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BeBepeHue

Benkun ABNAKTCA BaXHbIM HYTPUEHTOM B paumo-
He uefioBeka. B kauyecTBe MWL EBbIX WHIPEAUEHTOB OHMU
B OCHOBHOM MOCTYynalwT M3 NPOAYKTOB XXUBOTHOIO 1 pa-
CTUTENbHOIO NPONCXOXAEHMNSA. [IpOTEOMUKA UMEET B CBO-
eM apceHane Takme MeToAbl, KOTOpPble CNOCO6GHbI 0Xapak-
Tepu3oBaTb 6esiKOBbI cocTaB MPOAYKTOB, Kakue 6enkun
NPUCYTCTBYIOT B Ka)XXAOM TUMNe TKaHW, a TakxXe No3BonA-
eT uccnefoBatb MX pasnnuna B 6eN1KOBO KOMNO3ULUN.
Kpome TOro, npoTeoMHble MeTOAbl MO3BOJMAKT OTC/e-
XUBaTb U3MEHEHWS NMpoTeoMa A0 M nocne y6os, a Takxe
oueHuBaTb BAUAHWE NOCNefyKWMX NPOLECCOB, TakKUXx
Kak aBTo/iM3. B pononHeHne K MNOCTTPAHCAALUOHHbLIM
Moaudukaunam, kotopsle npomcxogat In vtvo, nuwesbie
6enky nogBeprawTCca WMPOKOMY CNEKTPY Nocney60liHbIX

npoueccoB. 3T MoauduKauuy BKAOYAKT OKUCIeHue
60KOBOI Lenu, o6pa3oBaHMe NONepeyYHbIX CBA3EN U pac-
wenneHne 6eNKOBbIX MOMEKYN U KPUTUYECKMN BAUAKOT Ha
Takne OCHOBHble CBOWCTBA MACA, KaK CPOK XpaHeHunsa, Nu-
WweBas LEeHHOCTb, yCBOSIEMOCTb M MOCNeACTBUA ANS 340-
poBbs [1].

3a nocnegHue nNAaTb NeT B 0671acT NPOTEOMUKN Msca
HabnwgancaycTohunBbIii pOCT HAy4YHOro nHTepeca. boino
nposefeHO 60/blIOe KONMYECTBO UCCNef0BaHNn ¢ NOSAB-
NEeHNEM HEeCKONbKMX OTAefbHbIX KaTteropuii. OTKpbITUE
6e/1KOB-MapKepoB A/ pas3NnMyHbIX aTtpubyToB KauyecTBa
mMsaca — ele ofHa BakHas obnacTb. MNpoueccbl nocmepT-
HOro NpeBpalleHre Mbll L, NPUBAEKaDT 0CO6bIN NHTepec
N npepctaBnsaeT co60li 3HAUYMTENbHYIO Cepuio COBbITUA,
CBfAA3aHHbIX C Moagudukayueih n paspyweHmem b6enka [2].
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Bo BpemsA npouecca npesBpaleHWss MbiWwL, B MACO
NPOUCXOAAT CyWecTBEHHble 6uoxnummyeckne / 6nodunsn-
yeckMe U3MEHeHUs B MblWLax, U 3TU U3MEHEHWNSA Heno-
CPefCTBEHHO BAUSAIOT Ha XapaKTepucTUKM KayecTea msca
[2,3]. MoaToMy Uenbd faHHOro uccrefoBaHnsa 6bI10 U3-
yyeHune aBTONMTUYECKMX MPOLLECCOB B CBMHUHE W TOBA-
OVHe, a TakXke WX CpaBHEHWE C MOMOLLbO NPOTEOMHbIX
MeTOL0B.

06beKTbl 1 MeToAbl

O6bekTamun uccnefoBaHna AaBnanuch: 1) Boipeska ro-
BSXbSl, MpuobpeTeHHas B MarasuHe TOProBOi MapKwu
«Xansanb». MsAco noctaBneHo B marasuH u3 Bnagumup-
cKkoli obnactu. Bpemsa oT y60s 4O MOMeHTa Hayana JaKc-
nepmmeHTa coctasmno 15 4, 4TO COOTBETCTBYET cTaauu
NOCMEpPTHOro OKoyeHeHuda. [lpouecc aBTo/MM3a NPOXO-
avn npu temnepartype 4+2 °C B TeyeHune 12 cyTOK B Ba-
KYYMHOM KoHTeliHepe. 2) M. longissimus dorsi CBUHWHbI,
oTobpaHHas Ha msconepepab6aTtbiBalowWweMm NpegnpuaTum
r. PoctoB-Ha-floHy. O6pasubl XpaHUau npu temnepartype
2+2 °C B yCN1OBUAX NPOMbILLIIEHHOIO X0N04UbHKKA B Te-
yeHue 120 4u. Mpobbl Ha uccnefoBaHnUsa 6bINM O0TOGPaHBI
yepe3 24 4, 724 n 120 u.

OnpegeneHvie BOAOCBA3bIBalOLWER cCNOCOBGHOCTY MpPoO-
BOAMMOCL NO MeToAy pay-Xamma (MeTof npeccoBaHus).
Bnara B MACHOM cCbipbe onpegensnacb MeTofoOM BbiCY-
WMBaAHNA HaBeCcku nNpobbl C MECKOM A0 MOCTOAHHON
maccbl npu Temnepartype (103+2) °C B COOTBETCTBUMU
¢ FTOCT P 51479-99 (MCO 1442-97)«xMAco n MACHble
NnpoAyKTbl. MeToA onpegeneHnsa MaccoBol A0NW BRarn».

N3mepeHne pH npoBOANIOCHE MOTEHLMOMETPUYECKUM
MeTOofOM Ha pH-MoHOMeTpe «3IKcNepT» B COOTBETCTBUM
cTOCT P 51478-99 (MCO 2917-74)«KOHTPONbHbIA Me-
TOA oOnpejefieHus KOHLUeHTpauun BOAOPOAHLIX WOHOB
(pH)>.

AHanus ppakLMoOHHOro coctaBa 6enkoB nccnegyembix
o6bpasuos NpoBOAUIN METOLOM OLHOMEPHOrO 3NEKTpPO-
opesa B 12,5% nonnakpunammaHoM rene B NpuUcyTcTBUN
pogeunncynohata Hatpua B Kamepe «VE-10» (Helicon,
CWA). B kauecTBe cTaHfapTa An4 anektpodopesa uc-
nons3oBanu mapkep pupmbl «Thermo», CLW A, npegcTaB-
nawuwmnii cobon cmecb 11 pekomMbMHaHTHbLIX 6enkoB (250,
150, 100, 70, 50, 40, 30, 20, 15, 10 u 5 kfa). OkpawuBa-
HMWe NPoBOAWNU C UCMONb30BaHWEM KpacuTens Kymaccu
G-250.

B kauecTBe OCHOBHOW MPOTEOMHON TEXHOMNOTUN
NpUMEHSANN [ABYMepHbIA anekTpodopes (43®) no
O'dappenny ¢ n303nekTpodokycMpoBaHnem B amqonn-
HoBoM (IEF-PAGE), peTekuuto 6enkoB Ha 43P nposo-
Annun okpawmusBaHuem Kymaccu R-250 u a30THOKUCIBLIM
cepebpom. [ns npoBefeHWS KOMMbIOTEPHON [AEHCUTO-
MeTpunu ucnosb3oBasn [ABYMEPHble 3neKTpodoperpam-
Mbl, HAXOA4UBLUMECA BO BIAXXHOM COCTOAHUU. VX NoSHbIE
uugpoBble n3obpaxeHnsa n/mnn n3obpaxeHus oTaesb-
HbIX (hparMeHTOB Monyyaan C NOMOLLbIO CKaHUPOBaHUA
Ha ckaHepe Epson B pexume 300 dpi, 48 bit Color [4,5].
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OnpefeneHne KOIMYECTBEHHOTNO ColepXKaHus Kanbna-
nHa 3u KatencmHa D npoBOAUAN CNOMOLLbIO XUMUKO-UM-
MYHO/IOTMYyeckoro aHanusa, metogom ELISA Ha ummMyHO-
hepmeHTHOM aHanusatope ImmunoChem (HTI, CLUA)
C wucnonb3oBaHMeM KoMMepuyeckux Habopos (Cloud-
Clone Corp., Kutait). Mpo6onoAroToBKY OCyLW,ECTBAANN
cnegylowmnm cnocoboM: MbllEeYHY TKaHb TOMOTeHu3un-
poBanu B cTynke ¢ fo6aBneHnem octhaTHO-COMEBOro 6y-
epa (pH 7,4 1X), KONNYECTBEHHO NEPEHOCUN B 3MMeH-
nopo, ueHTpudgyruposanu npu 5000g B TeyeHue 5 MUH,
oT6bupann cynepHaTtaHT u NPOBOAUNY UCCNE[0BaHNE.

Pe3ynbTathbl U 06CyXaeHne

Buoxummnyeckne MexaHusmbl, NpuBofAlne K U3Me-
HEHVNSAM B MbILWEYHON TKaHW, 3aBMCAT OT pH. B obpasuax
CBUHWHbLI OTMEYEHO u3ameHeHne pH yvepes 244, 724 n 120y,
npu 3TOM BOAOCBA3bIBalOWAsA CNOCOOGHOCTL MOCTEMNEHHO
CHMXanacb ¢ 92,05% po 87,66 %k 1204 aBTO/MIN3A.

B cnyyae aBTONM3a MAcCA roBAAMHbLI 3HadyeHne pH ¢ 5,65
CMECTUNOCH B KUC/Y0 CTOPOHY K 6 CyTKamM A0 MUHUMab-
HOro 3HayeHusa 5,15, a 3aTem cTano pacTu B LWENOYHYIO,
n gocturno 6,04 Ha 9 cyTku. Nokasatesnb BOAOCBA3bIBAO-
Wwen cnocobHOCTN CHM3MACSA ¢ 67,29 % o 66,83 %K 6 cyT-
Kam aBTO/M3a, 3aTeM Hayan pacTu.

N3yyeHne BNUAHWA aBTOMIMTUYECKUX MPOLLECCOB Ha
N3MeHeHns 6enKoBOro Nnpodmnaa msaca CBUHUHbI METOLAO0M
OlHOMEPHOTO 3neKTpodopesa nokasano, 4To dpakumm
cebiwe 100 k[la yBennunBarTCA B UHTEHCUBHOCTU OKpa-
ckyn nonoc K 120 4 aBTOMM3a, HO KOMMYECTBO (hpakumii
cTabnnbHO. MHTEHCMBHOCTbL (hpakuuii ¢ MONeKysApPHON
maccoih B o6nactu 90-100 k[a yBenuuumBaeTcsa OT nep-
BblX CYTOK K nATbiM. B amanasoHe ot 50 kfa go 70 kAa
WHTEHCUBHOCTb MOJIOC HEM3MEHHA, HO Ha NATble CYTKMU
NosIBNAKOTCA ABe MUHOPHbIe nonockl B o6nactn 80 kfa.
OTMeueHO yBefIMyeHne NHTEHCMBHOCTM 6eNKOBbIX NOOC
Cc MonekynspHoi maccoii 30-32 k[a, a Takxe nog AencT-
BMEM 3H[AOreHHbIX hepMEHTOB MPOUCXOANT Aerpagauuns
6e1KoB C MONeKynsApHoWi maccoin Huxe 15 k[a.

OTMeueHbl W3MEHEHUA COOTHOLWEHUSA
N MUHOPHbIX 6E1KOBbIX DpaKLunii.

Mpun aHanu3e OQHOMEPHbLIX 3neKTpodoperpamm 6en-
KOBOro npoguna ckeneTHblX Mbiwl Bos Taurus nokasa-
HO yBenn4yeHne KOHLEeHTpaLuuii MaKOpHbIX 1 MUHOPHbIX
6€enKOoBbIX (hpaKLnil KO BTOPbIM CyTKaM, a 3aTeM 3amMeTHoe
yMeHbleHne KonuyectBa pakuuii K AeBATbIM CcyKawm,
TakK Ha nepsBble CYyTKM Habnwganocb 32 6enkoBble MOO-
Cbl, @ Ha [eBATble CYyTKM 23 nonocsl. MpeanonoxuTens-
HO, 3TO CBA3aHO C U3MEHEHUEM BenuYuHbl pH, KoTOpas
cMellaeTcs B LWEeNOYHY CTOPOHY Ha 9 cyTku (¢ 5,65 go
6,04), Takoe 3HayeHue pH 6/M3KO K ONTUMYMY aKTUBHO-
CTW NpoTenHas — KajbNuaHoB, NOA AeNCTBMEM KOTOPbIX
NponcxXoaunT agerpagaumna 6enkKoBbix Monekyn [6,7].

Ha Puc. 1un Puc. 2 npeacTtaB/ieHbl (oparMeHTbl 4BYMep-
HbIX anekTpodoperpamm (43) 6en1KOB CBUHWUHbI U rOBA-
[OVHbI, COOTBETCTBEHHO, B KOTOPbIX Hanboee BbipaxxeHHa
pedopmauymsa 6enKoBbIX pakyuii.

Ma>OpPHbIX
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Puic. 1 dparmeHTbl [13 € BbISIBMIEHHLIMY MPU3HAKaMK aBTO/TMTUHECKMX M3MEHEHMIA B UCCIEA0BAHHBIX 06pasLaX CBUHUHBI Ha 1, 31 5 cyTku aBTO/M3a

HanuvoTuratno

Cocea 3M X

JNoayoo HoOBO
4yoo30Ta

ApoTuncaayuTtasa

e3 X 138 x

Puic. 2. ®parmeHThI [13 C BbISB/IEHHBIMM MPU3HAKaMM aBTOIUTUHECKMX U3MEHEHWIA B CCIEA0BaHHbIX 06pasLiax roBsanHbl Ha 1, 51 9 cyTkm aBToM3a

OTMeYeHO YyBeNMYEeHUe WMHTEHCUBHOCTW OT MepPBbIX
CYTOK K MATbIM CyTKam Bncnrpumeato 6eokanmensco-
KMHa3bl, MMO3NHoasnnerkon uonu ICk[Aa, mMuneHno-
BOV nerkon uenm YOk[Jam3oeomnaakuHasbl. Takec xe
TEHAEHLUNA U3MEHEHNE UL AEHCUBHOCTU NATEM OTMEHEHA
y obpasuoB MfAca roeaguHbl (Mce.rf.3ccck3toacHuem
hpakumn nupysaTtkMnaebl, ouTcrne K» ¢ cyukambécosnunea
ynpouw,aeTcs 40 KOPOTKUX NenTUAOBNOL AENCTBUEM 3H-
[OTeHHbIX (hEPMEHTOB.

Ona nonyyeHnnaboneepeTtanbHolMHpopmayum o
N3MeHeHnAx 6enKoBOLINNNOBafEeHLBYMIPHBIH TKOKIK»-
¢hopes ¢ nocnegywowen naeHTuMnkaumeih Metogcm oocc-
cnektpometTpun MALDI-TOF M6uM o/MS (Tabn. 1).

MonyyeHHble pe3ynbTaTbl NPATEOMHbIX HACNEA40BaHWA
NO3BONAIT 3aMeTUTb exJpKne MexaHusmbl gedopmanunm
6€enKoBbIX hpakynii ,HOC Pa30NYHONEKOPOCTbIO. BMbILWw -
Lax ropAgMHbl JaHHble U3MEHEHUA NPoXoaaT 6osee nNpo-
OO/MDKUTENIbHO, YeM B MbllWLaXx CBUHUHLI. 3TO CBA3aHO
C TEM, YTO MbIlWeYHble BOMIOKHA FOBAAWHbLI 6onee Kpyn-
Hble, COOTBETCTBEHHO aBTO/IMTUYECKNE NPOL,eCChbl NPOXO0-
OAT MefnieHHee.

N3BeCcTHO, YTO afeo/IMyMyecKkme N3MEHEHUS B MblL -
yax postmorthem npoucxogatnoanecTenem (hepMeHTOB
NpPOTeo/IMTUYECKNE CUCTEMHI — KanbManHOB N KaTerncu-
HOB, CBfA3aHHbLIX C 0€0anM30M HernpepoiBHOCO pacnaga
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rNaBHbIX CTPYKTYPHbIX 3/IEMEHTOB MbILLEYHOIr0 BOJMIOKHA,
BTY. aKTOMMO3WHOBOTOKOoMNaekca.llpn aTom x3onen-
TMaasbl Hanboree aoTWBHbLI HanocAegHMUXCTaAMUAX pac-
WwenneHoo 6enKOBbIXblIONEKYMN, o AeiCTBnam aHgonen-
TMaas MbpasyaTeAMHOrNOHOBbLIN KeHLEeBbIX Fpynm, 4To
OblnoooOMeYeHOBbIWe. ICYyUrHme AUHITMUKU U3MEHEHUSA
KaTancnHabu yonbnayHa 6 6MY LU ieuHCc/IKAHH CBUHU-
Hbl U TOBSAAWHbI NPeACTaBAsAn0, B 3TOM CBA3U, HECOMHEH-
HbIl HTEpec.

KanbnanHososa cuceema,BK/AOMaliLaa nopsaka BoCb-
MW POACTBEHHbLIX NOAFPYNN U «KanbnanH NoA06HbIe 6en-
I»,MBnAMeTCA Hambosee Ba)KUol C TOYKWM 3peHUs npo-
LeccoBco3peBaHus msAca. MogHas3elicnBuen hepMeHTOB
NPONCXOAAT N3MEHEHMNS B CTPYKTYpe 1 CBONCTBax 6e/1KoB
mAca. KaTencuHbl, NOKann3oBaHHble NPeuMyLLeCTBEHHO
Knn3acomax, BbICBO60OXAAOTCA NPU aKTUBaLUN KNCION
peakuuneli cpefbl KNeTKN 1 Bbi3blBAOT A4eCTPYKLMIO BbICO-
KOMONEeKYNAPHbIX 6eNKOoB.

3TN faHHble KOPPEenupyrwT co 3HayeHuamun pH: ka-
TenamH D, aABnasacb 6ap60OKCMNAHON 3HpPoONeoTMAasoi,
pacuennsawein HA3KOMONEeKYNApHble NenTuabl NOCTPO-
eHHble U3 5 n 6onee aMMHOKWCAOTHBLIX OCTaTkoB, 6en-
KW — TPOMOHWH, CPOMMUH3NH, POHHEKTUH, ABOSABNAET
MHB3pPManaHyw akTuBHOCTb npu pH 2,8-5,0, Torga Kak
nposeorankaHol — 6pu pH B,0-3,e.
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Tabnuua 1 Pe3ynbTaTbl Macc-cnekTpomeTpuyeckoin ngeHtudukaumm (MALDI-TOF MS n MS /MS) 6enkoBbIX hpakuunid,
nposBasowmx nsmMeHeHus Ha 2E 6enkos M. longissimus dorsi, Sus scrofa n Bos taurus s npouecce astonusa

HanmeHoBaHMe 6enkKa; HeKOTopble CUHOHUMbI, Homepa S/M/C* Mwm/pl m/pl
(cumBON reHa) B ProteinNCBI (aken.)** (pacuet.)**

Sus scrofa

pyruvate kinase PKM isoform X6 (PKM2) (©)) 545841009 242/92/82 58,0/6,80 58,0/7,62
adenylate kinase isoenzyme 1isoform X2 (AK1) 350579686 264/32/83 21,0/6,70 21,6/8,38
MLC1f(MYL1) 117660874 278/28/86 20,0/4,80 21,0/4,90
myosin regulatory light chain 2, skeletal muscle isoform

(HyU A B Hikk% 2 54607195 452/47/88 15,0/4,65 19,0/4,90
Bos taurus

pyruvate kinase PKM isoform X1 (PKM)***(1) XP 005211367.1 78/45/72 56,0/7,10 58,0/7,62
Eyl?j:&!ss; ;:’;;:MZ:’TSke'eta' muscle isoform (MYL1) NP 001073046.1 188/18/71 20,0/4,96 21,0/4,96
adenylate kinase isoenzyme 1 (AK1) NP 001013600.1 188/16/65 20,5/7,15 21,6/8,40

*S /M/ C:: Score -

rnokasaTtesib COOTBETCTBUS UM «CUET O4KoB>; Match peptides -

KOJ/IN4ecTBO coBnasLwwux nentnaosB; Coverage — %o

MOKPbITUSA MO/THOW aMUHOKMCNIOTHO NocnefoBaTelbHOCTU 6enka BbIABMIEHHbIMY NenTugamu.
**Mm/pl (3KCN.) — NonyYeHHbIe OLLEeHKN MO pe3ysbTaTam aneKTpodopeTUHecKor NogBm>KHOCT Ha 13, aMm/pl (pacyeT.) — pacyeTHble
OLeHKMW, cAenaHHble N3 AaHHbIX 06 aMMHOKUC/IOTHOM NocriefoBaTeslbHOCTM C yYeTOM yAa/leHsi CUTHa/IbHOro nenTuaa, Ho 6e3 yyeTa Apyrmnx

MOCTCUHTETUYECKNX MOoandKaLnii
***pefckasaHbl N0 TpaHCKpUNTam UM reHam

Pk OxapakTepu3oBaHbl MPoOrpaMmMoit Mascot no aHasiorny ¢ COOTBETCTBYIOLLMM 6E/1KOM, TEHOM WU TPAHCKPUMNTOM Y APYroro BUAa Mie-
KonuTatoLwmx (KOpoBa, Bepbntog AVKuWiA); B cTonbue «Homepa B Protein NCBI» cCbINIKM Ha CBEZIEHMS1 Y COOTBETCTBYIOLLENO )KUBOTHOIO.
S MSMS — yKasaHye Ha MOoATBEPIKAAOLLYH0 NAEHTU(MKALMIO C MOMOLLBI0 TaHAEMHOM Macc-CreKTPOMETPUN, B CKOBKaX yKazaHo Konve-

CTBO CEKBEHNPOBaHHbIX TOPUNTUYECKNX NenTnaoB.

MonyyeHHble pe3ynbTaTbl He BbIABWAN 3HAYMMOIO W3-
MEHEeHMNs KanbnanHa 3B CBUHWHE, YTO MOXET 06bACHATLCA
He3HauMTesIbHON PoNbl KanbnamHa 3 B akTuBauuy nNpo-
LeccoB 6MOXMMMYECKNX NPeBPaLLEeHNI 6e/TKOB CKeNeTHbIX
MbiWL, CBWHeW. Hawwn pesynbTaTbl COrnacylTcs C AaH-
HbiMK Geesink et al. [8], B onbiTe Ha MbllWax-HOKayTax no
KanbnawnHy 3, He BbIABUBLIEM Pa3nnMunii xoge npoTeonunsa
TKaHei postmortem no cpaBHEHUIO C KOHTPO/IbHbIMMU.

BbiBOAbI

OTMeyeHa aKTUBHOCTb KaTtencuHa D, nameHswwasacs
B npouecce nNOCMEPTHbIX I'IpeBpaLIJ,eHI/IVI. YcTaHoB/ieHa
Koppenauma mexay akKTUBHOCTbIO kKatencuHa D un us-

Introduction

Proteins are important nutrients in human diet. As food
ingredients, they mainly come from the products of animal
and plant origin. Proteomics has such methods in its ar-
senal that can characterize protein composition of prod-
ucts, determine what proteins are present in each tissue
type, and study the differences in the protein composition.
Moreover, the proteomic methods allow tracing changes
in a proteome before and after slaughter, as well as assess-
ing an effect of the subsequent processes such as autolysis.
In addition to the post-translational modifications, which
occur in vivo, food proteins are subjected to a broad spec-
trum of the postmortem processes. These modifications
include side-chain oxidation, formation of cross-links and
cleavage of protein molecules, and critically affect such
main meat properties as shelf life, nutritional value, as-
similability and consequences for health [1].

During the last five years, a stable growth of the scien-
tific interest has been observed in the field of meat pro-
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MEHEHMWSAMWU NpOTeOMa UCCMeAYeMbIX CKe/leTHbIX MbILL,.
MpoTEOMHbIMWU UCCNEeA0BAHNAMMN  ObIIO SMONPUYECKHN
NOATBEPXAEHO, YTO aBTONMTUYECKME MPOLECcChl Kak
Yy CBUHWHbBI, TaK Uy TOBAAUHbI MPOMCXOAAT C pa3HoOi CKO-
pOCTblO, HO MO CXOA4HbLIM MEXaHW3MaM: BO BCcex obpasuax
CBMHWHbI B MpoLecce aBTON3a NPaKTUYeCKN NAEHTUYHO
NPOUCXOAUT pacnaj BbICOKOMOEKYNAPHbIX 6EKOB, KPO-
Me TOro MPOUCXOAWAUN U3MEHEHWS B G6AU3KMX rpynnax
MblWeYHbIX 6enkoB, TakKMX Kak nupyBaTkuHasa, MUO3U-
HOBble flerkme Lenun 1 ageHunaTknHasa.

He BbisiBIEHO AOCTOBEPHOr0 M3MEHEeHUsa KanbnanHa 3
B TeyeHne 5 (B cBUHUHE) unu 9 (roBsguMHe cyToK) nocne
y6o4.

teomics. Many studies were carried out with appearance of
several individual categories. Discovery of marker proteins
for different meat quality attributes is another important
field. The processes of muscle postmortem changes attract
particular interest and represent an important series of
events that are connected with protein modification and
destruction [2].

In the process of muscle transformation into meat,
significant biochemical/biophysical changes in muscles
occur, and these changes directly influence meat quality
characteristics [2,3]. Therefore, the aim of this research was
to investigate the autolytic processes in pork and beef, and
to compare them using the proteomic methods.

Objects and methods

The objects of the research were: 1) beef tenderloin
bought in a shop of the «Halal» brand. Meat was supplied
to the shop from the Vladimirsky region. The time from
slaughter to the beginning of the experiment was 15 hours,
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which corresponds to rigor mortis. The process of autoly-
sis occurred at a temperature of 4+2 °C for 12 days in a
vacuum container. 2) pork M. longissimus dorsi taken from
the meat processing plant in the city of Rostov-on-Don.
The samples were stored at a temperature of 2+2 °C in the
conditions of the commercial refrigerator for 120 hours.
The samples for investigations were taken at 24 h, 72 h and
120 h.

The water holding capacity was measured by the Grau
and Hamm method (filter paper press method). Moisture
in meat raw materials was determined by the method of
specimen drying with sand until the constant mass at a
temperature of (103+2) °C according to GOST R51479-99
(ISO 1442-97)«Meat and meat products. Method for de-
termination of moisture content».

pH measurement was carried out by the potentiomet-
ric method on the pH- ionometer «Expert» according to
GOST R51478-99 (I1SO 2917-74)«Meat and meat products.
Reference method for measurement of pH».

The protein fractional composition was analyzed by
one-dimensional electrophoresis in 12,5% polyacrylamide
gel in the presence of sodium dodecyl sulfate in the cham-
ber VE-10 (Helicon, USA). As a standard for electrophore-
sis, the marker of the «Thermo» company (USA) contain-
ing a mixture of 11recombinant proteins (250, 150, 100, 70,
50, 40, 30, 20, 15, 10 and 5 kDa) was used. Staining was
performed using Coomassie G-250.

As a main proteomic technology, two-dimensional
electrophoresis (2DE) by O'Farrel was used with isoelec-
trofocusing in the ampholine gradient (IEF-PAGE); pro-
tein detection in 2DE was carried out by staining with
Coomassie R-250 and silver nitrate. To perform the com-
puter densitometry, two-dimensional electropherograms
being in a wet state were used. Their complete digital im -
ages and/or images of individual fragments were obtained
by scanning using an Epson scan in the mode of 300 dpi,
48 bit Color [4,5].

The calpain 3 and cathepsin D were quantified by immu-
nochemical analysis, the ELISA method on an immunoas-
say analyzer ImmunoChem (HTI, USA) using commercial
kits (Cloud-Clone Corp., China). Sample preparation was
carried out by the following method: the muscle tissue was
homogenized in a mortar with addition of the phosphate-
buffered saline (pH 7.41X), quantitatively transferred to
Eppendorf, centrifuged at 5000g for 5 min., supernatant
was taken and an analysis was carried out.

Results and discussion

The biochemical mechanisms leading to changes in the
muscle tissue depend on pH. In the pork samples, a change
in pH was noticed after 24 h, 72h and 120 h; with that, the
water binding capacity gradually decreased from 92.05 %
to 87.66 % by 120 h of autolysis.

In case of beef autolysis, the pH value of5.65 moved to-
wards the acid side by the 6th day up to the minimal value
of 5.15, and then began to grow towards the alkaline side
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and reached 6.04 by the 9th day. The water holding capac-
ity decreased from 67.29 % to 66.83 % by the 6th day of
autolysis and then began to rise.

The investigation of the effect of the autolyTic processes
on changes in the pork protein profile by the method of
one-dimensional electrophoresis showed that the fractions
higher than 100 kDa increased in the staining intensity of
the bands by the 120th hour of autolysis, but the number of
the fractions was stable. The intensity of the fractions with
the molecular weightin the range 0f 90-100 kDa increased
from the first day to the fifth. In the range from 50 kDa
to 70 kDa the intensity of bands was constant; however,
on the 5th day, two minor bands at the 80 kDa region ap-
peared. An increase in the intensity of protein bands with
amolecular weight of 30-32 kDa was noticed; in addition,
degradation of proteins with a molecular weight of lower
than 15kDa took place under the effect of endogenous en-
zymes.

Changes in the ratio of the major and minor protein
fractions were observed.

It was shown in the analysis of the one-dimensional
electropherograms of the protein profile in the skeletal
muscles of Bos Taurus that the concentrations of the major
and minor protein fractions increased by the second day,
and, then, the number of the fractions decreased markedly
by the 9th day as 32 protein bands were observed on the 1st
day and 23 bands on the 9th day. Presumably, it is associ-
ated with changes in the pH value, which is moved towards
the alkaline side by the 9th day (from 5.65 to 6.04); this
pH value is close to the optimal activity of proteinases —
calpains, under which impact protein molecules degrade
[6,7].

Figure 1and Figure 2 present the fragments of the two-
dimensional electropherograms (2DE) of pork and beef
proteins, respectively, in which the deformation ofthe pro-
tein fractions is most pronounced.

An increase in the intensity of the protein pyruvate
kinase, myosin light chain 15 kDa, myosin light chain
20 kDa and adenylate kinase was observed from the 1st
day to the 5th day of the experiment. The same trend to-
wards changes in the spot intensity was found in the beef
samples (Figure 2), with exception for the pyruvate ki-
nase fraction, which was simplified to short peptides by
the 9th day of autolysis under the action of endogenous
enzymes.

To obtain more detailed information about changes
in proteins, two-dimensional electrophoresis was carried
out with the following identification by mass spectrometry
MALDI-TOF MS and MS/MS (Table 1).

The obtained results of the proteomic investigations
allow observing similar mechanisms of protein fraction
deformation, but with different rate; these changes occur
over alonger period of time in beef muscles than in pork
muscles. It is associated with the fact that beef muscle fi-
bers are larger; consequently, the autolyTic processes occur
slower.
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Protein 24 h 72 h 120 h

Pyruvate kinase

20kDa
Myosin light chains

15 kDa

Adenylate kinase

Figure 1. 2DE fragments with reealed signs of the autolyrtic changes in the studied pork samples by the 1st, 3rd and 5th days of autolysis

Protein 48 h 96 h 168 h

Pyruvate kinase

Myosin light chains

Adenylate kinase

Figure 2. 2DE fragments withrevsaledsignsofthe autolrtic changesiathestaUiedbesf samples by the 1st, 5th and 9th days of autolysis

Table 1 Results ofthe mass-spectrometricidentification(MALDI-TOFMSandMS/MS) ofproteinfractionsshowing changesin 2DE
ofproteins from M. longissimus dorsi, Sus scrofa and Bos taurus during autolysis

Proteins;severalsynonyms, Numbers in S/M/C Mm/pl Mm/pl

(genesymbol) ProteinNCBI (exp.)** (calc.)**>
Sus scrofa
pyruvate kinase PKM isoform X6 (PKM2)*****(3) 545841009 242/92/82 58.0/6.80 58.0/7.62
adenylate kinase isoenzymelisoformX2(AK1) 350579686 264/32/83 21.0/6.70 21.6/8.38
MLC1f(MYL1) 117660874 278/25/86 20.0/4.80 21.0/4.90
myosin regulatory light chain 2, skeletal muscle isoform
(HyU " cgz 5 hikfz > 54607195 452/47/88 15.0/4.65 19.074.90
Bos taurus
pyruvate kinase PKM isoform X1 (PKM)***(1) XP 005211367.1 7 4772 56.0/7.10 58.0/7.62
myosin light chain 1/3, skeletal muscle isoform (MYL1) NP 0010730461 1/1 ¥ 20.0/4.96 21.0/4.96

N-terminal fragment
adenylate kinase isoenzyme 1 (AK1) NP 001013600.1 188/16/65 20.5/7.15 21.6/8.40

*S /M/ C: Score - an indicator of matches or scoring; Match peptides - the number of matched peptides; Coverage - the percentage of
the complete amino acid sequence of a protein covered by identified peptides.
**Mm/pl (exp.) — scores obtained by the results of the electrophoretic mobility on 2DE, Mm/pl (calc.) — estimates made on the basis of
the data on the amino acid sequence with consideration for signal peptide removal, but without regard for other post-synthetic modifications
***Predicted on the basis of transcripts or genes.

****Characterized by the Mascot program by analogy with the corresponding protein, gene or transcript in the other mammalian species
(cow, wild camel); in the column «Numbers in Protein NCBI», the references to the information for a corresponding animal are given.
*=**msms — indication on the confirming identification by tandem mass-spectrometry; in parentheses, the number of sequenced tryptic
peptides is indicated.
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It is known that postmortem autolyrtic changes in
muscles proceed under an impact of the proteolytic en-
zymes — calpains and cathepsins, associated with catalysis
of continuous breakdown of the main structural elements
of muscle fibers, including the actomyosin complex. With
that, exopeptidases are most active at the last stages of pro-
tein molecule disintegration; under the action of endopep-
tidases many new terminal groups are formed, which was
mentioned above. Therefore, a study on the dynamics of
changes in cathepsin D and calpain 3in the pork and beef
muscle tissue was of undoubted interest.

The calpain system, which includes about eight related
subgroups and calpain-like proteins, is the most important
with respect to the meat ageing processes. Under the effect
of enzymes, the structure and properties of meat proteins
change. Cathepsins localized mainly in lysosomes are released
upon activation by the acid reaction of the cell environment
and cause destruction of high molecular weight proteins.

These data correlate with the pH values: cathepsin D
being a carboxyl endopeptidase that cleaves low molec-
ular weight peptides built from 5 and more amino acid
residues, proteins — troponin, tropomyosin, connectin,
exhibits the maximum activity at pH 2.8-5.0, while pro-
teoglycans at pH 5.0-6.0.

The obtained results did not show a significant change
of calpain 3in pork, which can be explained by the minor
role of calpain 3in activation of the processes ofbiochemi-
cal changes in pork skeletal muscle proteins. Our results
correspond to the data of Geesink et al. [8] obtained in the
experiment on calpain 3 knockout mice, who did not re-
veal differences in the postmortem tissue proteolysis com-
pared to the control.

Conclusions

The activity of cathepsin D that changes during post-
mortem transformations was observed. The correlation
between the activity of cathepsin D and changes in the
proteome of the studied skeletal muscles was found. It
was empirically confirmed by the proteomic investiga-
tions that autolytic processes in pork and beef proceeded
with different rates but by similar mechanisms: during
autolysis, the breakdown of high molecular weight pro-
teins was practically identical in all pork samples; more-
over, the changes in the related groups of muscle proteins
such as pyruvate kinase, myosin light chains and adenyl-
ate kinase took place.

Significant changes in calpain 3 were not revealed dur-
ing 5 days (in pork) or 9 days (in beef) after slaughter.
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