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AHnnomauyus

IIpu nomousu anexmpogopemuneckux memooos ¢ danvHetiuieli Macc-cnekmpomempuueckoti udenmugpuxavueti 61710 06Hapy-
JieHo 8 OenKo6bIX Beuiecns, npemepresaroujue UsMeHeHUs 6 x00e asmonusa. BuiaenenHvie Genkosvle seujectnea umerm pas-
JIUHHOE NPOUCXONOeHUe: cpyKmypHble benku (Pppazmenmor mpononunos T u neekue uenu MUo3uHa), a makxie memaodonute-
ckue benku (KpeamuHKkunasa, nupysamxunasa u anvga-enonasa). Haubonee svipaiceHHo npoxoouna dexomno3uyus gppaxiyuti
mpononuna T 6vicmpuoix ckenemuoix moiwy, 6 28,0 klla, 27 k/a u 26,5 x1Ja.

Hoenmugukayus KoHCMUMymueHolx 0enko8 U 6viieieHue NPoOyKmos nocmepmHoli Oezpadayuu OenkoevlX MONEKYI,
0enam ux Xopowmumy KaHoudamamu mMapkepos Kavecmea msca, a 0anvHetiuiue Uccried08anust IMUX KOHKpemHoLx dpaz-
MEHMO8 NPpUeedym K nyuuiemy NOHUMAHUIO NPOMEOIUMUHECKUX AKIMUBHOCEL, YHaACMEYI0ULUX 6 NOCMEPIHOM npespatie-
HUU MblULY, 8 MACO.
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Abstract

Eight protein substances that undergo changes during autolysis were found using the electrophoretic methods with the following
mass spectrometric identification. The revealed protein substances have different origin: structural proteins (fragments of troponins
T and myosin light chains), and metabolic proteins (creatine kinase, pyruvate kinase and alpha-enolase). The decomposition of the
fractions of fast skeletal muscle troponin T in 28.0 kDa, 27 kDa and 26.5 kDa was most pronounced.

Identification of constitutive proteins and detection of the products of post — mortem degradation of protein molecules make them
suitable candidates for meat quality markers and the following study of these specific fragments will lead to better understanding

of the proteolytic activities that take part in the post mortem muscle transformation into meat.

BBepenune

MHorue ¢aKkTOpbI BIAIOT Ha Ka4eCTBO M#ACA, B TOM 4N~
cre, cofiepyKaHue XXMBOTHBIX, MX PaIYiOH IMUTaHMA, YXO,
a TaKXKe Ipoliecc IPOBefieHNs y6osi, pasfenku u o6pabor-
K Tyum. JIo HelaBHEro BpeMeH! Y/ie/A0Ch Malo BHIMA-
HYIS ISYYEHUIO MOJIEKY/LIPHBIX VIV OVIOJIOTMYEeCKIIX aCTIeK-
TOB KadecTBa Msca. Ceif4ac MHOIME HOBbIe BO3MOXXHOCTH
OTKPbIBAIOT METOJ[bl T€HOMMKM, IIPOTEOMMKM U APYTUX
«OMMYECKIX» IOAXONOB. B celbckoM X03siiCTBe IIpOTe-
oMuKa Bce Oorblie probpeTaeT 3HaYeHMe IJIsI HayYHbIX
ucciegoBanyil. OCHOBHBIM MHCTPYMEHTOM IIPOTEOMUKI
ABJIACTCS IBYMepHblit a7ieKTpodopes (219D, 2DE).

2J19® mnpepcraBnser coboit ameKTpodopeTIIecKmit
MeTOfl, KOTOPBIl II03BO/ISAeT IPOBOAUTD IIapajlIe/lbHOEe
paspenenue u aHanus 500-2000 OTAeNbHBIX OETKOBBIX
MOJIEKY/I, 9KCTPAarMpOBaHHBIX 13 CIIOKHBIX OOpPa3IoB.
B 2DE-aHanmn3e pOpMUPYIOTCA «IIATHUCTBIE» CTPYKTYPHI,

I7le KaXXI0e OT/IeNTbHOE TSITHO MPeNCTABsIET COO0N MHIN-
BUJIya/IbHbII 0€/I0K, KOTOPbII MUTPUPYET K CBOUM KOH-
KPEeTHBIM KOOPAMHATaM B COOTBETCTBUM C €TO Y/eTbHOII
MOJIEKY/IIPHOI Maccoil 1 3apsAA0oM. VIHTeHCMBHOCTD IAT-
Ha yKa3bIBaeT, HACKOJIbKO KJIeTKa IIPOU3Be/Ia 9TOT PaKTu-
YecKuit Oesox.

B Teuenme mocmegHux AByXx pmecartmnetuii 2DE-kap-
THI MHOTVIX BUJOB ¥ TKaHell 6bUIM onmy6nmkoBaHsl [1,2],
BKJIIOYas KapThl CBUHEI [3,4], KPyIIHOTO poraToro ckoTa
[5] u xypuus! [6]. HekoTtopsle U3 3TUX KapT ObUIM MC-
HO/Ib30BAHBI JUIS TIOVICKA MOJIEKY/IAPHBIX MapKepoB I
KayeCcTBa MsICa, Ha CETOIHLIHNIT eHb TOJ00HbIe pabOThI
COXPaHW/IU CBOIO aKTYaJIbHOCTD B IINIIIEBOJ OTPAC/IN.

Llenpio paboThI ABSIIOCH OOOCHOBAHIE MTEPCIIEKTUB-
HOCTY TIPUMMEHEHUsI IPOTEOMMKY U 0OCY>XKIeHue ee J1C-
II0/Ib30BAHVSI B MJICHOII HayKe Ha IpuMepe U3ydeHNs aB-
TOMUTUYECKUX TIPeBPAIeHNIT B MBIIII[aX CBUHB.
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Marepuanbl u MeTOAbI

O6bexTOM ¥WCCTenoBaHMA ABIANACh M. longissimus
dorsi CBUHVMHBI, OTOOpaHHasA Ha MACOIepepadaThIBaoIIeM
npepnpusTuu  T. PoctoB-Ha-Jlony. OO6pasipl XpaHWINA
npu temreparype 2+2 °C B yc/l0BUAX IPOMBIIIJIEHHOTO
XOJIOfiV/IbHYUKA B TedeHe 120 4. [Tpo6bl Ha MccenoBanys
6bU1M 0TOOpaHbI Yepes 24, 72 1 120 u.

AHamu3 (pakuMOHHOTO cocTaBa 0ENIKOB VICCTIENYEeMBbIX
00pasI[0B IPOBOAM/IN METOLOM OFHOMEPHOTO 371eKTpodo-
pesa B 12,5 % monmaxpuiaMugHOM Tejie B IPUCY TCTBUM [0-
nericynbgara Harpus B Kamepe « VE-10» (Helicon, CIIIA).
B xavecTBe cTaH#ApTa JyIA 91eKTpodope3a MCIONIb30BaIN
Mmapkep ¢upmbl «Thermo», CIIA, mpencTaBsiommit co-
6011 cMech 11 pekombOuHaHTHBIX 6enkoB (250, 150, 100, 70,
50, 40, 30, 20, 15, 10 n 5 x/la). OxpamnBaHye ITPOBOAVIIN
¢ ucnonb3oBanueM kpacurerns Kymaccn G-250.

B kadecTBe OCHOBHOM IPOTEOMHOV TEXHONIOIUU
IpUMEHSIM JIByMepHbII anekrpodopes (JIP) mo
O’ ®appenny ¢ u303anekTpodokycupopanueM B ampo-
muuHoBoM (IEF-PAGE), perexiuio 6enKoB IIpOBOAMIN
okpammBaHueM Kymaccu R-250. IIns nposemeHns KoM-
IBIOTEPHON JIEHCUTOMETPUM MCIONb30BaNN JIByMEpHbIE
97eKTpodOperpaMmbl, HaXOAUBIINECS BO BIAXKHOM CO-
crosHuu. VIx monHble 11QpoBble M300paXKEeHUA /W
n300pa>keHNsI OTHE/IbHBIX (PparMeHTOB IMOTYyYanIn C KC-
H0/Ib30BaHMeM ckaHepa Bio-5000 plus (Serva, [epmanus).

Vpentudukanmio 6eKOBLIX GpaKIyil OCYLeCTBIAIN
nocrne TpurcnHonusa Mmerogamu MALDI-TOF MS n MS/
MS wmacc-ciektpomerpun Ha MALDI-BpemsAmnponer-
HoM Macc-ciektpometpe Ultraflex («Bruker», lepmanmst)
¢ Y®-nasepom (336 HM) B pexxyMe HOJOKUTENbHBIX 1O-
HOB B jimanazoHe mMacc 500-8000 [la ¢ kannbpoBKoil UxX
II0 M3BECTHBIM IIMKAaM aBTO/IM3a TPUIICMHA. AHA/INU3 IO-
JTy4eHHBIX MacC-CIEKTPOB TPUNTUYECKUX HENTUOB BbI-
HO/THSA/IY C TIOMOIIBIO IIporpaMMbl Mascot, omus Peptide
Fingerprint («Matrix Science», CIIIA), ¢ TO4HOCTBIO OIIpe-
menenns maccel MH+ pasnoit 0,01 %, ocyiiecTBasAA IOUCK
1o 6azaM JjaHHbIX HalmoHa/IbHOTO IIeHTpa 6MOTEeXHOIO-
rudeckoit napopmanumu CIIA (NCBI) [7].

PesynpraTsl n 06CyKeHne

Hauasto mpoteoMuku 6bU10 3a/10)KeHO 6/1arofiapsi OffHO-
MepHoMY (1D) anexTpodopesy, npeptoxeHHslit B 1970 roxy
Yunspuxom JIammnu [8]. B HacTOsIIee BpeMst JTaHHBIN Me-
TOJ, VICIIONIb3yeTCsA I OLEHKU MOJIEKY/LIPHO-MacCOBOTO
pacrnipenenenns 6enKoB B u3ydaeMoM obpasiie. Ha Hauanb-
HOM 9Talle MCCIeOBaHWil ITOTyYeHHbIe Pe3y/IbTaThbl IIOMO-
raoT IPOTHO3VMPOBATh KOMMYECTBEHHOE 1 KaueCTBEHHOE
pacrpefenieHrie CTPYKTYPHBIX M TKaHeCTIelMpUIHbIX Oerl-
KOBBIX MOJIEKY/I VIV OLEHUTDb BJIVIAHNE PasIM4YHbIX IIPO-
1[eCCOB, HanpyuMep aBronuTniecknx (Puc. 1).

Ha 1D anekrpodoperpaMmme >KeITHIM LIBETOM OTMe-
YeHbl 30HbI, B KOTOPHIX [0 M3MEHEHWI0 MHTEHCUBHOCTH
OKpPacKM O€TKOBBIX IT0/I0C MO>KHO ITPOTHO3MPOBATh UX KO-
mdectBo. OTHAKO Cepbe3HBIM HefocTaTKoM 1D-amexTpo-
¢dopesa ABIAETCA TO, YTO AHAJIN3 OTPAHNINMBAETCS TOTIBKO
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Puc. 1. Snekrpodoperpamma 6eNKOB MBIIIEYHOI TKaHU Sus scrofa,
IpeTepIeBarolteil aBTo/mMTIIecKe nsMeHeHns. OkpammyBanne Ky-
maccu G-250. YcmoBHble 0603HayeHns: CT — Mapkepbl MOJIEKY/LAPHOI
Maccbl; 1-1 cyTku aBTo/mm3a; 2—-3 CyTKM aBTO/NM3a; 3—5 CYTKM aBTONIM3A

NpUOIM3UTENbHBIM OIIpefie/IeHNeM MOJIEKY/IAPHOI MacChl,
TaKXKe B OJfHOJI O€IKOBOJ IT0TI0Ce MOXKET COfePKAThCS He-
CKOJIBKO MOJIEKYJI Oe/IKa C OffHOJ MOJIEKY/LIPHON MacCOIL.

[ToBeICcUTD 9P PEKTUBHOCTD U pa3peLIaloNIyIo CII0co6-
HOCTB yaanoch [Tarpuky O’@appernny. B 1975 rogy um 6b11
npemnoxxer Meton 2DE [9], mpu ocyiectBiennu koTopo-
ro Ge/KM pasfe/siioT IO ABYM PasInIHbIM GpU3NKO-XUMMU-
yeckyM napamerpam [10,11].

ITockonbky 6omee 20 % MBIIIEYHON Macchl (MIM Msca)
COCTONT 13 O€/IKOB, O4eBIIHO Ha/IM4ue B3aIMOCBS3Y MEX-
1y MBIIIEYHBIMM O€/IKaMI U KaueCTBOM MsACa. BbIIo BbIAB-
JIEHO, YTO IIPY ABTOMUTUYECKMX IPEBPAIIEHVSIX MBIIIIIbI
CBUHMHBI ITpeTepIeBaoT M3MeHeHNs Takue 6enkn (Puc. 2)
Kak mipyBaTkuHasa (1), anbpda-eHonasa (2), KpeaTMHKIHA-
3a (3), rpononunsl T (4,5,6), nerkue 1enu MuosuHa (7,8).

1-e cyTku 3-1 CyTKM 5-€ CyTKM

Puc. 2. ®parments 2][-31eKTpoGOperpamMm C BBISIBIEHHBIMU HPH-
3HaKaMJ aBTOMUTUYECKUX U3MEHEeHMIT B 00pasLiax CBYHMHBI
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Ta6muua 1. Pesynbrarsl Macc-ciekrpomeTpudeckoii ugentudukanyn (MALDI-TOF MS u MS / MS) 6enkoBbIx (ppaKipmii, NpOSBIAIOLIIX
n3meHenns Ha 2]IE 6enkoB M. longissimus dorsi Sus scrofa B mporjecce aBTonnsa (HoMepa 6€e1k0B COOTBETCTBYIOT Piic. 2).

Ne HanmenoBaHie 0enka; HEKOTOpbIe CHHOHIMBI, (CHMBOJI F€Ha) 5 P::::;;li\? CBI Mwm/pI* (akem.) ** Mwm/pl (pacuer.) **
1  pyruvate kinase PKM isoform X6 (PKM2) 545841009 58,0/6,80 58,0/7,62

2 alpha-enolase (ATP5A1) 927145216 52,0/5,80 47,0/6,44

3 creatine kinase M-type (CKM) 194018722 41,0/6,60 43,0/6,61

4  troponin T fast skeletal muscle type (TNNT3) 46389777 28,0/7,90 29,8/7,72

5  troponin T, fast skeletal muscle (TNTF) 55741811 27,0/8,00 32,2/6,05

6  troponin T fast skeletal muscle type (TNNT3) 46389785 26,5/7,95 30,7/8,69

7  MLCI1f(MYL1) 117660874 20,0/4,80 21,0/4,90

8 myosin regulatory light chain 2, skeletal muscle isoform (HUMMLC2B) 54607195 15,0/4,65 19,0/4,90

* MM — MoeKynApHaA Macca, pl — n3osnekTpmyeckas Touka

** Mm/pl (3KCI.) — moMyYeHHbIe OLIEHKM IO pe3yabTaTaM 31eKTpodopeTiyecKoil mogsynKHocTH Ha 19, a Mm/pl (pacyer.) —pacuyeTHbIe
OLICHKMN, COCTAHHbIC U3 JaHHbIX 06 AMUHOKUCIOTHOM MOCIETOBATEIPHOCTHU € YUYE€TOM YRAICHNUA CUTHA/IPHOI'O NENTNAA, HO 663 yYueTa aApyrux
MOCTCUHTETNYeCKUX MopuuKanmii ¢ momompio nporpammsl ExPASy Compute pI/Mw tool

VpenTuduuyupoBaHHble ¢ MOMOLIBID Macc-CIIEKTPO-
MeTpuu 6enku mpuBesieHbl B Ta61. 1. BeisiBeHHbBIe IIATHA
UIMEIOT pasJINYHOe IIPOUCXOXK/IeHNe: CTPYKTYpHBIe Ok,
a IMEHHO TPOIIOHUHBI T U jIerkue Lieny MIO3JHa, a TaKXe
MeTabomuueckue OenKu, Takme Kak KpeaTMHKMHA3a, M-
pyBaTKmHasa u anbda-eHonasa. Tpu naTHa ObUIM MEHTH-
¢dunyposanbl Kak ¢pparmentsl TporonnHa T B 28,0 k/la,
27 xlla n 26,5 x/la 1 KaK IIOKa3aHO Ha PUCYHKE 2, YMEHb-
LIA/IVICh TI0 MHTEHCUBHOCTY, TOIa KaK ITOJTHOPa3MepHbIil
tponionyH T (43 x/la) He o6Hapy>xuBacs. [loBcemecTHas
merpajjaljusl TPOIIOHMHA T XOPOLIO U3BECTHA, U CUUTAET-
€1, 4TO OHA CBsI3aHa C HEXKHOCTBIO Msaca [12].

V3meHeHe MHTEHCUBHOCTY IIATEH JIETKUX LIeTeil Mu-
osuna (MJILI), mpeAnonoXnTeNnbHO BIMsIET Ha I[BET Msca
U €T0 HeXXHOCTb, TaK Kak MJILl perynmpyoT akTMBaLNIO
MuoduIaMeHTa HoCcpefcTBOM GpochoprInpoBaHms ¢ 1Io-
MOIIbIO CBSI3BIBAHIS MOHOB Ka/IbI[MSL.

K TpeTbym cyTKaM yBenm4uBaeTcss MHTEHCUBHOCTD IIAT-
Ha, COOTBETCTBYIOLIETO KpeaTMHKIHA3€, a K IATHIM CYyTKaM
CHOBA yMEHBIITAETCs. TO CBA3AHO C TPAHCAYKIVIEN SHePTN
B TKAHSIX C OOJIBIIMIMM, KOJIEOTIOIIMMILCS SHEPreTUIeCKUMMU
MOTPeOHOCTAMMY, TAKMMM KaK CKeJIeTHASI MBIIIIIA.

Taxoke OTMeYeHO HapacTaHe OOIBIIOrO ANIOCTEPUYe-
cKoro pparMeHTa NMUPyBAaTKMHA3BI, KOTOPBII perynupyeT
IJINKONIN3 TIOCPEACTBOM CBA3BIBAaHMSA CybOcTpara, ¢oc-
¢doeHONMIMpYBaTa ¥ OJHON WIM HECKOIbKUX aKTUBHBIX
MOJIeKy/l. YBelun4eHye KOHLEHTpAlyy NUpPYBaTKMHA3bI
TOBOPUT 00 M3MEHEHIY eT0 aKTMBHOCTI B Pe3y/IbTaTe He-
KOBQJICHTHOTO IPMCOEAVMHEHNA K €€ a/lIoCTepuIecKOMy
LeHTpy crennudeckoro Merabonmura (aMUHOKUCIOTHI,
HYK/IEOTUTR U JIp.).

3HaunTeNbHOE yBeMINYeHNMe MHTEHCUBHOCTHM anbga-
€HO/a3bl, KAaK y4YaCTHUMKA OMOCHMHTe3a aMUHOKICIIOT,

Introduction

Many factors affect meat quality including keeping ani-
mals, their diet, handling and the processes of slaughter,
carcass cutting and processing. Until recently, little atten-
tion was paid to the molecular or biological aspects of meat
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BIIOC/IEICTBUI MOXKET CIIPOBOLIVPOBATb YBeIMYeHMEe UX
KO/IMYeCTBA B MBIIIEYHOII TKaHM B IIPOLecCce aBTONMNUTIYe-
CKVIX I3MEHEHMUIA.

Takum 06pasoM, 9TO MCCIefOBaHME fAeT JTydllee II0-
HYMaHJe VI3MEHEHMs IIPOTeoMa BO BpeMsA ITIOCMEPTHBIX
IpeBpalljeHNIT B MBIIIIAX CBUHbM. [IpeTepreBany Monu-
¢duKanuio cTpyKTypHble 6eKu U GepMeHTbI, CBA3aHHBIE
C IIMKOMUTUYECKUM IyTeM U SHEPTeTUUECKUM 0OMEHOM.
JlanbHelime MCCIe[OBaHNs MOCTTPAHC/IAIMOHHBIX MO-
AuMKaLUil POACTBEHHBIX OEITKOB 1 MI3MEHEHMs YPOBHA
MeTabOo/MNTOB ellle IIPeICTONUT U3YIUTD.

BriBoabr

[IByMepHbIiT anmekTpodopes ABseTcs 3P PeKTUBHBIM
MeTofoM upeHTuuKanuy 6e1koB Msca. [IporeoMHbIMU
MeTO[jaMy U3y4eHO 8 OeKOBBIX MOJIEKYII, KOTOPbIe ObIIN
HOZIBEPXKEHDbI M3MEHEHNUsIM B pesy/lbTaTe ITOCMEepPTHBIX
aBTONMMTUYECKNUX IpeBpaieHuit. [lokasaHo, YTO OCHOB-
HBIM IPU3HAKOM aBTOMUTUYECKNX IIPOL[ECCOB SIB/ISETCS
nosiBjieHNe GparMeHToB TPOIOHNHA T OBICTPBIX CKeTIeT-
HBIX MBIIIILI, BCIEACTBIE MOC/IELOBATEIbHOTO YMEHbIIIe-
Hust pparmenToB menTnaoB C- 1 N- KOHI[EBON 4acTu
MOJIEKY/IBL.

BeisiBieHo, uTO MeTabonmmueckye GpepMeHTHI Jierpajin-
PYIOT B Ipoljecce aBTo/m3a. Pop 3Tux pepMeHTOB B IO-
CMepTHOM MeTabo/M3Me Msca ellle He O KOHIJA M3y4eHa,
¥ pe3y/IbTaThl IPOBEJ€HHOTO MCCTIe0BAHVsI MOTYT IIOMOYb
COCPEIOTOUNTHCS Ha JAaHHBIX ACIIeKTaX IOCMEPTHBIX M3Me-
HEHMIA, U1 OIIPEJIe/INTh B3aVIMOCBA3b € KA4eCTBOM MsICa.

braromapHocTu

VccnenoBanue BbIIOTHEHO 3a cyeT rpaHTa Poccuiicko-
ro HayyHoro ¢onpa (mpoexT Ne 16-16-10073).

quality. Nowadays, the methods of genomics, proteomics
and other «omic» approaches open multiple new possi-
bilities. In agriculture, proteomics is becoming more and
more important for scientific research. The main tool of
proteomics is two-dimensional electrophoresis (2DE).
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2DE is an electrophoretic method, which allows per-
forming parallel separation and analysis of 500-2000 indi-
vidual protein molecules, extracted from complex samples.
In 2DE analysis the «spotty’ structures are formed, where
each individual spot represents an individual protein,
which migrates to its own specific coordinates according
to its specific molecular weight and charge. The spot inten-
sity shows how much of this actual protein was produced
by a cell.

During last two decades, 2DE maps of many species
and tissues were published [1,2], including maps of pigs
[3,4], cattle [5] and chicken [6]. Several of these maps were
used for a search of molecular markers for meat quality;
today, these works remain topical in the food industry.

The aim of this work was substantiation of prospectivity
of the proteomics use and discussion of its application in
the meat industry by the example of the study of the auto-
lytic transformations in the pork muscles.

Materials and methods

The object of the research was pork M. longissimus
dorsi, obtained from the meat processing plant in the city
of Rostov-on-Don. The samples were stored at a tempera-
ture of 2 +2 °C in the conditions of a commercial refrigera-
tor for 120 hours. The samples for analysis were taken after
24,72 and 120 hours.

Analysis of the protein fractional composition of the
samples under investigation was carried out by one-di-
mensional electrophoresis in 12.5% polyacrylamide gel
in the presence of sodium dodecyl sulfate in a chamber
«VE-10» (Helicon, USA). As a standard for electrophore-
sis, we used the marker of the «Thermo» company (USA),
which is a mixture of 11 recombinant proteins (250, 150,
100, 70, 50, 40, 30, 20, 15, 10 and 5 kDa). Staining was car-
ried out using Coomassie G-250.

As the main proteomic technology, two-dimensional
electrophoresis (2DE) by O’Farrell with isoelectric fo-
cusing in the ampholine gradient (IEF-PAGE) was used;
protein detection was carried out by staining with Coo-
massie R-250. To perform the computer densitometry,
two-dimensional electropherograms being in a wet state
were used. Their complete digital images and/or images of
individual fragments were obtained using a Bio-5000 Plus
scanner (Serva, Germany).

Identification of the protein fractions was carried out
after trypsinolysis by mass spectrometry MALDI-TOF MS
and MS/MS using Ultraflex MALDI TOF mass spectrom-
eter (Bruker, Germany) with the UV laser (336 nm) in the
mode of positive ions in the mass range of 500-8000 Da
with their calibration by the known peaks of trypsin au-
tolysis. Analysis of the obtained mass spectra of the tryptic
peptides was performed using the Mascot program, Pep-
tide Fingerprint option (Matrix Science, USA), with the
accuracy of MH+ mass detection equal to 0.01%, searching
in the databases of the National Center for Biotechnology
Information (NCBI, USA) [7].
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Results and discussion

Proteomics traces back to one-dimensional (1D) elec-
trophoresis proposed by Ulrich K. Laemmli in 1970 [8]. At
present, this method is used to assess the protein molecu-
lar weight distribution in the studied sample. At the early
stage of investigations, the obtained results help predict
quantitative and qualitative distribution of structural and
tissue specific protein molecules and assess an impact of
different processes, for example, autolysis (Figure 1).

Mm,kDa Cr 1 2

250 — pemmae—
150 ~
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Figure 1. Electropherograms of proteins of Sus scrofa muscle tissue
undergoing autolytic changes. Staining with Coomassie G-250. Ct —
markers of molecular weight; 1-1 day of autolysis; 2-3 days of autoly-
sis; 3-5 days of autolysis

On the 1D electropherograms, the zones, in which a
change in the color intensity of the protein bands can be
used to predict their quantity, are marked with the yellow
color. However, a serious disadvantage of 1D electropho-
resis is the fact that analysis is limited only to the approxi-
mate detection of the molecular weight and one protein
band can contain several protein molecules with the same
molecular weight.

Patrick O’Farrell managed to increase the effectiveness
and resolving power. In 1975, he proposed the 2DE method
[9], in which proteins are separated by two different physi-
co-chemical parameters [10,11].

As more than 20 % of muscle mass (or meat) is com-
posed of proteins, the presence of interrelation between
muscle proteins and meat quality is evident. It was found
that proteins (Figure 2) such as pyruvate kinase (1), alpha-
enolase (2), creatine kinase (3), troponins T (4,5,6) and
myosin light chains (7,8) undergo changes upon the auto-
lytic transformations of pork muscles.

Proteins identified by mass spectrometry are pre-
sented in table 1. The revealed spots have different ori-
gin: structural proteins, namely, troponins T and myosin
light chains, as well as metabolic proteins such as cre-
atine kinase, pyruvate kinase and alpha-enolase. Three
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Figure 2. 2DE fragments with revealed signs of the autolytic changes
in the studied pork samples

spots were identified as the fragments of troponin T in
28.0 kDa, 27 kDa and 26.5 kDa, and, as shown in Fig. 2,
they decreased in intensity, while full-size troponin T
(43 kDa) was not found. Extensive degradation of tropo-
nin T is well-known and it is believed that it is linked with
meat tenderness [12].

A change in the spot intensity of myosin light chains
(MLCs) presumably affects the meat color and its tender-
ness as MLCs regulate activation of the myofilament by
phosphorylation by calcium ion binding.

The intensity of the spot that corresponded to creatine
kinase increased by the 3rd day, and decreased again by
the 5th day. This is associated with energy transduction
in tissues with high variable energy requirements such as
skeletal muscle.

In addition, an increase in the large allosteric frag-
ment of pyruvate kinase, which regulates glycolysis by
linking the substrate, phosphoenolpyruvate, and one or

several active molecules was observed. An increase in the
concentration of pyruvate kinase suggests a change in its
activity as a result of non-covalent attachment of a spe-
cific metabolite (amino acid, nucleotide and others) to its
allosteric center.

A significant increase in the intensity of alpha-enolase
as a participant of biosynthesis of amino acids can after-
wards provoke an increase in their quantity in the muscle
tissue in the process of autolytic changes.

Therefore, this study provides a better understanding
of proteome changes during postmortem transformations
in porcine muscles. The structural proteins and enzymes
linked with the glycolytic pathway and energy metabolism
were modified. The further research of post-translational
modifications of related proteins and changes in the level
of metabolites is needed.

Conclusions

Two-dimensional electrophoresis is an effective meth-
od for meat protein identification. Eight protein substanc-
es that undergo changes during most mortem autolytic
transformations were studied by the proteomic methods.
It was shown that the main sign of the autolytic processes
was an appearance of the fragments of fast skeletal muscle
troponin T due to a continuous decrease in the fragments
of peptides of C- and N- terminal parts of molecules.

It was found that metabolic enzymes degrade during
autolysis. The role of these enzymes in the meat post-mor-
tem metabolism has not been completely elucidated, and
the results of the performed study can help focus on these
aspects of post-mortem changes and reveal their relation-
ship with meat quality.
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Table 1. Results of the mass-spectrometric identification (MALDI-TOF MS and MS / MS) of protein fractions showing changes in 2DE
of proteins from M. longissimus dorsi of Sus scrofa during autolysis (numbers of proteins correspond to Figure 2)

No. Proteins; several synonyms, (gene symbol) in Plj:tl:ilx)leg CBI Mm/pI (exp.)**  Mm/pI (calc.)**
1  pyruvate kinase PKM isoform X6 (PKM2) 545841009 58.0/6.80 58.0/7.62
2 alpha-enolase (ATP5A1) 927145216 52.0/5.80 47.0/6.44
3 creatine kinase M-type (CKM) 194018722 41.0/6.60 43.0/6.61
4  troponin T fast skeletal muscle type (TNNT3) 46389777 28.0/7.90 29.8/7.72
5 troponin T. fast skeletal muscle (TNTF) 55741811 27.0/8.00 32.2/6.05
6  troponin T fast skeletal muscle type (TNNT3) 46389785 26.5/7.95 30.7/8.69
7  MLCI1f(MYL1) 117660874 20.0/4.80 21.0/4.90
8  myosin regulatory light chain 2. skeletal muscle isoform (HUMMLC2B) 54607195 15.0/4.65 19.0/4.90

*MmM — molecular weight, pI — isoelectric point

** Mm/pl (exp.) — scores obtained by the results of the electrophoretic mobility on DE, Mm/pI (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

using the program ExPASy Compute pI/Mw tool

36



2018 | N24 TEOPUSI U NPAKTUKA NEPEPABOTKW MSICA

BUBJINMMOTPA®UYECKUN CIIMMCOK

1. ExPASy. SIB Bioinformatics Resource Portal [9AeKTpOHHbIN
pecypc: http://www.expasy.org/proteomics/ Aata obpalueHus
30.10.2018 1]

2. basa paHHbIXx «[IpoTeOMMKaA MbILWEUYHbIX OpPraHoB» [dAek-
TPOHHbIN pecypc http://mp.inbi.ras.ru Aata o6palweHusn
30.10.2018 r.]

3. Lametsch, R., Roepstorff, P., Bendixen, E. (2002). Identifi-
cation of protein degradation during postmortem storage of pig
meat. Journal of Agricultural and Food Chemistry, 50(20), 5508-
5512,

4. Morzel, M., Chambon, C., Hamelin, M., Santé-Lhoutellier, V.,
Sayd, T., Monin, G. (2004). Proteome changes during pork meat
ageing following use of two different pre-slaughter handling pro-
cedures. Meat Science, 67(4), 689-696.

5. Bouley, J, Chambon, C, Picard, B. (2004). Mapping of bovine
skeletal muscle proteins using two-dimensional gel electrophore-
sis and mass spectrometry. Proteomics, 4(6), 1811-1824.

6. Doherty, M.K., McLean, L., Hayter, J.R., Pratt, J.M., Robert-
son, D.H.L., El-Shafei, A., Gaskell, S.J., Beynon, R.J. (2004). The
proteome of chicken skeletal muscle: changes in soluble pro-
tein expression during growth in a layer strain. Proteomics, 4(7),
2082-2093.

7. Kosanes, A.U., LUuwkuH, C.C., KoBaneBa, M.A., UBaHoOB, A.B.,
BocTtpukosa, H.A., YUepHyxa, U.M. (2013). MporeomHOe UsyueHue
6enkoB B 06pa3suax CBUHUHbI U BbipaboTaHHbIX U3 Hee MACHBIX
npoayktax. Bce o msce, 3, 32-34.

8. Laemmli, U.K., (1970). Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature, 227(5259),
680-685.

9. O’Farrell, P.H. (1975). High resolution two-dimensional elec-
trophoresis of proteins. Journal of Biological Chemistry, 250(10),
4007-4021.

10. Chernukha, I.M., Fedulova, L.V., Akhremko, A.G., Kotenkova,
E.A. (2017). A comparative study of Sus scrofa m. Longissimus
dorsi with different changes in quality. Potravinarstvo Slovak
Journal of Food Sciences, 11(1), 398-402.

11. 3amaparckas, I, Au, LLl. (2017). lIpoTreomMuKa B HayKe 0 Msce-
coBpeMeHHOe COCTOsIHUE U nepcneKTUBbl. Teopus U NnpaKkTUKa ne-
pepaborku msaca,2(1),18-26.

12. Muroya, S., Ohnishi-Kameyama, M., Oe, M., Nakajima, I.,
Chikuni, K. (2007). Postmortem changes in bovine troponin T
isoforms on two-dimensional electrophoretic gel analyzed using
mass spectrometry and western blotting: The limited fragmenta-
tion into basic polypeptides. Meat Science, 75(3), 506-14

REFERENCES

1. ExPASy. SIB Bioinformatics Resource Portal [Electronic re-
source URL: http://www.expasy.org/proteomics/ Access data:
30.10.2018r.]

2. Database «Proteomics of the muscular organs» [Electronic
resource URL: http://mp.inbi.ras.ru Access data: 30.10.2018 r.]
3. Lametsch, R., Roepstorff, P., Bendixen, E. (2002). Identi-
fication of protein degradation during postmortem storage of
pig meat. Journal of Agricultural and Food Chemistry, 50(20),
5508-5512.

4. Morzel, M., Chambon, C., Hamelin, M., Santé-Lhoutellier, V.,
Sayd, T., Monin, G. (2004). Proteome changes during pork meat
ageing following use of two different pre-slaughter handling pro-
cedures. Meat Science, 67(4), 689-696.

5. Bouley, J, Chambon, C, Picard, B. (2004). Mapping of bo-
vine skeletal muscle proteins using two-dimensional gel elec-
trophoresis and mass spectrometry. Proteomics, 4(6), 1811-
1824.

6. Doherty, M.K., McLean, L., Hayter, J.R., Pratt, J.M., Robert-
son, D.H.L., EI-Shafei, A., Gaskell, S.J., Beynon, R.J. (2004). The
proteome of chicken skeletal muscle: changes in soluble pro-
tein expression during growth in a layer strain. Proteomics, 4(7),
2082-2093.

CBEJJEHIA Ob ABTOPAX
IIpuHagIeXHOCTDh K OPraHU3 AL

Yepnyxa Jpuna MuxaiinoBHa — JOKTOP T€XHNYECKMX HAyK, IPO-
(eccop, uneH-koppecnionsienT PAH, Befymmit HayYHbIil COTPYAHMK,
IKCrepuMeHTaIbHasT KIMHUKA-Tab0paTopysi OMOMOrNYeCK aKTHB-
HBIX BeIIeCTB )XMBOTHOTO MPOMCXOKIeHN, DefiepaTbHbII HayIHBII
IleHTp MuieBbIX cucteM uM. B.M. Top6arosa PAH
109316, Mocksa, yn. Tananuxnna,26
Ten.: +7-495-676-63-21
E-mail: imcher@inbox.ru
Axpemko AHacracusa [eHHagbeBHA — MJIA[IINIT HAy4IHBIN COTPYA-
HMK, OJKCIepUMEHTaNbHas KIMHUKA-Tabopatopysi OMOMOrnyecKu
AKTUBHBIX BEIIleCTB XUBOTHOTO MPOUCXoxaeHus, DefepanbHblil Ha-
YYHBII LIeHTp MuieBbIX cucteM umenu B.M. [op6arosa PAH
109316, . MockBa, yn1. TanmanuxmnHa,26
Ten.: +7-495-676-92-11
E-mail: a.ahremko@fncps.ru
*aBTOp [/IA NIepeNCKI

Kputepun aBropcra

ABTOpI)I B paBHBIX JOMAX IMEIOT OTHOLIEHVE K HAIIVICAHIIO PYKOIINICH
1 OAVIHAKOBO HECYT OTBETCTBEHHOCTD 3a IJTarmat

Kondmukr nnrepecos
ABTODBI 3aBTIAIT 06 OTCYTCTBUM KOH(IMKTA MHTEPECOB
Ilocrymmmna 08.11.2018

37

7. Kovalyov, L.I.,, Shishkin, S.S., Kovalyov, M.A., Ivanov, A.V.,
Vostrikova, N.L., Chernukha, I.M. (2013). Proteomic research pro-
teins in a sample of pork meat products. Vsyo o myase, 3, 32-34.
(In Russian)

8. Laemmli, U.K., (1970). Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature, 227(5259),
680-685.

9. O’Farrell, P.H. (1975). High resolution two-dimensional elec-
trophoresis of proteins. Journal of Biological Chemistry, 250(10),
4007-4021.

10. Chernukha, I.M., Fedulova, L.V., Akhremko, A.G., Kotenkova,
E.A. (2017). A comparative study of Sus scrofa m. Longissimus
dorsi with different changes in quality. Potravinarstvo Slovak
Journal of Food Sciences, 11(1), 398-402.

11. Zamaratskaia, G., Li, S. (2017). Proteomics in meat science-
current status and future perspective. Theory and practice of
meat processing, 2(1),18-26. (In Russian)

12. Muroya, S., Ohnishi-Kameyama, M., Oe, M., Nakajima, .,
Chikuni, K. (2007). Postmortem changes in bovine troponin T
isoforms on two-dimensional electrophoretic gel analyzed using
mass spectrometry and western blotting: The limited fragmenta-
tion into basic polypeptides. Meat Science, 75(3), 506-14

AUTHOR INFORMATION
Affiliation

Irina M. Chernukha — doctor of technical sciences, professor, cor-
responding member to the Russian Academy of Sciences, leading re-
search scientist, Experimental clinic-laboratory «Biologically active
substances of an animal origin», V.M. Gorbatov Federal Research Cen-
ter for Food Systems of Russian Academy of Sciences
109316, Moscow, Talalikhina str., 26
Tel: +7-495-676-63-21
E-mail: imcher@inbox.ru
Anastasiya G. Akhremko — research assistant, Experimental clin-
ic-laboratory «Biologically active substances of an animal origin»,
V.M. Gorbatov Federal Research Center for Food Systems of Russian
Academy of Sciences
109316, Moscow, Talalikhina str., 26
Tel.: +7-495-676-92-11
E-mail: a.ahremko@fncps.ru
*corresponding author

Contribution

Authors equally contributed to the writing of the manuscript and are
equally responsible for plagiarism

Contflict of interest
The authors declare no conflict of interest
Received 08.11.2018





