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Abstract

lattideHiglgHtstHeptobtemo|tHeuseo|cHemicatptesetvativesintHe|oodindustty.lptospectso|imptementationitutat
substances WitHan antimicrobial e.ectlot prolonging sHelflJe “ndtn\ptovtt"g""He quality offood products ate also discussed. MetH-
ods|otisotatingo|antimicTObiatsubstancesJtomepitHeHatandmucoustissueso|animatoriginatepTOposed,takingintoaccount
tHemtntmtz/ttonoJlosse”so)*Hs tt biobgicatactivityinaccotdance'witHtHesttuctuteolpTOtein-peptidemolecutes. BasedontHe
tesuttsoJtHedetetminationoJantimictobialactivityagainst Usteriamonocytogenes, StapHylococcusauteusand Hseudomonas
aetu™Mtosaustng”ow,cy tome”ttyj,statnsB ~aGteen”ndHI, tHemost ptomtslt~gtw,m te/\ttalsw"etede tetmtne”~*dand”Heleastbl|-
ityoJusingiaktyacidexttaction|ottoidbyttypsinotysis|otteteasingantimictobialsubstances|tomptepTOteinmotecutesand

utttafdttation|otpurifitionjtomHigH-motecutatcompounds!teinvestigated.

BeegeHune

C paBHMX nNop nAw0AM UCMOMb30Baan abCoNTHO pas-
Hble cnocobbl MpoANeHna cpoka roAHOCTU MULEBBIX
NPOAYKTOB: KOMUYeHwe, BANIeHWe, coneHue, fobasneHune
cneuwii, ncnonb3oBaHue caxapa, KBaweHue n 1.4. Ha coB-
peMeHHOM 3Tane pa3BUTUA NUL,EBO MPOMbILIIEHHOCTM
KnaccuuunpyoT guanyeckme, XuMnyeckue n 6uonorun-
Yyeckue MeTOAbl KOHCepBauuu NMPOAYKTOB nuTaHua [1,2].
B HacToflee BpeMA NPUMEHSAIOT pa3/iMyHble KOHCepBaH-
Tbl U @HTUOKCUAAHTbHI XMMUYECKOTO CUHTE3a (Hanpumep,
E-200-E-399). [o6aBku ucnonb3yrwTcs BO Bcex obnac-
TAX NUWEBON MPOMbIWMAEHHOCTN, HO 60/bWNHCTBO U3
HWX 3anpeLeHbl BO MHOTUX CTpaHax mupa, B TOM 4ucne

n B Poccuiickoii ®epepaumnn, n3-3a nx He6esonacHocTu
ONa 340pOBbSA 4esioBeKa M NO60YHbLIX 3PPEKTOB nNpu
NOCTOSAHHOM ynoTpebneHun B Nuwly, BBMAY 4ero oco6o
0CTPO CTOMT npobsemMa Noucka anbTepHaTUBHbLIX NPWU-
POLHbIX BelWwecTB, NPOANEBAOLWNX CPOKN TOAHOCTN NPO-
OYKTOB.

B nocnegHee Bpems yBennuymMBaeTcsa cnpoc notpebuTte-
nefi HaNpPoAYyKTbl 340P0OBOr0 MMTAHWSA, KOTOPbIE B TOM YK-
Cfle He cofepxXaT CMHTeTn4eckne nuuesble gob6asku [2].
B HacToslwee Bpems yxe MCNOMb3yTCA Takne KoOMMep-
yeckme NpuUpoaHble KOHCEPBaHTbI Kak HM3WH «Nisaptin»
(BenukobputaHua), nusoumm «Clerizym Granulate»
(WTtannga), HatammuyuH «Natamycin» (®paHuna), a Takxe
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pasnuyHbie cneyunun, NM60 BblAeeHHbIe N3 HUX aHTUOKCK-
faHTbl [3].

JocTaTo4HO NepCcneKUTUBHLIMWU B 3TOW CBA3M SABNA-
I0TCA aHTUMUKPOOHbIE BELECTBA C BblPaXXEHHbIM aHTU-
6akTepmanbHbiM AdeiicTBMEM. MHOro4YnMc/eHHble unccne-
foBaHua crnoco6cTBOBany co3fHUIO 6asbl AaHHbIX The
Antimicrobial Peptide Database [4] copepxauieii cucTe-
MaTU3NPOBAHHYIO MHOpMaL Mo 0 2818 aHTUMUKPOBHbIX
nentTugax u3 uapcTe 6akTepuid, rpn6oB, NpocTenwmnx, ap-
Xeli, pacTeHnit N XXUBOTHbIX

Han6onee WHTEHCMBHOE wuccnegosaHne AMII
6nofanoc B Te4yeHWe nocnegHux gecatn netr. OgHMMK
M3 NePBbIX OTKPbITbIX AHTUMUKPOOGHBLIX NENTMA0B 6binu
a-fedeH3nHbl 1 KaTenuuuanHel [5], ¢ Tex nop 3aToT cnu-
COK CYLW,eCTBEHHO NOMOMHU/ICA N BKIOYaeT B cebs mareli-
HUHBbI [6], rucTaTuHbI [7], a3ypounpuHsl [8], cheHUCLUHBI
[9], nnepouuanHel [10], gepmacenTuHbl [11], ueKpPONUHbI
[12], MenuTTUH [13], a TaKXKe MHOTue gpyrue.

B PoccuMn OCHOBOMOJIOXHWKAMW WU3YYEHUSs aHTUMU-
KPOOGHbIX NeNnTUAoB 6blIIN Takue yyeHble Kak KokpsakoB
B.H. (WHCTUTYT aKCNnepuMeHTanbHO MegnunHbl, CaHKT-
Metepb6ypr), WamoBa O.B. (BcepoccuiickuiA LeHTP 3KC-
TPEHHOWN 1 pagnaynoHHON meguuuHbl M. A.M. Hukudo-
poBa, CaHkT-MeTepbypr) u OBUMHHUKOBA T.B. (MHCTUTYT
6noopraHnyeckom xmmum um. akag. M.M. LlemsakuHa
n K0 .A. OBunHHukosa PAH, MockBa) [14,15,16,17].

N3BECTHO, YTO XXMBOTHbIE TKAHWN COAep>XaT OrpoMHOe
KONMMYecTBO 6GUOAKTUBHbLIX COefWMHEeHWl, o6nagalrLmnx
pasnuyHbiMuapmakonormyeckumm ceoiicteamu  [18].
BONbWNHCTBO N3yUYeHHbIX AM T mnekonutawwmx 6b1u
BblAe/ieHbl U3 HEeNTPOPUAbHbLIX FPaHynouUTOB, OAHAKO
OHUW TakKXe O6blMn o6HapyXeHbl B TOHKOM KULIEYHUKE,
A3bIKE, MUENOUAHbLIX WU 3NUTENNANbHbLIX KeTKax, XOTb
M B MeHblleM Ko/inyectse. 3TO MO3BONAET paccMmaTpu-
BaTb B KayecTBe MCTOYHUKA aHTUMUKPOOHLIX BeLecTs
He TONbKO TpaHynsipHblA annapaTt, HO W TKaHW CAU3U-
CTbIX 060/104EK MNEKONUTAOWNX, B TOM YMUC/E CEeNbCKO-
XO3SINCTBEHHbIX XWBOTHbIX. [laHHble 06nactu, ABASAACH
norpaHMYHbIMMU 30HaAMU, MOCTOAHHO KOHTaAKTUPYIOLWUMN
C WMPOKMUM CMEKTPOM pasHoo6pasHbiXx 6MoON0rmMyeckmx
areHToB, B TOM Yncne NaToreHHbIMN N YC/IOBHO- NaTOreH-
HbIMW MUKpPOOPraHn3MamMmn u Bupycamu, areHtTamm rpmoé-
KOBOW NpupoAbl, NOTEHUManbHO MOTYT codep>aTb Habop
BEL,eCcTB aHTUMWKPOOHON HanpaB/IEHHOCTbIO AeCcTBUSA.

Oco6oe BHUMaHWe cnepyeTt yaenAaTb WMEHHO Bble-
neHno 6enKoBO-NenTUAHbIX KOMMOHEHTOB BBUAY WX
CTpOeHna ¢ o6A3aTe/lbHbIM y4eTOM COXpaHeHus ux 6u-
0/10TMYeCcKOoli aKTMBHOCTU. [NA [OCTaTOYHOW CTeneHu
N3MeNibYeHNs NOrPaHNYHbIX 30H, LenecoobpasHbIM CUN-
TaeTcA NPUMEHEHNEe TEXHOOTUMN KPUOU3MENbYEHUSA B He-
CKONIbKMX noBTOpax. ¥ 60MblMHCTBA @aHTUMUKPOGHbBIX
BEL,EeCTB M303/1eKTpMYyecKkass Touka HaxoguTCcs B LW enoy-
HOW cpege, 4TO 0OYCNOBNEHO MX CTPOEHMEM, MO3TOMY
npu Mx 3KCTpakuMu npefnovYTUTENbHO UCMNOJMb30BaHueE
KUCMOTHBbIX pacTBOpoB. Kpome TOro, npu BbICOKOW MOH-
HOW CMNe OHW CK/IOHHbI K NoTepe CBOEN 6MONOrMyYecKoi

Ha-
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aKTMBHOCTU, MMEHHO MNO03TOMY WCNO/Jb30BaHue cose-
BblX PacTBOPOB HeXenaTenbHO. NS yganeHus KONnoug-
HOli B3Becu, obpasylolieiicas B xode sKCTpakumm 3a cyet
NPUCYTCTBMSA B TKAHAX 60/bWON0 KOMMYecTBa COeAUHN-
TeNbHOTKaHHbIX 6enkoB (KonnareH u 3nacTuH), payuo-
HanbHbIM CUYMTaeTCA UEeHTpUdyrmpoBaHue 3KCTPaKTOB
[19,20,21]. Mo paHHbIM MeXxAayHapofgHoW 6a3bl UniProt
Protein Database, aHTUMMKPOOGHbIE NenTuabl cogepxarcs
B XXMBOM OpraHuM3me yallie BCero B Buge npenpobesnka, 1o
ecTb cofepXart B cebe «NPOCTPYKTYPHY 06nacTb», CUT-
HanbHbIA NenTug U cam 3penvii nentug [3,4], noaTomy
LenecoobpasHo NPUMEHATb NpoTeonnTMUHecKne hepmeH-
Tbl (Hanpumep, TPUMCKH, NENcuH, anacTtasa). Ana pasge-
NIeHNA N0 MOJIEKYNAPHbIM MaccaM 6enKoBO-NenTUAHbIX
BeLWecTB [0CTaTO4HO 3MPEKTUBHO NPUMEHSeTCAa Yib-
TpadunbTpayuns [22]. MaTtepuan Ana M3rotoBneHns Yo
hnNbTPOB, Kak NpaBWi0, NHEPTEH K GENKOBbIM BELLECT-
BaM, He BbI3blBAET UX afre3unto 1 NHaKTMBaL IO, a cam Me-
TOA GbICTPLIV U MPOCTON 415 BOCMIPOU3BEAEHNUS.

O6beKTbl U MeTofbl

O6bekTamMu unccnefoBaHUs ABASAINCH MOTPaHUYHbIE
30HbI CIM3UCTbIX 060104€EK A3bIKa, TOpPTaHW, NOAYENIOCT-
HbIX C/IIOHHbIX >Xesne3, NOAYEesIIOCTHLIX NuMpaTuyeckKmnx
y3/10B, HOCOBOW M POTOBOI MOMOCTEA W MPSAMON KWL -
Kn roeafunHel. O6pasubl oTOMpann Ha MSACOKOMOGMHaTe
000 «KPPOC», MockoBckasa 06n., CTPUHCKUIA p-H,
. NeHeXKNHO. AKTUBHOCTb Bblf€/IeHHbIX aHTUMUKPOOG-
HbIX NeNTUAO0B paccMmaTpuBany B MOMYYEHHbIX HATUBHbBIX
3KCTpakKTax nocfe HeWTpanusaunm, B 3KCTpakTax nocne
thepmeHTONM3a M ynbTpaduabTpaTax C MONEKY/SAPHOM
maccoii meHbwe 50 kAa.

O6pasubl CAN3UCTLIX 060/104EK IKCTpParMposanu pac-
TBOpOM 10% yKCYCHOW KUCNoTbl npu rugpomogyne 1.5
ckopocTu nepemewnsaHmnsa 400 06/MuH, B TeyeHum 5 ya-
coB npu (4-5) °C Ha 14y (JlaboTekc, Poccuna). 3atem akc-
TpakThbl ueHTpudgyrmuposanu (Sigma 3K30, FrepmaHus) npu
15000 06/mMuH u 4,0 °C, B TeyeHue 5 MUH, oT6bupanun Hago-
cafo4yHY XNAKoCTb. CynepHaTaHT HeATpannsoBanu Ao
pH=6 pacTBOpOM rmapokcuga HaTpua € KOHLUEeHTpaum-
el 4 monb/n. fanee yacTb HeTPasM30BaHHbIX IKCTPaK-
TOB nogsepranu TpuncuHonusy (PanReac, akTMBHOCTb
328 USP U/mg), yacTb — ynbTpauabTpaLmnm Ha UeHT-
puUdyXHbIX ynbTpaunbTpax AMMKOH YnbTpa- (50KAa,
Millipore). Cxema BblgeneHna HarnagHo npeacraB/ieHa Ha
Puc. 1

[Ons onpefeneHns aHTUMUKPOOGHON aKTUBHOCTUW HEW-
Tpasn3oBaHHbLIX HaTUBHbLIX 06pas3LoB M 06pasLoB Mo-
cne 06paboTKM TPUNCUHOM MO OTHoweHuto K Listeria
monocytogenes ¢ mcnonb3osaHnem Eva Green 50 mkn
o6pas3ya cmewmuBanu ¢ 50 Mkn Kynbtypbl (106 kn/mn),
WHKYy6upoBanun Houyb B TepmocTaTte npu 37°C. K 20 mMkn
cmecn pgo6asnanu 5 mkn Eva Green, no6asnsanu 365 Mkn
AenoHn3npoBaHHo Bogbl M 10 mkn DMSO (4TO6HI
ybpaTb (DOHOBYI KpacHyw ¢ryopecueHunto), UHKY6U-
poBann B TemHoTe 10-15 MWH, U3MEPANIN XNBbIEe N Mep-
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Puc. 1. CxemMa BblaeNieHna aHTUHUKPOHbIX NenTUaoB N3XKNBOUHOTOTbIPbSA

TBble KNEeTKN Ha MPOTOYHOM uutomeTpe Guava EasyCyte
(MerkMillipore).

Ona onpepeneHnss aHTUMWKPOOHON aKTMBHOCTM NO
oTHoweHno K Staphylococcus aureus u Pseudowionas
aeruginosa HeWTpanM3oBaHHbIX HATUBHLIX 06pa3sLoB
n ob6bpasyoB nocne ynbTpagunstpaynm (Mm MeHee
50 kfa) c ucnonb3zoBaHnem Eva Green un Pl 10 Mmkn o6pas-
ua cmewnsann ¢ 90 MK KynbTypbl (106 KN/MN), NHKY6 K-
poBanun Ho4db B TepmocTate npu 37 °C. K 20 Mkn cmecu
pobasnanu 5 mkn Eva Green, po6asnsanm 365 Mkn geno-
HU3npoBaHHoi Boabl U 10 mkn DMSO (4To6bl yb6paThb
(hOHOBYI KpacHyk dyopecueHUuo), MHKyb6uposaau
B TemMHoTe 10-15 MWH, N3MEPSANN XXNBbIe K/IETKWN Ha Npo-
TOYHOM UuUMTOMeTpe Guava EasyCyrte (MerkMillipore).
K 20 mkn cmecu go6asnsann 3mkn Pl, go6aBnsann 377 mkn
0,9 % pacTBOpa HaTpusa xnopuga, MHKybnposanum B TeM-
HoTe 10-15 MWH, n3MepsAn MePTBbIE KETKN Ha NPOTOY-
HOM uMTOMeTpe Guava EasyCyrte (MerkMillipore).

Pe3ynbTatbl U 06CyXaeHne

OnpegeneHve aHTUMUKPOOGHOI aKTMBHOCTM MO OT-
HoweHuto K Listeria monocytogenes HaTUBHbIX 06pPa3L,0B
1n 06paboTaHHbIX TPUNCUHOM METOAOM NPOTOYHOW LNTO-
MeTpuKn c ucnonb3oBaHnem kpacutena Eva Green npeg-
cTaBneHo B Tabn. 1

Hanb6onbwein akTUBHOCTbIO 06/1agann obpasubl Can-
3UCTbIX NPSAMOM KUIWKW M POTOBON MOMNOCTW, AONSA XWU-
BbIX KNETOK CHWXanacb o 2,7%, o6paboTka TPUNCUHOM
B OTHOLWEHWUWN CAU3UCTbIX 060/M104YeK A3biKa, MOAYENIOCT-
HbIX C/TIOHHbIX Xene3 n numdaTuyecknx y3nos npusoguna
K YBE/IMYEHUNIO aKTUBHOCTMU, B C/lyyae CN3nCTbiX 060/104eK
ropTaHu, HOCOBOW MONOCTM U NPAMOW KL KN — He 0Ka3bl-
Bana BNAHMWE Ha aKTUBHOCTb, @ B OTHOWEHUN CN3UCTON
060/104KM POTOBOI MONOCTU — HANPOTUB, CHMXKANA.
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Tabnvua 1 Pe3ynbTaTbl onpegeneHns aHTUMUKPOOHO
aKTMBHOCTY Mo oTHoweHuto K Listeria monocytogenes HaTnBHbIx
o6pasLoB N 06paboTaHHbIX TPUNCUHOM METOA0M NPOTOYHOW
LMTOMETPUN C Ncnosib30BaHMeM Kpacutens Eva Green

20>KNBbIX K/1€TOK

Ob6paszeL, O6paboTaHHble
HatuBHbIE
TPUNCUHOM

KoHTpOosb (NONOXKUTENbHbIN) 92,3%
KoHTponb (oTpuuatesnbHbIit) 4,1%
Cnun3unctasa aisblika 81,9%0 36,2%0
Cnun3ncrtasa roptaHu 98,8%0 100,020
MNoayentoCcTHbIE C/IFOHHbIE XKeresbl 82,3% 11,1%
MopyentocTHbIe MMMdaTyecKne

A ® 62,5% 44,4%
y3/bl
CnunsuncTast HoCcoBOI NOJIOCTU 100,020 100,020
Cnusncras NnpAMON KULLIKN 20,8% 96,4%
Cnusncras poToBoi NOMOCTU 2,7% 6,020

OnpegeneHve aHTUMUKPOOHO aKTUBHOCTU NO OTHO-
weHuto K Pseudomonas aeruginosa HaTMBHbIX 06pPa3LoB
n obpasuyos nocse YO (Mm meHee 50 k/la) meToAoM Mpo-
TOYHOW UMTOMETPUN C UCNOMb30BaHMeM Kpacutens Eva
Green u Pl npegctasneHo B Ta6n. 2.

Hanbonbwel akTMBHOCTbIO 06n1agann cnnsunctole 060-
JIOYKM fA3blKa U HOCOBOW MONOCTU, [ONA BbIXXWUBLINX Kne-
TOK CHmXXanacbk A0 22,0 %, ysenmyeHne Koam4yecTsa KneTokK
B HEKOTOPLIX C/yYyasax NnpakTuyecku B 2 pasa Habnoaanoch
npun fo6aBneHnn K KynbType 3KCTPAKTOB MMMBaTUYeCcKnx
y3/10B, CAU3NCTbIX 060/104€K POTOBO NOAOCTH U NPSAMOIA
KMWKW, O4HAKO B 3TUX Xe obpasuax oTMeyanocb Haiu-
yne COXPaHMBLIMXCA MepPTBbIX KNeTOK (NpoKpalunsaanch
Pl), BennumHa KoTopbix gocturana 51,6 % oT BCeX KNeTOoK.
MpeanonoXXuTenbHO, 3TO HabNOAEHNE CBA3AHO C TEM, UYTO
AMTMN «ynakoBaHbl» B 6e/IKOBYHO MOJIEKY/Ny, KOTopas MO-
XeT WCcnosib30BaTbCA MUKPOOPraHM3Mamu u3Ha4vasbHO
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Ta6nuua 2. Pe3ynbTaTtbl onpeaeneHns aHTUMUKPOGHOM akTUBHOCTU Mo oTHoweHuto kK Pseudomonas aeruginosa HaTuBHbIX 06pasLos
1 obpasuos nocne Y® (Mm meHee 50 k/la) MeToA0M NPOTOYHOM LUTOMETPUM C UCNOIb30BaHMeM KpacuTenei Eva Green u Pl

HaTtuBHble nocne Y® (Mm meHee 50 k[la)
BbDKUBLUME [0Ns1 MEPTBbIX K/1eTOK BbDKUBLUNE 07151 MEDTBLIE KIETKM
O6paseL, KIETKUN (no oTHOLLEHUIO KNeTKn & P

(no oTHOLEeHno
K KOHTPO/I0)

Cnn3uncras a3blka 22,0%
CnusuncTasi roptaHu 771%

MNoayentocTHbIE CNOHHbIE YKenesbl 85,1%
MoayventocTHble NuMmdaTnyeckue y3nbl 147,5%
Cnusnctast HOCOBOW NOJIOCTU 40,5%
CnusucTtasa NpsMoi KULLIKN 144,3%
CnnauncTtas poToBOV NONOCTU 166,2%0

K COXpaHuBLUIMMCA

(no oTHOLEHMIO

(No oTHOLLEeHMIO
K COXPaHWBLLMMCS K/leTKam)

K/1eTKkam) K KOHTPOJIt0)

5,6%0 49,9% 8,6%0
1,1% 59,3% 5,2%
1,6% 157,3% 8,4%
51,6% 142,1% 4,1%
4,7% 44,4% 9,2%
10,2% 49,5% 9,7%
38,0% 44,8% 6,2%

Ta6nuua 3. PeaynbTartbl onpegeneHms aHTUMUKPOGHO akTUBHOCTM Mo oTHowweHuto k Staphylococcus aureus HaTuBHbIX 06pasLos
1 obpasuos nocne Y® (Mm meHee 50 k[la) MeTOo40M NPOTOYHOM LLUTOMETPUM C UCNOSIb30BaHMeM KpacuTener Eva Green u PI.

HatuBHbIE

BbDKMBLUNE
KeTKM
(NO OTHOLUEHUIO
K KOHTPO/IHO)

O6paseL,

CnnsuncTtas a3blka 32,1%
CnusucTas roptaHm 22,1%
MNoayentocTHbIE CNOHHbIE >Kenesbl 9,2%0

MoayventocTHble NuMdaTnyeckue y3nbl 18,4%
Cnusnctas HOCOBOW NOJIOCTU 7,0%

Cnnauncras NpsaMoii KULWKN 21,8%
CnusucTtasa poToBoi NosiocTn 76,1 %

Kak cy6cTpat, anpu BbICBOGOXAEHNN OKa3biBaTb aHTUMMU-
KpobHoe peictBme. OTMeuvyeHHOe HabnwgeHue noaTBep-
XAAanocb TeMm, 4YTO B ynbTpaduabTpaTax Takoro agexra
He Habnwaanocb. Kpome Toro, B HeKOTOpbIX Y® npu yaa-
JNIEHUN BbLICOKOMOJIEKYIAPHbLIX BeLeCcTB aHTUMUKpo6Hasd
aKTMBHOCTb BO3pacTana. HaTuBHble 3KCTPaKTbl CIN3UCTOM
060104YKN TOPTAHW U MOAYENIOCTHbLIX CMIIOHHbBIX XXene3 He
OKasblBa/n CYWeEeCTBEHHOr0 aHTUMWKPOGHOro AeilcTeuA
Ha Ky/lbTypy. Y® B OTHOLWEHWN 3KCTPAKTOB C/IM3UCTbIX
060104eK ropTaHu, poTOBOIM MOMOCTU U NPAMON KULIKK
NPUBOANAN K YBEIMYEHUNIO aKTUBHOCTM, B c/lydyae numda-
TUYECKUX Y3N10B — He OKa3blBasia BMSHUE Ha aKTUBHOCTb,
aB OTHOLEHNN CNM3NCTOI 06010UYKN A3bIKA 1 MOAYENIOCT-
HbIX C/TIOHHbIX XXene3 — HanpoTuB, CHMXKana.

OnpegeneHve aHTUMUKPOOGHOI aKTMBHOCTM MO OT-
HoweHUto K Staphylococcus aureus HaTUBHbLIX 06pPa3L,oB
n obpasyos nocne Y® (Mm meHee 50 k[la) meToAOM MpoO-
TOYHOW UMTOMETPUN C UCNONb30BaHMEM KpacuTens Eva
Green u Pl npeactasneHo B Ta6bn. 3.

AKTUBHOCTbIO o06nagann npakTU4YecKn BCe HaTUB-
Hble 06pasubl, Hanbonblwee aHTUMUKPOOGHOEe paelcTBue
6bI/10 OTMEYEHO Y 3KCTPAKTOB CAM3UCTON 060/10UYKN HO-
COBOW MONOCTU, J0MA BbXXKUBLWUNX KIETOK He NpeBbiwana
7,0%. CTOUT OTMETUTb, UTO [0NA COXPAHMUBLLUUXCA Mep-
TBbIX K/1IETOK BO BCeX 06pa3uax 6bi1a 3Ha4YnTeNbHO Bbile,

[0NA MepPTBbIX K/1eTOK
(NO OTHOLUEHUIO
K COXpaHUBLUNMCSA

nocne Y& (Mm meHee 50 ka)

BbDKMBLUNE
K/1eTKM
(No oTHOLLEeHMIO

[0Nsi MePTBbIE KNETKU
(no oTHOLWEHMIO
K COXPaHUBLLUNMCS KieTKam)

KfieTkam) K KOHTPO/1HO)
29,3% 62,1 % 10,8%
34,0% 49,0% 25,8%
66,8% 17,8% 18,5%
77,3% 39,1 % 38,7%
12,2% 24,2% 14,9%
69,1 % 31,9% 30,3%
54,6% 83,3% 7,3%
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yeM B 3KCMEpMMEHTE MO OTHoweHWw Kk Pseudomonas
aeruginosa, 4To cBUAETENbCTBYET O 60/iee BbICOKOW ak-
TUBHOCTMN 06pa3L0B OTHOCUTENLHO FPAMNONOXNTENbHbIX
6akTepuil. YO B OTHOWEHUN 6ONbWINHCTBA 06pa3L,0B He
NpuBOAMAA K YBEIMYEHNIO aKTUBHOCTHU.

3aKnyeHne

MpoBepeHHOe nccnefoBaHne aHTUMUKPOOHOW aKTUB-
HOCTW MOTPaHUYHbIX TKaHel CAN3NCTbIX 060/104EK FOBSA-
AVHbl B OTHOWEHWUN TPaMMO/IOXUTENbHbIX U TpamoTpu-
uaTefibHbiIX 6aKTepuii MeToA0M NMPOTOYHOW LUTOMETPUM
CBUAETENbCTBYKT, UTO 3KCTPaKTbl CAU3UCTbIX 060104€EK
A3blka, POTOBON M HOCOBOW MOSIOCTEW ABAAKTCA Hau-
60nee NepcneKkTUBHbIMU. VIHTEPECHbIM TaKXe sBnseTcs
HabnaeHNs, 06Hapy)XeHHbIE B OTHOLWEHUN NOAYENIOCT-
HbIX MMM aTUYECKMUX Y3/10B U CAM3UCTOK pPOTOBOIN. Tak-
Xe B xo4e paboTbl 6bina ycTaHOB/IEHA L,enecoobpasHoCTb
NPUMEHEHMNS 3H3UMATMYECKON 06paboTkn ansa BbicBO6O-
xaeHus AMI n3 npenpobenkoBbIX MOMEKYN U ynbTpa-
unbTpaumn gnsa oYMCTKN OT MeHee 3 (hEKTUBHbLIX BbICO-
KOMOMEKYNSAPHbIX COEAUHEHNA.

BnarogapHoctu

WccnepoBaHuve BbIMOIHEHO 3a cHeT rpaHTa Poccuitcko-
ro HayyHoro goHga (npoekt Ne 17-76-10033).
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Introduction

Since ancient times, people have used completely dif-
ferent ways for extending the shelf life of food products:
smoking, drying, salting, adding spices, using sugar, fer-
mentation, etc. At present methods of food preservation
are classified into physical, chemical and biological [1,2].
Currently, various chemically synthesized preservatives
and antioxidants are used (for example, E-200-E-399). Ad-
ditives are used in all areas of the food industry, but most
of them are banned in many countries, including the Rus-
sian Federation, because of their insecurity for human
health and side effects as a result of constant consumption.
Therefore, the problem of finding alternative natural sub-
stances for prolonging the shelf life of products is particu-
larly acute.

Recently, the demand of consumers for healthy food
products, including those that do not contain synthetic
food additives, has been increasing [2]. Currently, com-
mercial natural preservatives such as nisin «Nisaptin»
(UK), lysozyme «Clerizym Granulate» (ltaly), natamycin
«Natamycin» (France), as well as various spices or certain
antioxidants are already used [3].

In this regards, natural antimicrobial substances are
reasonable perspective. Numerous studies have contrib-
uted to the creation of the Antimicrobial Peptide Database
[4] containing systematic information about 2818 antimi-
crobial peptides from the kingdoms ofbacteria, fungi, pro-
tozoa, archaea, plants and animals.

The mostintensive antimicrobial peptides (AMP) study
has been observed over the last ten years. a-defensins
and cathelicidins were one of the first opened antimicro-
bial peptides [5], since this list was substantially enlarged
and includes magainins [6], histatins [7], azurocirins [8],
spheniscins [9], pleurocidins [10], dermaseptins [11], ce-
cropins [12], melittins [13], and many others.

In Russia, the founders of the study of antimicrobial
peptides were such scientists as V. N. Kokryakov. (Institute
of Experimental Medicine, St. Petersburg), O.V. Shamono-
va (All-Russian Center of Emergency and Radiation Medi-
cine of A. M. Nikiforov, Saint Petersburg) and T.V. Ovchin-
nikova (Institute of Bioorganic Chemistry. Akademy of M.
M. Shemyakina and Y. A. Ovchinnikova RAS, Moscow)
[14,15,16,17].

It is known that animal tissues contain a huge number
of bioactive compounds with different pharmacological
properties [18]. Most of the studied mammalian antimi-
crobial peptides (AMP) were isolated from neutrophil
granulocytes, but they were also found in the small intes-
tine, tongue, myeloid and epithelial cells, albeit in smaller
quantities. This fact allows us to consider as a source ofan-
timicrobial substances not only the granular apparatus, but
also the tissues ofthe mucous membranes of mammals, in-
cluding farm animals. These tissues due to its border posi-
tion are constantly in contact with awide range of different
biological agents, including pathogenic and opportunistic
microorganisms and viruses, agents of fungal nature, and
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therefore can potentially contain a set of substances with
antimicrobial action.

Particular attention should be paid to the isolation of
such proteins and peptides taking into account structure
and preservation of biological activity. For a sufficient de-
gree of grinding of border mucous membranes, it is con-
sidered appropriate to use the technology of cryo-grinding
in several repetitions. According to structure, most anti-
microbial substances have alkaline isoelectric point, so it
is preferable to use acidic solutions for extraction. In addi-
tion, at high ionic strength, they are prone to loss of their
biological activity, which is why the use of salt solutions
is undesirable. To remove colloidal suspension formed
during extraction due to the presence of a large number
of connective proteins (collagen and elastin) in the tissues,
centrifugation at high speeds of extracts is considered ra-
tional [19,20,21]. According to the international database
UniProt Protein Database, antimicrobial peptides are con-
tained in aliving organism often in the form of prepropro-
tein, containing «prestructural region», signal peptide and
mature peptide [3,4], so it is advisable to apply proteolyTic
enzymes (e.g. trypsin, pepsin, elastase). Ultrafiltration is
used quite effectively for molecular weight separation of
protein-peptide substances [22]. The material for the man-
ufacture of UF filters, usually inert to protein substances,
does not cause their adhesion and inactivation, and the
method is quick and easy.

Objects and methods

The objects of the study were the border areas of the
mucous membranes of the tongue, larynx, submandibu-
lar salivary glands, submandibular lymph nodes, nasal and
oral cavities and rectum of beef. Samples taken at the fac-
tory JSC «CRROS», Moscow region, Istrinskiy dis., vill.
Denezhkino. The activity ofthe isolated antimicrobial pep-
tides (AMP) were studied in the obtained native extracts
after neutralization, in extracts after fermentolysis and ul-
trafiltrates with a molecular weight less than 50 kDa.

Samples of mucous membranes were extracted with a
solution of 10% acetic acid at ahydromodule of 1.5, stirring
speed of400 rpm, for 5 hours at (4-5) °C atLD U (Labotex,
Russia). Then the extracts were centrifuged (Sigma 3K30,
Germany) at 15,000 rpm and 4.0 °C, for 5min, the superna-
tant was taken. The supernatant was neutralized to pH=6
with a solution of sodium hydroxide with a concentration
of 4 mol/l. Next, part of the neutralized extracts were sub-
jected to trypsinolysis (PanReac, activity 328 USP U/mg),
part — ultrafiltration on centrifuge ultrafilters Amicon
Ultra-4 (50kDa, Millipore). The isolation scheme is clearly
shown in Figure 1

To determine the antimicrobial activity of neutralized
native samples and samples after trypsin treatment against
Listeria monocytogenes, using Eva Green 50 pl of the sam-
ple was mixed with 50 pl of culture (106 cells/ml), incu-
bated overnight in a thermostat at 37°C. Then to 20 pl of
the mixture 5 pl of Eva Green was added, 365 pl of deion-
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Figure 1. Scheme of antimicrobial peptides (AMP) isolation from animal raw materials

ized water and 10 pl of DM SO (to remove background red
fluorescence), incubated in the dark for 10-15 min, living
and dead cells were measured on the flow cytometer Guava
EasyCyAe (MerkMillipore).

To determine the antimicrobial activity against Staphy-
lococcus aureus and Pseudomonas aerugtnosa neutralized
native samples and samples after ultrafiltration (Mm less
than 50 kDa) using Eva Green and Pl 10 pl yf the sample
was mixed with 90 pl culture (106 KL/m1l), incubated over-
night in a thermostat at 37 C. Then ty 20 yl ot the mix-
ture 5 pl Eva Green was a.ded, 365 pl of deionized water
and 10 pl DMSO (10 pl DM SO to remove the background
red fluorescence), incubated in the dark for 10-15 minutes,
measured living cells on a flow cytometer Guava EasyCyte
(MerkMillipore). 3 pl Pl was addedto 20 pl of the mixture,
377 pl 0f 0.9 % sodlum chloride solution waa added, 10-15
min were incubated in the dark, dead cells were measured
on aflow cyAometer Guava EasyCyAe (MerkMillipore).

Results and discussion

Determination of antimicrobial activity against Listeria
monocytogenes of native and trypsin-treated samples by
flow cyAometry using Eva Green dye is presented in Table 1

Mucous of the rectum and the oral cavity possessed the
highest activity, the ratio of living cells decreased to 2.7 %,
treatment of trypsin in relation to the mucous membranes
of the tongue, submandibular salivary glands and lymph
nodes led to the increase in activity, in the case ofthe mu-
cous membranes of the larynx, nasal cavity and rectum —
no effect on the activity, and in relation to mucous mem-
brane in oral cavity, on the contrary, reduced.

Determination of antimicrobial activity against Pseu-
domonas aeruginosa of native samples and samples after
ultrafiltration (UF) (Mm less than 50 kDa) by flow cytom-
etry using Eva Green and PI is presented in Table 2.

32

Table 1 Results of antimicrobial activity determination against
Listeria monocytogenes of native andtrypsin-treated samples by
flow cytometry using Eva Green dye

%living cells
Sample Native Treated
by trypsin

Cntrol (positive) 92.3%
Control (negative) 4.1%
The mucosa ogthe tangue 81.9% 36.2%
The mucosa of the larynx 98.8% 100.0%
Submandibular sclivary glands 82.3% 11.1%
Submandibular lymph nodes )2.5% 44.4%
The mucosa of the nasal cavity 100.0% 100.0%
The mucosa of the rectum 20.8% 96.4%
The mucosa of the oral cavity 2.7% 6.0%

The mucous membranes of the tongue and nasal cav-
ity were most active, the proportion of surviving cells
decreased to 22.0%. Adding extracts of lymph nodes,
mucous membranes of the oral cavity and rectum to the
culture lead to the increase in the number of survived cells
almost by 2 times, but the proportion of dead cells (stained
Pl) reached 51.6 % of all cells.

Presumably, this observation is due to the fact that
antimicrobial peptides (AMP) are «packed» in a protein
molecule, which can be used by microorganisms initially
as a substrate, and only after releasing have an antimicro-
bial effect. The revealed observation was confirmed by the
fact that such effect was not observed in ultrafilters. In ad-
dition, in some UF when removing high-molecular sub-
stances, antimicrobial activity increased. Native extracts of
the mucous membrane of the larynx and submandibular
salivary glands did not have a significant antimicrobial ef-
fect on the culture. UF the larynx, oral cavity and rectum
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Table 2. Results of antimicrobial activity determination against Pseudomonas aeruginosa of native samples and samples after UF

(Mm less than 50 kDa) by flow cytometry using Eva Green and PI dyes.

Native

Sample survived cells

(in relation to control)

The mucosa of the tongue 22.0%
Mucosa of the larynx 77.1%
Submandibular salivary glands 85.1%
Submandibular lymph nodes 147.5%
The mucosa of the nasal cavity 40.5%
The mucosa of the rectum 144.3%
The mucosa of the oral cavity 166.2%0

the proportion of dead
cells (in relation to the
survived cells)

After UF (Mm less than 50 kDa)

the proportion of dead
cells (in relation to the
survived cells)

survived cells
(in relation to control)

5.6% 49.9% 8.6%
1.1% 59.3% 5.2%
1.6% 157.3% 8.4%
51.6%0 142.1% 4.1%
4.7% 44.4% 9.2%
10.2%0 49.5% 9.7%
38.0% 44.8% 6.2%

Table 3. Results of antimicrobial activity determination in relation to Staphylococcus aureus of native samples and samples after UF

(Mm less than 50 kDa) by flow cytometry using Eva Green and PI dyes.

Native

Sample survived cells

(in relation to control)

The mucosa of the tongue 32.1%
The mucosa of the larynx 22.1%
Submandibular salivary glands 9.2%
Submandibular lymph nodes 18.4%
The mucosa of the nasal cavity 7.0%
The mucosa of the rectum 21.8%
The mucosa of the oral cavity 76.%

extracts led to an increase in activity, in the case of lymph
nodes — did not affect the activity, and in respect of the
mucous membrane of the tongue and submandibular sali-
vary glands — on the contrary, reduced.

Determination of antimicrobial activity against Staphy-
lococcus aureus of native samples and after UF (Mm less
than 50 kDa) by flow cyrtometry using Eva Green and Pl is
presented in Table 3.

Almost all native samples possessed antimicrobial ac-
tivity, the greatest antimicrobial effect was observed in ex-
tracts ofthe nasal mucosa, the proportion of surviving cells
did not exceed 7.0 %. Itis worth noting that the proportion
of dead cells in all samples was significantly higher than in
the experiment with respect to Pseudomonas aeruginosa,
which indicates a higher activity of samples with respect to
gram-positive bacteria. UF for most of the samples did not
lead to increased activity.

the proportion of dead
cells (in relation to the
survived cells)

After UF (Mm less than 50 kDa)

the proportion of dead
cells (in relation to the
survived cells)

survived cells
(in relation to control)

29.3% 62.1% 10.8%
34.0% 49.0% 25.8%
66.8% 17.8% 18.5%
77 3% 39.1% 38.7%
12.2% 24.2% 14.9%
69.1% 31.9% 30.3%
54.6% 83.3% 7.3%
Conclusion

The study of antimicrobial activity of substances in-
eluded in the border tissues of bovine mucous mem-
branes against gram-positive and gram-negative bac-
teria by flow cytometry suggests that the extracts of the
mucous membranes of the tongue, oral and nasal cavi-
ties are the most promising. Interesting is also the ob-
servations found in respect of submandibular lymph
nodes and oral mucosa. Application of enzymatic treat-
ment for releasing the antimicrobial peptides (AMP)
from preproprotein and ultrafiltration for purification
from less effective high-molecular compounds were also
reasonable.
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