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Annomauus

B nacmosuyee pems 07151 HAKONTEHUS 8 MACHOM Cblpbe PYHKUUOHATLHBIX NeNU008 UCNOTIb3Y 101 PASTIUUHbLE MENOObL, 6 MOM
Ylcrie BKI0UANOULUE UCHONL30BAHUE CHOHMAHHOW MUKPOPIOPbL 6 X00€ ABMONU3A, UCNOIb308aHUEe PepMeHN06 MUKPOOHO20
npoucxoxoeHuss (npumereHue cmapmosvix Kynivmyp) u Ucnonv3osarue epmennos HeMukpobHozo npoucxoxoenus (pep-
MeHMbL HUBOMHO20 U PACUIMENbHO20 NPoUcxoxOenus). Kanowviil us memodos umeem céou cneyugduueckue ocobeHHocmu
8030eliCtBUS HA Cbipbe, UMo mpebyem ux 0emanbHo2o usy4eHus. B dannoti cmamve paccmampueaemcst 6nusHue CNOHMAH-
HOLL MUKPOPIOPLL hepMEHMUPOBAHHDIX MACHBIX NPOOYKIMNO6 U3 KOHUMHBL HA 00pA306aHUe OUONI0ZUHECKU AKINUBHBIX NN U-
0os. C ucnonvsosaruem T-RFLP-ananusa ycmauosneHo, 4o 6 cocmase MUKpo@dopvl colpossieHoli U colpokonyueHoli konbac,
Npou36edeHHbIX ¢ UCHONb30BAHUEM MbIUEUHOU MKAHU KOHUHDL 8 8U0e MACHOZ0 Colpbs, SHAUUMENLHAL YACMb MUKPOPIOPbL
npedcmasneHa MONOYHOKUCTIbIMU MUuKpoopeanusmamu. Tak, Haubonvuiee cooepiariie MOIOUHOKUCTION MUKPOPopul Habn0da-
emcs 6 o6pasye Ne 1 (52,45 %), a HaumeHvuiee — 6 o6pasue Ne 3 (29,62 %). B obpasue Ne 2 nabnrodaemcs cpedHee npoyeHmHoe
codepacanue Mukpognopuvl no cpasHeruio ¢ obpasyamu Ne 1 u Ne 3 — 38,82 %. Credyem maxsie ommermump, 4mo npubnu3u-
menvHo 25 % MUKpo@dnopvl OMHOCUMCST K HeKYTbMUBUPyemoti, m.e. umerouseli memabonuueckue Npoueccol, Ho He darouseti
pocma Ha numamenvruix cpedax. B ob6pasyax obHapysienvt npedcmasumentt AKMUHOMUYeMos U nce60omonao. Ilamozernroi
U YCT06HO-NAMO02EHHOL MUKpogdnopot He obHapysxcero. CpasHumenvHoe npomeomHoe Uccredo8arue memooom snekmpogope-
3a mpex 61006 K0NOAC U3 KOHUMDL, 6bIPAOOMAHHBIX C UCNONIL30BAHUEM CNAPINOBbIX KYIbIYDP N0 PASTIUMHBIM TEXHOTIOUIM,
10KA3a7I0 KONU4ecteeHHble U KauecneeHHble pA3TU1US N0 HecKonbKum benkosuim dpakuusm. Haubonvuee omnuuue 6 xonu-
uecmee 6enK0BbLX N00C HAbm0daemcs mexoy obpasyamu Ne 1/Ne 2 u Ne 3. Benkoeviii npouns koHuHwL 6 06pasue Ne 3 umern
3HAYUMenvHoe KouuecmeenHoe omautue om 0enkosvix npoguneii 06pasyos Ne 1 u Ne 2. Tak, xonuuecmeeHHoe cooepicarue
benkosvlx nonoc 6 06pasue Ne 3 g duanazore monexynaprvix macc 45-250 x/la scezo 4, 8 mo spems kax 8 06pasyax Ne 1 u Ne 2
ux 8060e 6onvuie. B uccnedyemuix 06pasyax Habn00amcs He MOTbKO KONU4eCmeeHHble, HO U KauectéeHHbie usmerenus. Tax,
8 06pasue Ne 1 u Ne 2 o6Hapyxcervl ppakyuy amuno-1,6-2110K03u0asvl, MUo3uH cesasviearuezo benxka C Ovicmpozo muna, 2nwo-
K030-6-cpocpam usomepasnvl, mponorura I 6bicmpoLx cKesemHbLX Mbliil, GOCPoTUUEPAMKUHA3DL, NUPYBAMKUHASLL U CKeTleH-
HOMblUEYHO20 AKMUHA, OMCYMCmeyowue unu ymeHvuiaoujuecs 8 oopasue Ne3. Takum o6pasom, 6 uccnedyemoti npooyKuuu
HAbN0ANACh COXPAHHOCMb OCHOBHO20 CNEKMPA MblUEUHBIX 0eK08, A UOeHMUPUUUPOBAHHVIE PPAKUUU 04eBUOHO, MOy
6vIMb UCMOYHUKAMU HOBbIX PYHKUUOHALHBIX nenmudos. Ilo pesynvmamam manoeMHOU MAcc-CHeKMpPOMempul no nomy-
YeHHbIM MACCAM ObLIU UOEHMUPULUPOBAHBL NPUPOOHDLE KOPOMKUE NeNnUObl, KOHOPble NPUCYHICIBOBAIU 6 AHATUSUPYEMbIX
aKcmpakmax. B ocHo8HOM 6ce OHU OMHOCUTIUCD K PASHBIM Henmudam KoHcko20 muoznobuna. Taxsie 6vino udeHmuduuUposaHo
HeCKObKO PpazmeH1mos, cpedu KomopoLx 0OHAPYHUBATUCL MPonoHuH-T cKenemHOMbLUe HbIT ObICPO2O MUNA U MblUeHHAS
kpeamunkunasa. IlonyuenHole Mamepuanvl MOXHO PACCMAMPUBAND KAK IKCHEPUMEHIMATIDHYI0 OCHOBY 07T HANPABIEHHO20
8030eliCMBUs CIAPMOBbLX KYJIbIYP € 603MONHOCHIbIO NPOZHOSUPOBAHUS 0eTIK0B020 U NeNMUOHO020 COCABA 20106020 NPOOYK-
Ma, 6 M. 4. C YenbIo NOTYHeHUS OUONIOZUHECKU AKIMUBHBIX NENUO06 6 HUX.
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Abstract

At present, different methods are used to accumulate functional peptides in meat raw materials, including the use of spon-
taneous microflora during autolysis, the use of the microbial enzymes (the application of starter cultures) and the use of the
non-microbial enzymes (enzymes of animals and plant origin). Each method has its own specific characteristics of an impact
on raw materials, which requires their detail study. This paper examines an effect of spontaneous microflora of fermented meat
products from horsemeat on formation of biologically active peptides. Using the T-RFLP analysis, it was established that in air
dried and uncooked smoked sausages produced with the use of the muscle tissue of horsemeat as a raw material, a significant
proportion of microflora was presented by lactic acid microorganisms. The highest content of lactic acid microflora was ob-
served in sample 1 (52.45 %), and the least in sample 3 (29.62 %). Sample 2 had the medium percent content of microflora com-
pared to samples 1 and 3 — 38.82 %. It is necessary to note that about 25 % of microflora was unculturable; i.e., it had meta-
bolic processes but did not grow on culture media. In the samples, the representatives of Actinobacteria and Pseudomonadales
were found. Pathogenic and conditionally pathogenic microflora was not detected. Not only quantitative but also qualitative
changes were observed in the studied samples. For example, in samples I and 2, the fractions of amilo-1,6-glucosidase, fast-type
muscle myosin-binding-protein C; glucose-6-phosphate isomerase; fast skeletal muscle troponin I, phosphoglycerate kinase,
pyruvate kinase and skeletal muscle actin were found, which were absent or reduced in sample 3. Therefore, in the studied
product, good preservation of the main spectra of muscle proteins was observed, and the identified fractions, apparently, can
be sources of new functional peptides. Not only quantitative but also qualitative changes were observed in the studied samples.
For example, in samples 1 and 2, the C-terminal fragments of the myosin heavy chain were found, which were absent in sample
3. Also, the significant content of myoglobin was revealed in samples 2 and 3, and the myosin light chain was found in sample
1. Therefore, in the studied product, good preservation of muscle proteins myosin and myoglobin, which can be a source of new
functional peptides, was observed. Based on the results of tandem mass-spectrometry, the proteins and natural short peptides
present in the analyzed extracts were identified by the obtained masses. They belonged mainly to different peptides of equine
myoglobin. Also, we identified several fragments, among which fast skeletal muscle troponin T and muscle creatine kinase
were found. The obtained materials can be regarded as an experimental basis for the directed impact of starter cultures with
a possibility to predict the protein and peptide composition of a finished product including with the aim of obtaining biologi-
cally active peptides.

BBenenue

Ha ceropusinmit fieHb pa3paboTaHO MHOXKECTBO CTpa-
TETWil 10 YIYYIIeHNI0 (PyHKIMOHATBbHOM LEHHOCTM Msica
U MSACHBIX IIPOAYKTOB, KOTOPbIe MOTYT OBITh pea/n30BaHb
Iy TeM J00aB/IeHNA Pas/IMIHBIX (PYHKIMOHA/IbHBIX COEMIVHE-
HWIA, @ TaKoKe IPYDKU3HEHHON MoAMQMKaIyeil >KUBOTHOTO
CBIPbsL. B TeXHOMOTMM MACHBIX IPOAYKTOB (PyHKIIMOHAIBHO-
T0 U CHelMaMM3MpOBaHHOTO Ha3HAUeHUA YCIEIHO IpuMe-
HSAIOT MOAMUKALIMIO COCTaBa (aMMHO- M >KUPHBIX KUCTIOT,
KOHTPOJISL HAaTpus XJIOpPKAA), BHeCeHVe (PYHKIMOHATbHBIX
97IEMEHTOB U CHeIVa/IN3MPOBAaHHBIX MOJY/el (pacTUTeNlb-
HBIX KOMIIOHEHTOB (MacesI, SKCTPaKTOB, BOTIOKOH), COEBOTO
Oe/Ka, HaTYpa/JbHBIX M CUHTETMYECKMX AHTMOKCHUIAHTOB,
MOJIOYHOKMCTIBIX OaKTepuil, PIObero Xmpa, IpOU3BOIHBIX
6€/IKOB MsACa — OMOIOTMYECK) AKTUBHBIX IENTHUOB).

CoBpeMeHHasl CTpaTerysi, HallpaBJIeHHAs Ha YBeIU-
YyeHVe MPOJO/DKUTEIBHOCTM KU3HY 32 CYeT CHYDKEHUA
pMCKa XPOHMYECKMX HeMH(QEKI[MOHHBIX 3a00/eBaHui,
BKJIIOYaeT IIPOTHO3MPOBaHME, IIPEBEHTMBHOCTb WU
NpoUIAKTUKY, HNepCOHAIM3ALNI0 U HapTUCUIATUB-
HOCTh (mpuHIun Yeteipex «II») [1]. [Tpu sToM HaydHBII
IPOTHO3 00 yBelIMYeHNN CPefHell 0XKMAAeMOl IIPOJOI-
KUTETbHOCTU >KM3HU 4YelOBeKa OCHOBAaH HAa MHOTUX
HaIlpaB/IeHNAX, OJHAKO I[eHTpPaJbHOE MECTO 3aHMMaeT
cospaHme cpefcTB 9 deKTUBHOI 1 H6e30macHoi npodu-
JMAKTUKM COIMaAbHO-3HAaYMMBIX 3aboneBanmii. B Poc-
CUM XpOHMYecKne HerH(]eKIMOHHbIe 3a00eBaHMs SIB-
NAITCA IpudnHON 75% Bcex cMeprent. IIpu atom Ha
JIOJII0 Cep/IeYHO-COCYAUCTBIX 3a00/IeBaHNII IPUXOAUTCS
0KO0JI0 55% [2].
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B mocneguue 10 et BO BceM MMpe MPOBOAATCS 06-
IV PHbIE KCCTIEJOBAHNA 110 U3YYEHUIO BelljeCTB OeKOBOII
U TENTUIHON PUPOJBL, COMEPIKAIIUXCS B MSICHOM CBIpbe
U TOTOBBIX MACHBIX NPOAYKTax [3,4]. OTu coemmHeHuA
00pa3yloTcsi B IpOIlecce PaslIMyHON TEXHOTOTMYEeCKO
006paboTky 1 0OYCTIOBIMBAIOT KadeCTBEHHbIe M (PyHK-
I[IOHA/IbHbIE XapaKTEePUCTUKM, a TaKXke 0e30IacHOCTDb
TOTOBBIX HPOAYKTOB ImmTaHus. OfHAKO KOMIUIEKCHOE
U3y4eH)Me MeXaHV3MOB MX OMOCHHTe3a U Jerpajalun
Ha MOJIEKY/ISIPHOM ypOBHE NPaKTUYeCKM He OCBEILIeHO.
Crparerns msydeHus MACHBIX 0€IKOB KaK ITOTEHIIMA/Ib-
HBIX ICTOYHMKOB OMOIENTHUIOB 3aK/II0YAETCA B UCCIENO-
BaHU IIPOTeOMa Ha IpefiMeT Hamnuns pyHKIMOHATbHBIX
[OC/IeJOBaTe/IbHOCTENl U MeTabo/MUTOB, 0Opa3sOBaHHBIX
B IIpoliecce aBTOIN3a, PepMeHTALMY CTAPTOBBIMU KY/Ib-
TypaMi, a TaKxoKe TUAPONN3a MACHOTO ChIpbs (hepMeHTa-
MU KeTy[OYHO-KNIIEYHOrO TPaKTa Ye/I0BeKa MeTOaMMU
MIPUKIATHON TPOTEOMUKY U 6ronHdopMaTuku [5,6].

CoBpeMeHHble TEHAEHIMM IHNIIEBOV OMOTEXHONO-
My ¥ OMOXMMUM Msica HAIpaBeHbl Ha MCCAETOBAHUSA
10 BBISB/IEHNIO ¥ MAEHTUUKALY OENKOB U TENTHUIOB,
XapaKTepU3YIOIIMX  KauyeCTBEHHbIe  XapaKTepUCTUKU
BO BCEX CBIPbEBBIX UCTOYHMKAX >XUBOTHOTO M PACTH-
TEeNILHOTO Hpoucxoxpaenus [7,8]. B Hacrosmiee Bpems
U3 MSCHOTO ChIPbsI, B OCOOEHHOCTU U3 MBILIEYHBIX Oer-
KOB TOBSIIVHBI, KYpPUIIbI, CBMHUHBI, BBIJEIEHO OOJbIIOE
KONMNYeCTBO TOMMIENTUIHBIX BeIeCTB, COfiepKalux
npyuMepHO 2-30 aMMHOKMC/IOT, HATUBHO IIPUCYTCTBYIO-
IMX B MSCHOM CBhIpbe WM OOpa3yMIUXCs B Ipoliecce
TEXHOJIOTMYECKOJI 06paboTky. BbIABIEH pAj KOPOTKMX
MENTUI0B, OOMAJAONINX [UIIOTEH3UBHBIM, OINMOUIHBIM,
AQHTUOKCY/JJAHTHBIM, QHTUTPOMOOTUYECKUM ¥ J[PYTYIMMU
6monornyeckumu 3¢ exTami, KOTOpbIe OKa3bIBAIOT BIIN-
sHMe Ha psj| Hambosee oOIIMX ITaTOreHeTYeCKNX MeXa-
HU3MOB, JIeXAIUX B OCHOBE PasBUTUs IAaTOTOTUIECKUX
mporeccoB [6,9,10]. Tak B MsACHBIX 6enkax copepsKaTcs
aMIHOKIC/IOTHBIE IIOC/IENOBATENbHOCTH, OOMagarolme
TUIOTeH3VBHBIMM CBOJCTBaMM (KYPMHBII MUO3WH, TO-
BSDKUIL KoymareH al, cBMHOI TponoHuH C), CTUMYIATO-
pBl YOMKBUTUH-PETYIMPYeMOro IpoTeonn3a (KypUHBIA
MMO3VH, TOBsDKUII KOJUIareH al, CBMHOW TPOIIOHMH O),
AHTMAaMHECTUYECKOIl M aHTUTPOMOOTHYECKON aKTMBHO-
cTamu (TOBsDKUIT Ko/tareH al), aHTMOAKTepuaabHBIMU
(KypMHBII MMO3MH), MMMYHOMORYIVMPYIOIMMHU (TOBA-
KU Ko/tared al) ¥ ONMOUAHBIMU CBONCTBaMu (TOBS-
KU KojutareH al, cBuHOi TponoHmH C), I/IHFI/I6I/ITOpr
AunenTuavnentyiassl [V (KypuHbIil MMO3UH, TOBSDKMI
KoytareH al, cBuHOM TpornoHuH C), a TaKXe peryasaTopsl
aKTMBHOCTM CIM3UCTON OOONOYKM >Kelmyaka (TOBSDKMIL
komtared al). Tak, B /IeTKOiT ey MIO3MHA MMEIOTCS Ha-
60pbl aMUHOKUCIIOTHBIX IIOCTIEOBATEeNbHOCTENl C IPO-
TUBOMUKPOOHBIMI CBOJICTBaMM: KOHHEKTMH 6OraT Ierm-
TUAMU C QHTUTPOMOOTMYECKOI, aHTMAMHECTUIECKOI],
OIVOM/IHOV, HEVMPONPOTEKTOPHON, MMMYHOMOAYIATOP-
HOM, aHTUOKCUJAHTHOM U TUIIOTEH3MBHOM aKTUBHOCTS-
MJ, a TaK)Ke MHIMOUTOpaMM AMIEeNTHVIIeNnTHiassl [V

Y peryasiTopaMu aKTUBHOCTHU CIM3UCTON OOOMTOUYKY Ke-
nypKa. [OBsSXuii, KypUHBIA ¥ CBMHONM aKTUH HECYT IOCTIe-
JI0BATe/IbHOCTU-VHTUONTOPBI AU TUAVIIeNTUAA3bI IV.
Komaren u amacTiH Han6osee 60raThl OC/IET0BATEbHO-
CTAMU, HECYILVIMU OIIpefie/IeHHbIe KOPPerupyIolye CBOi-
CTBa 3a CYeT BBICOKOTO COflePXKaHMs IJINI{MHA 1 IPOJIMHA.
Tak, B jaHHBIX Oe/lKax MAEHTUPUIMPOBAHO YXe Oosee
220 ¢yHKUMOHANBHBIX NENTHUIOB. IIpeanonoxurenbHo,
runonunuaeMndeckuii adpdexr o6ycnoBIeH BIMAHUEM
Ha 9KCIIPECCHI0 TeHOB, OTBEYAIOLINX 32 IMIMHBI OOMEH.
Be110 OKa3aHo, YTO TUAPOIN3AT CBMHOTO 9/IACTUHA CHH-
JKaeT KOHL[EHTPALVI0 OOLIero XO/lecTepyHa U aTeporeH-
HBIX K/TaCCOB JIMIIONPOTEVHOB B CBIBOPOTKE KPOBY KPbIC
C MOJE/IbI0 TUIIePXO/IeCTepMHeMNN. YKa3aHHbI 9 dexT
IpUCBauBaeTcA MEeNTUAAM C HUSKUM COOTHOLICHVEM Me-
THOHUH/IIMIVH ¥ NU3NH/ApTUHMH, a TakKe obpasoBa-
HMIO JIM3VHOBBIX MOCTMKOB ([IeCMO3VH ¥ M3O0JECMO3VIH).
Takoke 6bIIO ITOKA3aHO, YTO TUAPOIN3AT CBUHON ITEYEHN
CHIDKaeT YPOBEHb IOfIKOXKHOTO KMpa 3a CuUeT IHOfaBe-
HMA aKTMBHOCTY II€YEHOYHBIX (PEepMEHTOB — YYaCTHMU-
KOB JIuIoreHesa. [Maponmsar KommareHa KypuHbIX HOKEK
OKasbIBaeT OMaronpusATHbIL 3¢deKT Impu ocTeonopose
B II€pUOJie YKEHCKOI MeHOIaysbl, THPOIN3aThl KYPUHO-
ro MACa ¥ KOCTeil CIIOCOOCTBYIOT JydIleli KOTOHM3AIN
KMIIeYHUKa 61uno6aKkTepusaMy 1 MOTYT OBITh MCIIO/b-
30BaHBI B KaueCTBe IIPeOMOTIKOB, KO/IAT€HOBBIE TUPO-
NM3aThl CTUMYNUpPYWT nponudepanyio GubépobIacTos,
HENTPO(UIOB I MOHOLMTOB, YTO SIB/IAETCS YaCTHIO VM-
MYHOKOpperupyroiero geitctsus [11,12].

I/ HAaKOTJIEHVSI B MSICHOM ChIpbe (YHKIIMOHATBHBIX
HENTHUAOB UCIIONb3YIOT pas/IMuHble METO/BI, B TOM YNCIIe
BK/TIOYAIOIIYIe aBTOIN3 VM HPAMON TUAPOIN3, @ TaKXKe
dbepmeHTaMI0 (C UCMONMB30BaHMEM CIOHTAHHON MM-
KpO(IIOpBI, CTAPTOBBIX KY/IBTYP WK (PePMEHTOB).

Hekoropble mcciefoBanmsi IOKa3aayu BO3MOXKHOCTD
IPOM3BOACTBA PA3/IMYHBIX OMOAKTMBHBIX IENTUIOB,
BK/IIOYasg aHTMMUKPOOHBIE, IMMYHOMOJYIMPYIOLIVeE, aH-
THOKVCTIATE/IbHbIE M MHTUOMPYIOI[e aHTOTeH3VH-TIPEB-
pamatommit pepment (AIID) mocpencTBoM MUKPOOHO-
ro mporteonusa [13,14]. Tak, HECKOTBKO MOTOYHOKUCIBIX
6aktepuit (Hampumep, Lactococcus lactis, Lactobacillus
helveticus) BbIenAOT 6MOAKTUBHBIE MIENTHU/BI B IIpoLiecce
¢depmeHTanMu. ITa CUCTEMa COCTOUT M3 Psijia PA3TUIHBIX
BHYTPUKJIETOYHBIX MENTN/Ia3, BKIIOYAsA SHTONENTIAA3EL,
aMIHOIIETITH/Ia3bl, JUMENTU/A3bl M TPUIIeNTH/Aa3bl [15, 16].

OTMedeHO, YTO T€HOM JIAKTOOALIIT KORUPYeT 60/b-
Iee KOIMYECTBO MPOTeas, MENTHA3, aMUHOKUCTOTHBIX
HepMeas U OJIMTONENTH/HBIX TPAHCIOPTHBIX CUCTEM, YeM
nmakTokokky [17]. Hampummep, onuromentujHas TpaH-
criopTepHast cucteMa L. lactis TpaHCTIOPTUPYeET MENTUAbI
110 110 MeHblIIeit Mepe 18 octaTkos [18].

OnHzaxko mpoTeonutideckie pepMeHThI, BBICBOOOX/ja-
eMble MOJIOYHOKMC/IBIMM OaKTepUsAMY, OKa3alIuCh OYeHb
Pa3HBIMM B PasHBIX UX BMUAAX U LITAMMAX, YTO IPUBENIO
K BO3HUKHOBEHMIO PAa3HBIX TPYII OMOAKTVBHBIX IIEHTH-
nos [19,20].
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Lactobacillus helveticus, Lactobacillus delbrueckiis subsp.
bulgaricus SS1, Lactobacillus delbrueckiis subsp. lactis
u Lactococcus lactis subsp. cremoris FT4 obnamaror coco6-
HOCTBIO MOJIY/IMPOBAaTh KPOBSIHOE IaBJIeHNE, IIPOV3BOIS aH-
TMOTEH3MH 1-KOHBEPTUPYIOLNIT PepMeHT, UHTMOMPYIOLIit
nentuppl (nHrn6uTOoper AII®) U3 mMomounsix 6enkos [21].

B 6onplIMHCTBE MCCIENOBAaHUII OMOAKTUBHBIX Be-
I[eCTB M3 MCTOYHMKOB MsICa OCHOBHO€ BHUMaHUeE yfe-
NA7M0Ch VIMeHHO uHrubupyomyMm AII® u anTHOKCH-
JAQHTHBIM IIeNTHAaM. B ¢depMeHTHMpPOBaHHBIX MSICHBIX
IPOAYKTax 0c060e BHUMaHIE YAENAETCS KOHTPOII Ou-
OTeHHBIX aMMHOB: TMpPaMMHA, KaJlaBepyHa, MyTpeclyHa
u rucrtammHa. HekavecTBeHHast oOpaboTka, Omarompu-
ATCTBYIOLIAs 3aTrPA3HEHMIO, SAB/IAETCS OCHOBHON IpUYM-
HOW CJIMIIIKOM BBICOKOTO COflep>KaHus 61oaMmHa B Msice,
OfIHAKO B /IMTEpaType ObUIM OMMCAHBI TAK)Xe CTapPTOBbIE
IITaMMBI, OOJIafaolye CIIOCOOHOCTBIO CUHTE3MPOBATh
61oreHHble aMUHBI, Takue Kak Lactobacillus curvatus [22].
YT0OBI IIPENOTBPATUTDb TAKOI PUCK, C/IEfyeT YIUTHIBATH
CeNIeKLMI0 OT/eNbHBIX CTAPTOBBIX KY/IBTYp, ObOmajao-
IMX aKTMBHOCTBIO aMUHOOKCHU/IA3bl MM CIIOCOOHOCTHIO
K CHHTe3y 6aKTepPMOLVHOB, C IIe/IbI0 HUBETMPOBATh HeXe-
JIaTe/IbHble TIOCTIEACTBISI CIIOHTAHHBIX (pepMeHTaINIA.

B maHHOII cTaTbe pacCMAaTpMBAETCSA BIMAHME CTIOHTAH-
HOJ MUKPOdIOpsI hepMEHTUPOBAHHBIX MACHBIX ITPOJYK-
TOB 13 KOHMHBI Ha 00pa3oBaHMe OMOIOTMIECKY aKTUB-
HBIX ITETITUOB.

MaTepI/IaJIbI " ME€TOIbI

Ha mnepBom osrame wmertomom T-RFLP (terminal
restriction fragment length polymorphism — nomumop-
($u3M IIMH TepMUHAIBHBIX PeCTPUKIVOHHBIX (parMeH-
TOB) OBUI IPOBEJIEH aHAMN3 MUKPOGIOPBI 3 MACHBIX IIPO-
IYKTOB 113 KOHVHBI €CTeCTBEHHON (pepMeHTaIum:
 HAI[MOHAJBHOTO (PepPMEHTHPOBAHHOTO MACHOTO IPO-

nykta «Kaspl», mponssenenHoro B IleHseHckoit o6mna-

cti. B coctaB «Ka3bl» BXOGAT KOHMHA ¥ KOHCKIIL XKUP
¢ pjobaBeHyeM comy, caxapa 1 dyecHoka. KoHmHa mo-

JIy4eHa OT >KMBOTHBIX, COIEpPKABIIMXCA Ha MAacTONMII-

HOM BBIpAIMBaHMy, MapTust 1 n 2 (COOTBETCTBEHHO

obpasiipt Ne 1 u 2);

e CBIPOKOITYEHOTO MACHOTO IIPOAYKTa «basbIk» 13 KOHU-
HBI, TpousBefieHHoro mo TY 9213-028-54780900-2011
Ha npennpusTiy MockoBckoit obmactu. B cocras 6assi-
Ka BXOJAT KOHMHA, HUTPUTHO-IIOCO/IOYHAsA CMECh, Yec-
HOK, IPSTHOCTH, caxap, ackopbat Hatpus (obpasery Ne 3).
Il aHamM3a MMKpO(IOpBI MPOAYKTAa Yepes 5 mHeit

C MOMEHTA M3TOTOB/ICHNA B CTEPMIbHBIX YCTOBMAX OBLIN

B3ATBHI 3 HABECKM U3 BHYTPEHHel 9acTy KOnbachl B KO-

gecTBe 1 T, 13 KOTOPBIX OblTa IPUTOTOB/ICHA CPEIHAA IIPO-

6a romoreHunsanyer mpo6 B kepammdeckor crynke. JJHK

U3 POoOBI BBIJIETISUIN KCTpaKiyeit peHomom/xmopodop-

MoOM B cooTHowmeHyn 1:1 u ounmctkonr pacteopom CTAB.
Ons Beipenenns JHK 0,5 r cpepHeit mpoObl momerna-

mn B snneHpopd (1,5 M) ¢ 3aBMHYMBAIOIENCSA KpbIII-

koit. K mpob6e mo6asmsamu 500 mxn 6ydepa I (CTAB 2 %;

Tris-HCI 0,1 M; 9JTA-Na,20 mM; NaCl 1,4 M; pH 8,5)
n 0,5 r cTeKkNAHHBIX mapukos (XemukoH, Poccus). IIpo-
6y mporpeBanu B TedeHue 15 MuH npu 65 °C 1 roMOreHu-
3MpOBaayu B TeyeHue 15 MUH Ha IepCOHaTbHOM BOPTEK-
ce V-1 plus (Biosan, JlatBus) npu 3000 060poToB, 3aTeM
HOBTOPSIN IIpOrpeBaHye B TedeHne 15 muH. [lanee mpoby
9KCTparupoBanu B TedyeHue 10 MuH npu 14000 o60opoToB
B neHTpudyre MiniSpin (Eppendorf, lepmanns) 400 mxn
cMecpio peHon/xnopodopm (1:1), 3atem 400 MK XIOpO-
¢dbopma, oTOMpass KaXK/blil pa3 CyIepHATaHT B HOBBIII 31I-
nexopd o6vemom 1,5 mit. ITocre atoro B nieHTpudyre npu
14000 o6oporos ocaxpam JHK 400 mxn 96 % cnmpra
B IIPUCYTCTBUY PacTBOpa HATpUA aleTaTa [0 KOHEYHO
kouneHtpanyu 0,3 M (XenukoH, Poccust) u pactBopsimm
B 100 mxn1 6ydepa TE (Tris-HCl 10 mM; S/ITA-Na,1 mM)
(Xenmmkon, Poccns).

[MIIP-ammwmdukaumio renos 16S pPHK  6ak-
TEpU  NPOBOAMAM C  MCIIO/Nb30OBAaHMEM  IIpaiiMe-
poB 63F (CAGGCCTAACACATGCAAGTC) c¢ wmer-
koit Ha 5-koHue (¢pryopodop D4-WellRed) u 1492R
(TACGGHTACCTTGTTACGACTT). Cmecp pna IILIP
BKmovana 10 mM mpaiimepos, 2,5 en. Taq-monumepa-
3pl (Fermentas, CIIIA), X10 6ydep ans Taq-monmumepa-
3l (Fermentas, CIITA), 2 Mk 25 MM MgCl2 (Fermentas,
CIIA); cmech pesokcunykneosuarpudocparos (AT,
ol'T®, plIT®, gTTO — mo KOHeYHON KOHILIEHTpaIluu
150 mxM), 1 mxn JJHK, neronusupoBaHHOI BOIOI TOBO-
nvnu mpoby no o6vema 20 mxi. ITIIP nmpoBopmmu B am-
mwngukarope MaxyGene (Axygen, CIIIA) npu ycnoBusx:
95°C — 3 muH, 35 nukios (95 °C — 30 cek, 55 °C — 30 cexk,
72°C — 60 cek), 72°C — 10 MuH.

AMymunpoBaHHbI (QparMeHT BBIE/LANN U3 ara-
po3HOro rena ¢ momompblo 3M pacTBOpa TyaHMAVHA-
THOLIMOHATA. JI71 3TOr0 M3 arapos3HOro Tefls BbIpe3ann
araposHblil 610K ¢ aMIIMUIMPOBAHHBIM (PParMeHTOM
IHK u momentanu B snnexop¢d o6vemom 1,5 mi. K 611o-
Ky go6asysm 100 Mk pactBopa A (3 M ryannanH-uso-
Tuonuanar, 20 MM EDTA-Na,, 10 MM Tris-HCl (pH 6,8),
40 mr/mn TritonX-100) (XenukoHn, Poccusi), HarpeBanu
no 65°C o0 MONHOTrO pacTBOpeHus 61oka araposbl. [la-
nee mpoby nepemernBany, fob6asnam 20 MK/I pacTBO-
pa B (1000 mxn pactBopa A, 40 mr/mn [JHK-copbenra
Silica) (Xennxown, Poccust) n maKy6upoBanu 10 MuH npu
KOMHATHOJI TeMIIepaType, IepUOANYeCcKY IlepeMellnBasi.
Hanee ocaxpanu aMimdukar ¢ COpOEHTOM B LEHTPU-
¢yre MiniSpin (Eppendorf, Iepmanus) npu 4000 06/Muu
B TeyeHMe 1 MUH U HOTHOCTBIO OTOMpam pacTBoOp. AHa-
JIOTMYHBIM 00pa3oM NMPOMBIBaIM ocafjok cummku ¢ JTHK
co 100 mxn pacteopos A, C (25% C,H,OH, 25 % usonpo-
nanon, 100 MM NaCl, 10 MM TRIS-HCI, pH 8,0) (Xenu-
KOoH, Poccus) n 70 % cnimprom. ITocre aToro ocajjok BbICY-
mmBanu u snrouposanu JHK B 100 Mk pactopa 10 MM
Tris-HCI (pH 8,0) (Xenmuxon, Poccusi) B Teuenne 15 Mun
IIpU KOMHATHOJI TeMIieparype. [lanee pacTBop LeHTpudy-
ruposamu 3 MyH 1pu 14000 06/MMH 1 0OTOMpanM B HOBBIE
npo6upky ounieHHslit npemnapar JHK.
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PecTpukiuio aMIIMKOHOB NPOBOAWIN C IIOMOIIBIO
pectrpuxtas Haelll, Hhal u Mspl (Fermentas, CIIIA) B Te-
genye 2 4 npu 37 °C. O6mmit 06beM peaKkIMOHHOM cMech
cocrassn 15 MKL: 10 ef. pecTpukTasbl, 1,5 M1 6ydepa s
pecTpuKIMM 1 J1o 15 MK/ IeMoHM3MpoBaHHOI Bofbl. Ilo-
crte okoH4aHys pectpuknuy [THK u3 peakumoHHOI cMecn
OCaXKZa/Iy 5TAaHOIOM B KONMYECTBE 38 MKII B IIPUCYTCTBUU
1,5 Mk 3M pacTBOpa amerara HaTpus, fajaee PacTBOPSIIN
B 10 mxn SLS (Beckman Coulter, CIITA) ¢ go6aBneHuem
0,2 MK/I Mapkepa MojeKyisapHoro Beca 600 m.H. (Beckman
Coulter, CIIIA) n paspensymm B yCIOBMAX KaIlVJUIIPHOTO
anexktpodopesa (mporpamma Frag4) c dyopeciieHTHOI
HeTeKLMell ¢ MCIO0/Ib30BaHyeM aBTOMATINYeCKOTO CeKBeHa-
topa CEQ8000 (Beckman Coulter, CIIIA).

Boluncnenue pasmMepoB IMKOB M UX IUIOIIAAM IIPO-

BOAWIM C MCIIONB30BaHMEM IIPOTPAMMHOrO  6710-
ka FragmentAnalysis (BeckmanCoulter, CIIIA). Ilo-
TPEIIHOCTb  OIpefe/ieHNs] IUIOWAfM  INMKOB  IIPU

T-RFLP-ananuse cocrasnser He 6omee 5%. [is umeH-
tudukauny nukoB T-RFLP-rpammbl pia Tpex sHIOHY-
kneas3 (Haelll, Hhal u Mspl) o6pabaTbiBan ¢ IOMOLIBIO
nporpammbl FragmentSorter (http://www.oardc.ohio-state.
edu/trflpfragsort/index.php).

BropbiM atamom paboTbl ObIIO IpOBefeHNe aHaIM3a
(paKIMOHHOTO COCTaBa OEIKOB VICC/IEyeMbIX 00pasIioB
METOZIOM OJJHOMEpPHOro 3nekrpodopesa B 12,5% momm-
aKpWIAMUIHOM Tejle B IPUCYTCTBUM HORELMICyNbdara
Hatpus B Kamepe «VE-10» (XemukoH, Poccus) mpu mo-
crositHHOM HampspkeHun 60 B. Ilo moctykenun ¢pon-
Ta pa3fe/LoLIero Tefid yBeMMYMBAIM HAIpsDKEHUE [0
130 B m mpopomxanu pasjeleHue B TedeHue 2-2,5 4
[23]. KomyecTBO BHECEHHOTO Oe/lKa B I'e/lb COCTABIANO
20 MK [y1s1 Bcex 06pasioB. KoHienTpanmio 6enka B mpo-
6ax ompepensnm OMypeTOBBIM METOIOM Ha (oTOMeTpe
BioChem SA (HTI, CIIA). B xayecTBe cTaHmapTa mjs
anekTpodopesa ucrnonpzoBanu Mmapkep ¢upmbsl «Ther-
mo», CIIA, mpencraBnsionuit co6oit cmech 11 pekomoOM-
HaHTHBIX 6enkoB (250, 150, 100, 70, 50, 40, 30, 20, 15, 10
u 5 kJla). OxpammBaHue NPOBOAMIN C MICIONb30BAHNEM
kpacurena Kymaccu G-250. benkoBblil cocTaB aHamu3m-
poBanyu ¢ nomoipio 6asel ganHbix UniProtProteinData-
Base (http://www.uniprot.org/) [25].

Npentuduxannio 6enkoBbix ¢pakumit Ha I9 ocy-
HIeCTBASAMN TIOCTe TpUICHHONMM3a [26] MeTomamu
MALDI-TOF MS u MS/MS Macc-cneKTpoMeTpun
Ha  MALDI-BpeMANpoeTHOM  Macc-CIeKTpoMeTpe
Ultraflex (Bruker, Tepmanus) ¢ Y®-nazepom (336 HM)
B peXIMe IIO/IOKUTEbHBIX MOHOB B AMaNa3oHe Macc
500-8000 [Ja c kanmuOPOBKOIT X MO M3BECTHBIM MUKaM
aBTO/IM3a TPUIICKHA. AHA/IN3 MOMTy4YeHHBIX MaCcC-CIEKT-
POB TPUNTUYECKUX HENTUIOB BBIIOMHAIN C IOMOILIbIO
nporpamMMbl Mascot, onnusa Peptide Fingerprint (Matrix
Science, CIIIA), c TouHOCTBIO OonpeneneHns Maccel MH+,
pasHoit 0,01%, ocyecTBiAd MOUCK IO 6asaM HaHHBIX
HannonanpHOTO IjeHTpa 6MOTEXHONIOTMYecKoil nHpop-
manuu CHIA (NCBI).

MaTteMaTn4ecKyo U CTaTUCTUYECKYI0 00paboTKy pe-
3y/IbTaTOB IIPOBOAVIIN C VICIIO/Ib30BAHMEM IIPOrPAMMHOTO
obecnieyenns Microsoft Excel 2010.

PesynpraTsl u 06CcyxmeHme

IIpu ananmse o6paslioB KOHCKOI KOIOAChl METOZOM
T-RFLP ycTaHOBNeHO ciefyiollee COOTHOLIEHME MU-
Kpodopsl, 4TO Ioka3aHo B Ta6. 1.

Bonbmas yacte MuKpogmopsl kombacel — 52,45 %
y o6pasma Ne 1, 38,82 % y o6pasua Ne 2 11 29,62 % y obpas-
ma Ne 3 — mpepcraBiieHa MOJIOYHOKVCIIBIMY MUKPOOP-
raHusMaMu. Bblcokoe copep>kaHue JTaKTOOaKTepuin
B o6pasiax 1 u 2, o-BUAUMOMY, 00YCTTIOB/IEHO CIIOHTAH-
HBIM IIpOTEKaHMeM IIpouecca ¢pepMeHTalMM U OTCYT-
CTBMEM TAaKUX KOHCEPBUPYIOIMX areHTOB KaK HUTPUT
u ackopbar HaTpusl.

Ha HexynbTMBMpyeMble MMKpPOOPTaHM3MbI IIPUXO-
[UTCS IPUOIN3NUTEIBHO OfIHA YeTBePTast YacThb MUKPOQ-
nopel — 24,1% y obpasma Nel, 22,01% y ob6pasma Ne 2
u 25,17 % y obpasma Ne 3. Hekynbruupyemble ¢popMbl
OakTepuil MMEIOT MeTabONMNYECKYI0 aKTUBHOCTD, HO He
pacTyT Ha MUTATeNbHBIX cpefax. Ilepexon B HEKYIbTHU-
BUpyeMYI0 (HOpPMY IPOMCXOAMUT IpPU BO3NECTBUU He-
6/1aroNpUATHBIX (PAKTOPOB, OZHAKO IIPM IONAJAHUN
B OpPraHM3M dYeloBeKa OHU MOTYT PeKyIbTHBUPOBATH-
CSl — OXVBJIATBCA, YTO OOBACHACT Ha/MN4Me TIPUPOSHO-
o4aroBbIxX 3aboneBannmit. [loaTomy nHpopmanua o6 nx
HPUCYTCTBUU B COCTAaBE MSACHBIX IPOAYKTOB SB/IAETCA
Ba)KHOJI JI/IS OLIeHKM 0€30IIaCHOCTY M KauecTBa IIPORYK-
un.

[Tomumo 3TOTO OOHAPY>KEHBI AKTMHOMMUILIETHI Micro-
bacterium, nuceBmomonanbl, Burkholderia sp., B T.u.
Burkholderia cepacia, Pseudomonas spp. u Flavobacte-
rium spp.

ITaTOreHHBIX MUKPOOPTaHM3MOB 1 OAKTEpUil IPYIIIbI
KUILIEYHBIX ITa/I0YeK BBLABIEHO He ObITIO.

Pe3ynbTaThl IpOBEfIeHHBIX 9NEKTPODOPETUIECKNX JC-
CIelOBAaHMII TIOKA3aM OT/INYUA MEXHY UCCIeNyeMbIMU
obpasuamy, 37eKTpoPoperpaMMbl KOTOPBIX U300 paXkKeHbI
Ha Puc. 1.

[Tpn aHanu3e pe3ynbTaToB PpaKLMOHNPOBAHNA Oen-
KOB JMCC/IeJOBaHHBIX 00pa3l[0B BBISABIEHO, YTO 0Opas-
bl Ne 1 1 Ne 2 cX0>xu 110 6e/IKOBOMY NIPOQUIIIO ¥ MUMEIOT
NUIIb He3HAYMTeNbHble OTMNYMS (B CTOPOHY yMeHblile-
HYA y 06pasua Ne 2) B KomdecTBe B 30He 6enKoB 38-42,
23 u 15 x/la npu oxpamusanuu CBB R-250, xoTopslit
flaeT OONBIIYI0 JIMHENHOCTb CBA3BIBAHMUA C OEIKOM.
O6paser; Ne 3 IBHO OT/IMYAJICA OT HUX, YTO OOBSACHSIETCS
pasnuureM MX COCTABOB U TEXHOJIOTWII IPOU3BOCTBA.
B Hem copmepxutcsi MeHblie 6enKOBBIX (pakumii, a He-
KOTOPBIe JCYe3a/y MPAKTIYeCK! MOMHOCThI0. OKpamn-
BaHMe 6ojiee YYBCTBUTE/IBHBIM METOAOM (a30THOKINC-
JIBIM cepeOpOM) MOATBEPANIO BbIABICHHbIC M3MEHEHNA
¥ TIO3BO/INTIO AETEKTUPOBATh P APYIMX MEHSIOLIMXCS
B KO/M4ecTBe (PpaKiuil, HpefCTaBIeHHBIX B MIHOPHOM
KOJIMYeCTBe.



Ta6muia 1. CocraB 6akTepnanbHOro co00IeCTBa KOHCKOIT KOMOAChI,%

Muxpoopranusm

baxTepoupsl

JTakTo6axTepym

bammnsr

budumodakrepun
IIponmonnbakTepmu
IlceBmOoMOHambI

bypkxongepun

IIporeo6akTepun

Anupo6aktepun
Bytupusuépuo
JybaxTepun

Knocrpupmm

TepmoaHaspobakTepun

CyKUMHUKIACTHKYM
Apxo6akrep

JHTepobaKTepun

AXTMHOMMIIETHI

IlenToKOKKNI

HexynsruBupyembie 6aKkTepun

Ne1

52,45
Lactobacillus sp.

13,47
Bacillus sp.,
Alicyclobacillus sp.

2,41
Lysobacter sp.,
Pseudoxanthomonas sp.

6,02
Streptomyces sp.,
Arthrobacter sp.,

Corynebacterium sp.,
Microbacterium sp.

1,55
Desulfotomaculum sp.

24,1

0O6paser
Ne2

5,31
Bacteroidetes

38,82
Lactobacillus sp.
Lactobacillus manihotivorans

7,73
Alicyclobacillus sp.

0

0,26
Pseudomonas sp.

0

13,83
Sphingomonas,
Lysobacter sp.,

Pseudoxanthomonas sp.
2,33
Acidobacterium sp.
0,5
Butyrivibrio fibrisolvens
0,74
Eubacterium sp.

0

2,07
Thermoanaerobacter
cellulolyticus,
Caldicellulosiruptor
kronotskiensis

0

0,33
Arcobacter sp.

0

6,07
Micromonospora sp.,
Streptomyces sp.,
Kocuria sp.

22,01
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Ne3

20,06
Flavobacterium sp.,
Prevotella sp.

29,62
Lactobacillus sp.,
Leuconostoc sp.,
Lactococcus garvieae

3,08
Brevibacillus levickii,
Saccharococcus thermophilus,
Aneurinibacillus thermoaerophilus,
Paenibacillus sp.

0,77
Bifidobacterium sp.
0,82
Propionibacterium sp.
4,69
Pseudomonas sp.
3,12
Burkholderia sp.
0,67
Lysobacter sp.,

Brenneriaquercina,
Alteromonadaceae

0

0

0,58
Clostridium innocuum

0,65
Succiniclasticum ruminis

0

0,14
Brenneria quercina

9,28
Streptomyces sp.,
Mycobacterium sp.,
Saccharomonosporaglauca,
Micromonospora sp.,
Brevibacterium sp.,
Amycolatopsis sp.,
Catellatospora sp.,
Arthrobacter sp.
Corynebacterium bovis

1,35
Desulfotomaculum sp.,
Desulfotomaculum kuznetsovii

25,17
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Puc. 1. OnHoMmepHsiit SDS amekTpodopes 06pasioB MACHBIX IIPOAYK-
toB. CT — cMech cranfaptHbix 6enkoB, K1 — obpaser; Ne 1, K2 —
obpaser; Ne 2, K 3 — obpaser; Ne 3. Jleast KonoHKa (a) — OKpacka
CBB R-250, mpaBas (6) — a30THOKUCIBIM cepebpoM

K HuM oTHOCMINCH GpaKLMM ¢ MOTEKY/IAPHOI Mac-
coi 132, 128, 75, 90, 53, 45, 36, 28, 20 u 16 x/la. benkn
3TUX (QPaKUMil ¥ ABIAKTCA OCHOBHBIMU KOMIIOHEHTa-
MU, TeHepUPYOIINMM KOPOTKMe IenTupabl. Bocemp u3

HUX ObUIV MAEHTU(UIVPOBAHDBI BPEeMAIPOIETHOI Macc-
CIEKTpOMeTpUEIL.

Tak, B obpasax Ne 1 u Ne 2 o6Hapy>keHbI Ppakiun
aMWIO-1,6-TMI0K0314a3bl, MUO3UH CBA3BIBAIOLIETO OejIKa
C 6pIcTporo Tnma, IMK030-6-pocdar nsomMepassl, Tpo-
noHuHa | OBICTPBIX CKeNeTHBIX MbIIL, docdoramniepar-
KMHA3bl, NMPYBATKMHA3bI Y CKETIETHOMBIILIEYHOTO aKTHa,
OTCYTCTBYIOIIME WM yMeHbIIAlomuecs B o6pasie Ne 3.
PesynbraThl upeHTHUKALNY ITpefcTaBIeHbl B Taor. 2.

C y4eToM pe3ynbTaTOB TaH[EMHOM MaccC-CIEKTPOMe-
TPUM IO TIOJTYYeHHBIM MaccaM ObUIN MeHTUPUIPOBa-
HBI O€/IKY, IPUPOJHbIe KOPOTKYE MENITU/bI KOTOPBIX IIPH-
CYTCTBOBA/IU B aHA/IM3MPyeMbIX 9KCTpaKTaXx. B ocHoBHOM
BCE€ OHM OTHOCU/INCD K Pa3HBIM IIENTH/IaM KOHCKOTO MIO-
rmobuna (Tab. 3).

O6pasipt Ne 1 1 2 CXOIHBI IO CLIEKTPAM, ITO OOBSACHS -
€TCsA CXO[CTBOM MX COCTaBa ¥ yC/IOBUII IPOTE€KAHUA IIPO-
necca pepMeHTalNN, B HUX IPUCYTCTBOBA/IN NACHTIYHbBIE
KU Macc, a B o6pasiie Ne 3 mmeruch 6oree BoIpakeHHbIE
pasmmunsa. Habop ofMHAKOBBIX NENTHAOB MMOITOOMHA
HepBHIX ABYX 00Opasl[oB OTCYTCTBOBal B obOpasme Ne 3,
HO BBIABJIAJICA CBOVI NMENTHJ, IIPY Ha/JIM4IUM BO BCEX TPex
obpasiax mentuga tpononmHa 1. Kpome atoro, 6buin
olpefie/ieHbl IPOTSDKEHHbIE IIOCTIENOBAaTEe/IbHOCTH Tpex
Heu3BeCTHBIX OenkoB. IIpy aHamuse B PydYHOM peXxXyume
YIa/IOCh BBLACHUTD, 4TO IenTus ¢ m/z 2000.9168 apnsaercs
nentTugom 14-28 aMMHOKUCIOTHON MOC/IeIOBaTeIbHOCTH
M-KpeaTMHKIHA3bl MBIIIEYHOTO TUIIA, JAHHBI MK €CTb
BO BCEX BIJIAX MCCTIeJOBAaHHBIX KOMOac.

Ta6muma 2. Pesynprarsl Macc-cieKrpoMerpuyeckoit ngeaTnduxamun (MALDI-TOFMS u MS / MS) 6enxoBbix ppaxumii,

OTINYAIIINXCA MO KOMTNYECTBY B ICCTIEJOBAHHBIX o6pa3uax

HanmenoBaHnmne 0eka; HEKOTOPbIe CHHOHMMBI,

Ne
(cumeon zena)

®parmenT 43-1221 a.n. ammo-1,6-rmoko3upaser; glycogen
debranching enzyme (AGL)

Mmo3uH cBsassiBarommit 6enok C 6picTporo Timna; myosin-binding
protein C, fast-type (MYBPC2)***(1)

I'moko30-6-docdar nsomepasa; glucose-6-phosphate isomerase
(GPI)**(2) + Acetyl (Protein N-term)

Tomonor docpormmeparkunassi 1; phosphoglycerate kinase 1
[Equus przewalskii] (PGKI)***(1)

Cmech nsodopmsr M1 nmupysarkuHassl; pyruvate kinase PKM

5 isoform M1 (PKM) 1 roM0/10ra CKeJIeTHOMBIIIEYHOT0 aKTHHA; actin,

alpha skeletal muscle [Equus przewalskii] (ACTAI)

Cmech pparmenTa 88-331 a.m. anbaomassl A; fructose-bisphosphate

aldolase A (ALDOA)***(1) u pparmenta 21-316 romomnora
CKeJIeTHOMBIIIEYHOT0 AKTNHA; actin, alpha skeletal muscle [Equus
przewalskii] (ACTAI)**(2)

7

8 Muorno6un; Myoglobin (MB)***(1)

Tomomnor pparmenta 20-163 a.1m. TponoHuHa I GBICTPBIX CKETETHBIX
mb1; troponin I, fast skeletal muscle (TNNI2) [Equus asinus]***(2)

Homepa S/M/C* Mwm, k]la Mwm, x]la

B Protein NCBI (3xcm.)** (pacuet.)**
NP 001103778.1 163/22/18 132,0 174,6
XP 005596801.1 117/9/15 128,0 115,1
XP 001490657.2 79/15/27 53,0 62,7
XP 008508104.1 75/25/61 43,1 45,0
NP 00115316.1 81/15/35 425 43,0
XP 008531873.1 98/17/41 > 43,1
XP 003362760 107/7/29 28.0 39,4
XP 008531873.1 42/29/61 > 43,1
XP 014685731.1 244/20/59 19,0 21,4
NP 001157488.1 96/12/76 16,0 17,1

* S / M/ C — TpaguiuoHHbIe NOKa3aTenn MAeHTU(UKAINM, IPUHATHIE B AaHITIOA3BIYHO TNUTepaType: Score — IMOKa3aTelb COOTBETCTBILA
WIN «c4yeT 04KoB»; Match peptides — konmyecTBo copnaBumx nentumon; Coverage —% IOKPBITHA ITOTHON aMITHOKMCIIOTHOI IOCIEOBa-

TEIbHOCTY 0€NKa BbIABIEHHBIMU nenTugamMmn.

** MM (9KCII.) — IOTy4YeHHbIE OLEHKI 110 Pe3yIbTaTaM 31eKTPodopeTndecKoii MoABIDKHOCTH Ha [, a MM (pacyer.) — pacueTHbIe OLEHKIL,
CAeTaHHbIE U3 JAHHBIX 00 aMIHOKUCTOTHON MOCTIEe0BATEeIbHOCTI C Y4eTOM YAa/IeHNs CUTHATbHOTO NENTH/A, HO 6e3 yyeTa IPYruX MOCTCHH-
TeTn4ecKux Mopudukanmii ¢ nomouipio nporpammbl ExXPASy Compute pI/Mw tool

**msms — yKasaHle Ha IIOATBEPKJAIOIIYI0 MAeHTI()UKALNIO C IOMOLIBIO TAHAEMHOIT MacC-CIIEKTPOMETPII, B CKOOKaX YKa3aHO KOMIIeCT-

BO CEKBEHVIPOBAHHBIX TPUNITUYECKNX NENITUTOB.
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HasBanne 6enka

Il‘l/Z, AMUHOKICTOTHASA MOCTIETOBATEIPHOCTD NMENTUIA 11 HOMEpa O3 B Oenke

O6paszem Ne 1 O6pasen Ne 2 O6pasem Ne 3

(1239.6175)
MuornoGuH SKHPGDFGADA (115-125) - -

(1424.7059)
Muormo6un SKHPGDFGADAQG - -

(115-127)
Muoro6um _ B (2504.3236) KKKGHHEAELKP-
LAQSHATEHK (77-98)

(2571.3249)

Muorno6un GHHEAELKPLAQ- + -
SHATEHKIPIK (80-102)
Muorio6um (2844.4926) GGILKKKGHHEA- + _
ELKPLAQSHATEHK(73-98)
Muoro6um (2955.5830) KKKGHHEAELKP- + _
LAQSHATEHKIPIK(77-102)
. (2000.9168) YKPEEEYPDI/LSKHNN
HeussecrHbiii + +
(14-28)
T (1711.8415) VWGKVEADI/ . .
LAGHGQ
. (1858.9383)

Heuspecrrout B B KI/LDESAKMEAETKI/LH
Tpononuu T, u3ogopma 6bICTPOro + + (2637.9358) SDEEVEHVEEEYEEEEEAQEE
CKeTIETHO-MbILIEYHOro THIa (2-22) (2-22)

BreiBopab1

I[Ipu ananmse MUKPODIOPHI TPeX MSCHBIX IPOLYKTOB
U3 KOHMHBI €CTECTBEHHO! (pepMeHTalMM — ChIPOBsiIe-
Ho1 Koybacel «Kaspl» 1 ceipokomyeHoit «banbik» — MeTo-
nom T-RFLP ycraHOB/IEHO, 4TO BO BCeX 00Opasijax MOIOY-
HOKJIC/IbIe MMKPOOPTaHM3MBI IIPpe06Iaiaiy Hajl IpOYVMU
TpynIaMy MMUKpOOpPraHusMoB. IIpy 9TOM HeKyIbTUBHU-
pyeMble MUKPOOPTaHM3MBI COCTAB/IS/IM OffHY YETBEPTYIO
4acTh BCell MUKPODIOPBI TPORYKTOB. Bbitn 06HapYKeHbI
TaKXXe aKTMHOMULeThl Microbacterium, TceBIOMOHA/IbI,
Burkholderia sp., oTHOCAIMeECS K YCIOBHO-IATOT€HHBIM
MUKpoOOpranusmawm, u 6akrepun Pseudomonas spp. u Fla-
vobacterium spp., KOTOpble MOTYT BbI3BIBATh IIOPYy MsACaA
M MSCHBIX TMPORYKTOB. ITaTOreHHBIX MUKPOOPraHM3MOB
B 00pas1iax BbIABIEHO He OBIIO.

VccnenoBanne HaHHBIX HPOAYKTOB METOJOM OIHO-
MepHOro a7mekTpodopesa, oKasano pasnnyuusa B OeIKo-
BoM nipodurte. B o6pasie konbacs «banbik» coepikanoch
MeHblIIe 6e/TKOBBIX (PparMeHTOB, YeM B oOpasuax «Kasbl».

[IpoBefieHHOE CPaBHUTEIbBHOE IMPOTEOMHOE MCCIIENO-
BaHME TpPeX BUJIOB KONMOAC IIOKA3amo KOMMYEeCTBEHHbIE
pasmnuys o HecCKONMbKUM ¢pakuysaM. C ydeToM pe3yib-
TAaTOB TaHJEMHOII MacC-CIIeKTPOMEeTPUM UAeHTUULNPO-
BaHbI 0e/KM, IPUPOJHbIE KOPOTKME IENTUAbI KOTOPBIX

Introduction

At present, many strategies were developed to improve
the functional value of meat and meat products, which can
be realized by addition of different functional compounds
and well as by ante mortem modification of animal raw
materials. The technology of functional and specialized
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IPUCYTCTBOBA/IM B aHA/M3MPyeMbIX 0Opasuax. B ocHoB-
HOM OHM OTHOCWINCH K PasHBIM IENTHUIaM KOHCKOTO
MMOITIOOMHA.

B uentom B mccremyemoit mpogyKIuy Habmoganach Xo-
poliIas COXPaHHOCTD MBIIIEYHBIX O€KOB MIO3MHA 1 MIO-
r1061MHA, KOTOPBIE, OYEBUIHO, MOTYT ObITh MCTOYHUKAMMU
(bYHKIMOHATBHBIX TeNTH/OB. Pasmnuns B 6€KOBbIX IPO-
GWISIX IPOAYKTOB, MO-BUAVMOMY, OOYCTOB/IEHBI TEXHO-
JIOTMYECKUMM OCOOEHHOCTAMU U3TOTOBJIEHNS U CIIOHTAH-
HBIM TedeHneM Ipoiiecca hepMeHTaIIN.

Takumu ob6bpasom, cnoHTaHHas MuKpodopa dep-
MEHTMPOBAHHBIX MJCHBIX IPOJYKTOB, OCOOEHHO IpH
npeobmajaHuyt  MOJIOYHOKMC/IBIX ~MUKPOOPTaHM3MOB,
CrocobHa BMUATh Ha OOpa3oBaHMe OMOMOTMYECKU aK-
TUBHBIX [TENTHU/OB MsICA, YTO HOATBEP)KIAETCS UCCTIENO-
BaHISMI, Pe3y/IbTaThl KOTOPBIX NMPUBENEHBI B JAHHOI
cratbe. Kpome TOro, mpepiosKeHHBIN MOAXOR M ajro-
PUTM ITOVCKA MOYKHO MCIIO/Ib30BATH /IS IIOMCKA U U[IEeH-
TdUKaUU KOPOTKMUX HMPUPORHBIX MENTULOB B 0Opas-
1ax xonbac.

Bripasxenue npusnarenbHoctu (Acknowledgments)

VccnenoBaHue BBITIONTHEHO 3a cUeT rpaHTa Poccuiicko-
ro HayyHoro ¢onpa (mpoexT Ne 16-16-10073).

products successfully uses the modification of the composi-
tion (amino- and fatty acids, control of sodium chloride),
incorporation of functional elements and specialized mod-
ules (plant components (oils, extracts, fibers), soy protein,
natural and synthetic antioxidants, lactic acid bacteria, fish
oil and meat protein derivates (biologically active peptides).
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The modern strategy directed towards an increase in
longevity due to a decrease in the risk of chronic noncom-
municable diseases includes prediction, prevention, per-
sonalization and participativity (the principle of P4 medi-
cine) [1]. With that, the scientific forecast about an increase
in an average life expectancy of humans is based on many
directions; however, the central place is occupied by the
development of effective and safe prophylaxis of socially
significant diseases. In Russia, chronic noncommunicable
diseases are a cause of 75 % of all deaths. With that, the car-
diovascular diseases account for about 55 % [2].

Over the last 10 years, extended studies on the sub-
stances of the protein and peptide nature in meat raw ma-
terials and finished meat products [3, 4] have been carried
out. These compounds are formed in the process of dif-
ferent technological processing and stipulate quality and
functional characteristics as well as safety of foods. How-
ever, the complex investigations on the mechanisms of
their biosynthesis and degradation at the molecular level
are practically not highlighted. The strategy for studying
meat proteins as potential sources of biopeptides consists
in investigation of proteome regarding the presence of
functional sequences and metabolites formed during the
autolysis process, fermentation by starter cultures as well
as hydrolysis of meat raw materials with the human gas-
trointestinal enzymes using the methods of applied pro-
teomics and bioinformatics [5,6].

The current trends in food biotechnology and meat bio-
chemistry are directed towards investigations regarding de-
tection and identification of proteins and peptides charac-
terizing quality characteristics in all raw material sources of
animal and plant origin [7,8]. At present, a great number of
polypeptide substances containing about 2-30 amino acids,
which exist initially in meat raw material or were formed
during technological processing, have been extracted from
meat raw materials, especially from beef, chicken and pork
muscle proteins. A range of short peptides was revealed,
which had hypotensive, opioid, antioxidant, antithrombotic
and other biological effects that influenced a range of the
most general pathogenetic mechanisms underlying the de-
velopment of pathological processes [6,9,10]. For example,
meat proteins contain amino acid sequences with the hypo-
tensive activity (chicken myosin, beef collagen al and pork
troponin C), stimulators of the ubiquitin-mediated proteol-
ysis (chicken myosin, beef collagen al and pork troponin C),
antiamnesic and antithrombotic activities (beef collagen al),
antibacterial (chicken myosin), immunomodulatory (beef
collagen al) and opioid properties (beef collagen al, pork
troponin C), inhibitors of dipeptidyl peptidase IV (chicken
myosin, beef collagen al, pork troponin C), as well as regula-
tors of the activity of the gastric mucosa (beef collagen al).
For example, myosin light chain has the sets of the amino
acid sequences with the antimicrobial properties: connectin
is rich in the peptides with the antithrombotic, antiamnesic,
opioid, neuroprotective, immunomodulatory, antioxidant
and hypotensive activities, as well as inhibitors of dipeptidyl
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peptidase IV and regulators of the activity of the gastric mu-
cosa. Beef, chicken and pork actin carry the sequences — in-
hibitors of dipeptidyl peptidase IV. Collagen and elastin are
the richest in the sequences having specific corrective prop-
erties due to the high content of glycine and proline. More
than 220 functional peptides have been already identified in
the above mentioned proteins. Presumably, the hypolipid-
emic effect is conditioned by an influence on expression of
the genes responsible for lipid metabolism. It was shown that
the pork elastin hydrolysate reduces the concentration of to-
tal cholesterol and atherogenic lipoprotein classes in blood
serum of the rats with a model of hypercholesterolemia. This
effect is assigned to peptides with the low ratio of methio-
nine/glycine and lysine/ arginine, as well as formation of
lysine bridges (desmosin and isodesmosin). In addition, it
was demonstrated that the pork liver hydrolysate reduced
the subcutaneous fat level due to suppression of the activity
of liver enzymes — participants of lipogenesis. The chicken
leg collagen hydrolysate has a positive effect in osteoporosis
during menopause, chicken meat and bone hydrolysates fa-
cilitate better gut colonization with bifidobacteria and can
be used as prebiotics; collagen hydrolysates stimulate prolif-
eration of fibroblasts, neutrophils and monocytes, which is a
part of immunocorrective action [11,12].

A number of methods are used for accumulation of
functional peptides in raw meat including autolysis or di-
rect hydrolysis, as well as fermentation (using spontaneous
microflora, starter cultures or enzymes).

Several studies showed a possibility to produce differ-
ent bioactive peptides, including the antimicrobial, im-
munomodulatory, antioxidant and angiotensin-converting
enzyme (ACE) inhibitory activities by microbial proteoly-
sis [13,14]. For example, several lactic acid bacteria (such
as, Lactococcus lactis, Lactobacillus helveticus) produce
bioactive peptides during fermentation. This system con-
sists in a range of different intracellular peptidases, includ-
ing endo-peptidases, amino-peptidases, di-peptidases and
tri-peptidases [15,16].

It is noted that genome of lactobacilli codes more pro-
teases, peptidases, amino acid permeases and oligopeptide
transport systems than lactococcus [17]. For example, the
oligopeptide transport system of L. lactis transports pep-
tides, at least, up to 18 residues [18].

However, proteolytic enzymes released by lactic acid
bacteria were very different in different species and strains,
which led to emergence of different groups of bioactive
peptides [19,20].

Lactobacillus helveticus, Lactobacillus delbrueckiis subsp.
bulgaricus SS1, Lactobacillus delbrueckiis subsp. lactis and
Lactococcus lactis subsp. cremoris FT4 have an ability to
produce angiotensin I-converting enzyme (ACE), which
can modulate blood pressure [21].

In the majority of studies of bioactive substances from
meat sources, the main attention was paid precisely to
ACE inhibitory and antioxidant peptides. In fermented
meat products a special attention is paid to the control
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of biogenic amines: tyramine, cadaverine, putrescine and
histamine. Improper processing that favors contamination
is a main cause of too high content of bioamine in meat;
however, the literature also describes starter cultures that
have an ability to synthesize biogenic amines, such as Lac-
tobacillus curvatus [22]. To prevent this risk, it is necessary
to take into consideration selection of individual starter
cultures having the aminooxidase activity and capable of
bacteriocine synthesis with the aim of leveling undesirable
effects of spontaneous fermentation.

This paper examines an effect of spontaneous micro-
flora of the fermented meat products from horsemeat on
the development of the biologically active peptides.

Materials and methods

At the first stage, an analysis of microflora by terminal
restriction fragment length polymorphism (T-RFLP) was
carried out in three naturally fermented meat products
from horsemeat:
the national fermented product «Kazi» produced in Pen-
zenskaya oblast. The composition of the product includes
horsemeat and horse fat with addition of salt, sugar and
garlic. Horsemeat was obtained from animals raised on
pastures (lots 1 and 2; samples 1 and 2, respectively);
the uncooked smoked meat product «Balyk» from
horsemeat produced by TS9213-028-54780900-2011 in
an enterprise in the Moscow district. The composition
of «Balyk» includes horsemeat, the nitrite-curing mix-
ture, garlic, spices, sugar, sodium ascorbate (sample 3).
For analysis of the product microflora, 3 samples of 1 g
were taken from the inner part of the sausage in the sterile
conditions 5 days after preparation. From these specimens,
an average specimen was prepared by homogenization in
a ceramic mortar. The DNA was recovered from the speci-
men by extraction with phenol/chloroform in a ratio of 1:1
and purification with the CTAB solution.

For DNA recovery, 0.5 g of the average specimen was
transferred into an Eppendorf 1.5 ml tube with a screw
cap. 500 pl of bufter I (CTAB2 %; Tris-HCI 0.1M; EDTA-
Na, 20 mM; NaCl 1.4 M; pH 8.5) and 0.5 g of glass beads
(Helicon, Russia) were added to the specimen. The speci-
men was heated at 65 °C for 15 min. and homogenized on
a personal Vortex V-1 plus (Biosan, Latvia) at 3000 rpm
for 15 min.; then, the heating process was repeated dur-
ing 15 min. After that, the specimen was extracted at 14000
rpm for 10 min. in the centrifuge Mini Spin (Eppendorf,
Germany) with 400 pl of phenol/chloroform mixture (1:1),
then 400 pl of chloroform, each time transferring the su-
pernatant into new Eppendorf 1.5 ml tubes. After that,
DNA was settled in a centrifuge at 14000 rpm with 400
ul of 96 % ethanol in the presence of the sodium acetate
solution to the final concentration of 0.3 M (Helicon, Rus-
sia) and dissolved in 100 ul of TE buffer (Tris-HCI 10 MM;
EDTA-Na,1 mM) (Helicon, Russia).

PCR amplification of the 16S rRNA genes of bacteria
was carried out using the primers 63F (CAGGCCTAA-
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CACATGCAAGTC) with a tag at the 5-end (fluoro-
phore D4-WellRed) and 1492R (TACGGHTACCTTGT-
TACGACTT). The mixture for PCR contained 10 pM of
primers, 2.5 units of Taq polymerase (Fermentas, USA),
X10 bufter for Tag polymerase (Fermentas, USA), 2 ul of
25 mM MgCl, (Fermentas, USA); a mixture of deoxy-
nucleotide triphosphates (dATP, dGTP, dCTP, dTTP to
the final concentration of 150 pM), 1 pl of DNA; a sample
was brought to a volume of 20 ul with deionized water.
PCR was performed in the amplifier MaxyGene (Axygen,
USA) under the following conditions: 95°C — 3 min,
35 cycles (95°C — 30 s, 55°C — 30 s, 72°C — 60 s),
72°C — 10 min.

The amplified fragment was isolated from the agarose
gel using the 3M guanidine thiocyanate solution. To this
end, an agarose block with the amplified DNA fragment
was cut from the agarose gel and put into Eppendorf
1.5 ml tubes. 100 pl of solution A (3M guanidine isothio-
cyanate, 20 mM EDTA-Na,, 10 mM Tris-HCI (pH 6.8),
40 mg/ml of TritonX-100) (Helicon, Russia) was added to
the block and heated to 65°C until full dissolution of the
agarose block. Then, the sample was mixed, 20 pl of solu-
tion B (1000 ul of solution A, 40 mg/ml of DNA sorbent
Silica) (Helicon, Russia) were added and incubated at the
room temperature for 10 min. with intermittent mixing.
After that, the amplicon was settled with a sorbent in the
centrifuge Mini Spin (Eppendorf, Germany) at 4000 rpm
for 1 min. and the solution was fully removed. Similarly,
the sediment of silica with DNA was washed with 100
ul of solution A, C (25% C,H,OH, 25% isopropanol,
100 mM NaCl, 10 mM TRIS-HC], pH 8.0) (Helicon, Rus-
sia) and 70 % ethanol. After that, the sediment was dried
and the DNA was eluted in 100 ul of 10 mM Tris-HCl so-
lution (pH 8.0) (Helicon, Russia) for 15 min at the room
temperature. Then, the solution was centrifuged at 14000
rpm for 3 min. and the purified DNA preparation was
transferred into new tubes.

Restriction of amplicons was carried out with restric-
tion enzymes Haelll, Hhal and Mspl (Fermentas, USA) at
37°C for 2 hours. The total volume of the reaction mixture
was 15 pl: 10 units of the restriction enzyme, 1.5 pl of buf-
fer for restriction and up to 15 pl of deionized water. On
completing restriction, DNA in the reaction mixture was
settled with ethanol in an amount of 38 ul in the presence
of 1.5 ul of 3M sodium acetate solution, then dissolved in
10 pl of SLS (BeckmanCoulter, USA) with addition of 0.2 pl
of marker with the molecular weight of 600 bp (Beckman-
Coulter, USA) and separated in the conditions of capillary
electrophoresis (Frag4 program) with fluorescence detec-
tion using the automated sequencer CEQ8000 (Beckman-
Coulter, USA).

Calculation of peak sizes and their areas was carried
out using the Fragment Analysis software (Beckman Coul-
ter, USA). The error of detection of peak areas at T-RFLP
analysis is not more than 5%. For identification of peaks,
the T-RFLP patterns for three endonucleases (Haelll, Hhal
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and Mspl) were processed using Fragment Sorter (http://
www.oardc.ohio-state.edu/trflpfragsort/index.php).

The second stage of the work was analysis of the pro-
tein fractional composition in the studied samples by
one-dimensional electrophoresis in 12.5% polyacryl-
amide gel in the presence of sodium dodecyl sulfate
(SDS) in a chamber VE-10 (Helicon, Russia) at a constant
voltage of 60V. Upon reaching the front of the separating
gel, the voltage was increased up to 130V and separation
was continued for 2-2.5 hours [23]. An amount of pro-
tein introduced into the gel was 20 pg for all samples.
The protein concentration in the samples was detected
by the biuret method using a spectrophotometer Bio-
Chem SA (HTI, USA). As a standard for electrophoresis,
we used a marker from Thermo, USA, which is a mixture
of 11 recombinant proteins (250, 150, 100, 70, 50, 40, 30,
20,15,10 and 5 kDa). Staining was performed using Coo-
massie G-250. The protein composition was analyzed us-
ing the UniProt Protein Database (http://www.uniprot.
org/) [25].

Identification of protein fractions on two-dimensional
electrophoregrams (2DE) was performed after tryptic pro-
teolysis [26] by MALDI-TOF MS and MS/MS mass-spec-
trometry using a MALDI- TOF mass-spectrometer Ultraf-
lex («Bruker», Germany) with an UV-laser (336 nm) in the
positive ion mode and a mass range of 500-8000 Da with
their calibration according to the known trypsin autolysis
peaks.

The obtained mass-spectra of tryptic peptides were an-
alyzed by the Mascot software, Peptide Fingerprint option
(Matrix Science, USA) with accuracy of MH+ mass detec-
tion of 0.01%, with the use of the database of the National
Center for Biotechnology Information (NCBI).

Mathematical and statistical processing of the results
was carried out using Microsoft Excel 2010.

Results and discussion

When analyzing the samples of horsemeat sausage by
T-RFLP, the following ratio of microflora was established
(Table 1).

Large part of sausage microflora (52.45 % in sample 1,
38.82% in sample 2 and 29.62% in sample 3) was pre-
sented by lactic acid microorganisms. The high content
of Lactobacillales in samples 1 and 2 was apparently con-
ditioned by the spontaneous process of fermentation and
an absence of preserving agents such as sodium nitrite
and ascorbate.

The unculturable microorganisms accounted for about
a quarter of microflora: 24.1% in sample 1; 22.01% in sam-
ple 2 and 25.17 % in sample 3.

The unculturable forms of bacteria have the metabolic
activity but do not grow on culture media. The transition
to the unculturable form occurs at an exposure to unfavor-
able factors; however, when entering the human body, they
can be re-cultivated (revived), which explains a presence of
natural focal diseases. Therefore, information about their
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presence in meat products is important for assessment of
product safety and quality.

In addition, several other microorganisms were detect-
ed such as Microbacterium, Pseudomonas sp., Burkholderia
sp., including Burkholderia cepacia, and Flavobacterium
spp.

Pathogenic microorganisms and coliforms were not re-
vealed.

The results of the performed electrophoretic investiga-
tions showed the differences between the studied samples,
which electrophoregrams are presented in Fig. 1.

Fig. 1. One-dimensional SDS electrophoresis of meat product samples.
Cr — mixture of standard proteins, K1 — sample 1, K2 — sample 2,
K 3 — sample 3. Left column (a) — staining with CBB G-250, Right
column (6) — staining with silver nitrate.

When analyzing the results of protein fractionation in
the studied samples, it was found that samples 1 and 2 were
similar in the protein profile and had only insignificant dif-
ferences (towards a decrease in sample 2) in the quantity
of proteins in the zones 38-42, 23 and 15 kDa when stain-
ing CBB G-250, which gives high linearity of bonding with
proteins. Sample 3 was clearly different from them, which
can be explained by the differences in their compositions
and production technology. It contained less protein frac-
tions, and some of them disappeared practically complete-
ly. Staining by more sensitive method (with silver nitrate)
confirmed the revealed changes and allowed detection of a
range of other fractions that presented in the minor quan-
tity and changed their quantity.

They included the fractions with the molecular weight
of 132, 128, 75, 90, 53, 45, 36, 28, 20 and 16 kDa. The pro-
teins of these fractions are the main components that gen-
erate short peptides. Eight of them were identified by time-
of-flight mass-spectrometry.



Table 1. The composition of the bacterial community of horsemeat sausage, %

Microorganism

Bacteroidales

Lactobacillales

Bacillales

Bifidobacteriales
Propionibacteriales
Pseudomonadales

Burkholderiales

Proteobacteria

Acidobacteriales
Clostridiales (Butyrivibrio)
Clostridiales (Eubacterium)

Clostridiales (Clostridium)

Thermoanaerobacterales

Clostridiales (Succiniclasticum)

Campylobacterales

Enterobacteriales

Actinobacteria

Clostridiales (Peptococcaceae)

Unculturable microorganisms

52.45
Lactobacillus sp.

13.47
Bacillus sp.,
Alicyclobacillus sp.

2.41
Lysobacter sp.,
Pseudoxanthomonas sp.

6.02
Streptomyces sp.,
Arthrobacter sp.,

Corynebacterium sp.,
Microbacterium sp.

1.55
Desulfotomaculum sp.

24.1

Sample
2

5.31
Bacteroidetes

38.82
Lactobacillus sp.
Lactobacillus manihotivorans

7.73
Alicyclobacillus sp.

0

0.26
Pseudomonas sp.

0

13.83
Sphingomonas,
Lysobacter sp.,

Pseudoxanthomonas sp.

2.33
Acidobacterium sp.

0.5
Butyrivibrio fibrisolvens

0.74
Eubacterium sp.

0

2.07
Thermoanaerobacter
cellulolyticus,
Caldicellulosiruptor
kronotskiensis

0

0.33
Arcobacter sp.

0

6.07
Micromonospora sp.,
Streptomyces sp.,
Kocuria sp.

22.01
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20.06
Flavobacterium sp.,
Prevotella sp.

29.62
Lactobacillus sp.,
Leuconostoc sp.,
Lactococcus garvieae

3.08
Brevibacillus levickii,
Saccharococcus thermophilus,

Aneurinibacillus thermoaerophilus,

Paenibacillus sp.

0.77
Bifidobacterium sp.

0.82
Propionibacterium sp.

4.69
Pseudomonas sp.

3.12
Burkholderia sp.

0.67
Lysobacter sp.,
Brenneria quercina,
Alteromonadaceae

0

0

0.58
Clostridium innocuum

0.65
Succiniclasticum ruminis

0

0.14
Brenneria quercina

9.28
Streptomyces sp.,
Mycobacterium sp.,
Saccharomonosporaglauca,
Micromonospora sp.,
Brevibacterium sp.,
Amycolatopsis sp.,
Catellatospora sp.,
Arthrobacter sp.
Corynebacterium bovis

1.35
Desulfotomaculum sp.,
Desulfotomaculum kuznetsovii

25.17
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Table 2. The results of the mass-spectrometric identification (MALDI-TOFMS and MS / MS) of the protein fractions differed

in quantity in the studied samples

Protein,
Ne certain synonyms,
: (gene symbol)
Fragment (43-1221 a.s.) of amilo-1,6-glucosidase;
glycogendebranchingenzyme (AGL)

myosin-bindingproteinC, fast-type (MYBPC2)***(1)

o

W N

phosphoglycerate kinase 1 homolog [Equusprzewalskii]
(PGK1)**(1)

alpha-actinhomolog[Equusprzewalskii] (ACTAI)
MixtureofaldolaseAfragment (88-331 a.s.); fructose-bisphosphate
6 aldolase A (ALDOA)***(1) andfragment (21-316) ofskeletal muscle
alpha-actin homolog[Equusprzewalskii] (ACTA1)***(2)
Homologoffragment (20-163 a.s.) oftroponinl, fastskeletalmuscle
(TNNI2) [Equusasinus]***(2)

8 Myoglobin (MB)***(1)

7

glucose-6-phosphate isomerase (GPI)***(2)+ Acetyl (Protein N-term)

MixtureofpyruvatekinasePKMisoformM1 (PKM) andskeletal muscle

Numbers in S/ M/ C* Mwm, kDa Mm, kDa
Protein NCBI (exper.)** (calc.)**
NP 001103778.1 163/22/18 132.0 174.6
XP 005596801.1 117/9/15 128.0 115.1
XP 001490657.2 79/15/27 53.0 62.7
XP 008508104.1 75/25/61 43.1 45.0
NP 00115316.1 81/15/35 425 43.0
XP 008531873.1 98/17/41 : 43.1
XP 003362760 107/7/29 28.0 39.4
XP 008531873.1 42/29/61 : 43.1
XP 014685731.1 244/20/59 19.0 21.4
NP 001157488.1 96/12/76 16.0 17.1

*§/ M/ C — traditional indices for identification used in English literature:

Score — an indicator of matchesor scoring;
Matchpeptides — the number of peptide matches;

Coverage — the percentage of the complete amino acid sequence of protein covered by revealed peptides.

** Mm (exper.) — assessments obtained by the results of the electrophoretic mobility on 2-DE, Mm (calc.) — calculatedassessments made
onthebasisofthe data on the aminoacidsequence with consideration for removal of the signal peptide, but without consideration for other
post-synthetic modifications using the program ExPASy Compute pI/Mw tool

> msms — indication of the confirming identification using the tandem mass-spectrometry. The number of sequeneed tryptic peptides are

given in parentheses.

For example, in samples 1 and 2, the fractions of ami-
lo-1,6-glucosidase, fast-type muscle myosin-binding-pro-
tein C; glucose-6-phosphate isomerase; fast skeletal muscle
troponin I, phosphoglycerate kinase, pyruvate kinase and
skeletal muscle actin were found, which were absent or
reduced in sample 3. The results of identification are pre-
sented in Table 2.

Based on the results of the tandem mass-spectrometry,
the proteins, which natural short peptides existed in the

analyzed extracts were identified by the obtained masses.
Largely, they all belonged to different peptides of equine
myoglobin (Table 3).

Samples 1 and 2 were similar in terms of spectra, which
can be explained by the similarity of their composition and
the conditions of the fermentation process; they had identical
mass peaks, while sample 3 had more prominent differences.

A set of the same myoglobin peptides in the first two
samples was absent in sample 3; however, its own peptide

Table 3. The results of the tandem mass-spectrometry of short peptides in sausage extracts

m/z, peptide amino acid sequence and position number in protein

Protei
rotein Sample 1 Sample 2 Sample 3
. (1239.6175)
Myoglobin SKHPGDFGADA (115-125) - -
(1424.7059)
Myoglobin SKHPGDFGADAQG - -
(115-127)
Mvoslobin B B (2504.3236) KKKGHHEAELKP-
Y08 LAQSHATEHK (77-98)
(2571.3249)
Myoglobin GHHEAELKPLAQ- SHATEHKIPIK TS -
(80-102)
Myoslobin (2844.4926) GGILKKKGHHEA- . _
Y08 ELKPLAQSHATEHK(73-98)
. (2955.5830) KKKGHHEAELKP- . B
Y08 LAQSHATEHKIPIK(77-102)
(2000.9168) YKPEEEYPDI/LSKHNN
Unknown + +
(14-28)
Unknown (1711.8415) VWGKVEADI/LAGHGQ + -
Unknown B B (1858.9383)
KI/LDESAKMEAETKI/LH
troponin T, fast skeletal muscle + + (2637.9358) SDEEVEHVEEEYEEEEEAQEE
isoform (2-22) (2-22)

16
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was revealed. The troponin T peptide was present in all
three samples. Moreover, extended sequences of unknown
proteins were detected. In analysis in manual mode, we
were able to reveal that the peptide with m/z 2000.9168 is
the peptide of 14-28 amino acid sequence of creatine ki-
nase M of the muscle type; this peak is in all types of stud-
ied sausages.

Conclusions

In analysis of microflora in three naturally fermented
meat products from horsemeat (air dried sausage «Kazi» and
uncooked smoked sausages «Balyk» by T-RFLP, it was estab-
lished that lactic acid microorganisms prevailed over other
groups of microorganisms. With that, unculturable microor-
ganisms accounted for about a quarter of microflora.

In addition, several other microorganisms were detect-
ed such as Microbacterium, Pseudomonas spp., Burkhold-
eria sp., and Flavobacterium spp. Pathogenic microorgan-
isms were not revealed in the samples.

The study of these products by one-dimensional elec-
trophoresis showed the differences in the protein profile.
The sausage sample «Balyk» contained less protein frag-
ments than the «Kazi» samples.
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The performed comparative proteomic study of three
sausage types demonstrated quantitative differences by
several fractions. Based on the results of the tandem mass-
spectrometry, the proteins and natural short peptides ex-
isted in the analyzed samples were identified. Largely, they
all belonged to different peptides of equine myoglobin.

In general, good preservation of muscle proteins myo-
sin and myoglobin, which can be a source of functional
peptides, was observed. The differences in product protein
profiles were, apparently, conditioned by the technological
peculiarities of production and spontaneous course of the
fermentation process.

Therefore, the spontaneous microflora of fermented
meat products, especially upon prevalence of lactic acid mi-
croorganisms can affect the development of the biologically
active peptides in meat, which is confirmed by the results
of the study presented in this paper. Moreover, the applied
approach and search algorithm can be used for search and
identification of short natural peptides in sausage samples.
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