglodytes revealed unique and ex-
tremely high diversity of the venom peptides. / J. Zhong, X.C.
Zeng, X. Zeng, Y. Nie, L. Zhang, S. Wu, A. Bao // Journal of pro-
teomics.—2017. — V. 150. — P. 40-62.

19. Bamdad, F. Preparation and characterization of antimicrobi-
al cationized peptides from barley (Hordeumvulgare L.) proteins./
F. Bamdad, X. Sun, L.L. Guan, L. Chen // LWT — Food Science and
Technology.—2015. — V.63.— Ne 1. — P. 29-36.

20. McDonald, M. Structure-function relationships in histidine-
rich antimicrobial peptides from Atlantic cod / M. McDonald, M.
Mannion, D. Pike, K. Lewis, A. Flynn, A.M. Brannan, M.J. Browne,
D. Jackman, L. Madera, M.R. Power Coombs, D.W. Hoskin,
M.L. Rise, V. Booth // Biochimica et biophysicaacta. — 2015. —
V.1848.— Ne 7. — P. 1451-1461.

21. Shamova, 0.V. Acipensins — novel antimicrobial peptides from
leukocytes of the Russian sturgeon Acipenser gueldenstaedtii /
0.V. Shamova, D.S. Orlov, S.V. Balandin, E.l. Shramova, E.V. Tsvetkova,
P.V. Panteleey, Yu.F. Leonova, A.A. Tagaev, V.N. Kokryakov, T.V. Ovchin-
nikova // Acta Naturae. —2014.—V. 6.— Ne¢ 4. — P. 99-109.

22. Espinosa, E.P. Proteomic characterization of mucosal secretions
in the eastern oyster, Crassostrea virginica. / E.P. Espinosa, A. Koller,
B. Allam // Journal of Proteomics.— 2016. —V. 132. — P. 63-76.
23. Geng, X. Proteomic analysis of the skin of Chinese giant
salamander (Andrias davidianus). / X. Geng, H. Wei, H. Shang,
M. Zhou, B. Chen, F. Zhang, X. Zang, P. Li, J. Sun, J. Che, Y. Zhang,
C. Xu // Journal of Proteomics.— 2015. — V.119. — P. 196-208.
24. Holden, W.M. Development of antimicrobial peptide defens-
es of southern leopard frogs, Ranas phenocephala, against the
pathogenic chytrid fungus, Batrachochytrium dendrobatidis./
W.M. Holden, L.K. Reinert, S.M. Hanlon, M.J. Parris, L.A. Rollins-
Smith // Developmental & Comparative Imnmunology.— 2015. —
V.48.—Ne 1. —P. 65-75.

25. Conlon, J.M. Potential therapeutic applications of multifunc-
tional host-defense peptides from frog skin as anti-cancer, anti-
viral, immunomodulatory, and anti-diabetic agents. /J.M. Conlon,
M. Mechkarska, M.L. Lukic, P.R. Flatt // Peptides.— 2014. —
V.57.—P. 67-77.

26. Conlon, J.M. A family of antimicrobial and immunomodulatory
peptides related to the frenatins from skin secretions of the Ori-
noco lime frog Sphaenorhynchuslacteus (Hylidae). / J.M. Conlon,
M. Mechkarska, G. Radosavljevic, S. Attoub, J.D. King, M.L. Lukic,
S. McClean // Peptides. — 2014. — V. 56. — P. 132-140.

18

8. Syasin, L.LE. Features of cryopreservation and cryosepara-
tion of food raw materials. / L.E. Syasin // Polythematic online
scientific journal of Kuban State Agrarian University.— 2011.—
Ne 66(02). — C. 1-12.

9. Zolotokopova, S.V. Theoretical study of preservative action
mechanism of smoke components in the extracts. / S.V. Zoloto-
kopova, I.A. Palagina // lzvestia vuzov. Pishevaya tekhnologia.—
2007.— Ne 3. —C. 36-42.

10. Nesterenko, A.A. Pickles of meat and meat products. / A.A.
Nesterenko, A.S. Kayatskaya // Vestnik NGIElL.— 2012.— Ne 8. —
C. 46-54.

11. Zaitseva, U.A. Types of pickles and its application in the meat
industry. / U.A. Zaitseva, E.G. Girina, A.V. Ponomarenko // Molo-
doi ychenyi.— 2014.— Ne 4. — C. 164-167.

12. Tuniyeva, E.K. Ingredients and packaging at IFFA 2013: the
easy consumption of natural products. / E.K. Tuniyeva // Vse o
myase.— 2013.— Ne 3. — C. 5-7.

13. Tuniyeva, E.K. To a safety issue of food additives. / E.K. Tuni-
yeva // Vse o myase.— 2015.— Ne 4. — C. 10-13.

14. Azimova, V.T. Endogenous antimicrobial peptides of animal
origin. / V.T. Azimova, N.l. Potaturkina-Nesterova, A.S. Nester-
ov //Modern problems of science and education.— 2015.— Ne 6.
[9nekTpoHHbIM pecypc: https://www.science-education.ru/ru/
article/view?id=23025.Aata o6paweHun: 15.08.2017].

15. Panteleev, EV. Structural and functional studies of animal
antimicrobial peptides: Dis. cand. chem. sciences. — Moscow,
2015.— 130 p.

16. Ovchinnikova TV. Structural and functional studies of natu-
ral peptide antibiotics: Dis. doc. chem. sciences (a scientific pa-
per). — Moscow, 2011.— 68 p.

17. Bea Rde, L. Synthesis, antimicrobial activity and toxicity of
analogs of the scorpion venom BmKn peptides. / L. Bea Rde,
A.F. Petraglia, L.E. Johnson // Toxicon.—2015.—V. 101. —P. 79-84.
18. Zhong, J. Transcriptomic analysis of the venom glands
from the scorpion Hadogenes troglodytes revealed unique and
extremely high diversity of the venom peptides. / J. Zhong,
X.C. Zeng, X. Zeng, Y. Nie, L. Zhang, S. Wu, A. Bao // Journal of
proteomics.—2017. — V. 150. — P. 40-62.

19. Bamdad, F. Preparation and characterization of antimicrobial
cationized peptides from barley (Hordeumvulgare L.) proteins./ F.
Bamdad, X. Sun, L.L. Guan, L. Chen // LWT — Food Science and
Technology.—2015. — V.63.— Ne 1. — P. 29-36.

20. McDonald, M. Structure-function relationships in histidine-
rich antimicrobial peptides from Atlantic cod / M. McDonald, M.
Mannion, D. Pike, K. Lewis, A. Flynn, A.M. Brannan, M.J. Browne,
D. Jackman, L. Madera, M.R. Power Coombs, D.W. Hoskin,
M.L. Rise, V. Booth // Biochimica et biophysicaacta. — 2015. —
V.1848.— Ne 7. — P. 1451-1461.

21. Shamova, 0.V. Acipensins —novel antimicrobial peptides from
leukocytes of the Russian sturgeon Acipenser gueldenstaedtii /
0.V. Shamova, D.S. Orlov, S.V. Balandin, E.l. Shramova,
E.V. Tsvetkova, P.V. Panteleev, Yu.F. Leonova, A.A. Tagaey,
V.N. Kokryakov, T.V. Ovchinnikova // Acta Naturae. — 2014. —
V. 6.— N2 4. — P. 99-109.

22. Espinosa, E.P. Proteomic characterization of mucosal
secretions in the eastern oyster, Crassostrea virginica. /
E.P. Espinosa, A. Koller, B. Allam // Journal of Proteomics.—
2016.—V.132.—P. 63-76.

23. Geng, X. Proteomic analysis of the skin of Chinese giant
salamander (Andrias davidianus). / X. Geng, H. Wei, H. Shang,
M. Zhou, B. Chen, F. Zhang, X. Zang, P. Li, J. Sun, J. Che, Y. Zhang,
C. Xu // Journal of Proteomics.— 2015. — V.119. — P. 196-208.
24. Holden, W.M. Development of antimicrobial peptide defenses
of southern leopard frogs, Ranas phenocephala, against the
pathogenic chytrid fungus, Batrachochytrium dendrobatidis./
W.M. Holden, L.K. Reinert, S.M. Hanlon, M.J. Parris, L.A. Rollins-
Smith // Developmental & Comparative Immunology.— 2015. —
V.48.—Ne 1. —P. 65-75.

25. Conlon, J.M. Potential therapeutic applications of
multifunctional host-defense peptides from frog skin as anti-
cancer, anti-viral, immunomodulatory, and anti-diabetic
agents. /J.M. Conlon, M. Mechkarska, M.L. Lukic, P.R. Flatt //
Peptides.— 2014. —V. 57. — P. 67-77.

26. Conlon, J.M. A family of antimicrobial and immunomodulatory
peptidesrelatedtothe frenatins fromskin secretions of the Orinoco
lime frog Sphaenorhynchuslacteus (Hylidae). / J.M. Conlon,
M. Mechkarska, G. Radosavljevic, S. Attoub, J.D. King, M.L. Lukic,
S. McClean // Peptides. — 2014. — V. 56. — P. 132-140.

27. Sycheva, M.V. The use of electroanalytical and separa-
tion methods for assessment of action mechanism of anti-
microbial peptides from chicken platelets. / M.V. Sycheva,



2017 | N°3 TEOPUSI U NPAKTUKA NEPEPABOTKWN MSICA

27. CbiueBa, M.B. lpumeHeHUe INeKTpOaAHAAUTUUECKUX U ce-
napauyoHHbIX METOAOB UCCAEAOBAHUA ANl OLLEHKU MexaHu3ma
6UMONOrMUYECKOW AaKTUBHOCTU aHTUMUKPOOHDLIX NENTUAOB U3 TPOM-
60uUTOB KypuLbl AooMaluHel. / M.B. CblueBa, A.C. BacuAbUY€EHKO,
A.A. Kyabcapun, E.A. PoroxxuH, H0.U. MNMewkosa, 0.A. Kaprtawo-
Ba // BroaneteHb OpeHOyprckoro HayuHoro ueHtpa YpOPAH.—
2016.—Ne1.—C. 1-8.

28. Shamova, 0.V. Minibactenecins ChBac7.Nax and ChBac7. N —
antimicrobial peptides from leukocytes of the goat Capra hircus. /
0.V. Shamova, D.S. Orlov, M.S. Zharkova, S.V. Balandin, E.V. Yams-
chikova, D. Knappe, R. Hoffmann, V.N. Kokryakov, T.V. Ovchinniko-
va // Acta Naturae. —2016. — V. 8.— Ne 3. — P. 136-146.

29. UnbuHa, E.N. AHTUMUKPOOHDbIN NENTUA U3 AEUKOLUTOB AUCH-
ubl Vulpesvulpes. / E.U. UnbuHa, M.H. BepnoB, fl.A. Ay6poBCcKuM,
E.l. BoromonoBa, B.H. KokpsakoB // BecTHuk CaHkT-lleTepbyprcko-
ro ynuBepcureta. Cepua 3. buonorua.— 2013. — Ne 2. — C. 56-63.
30. OxHeB, B.A. MOUCK HOBbIX AHTUMMKPOOHLIX NENTUAOB U3
ceMeicTBa KaTeAMLMAMHOB U AeDEHCUHOB B AEMKOUMUTAX AOCH
(Alcesalces)./ B.A. HOxHeB, M.A. LWlaprtykoBa, H.B. AyroBkuHa,
B.H. Kokpsakos, 0.B. LLlamoBa // BecTHuk CaHkT-lleTepbyprckoro
yHuBepcureta. Cepus 3. buonorua. —2014. —Ne 1. — C. 115-131.
31. Wan, J. Recombinant plect as in elicits similar improvements
in the performance and intestinal mucosa growth and activity
in weaned pigs as an antibiotic. / J. Wan, Y. Li, D. Chen, B. Yu,
G. Chen, P. Zheng, X. Mao, J. Yu, J. He //Animal Feed Science and
Technology. —2016. — V.211. — P. 216-226.

32. The Antimicrobial Peptide Database [JAeKTPOHHbLIN pe-
cypc: http://aps.unmc.edu/AP/main.php. Aata o6palweHus:
15.08.2017].

33. Wang, G. A database view of naturally occurring
antimicrobial peptides: nomenclature, classification and amino
acid sequence analysis. / G. Wang, X. Li, M. Zasloff // In Wang,
G. (ed.)“Antimicrobial Peptides: Discovery, Design and Novel
Therapeutic Strategies”. CABI, Oxfordshire, UK, 2010: P. 1-21.
34. Bahar, A.A. Antimicrobial peptides. / A.A. Bahar, D. Ren //
Pharmaceuticals (Basel).—2013.—V. 6.—Ne 12. —P. 1543-1575.
35. Brogden, K.A. Antimicrobial peptides: pore formers or
metabolic inhibitors in bacteria? / K.A. Brogden // Nature
Reviews Microbiology.— 2005. — V. 3.— Ne 3. — P. 238-250.

36. Wang, G. Improved methods for classification, prediction,
and design of antimicrobial peptides. / G. Wang // Methods in
molecular biology. — 2015. — V. 1268. — P. 43-66.

37. A6atypoB, A.E. KaTUOHHble aHTUMUKpPOOHbIE NENTUAbLI CU-
cTemMbl HecneuudUuecKor 3alUTbl PecnUpaTopHOro TpakTa:
AedeH3UHbl U KaTeAMUUAUHBbI. AepeH3UHbI — MOAEKYAbI, nepe-
)XUuBawlLue peHeccaHc (uyactb 1)./ A.E. A6atypoB // 3p0poBbe
pebenka.— 2011. —V. 7— Ne 34. — C. 161-171.

38. Wang, G. Human antimicrobial peptides and proteins. /
G.Wang // Pharmaceuticals.— 2014. — V. 7.— Ne 5. — P. 545-594.
39. Wang, W.M. Effectsofwhole cigarette smoke on human beta
defensins expression and secretion by oral mucosal epithelial
cells. / W.M. Wang, P. Ye, Y. — J. Qian// Tobacco induced
diseases.—2015. —V.13.— Ne 1. — P. 3.

40. Zhao, L. Defensins in innate immunity. / L. Zhao, W.Lu //
Current Opinion in Hematology.—2014. —V.21.—Ne 1. — P. 37-42.
41. BaweHko, B.U. MpotMBoMUKPOO6HOE M NPOTUBOBUPYCHOE
AeiictBue ApedpEHCUHOB ueNOBEKA: MNaToreHeTUYecKoe 3Haue-
HUE U NepcneKTUBbl NPUMEHEHUA B A€KapCTBEHHON Tepanuu. /
B.U. BaweHko, B.H. BuabanuHoB, M.A. Wa6aHoB // 0630pbi
No KAMHUYECKOW ¢papMaKOAOrMU U A€KapCTBEHHOW Tepanuu.—
2016.— Ne 2. —C. 3-37.

42. Jarczak, J. Defensins: Naturalcomponentofhumaninnateimm
unity. / J. Jarczak, E.M. Kosciuczuk, P. Lisowski, N. Strzatkowska,
A. Jozwik, J. Horbanczuk, J. Krzyzewski, L. Zwierzchowski,
E.Bagnicka // Human Immunology.— 2013. — V. 74.— Ne 9. —
P. 1069-1079.

43. Bosch-Marcé, M. Preclinical safety evaluation of human
platelets treated with antimicrobial peptides in severe combined
immunodeficient mice. / M. Bosch-Marcé, K.V. Mohan,
M.P. Gelderman, P.L. Ryan, E. Russek-Cohen, C.D. Atreya//
Transfusion.— 2014. — V. 54. — Ne 3. — P. 569-576.

44. UnbAweHko, M.I. JHAOreHHble AHTUMUKPOOHbliEe NEeNnTUAbI
U UX KAMHUKO-MATOreHeTMyeckas 3HAUYMMOCTb MNpPU BOCMAAU-
TeAbHbIX UHPeKuUAX kKuweuyHuka. / M.I. UabaweHko, I H. Tapa-
coBa, A.WU. TyceBa // CoBpeMeHHble NpobAeMbl HayKU U 0b6pa-
30BaHuA. — 2012. — Ne 2. [9neKTpOHHbIN pecypc: https://www.
science-education.ru/ru/article/view?id=5922. Aara o6pauye-
HuA: 15.08.2017].

45. byauxuHa, A.C. AedpeH3nHbl — MyABTUPYHKLMOHAABHbIE KaTUOH-
Hble nenTuabl YenoBeka. / A.C. byamxuna, b.B. MuHeruH // UmmyHo-
NaToAOrus, anmepronorus, uHdpekronorna.—2008.— Ne 2. — C. 31-40.

19

A.S. Vasil’chenko, A.A. Kul’sarin, E.A. Rogozhin, U.l. Peshkova,
OL. Kartashova // Bulleten Orenburgskogo nauchnogo centra
UrORAN.— 2016.— N2 1.—C. 1-8.

28. Shamova, 0.V. Minibactenecins ChBac7.Na and ChBac7.
NB — antimicrobial peptides from leukocytes of the goat Capra
hircus. / 0.V. Shamova, D.S. Orlov, M.S. Zharkova, S.V. Balan-
din, E.V. Yamschikova, D. Knappe, R. Hoffmann, V.N. Kokryakov,
T.V. Ovchinnikova // ActaNaturae.— 2016. — V. 8. — Ne 3. —
P. 136-146.

29. llina, E.Il. Antimicrobial peptide from leukocytes of Vulpes-
vulpes red fox. / E.l. llina, M.N. Berlov, Ya.A. Dubrovsky, E.G. Bo-
gomolova, V.N. Kokryakov // Vestnik of Saint Petersburg Univer-
sity. Series 3. Biology. —2013. — Ne 2. — C. 56-63.

30. Yuhnev, V.A. Search of novel antimicrobial peptides of the
cathelicidins and defensins families in moose (Alcesalces). /
V.A. Yuhnev, M.A. Shartukova, N.V. Lugovkina, V.N. Kokryakov,
0.V. Shamova // Vestnik of Saint Petersburg University. Series 3.
Biology. —2014. — N2 1. —C. 115-131.

31. Wan, J. Recombinant plectasin elicits similar improvements
in the performance and intestinal mucosa growth and activity
in weaned pigs as an antibiotic. / J. Wan, Y. Li, D. Chen, B. Yu,
G. Chen, P. Zheng, X. Mao, J. Yu, J. He // Animal Feed Science and
Technology.— 2016. —V. 211. — P. 216-226.

32. The Antimicrobial Peptide Database [9AeKTPOHHbIN
pecypc: http://aps.unmc.edu/AP/main.php. Aata o6palieHus:
15.08.2017].

33. Wang, G. A database view of naturally occurring antimi-
crobial peptides: nomenclature, classification and amino acid
sequence analysis. / G. Wang, X. Li, M. Zasloff // In Wang,
G. (ed.)“Antimicrobial Peptides: Discovery, Design and Novel Ther-
apeutic Strategies”. CABI, Oxfordshire, UK, 2010: P. 1-21.

34. Bahar, A.A. Antimicrobial peptides. / A.A. Bahar, D. Ren //
Pharmaceuticals (Basel).—2013.—V.6.—Ne 12. —P. 1543-1575.
35. Brogden, K.A. Antimicrobial peptides: pore formers or meta-
bolic inhibitors in bacteria? / K.A. Brogden // Nature Reviews
Microbiology.— 2005. — V. 3.— Ne 3. — P. 238-250.

36. Wang, G. Improved methods for classification, prediction,
and design of antimicrobial peptides. / G. Wang // Methods in
molecular biology. — 2015. — V. 1268. — P. 43-66.

37. Abaturov, A.E. Cationic Antimicrobial Peptides of Non-Spe-
cific Respiratory Protection: Defensins and Cathelicidins. Defen-
sins — Molecules Undergoing Renaissance (Part 1) / A.E. Aba-
turov // Child"s health.— 2011. —V. 7. — Ne 34. — P. 161-171.
38. Wang, G. Human antimicrobial peptides and proteins. /
G. Wang // Pharmaceuticals.—2014. —V. 7.— Ne 5. — P. 545-594.
39. Wang, W.M. Effects of whole cigarette smoke on human beta
defensins expression and secretion by oral mucosal epithelial
cells. / W.M. Wang, P. Ye, Y. — J. Qian // Tobacco induced dis-
eases.—2015.—V.13. —Ne 1. —P. 3.

40. Zhao, L. Defensins in innate immunity. / L. Zhao, W. Lu // Cur-
rent Opinion in Hematology. —2014. —V. 21. — Ne 1. — P. 37-42.
41. Vaschenko, V.I. Antimicrobial and antiviral effects of human
defensins: pathogenetic value and prospective application to
medicinal therapy. / V.l. Vaschenko, V.N. Vil'yaninov, P.D. Sha-
banov // Obzory po klinicheskoy farmakologii i lekarstvennoy
terapii. — 2016.— N2 2. — C.3-37.

42. Jarczak, J. Defensins: Natural component of human in-
nate immunity. / J. Jarczak, E.M. Kosciuczuk, P. Lisowski,
N. Strzatkowska, A. Jozwik, J. Horbanczuk, J. Krzyzewski, L. Zwier-
zchowski, E. Bagnicka // Human Immunology.— 2013. — V. 74.—
Ne 9. — P. 1069-1079.

43. Bosch-Marcé, M. Preclinical safety evaluation of human
platelets treated with antimicrobial peptides in severe combined
immunodeficient mice. / M. Bosch-Marcé, K.V. Mohan, M.P. Gel-
derman, P.L. Ryan, E. Russek-Cohen, C.D. Atreya // Transfusion.—
2014. —V.54.— Ne 3. — P. 569-576.

44. II'yashenko, M.G. Endogenous antimicrobial peptides and
their clinical and pathogenic significance in inflammatory infec-
tions of the intestine. / M.G. II'yashenko, G.N. Tarasova, Al. Gu-
seva //Modern problems of science and education. 2012; 2.
[9nekTpoHHBbIN pecypc: https://www.science-education.ru/ru/
article/view?id=5922. AaTa o6paweHusn: 15.08.2017].

45. Budikhina, A.S. Defensins — multifunctional cations peptides
of human. / A.S. Budikhina, B.V. Pinegin // Immunopathology,
Allergology, Infectology. — 2008. — Ne 2. — C. 31-40.

46. Kokryakov VN. Physico-chemical and functional properties of
antimicrobial proteins and peptides: Abstract dis. doc. biol. sci-
ences. — Saint-Petersburg, 1995.— 48 p.

47. Shamova OV. Physico-chemical characterization and func-
tional properties of defensins and protegrins: Abstract dis. cand.
biol. sciences. — Saint-Petersburg, 1995. — 24 p.



THEORY AND PRACTICE OF MEAT PROCESSING N°3 | 2017

46. KokpsakoB, B.H. ®usuko-xumumueckue v ¢yHKUUOHaAAbHbIE
CBOWCTBA aHTUMUKPOOHBbIX 6eAkoB U nentupoB: ABTopedepar
AUC. AOK.OMOA. HayK. — CaHkKT-TeTepbypr, 1995.— 48 c.

47. WamoBa, 0.B. O®u3MKo-XxMMHUUECKasA XapaKTepucTUKa
1 GYHKLUOHAAbHbIE CBONCTBA AeHPEHCUHOB U NPOTErPUHOB: ABTO-
pedepart Auc. KaHA. 6UoA. HayK. — CaHkT-leTep6bypr, 1995.— 24 c.
48. Wamosa, 0.B. MoAeKynipHO-KAETOUYHbIE OCHOBbI peanu3a-
UMK 6MONOTMUECKON aKTUBHOCTU aHTUMUKPOOHBIX NENTUAOB Aeit-
KouuToB: ABTOopedepar AUc. AOK. 6MOA. HayK. — CaHkT-TleTepbypr,
2013.—48c.

49. )Xapkosa, M.C. CoueTaHHOe AelicTBME 6EAKOB U NENTUAOB CUC-
TeMbl BPOXKAEHHOr0 UMMYHUTETA U COEAUHEHUI Pa3AUUHON XUMMU-
YyecKou NPUPOAbI B pearusauyu UX aHTUOMOTUUECKUX CBOMUCTB: AB-
Topedepar Auc. KaHa. 6UoA. Hayk. — CaHkT-TleTepbypr, 2016.— 24 c.
50. Tecle, T. Review: Defensins and cathelicidins in lung immunity.
T. Tecle, S.Tripathi, K.L. Hartshorn // Innate immunity. — 2010. —
V.16.— Ne 3. — P. 151-159.

51. Skarnes, R.C. Characterization of leukin: an antibacterial
factor from leucocytes active against gram-positive pathogens. /
R.C. Skarnes, D.W. Watson // The Journal of Experimental
Medicine. — 1956. — V. 104. — Ne 6. — P. 829.

52. Hirsch, J.G.Studies of the bactericidal action of phagocytin /
J.G.Hirsch // The Journal of Experimental Medicine. — 1956. —
V.103.—Ne 5. —P. 613

53. Zeya, H.l. Antibacterial and Enzymic Basic Proteins from
Leukocyte Lysosomes: Separation and Identification / H.l. Zeya,
J.K. Spitznagel // Science. — V. 142. — Ne 3595. — P. 1085-1087.
54. Selsted, M.E. Primary Structures of Three Human Neutrophil
Defensins. / M.E. Selsted, S.S.L. Harwig, T. Ganz, J.W. Schilling,
R.1. Lehrer // Journal of Clinical Investigation.—1985. — V. 76. —
P. 1436-1439.

55. De Smet, K. Human Antimicrobial Peptides: Defensins,
Cathelicidins and Histatins. / K. De Smet, R. Contreras //
Biotechnology Letters. — 2005. — V. 27. — Ne 18. — P. 1337-1347.
56. Uni Prot Protein Database [9nekTpoHHbI pecypc: http://
www.uniprot.org/. AaTta obpaweHun: 15.08.2017].

57. A6artypoB, A.E. KaTHOHHble aHTUMUKPOOHbIe MEenTUAbl CU-
cTeMbl HecneuudUUeckor 3alUTbl PecnUpaTopHOro Tpakra:
AedEeH3UHbl U KaTeAMuUAUHbl. AepeH3UHbI — MOAEKYAbI, nepe-
)XuBawlue peHeccaHc (uyactb 2)./ A.E. AbatypoB // 3p0poBbe
pebeHka. —2011. — V. 5.— Ne 35. — C. 137-144.

58. KokpskoB, B.H. Buonorus aHTMUGUOTUKOB YXMBOTHOIrO NPoOUC-
xoxaeHus. — CIM6.: Hayka, 1999.— 162 c.

CBEJEHIA Ob ABTOPAX
IIpuHamIeXHOCTh K OpraHU3 AL

JlykunoBa Exartepmna AnekcammpoBHa — crapumit jgabopaHT
IKCIIEpUMEHTAIBHOI KIMHUKI-TAb0paTopuy OJMONIOTNYeCKI aKTHUB-
HBIX BeI|eCTB XIBOTHOTO IPOMUCXOXeHNA, DefiepanbHblil HayIHbII
[leHTp MuieBbIX cucteM uM. B.M. Top6arosa PAH

109316, . MockBa, yn. TamanuxuHa, 26

Ten.: +7-495-676-92-11

E-mail: kate3584@mail.ru

Kotenkopa Enena AnexcaHapoBHa — KaHAUJAT TeXHMYECKUX HAyK,
HAyYHBI COTPYHMK DKCIIepUMEHTA/IbHOI KIVHUKU-TTabopaTopuy 611o-
JIOTMYECKI AKTMBHBIX BEIIECTB KMBOTHOTO IPOMCXOKaeHI, Defeparb-
HBIiT HAyYHbIIT LIeHTp MHIIeBbIX cucteM uM. B.M. Top6atosa PAH
109316, . MockBa, yn. TananuxuHa, 26

Ten.: +7-495-676-92-11

E-mail: lazovlena92@yandex.ru

Maxkapenko Anexcanzip HuxonaeBud — JOKTOp MEIULIMHCKUX HayK,
npodeccop xadenpsl rucronoruu u ambpuonornn HanmoHanbHOro
Me[JVLINHCKOrO yHMBepcuTeTa UM. A.A. boromonbua

02000, r. Kues, mp. ITo6ep, 34, Mopdomnorndeckuii Kopyc.

Ten.: +380-454-49-89

E-mail: makarenko.alexander.1954@gmail.ru

Kputepun aBropcrBa

ABTOpr B paBHBIX JOMAX IMEIOT OTHOLIEHME K HAIlVICAHMIO PYKOIINCH
" OAVIHAKOBO HECYT OTBETCTBEHHOCTD 34 ITarmar.

Kondmukr mnrepecos
ABTOpBI 3aABJIAIOT 00 OTCYTCTBUY KOH(IMKTA MHTEPECOB.
ITocrynnmna 16.08.2017

20

48. Shamova 0.V. Molecular and cellular bases of biological ac-
tivity realization of leukocytes antimicrobial peptides: Abstract
dis. doc. biol. sciences. — Saint-Petersburg, 2013.— 48 c.

49. Zharkova M.S. The combined action of innate immune sys-
tem proteins and peptides and compounds of different chemical
nature in the implementation of their antibiotic properties: Ab-
stract dis. cand. biol. sciences. — Saint-Petersburg, 2016.— 24 p.
50. Tecle, T. Review: Defensins and cathelicidins in lung immu-
nity. T. Tecle, S. Tripathi, K.L. Hartshorn // Innate immunity.—
2010.—V.16.— N2 3. — P. 151-159.

51. Skarnes, R.C. Characterization of leukin: an antibacterial
factor from leucocytes active against gram-positive pathogens. /
R.C. Skarnes, D.W. Watson // The Journal of Experimental Medi-
cine. —1956. — V. 104. — Ne 6. — P. 829.

52. Hirsch, J.G. Studies of the bactericidal action of phagocytin /
J.G. Hirsch // The Journal of Experimental Medicine. — 1956. —
V.103.— Ne 5. — P. 613

53. Zeya, H.l. Antibacterial and Enzymic Basic Proteins from
Leukocyte Lysosomes: Separation and Identification / H.l. Zeya,
J.K. Spitznagel // Science. —V. 142. — Ne 3595. — P. 1085-1087.
54. Selsted, M.E. Primary Structures of Three Human Neutrophil
Defensins. / M.E. Selsted, S.S.L. Harwig, T. Ganz, J.W. Schilling,
R.1. Lehrer // Journal of Clinical Investigation. —1985. — V. 76. —
P. 1436-1439.

55. De Smet, K. Human Antimicrobial Peptides: Defensins, Cat-
helicidins and Histatins. / K. De Smet, R. Contreras // Biotech-
nology Letters. — 2005. — V. 27.— N2 18. — P. 1337-1347.

56. Uni Prot Protein Database [9AeKTpoHHbIN pecypc: http://
www.uniprot.org/. AaTa o6paweHus: 15.08.2017].

57. Abaturov, A.E. Cationic Antimicrobial Peptides of Non-Spe-
cific Respiratory Protection: Defensins and Cathelicidins. Defen-
sins — Molecules Undergoing Renaissance (Part 2) / A.E. Aba-
turov // Child"s health.— 2011. — V.5.— Ne 35. — P. 137-144.

58. Kokryakov, V.N. Biology of antibiotics from animal sources. —
St. Petersburg: Nauka, 1999.— 162 p.

AUTHOR INFORMATION
Affiliation

Lukinova Ekaterina Aleksandrovna — senior laboratory assistant of
Experimental clinic — research laboratory of biologically active sub-
stances of an animal origin, V.M. Gorbatov Federal Research Center for
Food Systems of Russian Academy of Sciences

109316, Moscow, Talalikhina str., 26

Tel.: +7-495-676-92-11

E-mail: kate3584@mail.ru

Kotenkova Elena Alexandrovna- candidate of technical sciences, re-
search scientist of Experimental clinic —research laboratory of bio-
logically active substances of an animal origin, V.M. Gorbatov Federal
Research Center for Food Systems of Russian Academy of Sciences
109316, Moscow, Talalikhina str., 26

Tel.: +7-495-676-92-11

E-mail: lazovlena92@yandex.ru

Makarenko Alexander Nikolayevich — doctor of medical sciences,
professor of Department of histology and embryology, Bogomolets
national medical university

02000, Kiev, 34 Peremohy Avenue, Morphology Building.

Tel.: +380-454-49-89

E-mail: makarenko.alexander.1954@gmail.ru

Contribution

The authors equally contributed to the writing of the manuscript and
are equally responsible for plagiarism.

Conflict of interest
The authors declare no conflict of interest.
Received 16.08.2017



