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AHnHomauyus

IIpomeomHole mexHONOUY OKA3ATUCL BeCoMA dPPexmUsHbIMU
071 BbIABNIEHUS 8 MACHBLIX NPOOYKMAX OUOXUMUMECKUX U3Me-
HeHUTl, MAKUX KAK USMeHeHUsS MePMOYCIMOU4UBbIX U 8Ud0CHe-
UuduuHbix 6enK08, CNOCOOHDBIX CMAMb COOMEEMCIMEYIOUAUMU
6uomapkepamu. B pabome, npedcmaesnentoii 6 danHom 0630pe
(8 nepuod ¢ 2013-2016 22), c NOMOULLIO NPOTNEOMHDBLX MEXHOTIOUL
8 UCCTIE0YeMbIX 00PA3UAX MACA U 8 CNEUUATIDHO BbIPAOOMAHHBIX
MACHBIX U30eNUAX, ObII0 ONpedeneHo HeCKONMbKo mKaHecneyu-
PuunvIx benkos, Komopuie 6vinu onpedeneHvl KAK UHOUBUOYATb-
Hole GUOMapKepbL NPU KOHMPOose MACHBIX U30enUT.
Cyujecrmeosatiie 02poMHO20 KOUHECBaA PA3HO00PA3HbIX benKo8
npueeno K Heo6X00UMOCMU CO30aHUA UHPOPMAUUOHHBIX MACCU-
8068 — 0a3 (unu 6arkos) dauHvix. B Hacmoswee spems cyuwecm-
8yem MHOMECB0 0OUUX U CeUATUSUPOSAHHBIX 0A3 OAHHDIX,
komopule docmynnvt 8 Unmepreme xaxcoomy xcenarouemy. ITpu
UCCTIe008aHUL NPOMEOMHBIX npodusell OenKos, MHoOzUe yueHbie
0CMAHABNIUBAIOMCS HA SMAne NOMyHeHUs 08YMEPHbIX dNEKIPO-
opezpamm, He umest nopoti daxce npedcMasneHUs 0 0anbHelux
NepcneKmusax UCNonb308aHUS COBPEMEHHBIX UHCHPYMEHMATIb-
HBIX U OUOUHPOPMALUOHHBIX PECYPCOB, NO3BONAIOULUX NOOMEED-
Oump UnU ONPOBEPZHYMb UX 2UNOME3bl, 4 NOPOLL NPOCIO UJeH-
muguyuposamv. B Oannoii cmamve npedcmasnena uenouxa
Oeticmeuil, NO3BONAIOUAUX NPOLIMU NYMb O HOTYHeHUs NPoPu-
717 6en1K08 Ha 2efie, 00 KOHKPEMHOLL UHmMepnpermayuy nomy4eHHo-
20 pesynvmama. Buinonnenue uccnedosanuti 6 0aHHOM Hanpasre-
HUY NO3B0IUNO CHOPMYTUPOBAMD U SHAUUMENVHO PACUUPUMD
100x00bl K UOeHMUPUKAUUY U KOTUHECINBEHHOMY ONpedeneHuto
Genkosvix Mapkepos Kawecmed, PyHKUUOHATLHOCU U Ge30nac-
HOCMU MACHO20 Coipbst (6bLABNEHU Panbcudukayuu) 6 20MmMosblx
MACHVIX npodykmax. IIo nonyuenHviM OAHHLIM CUCTHEMANU3U-
DOBAHA UHPOPMAUUSL C NOMOULLIO MEMO008 GUOUHPOPMAMUKLU,
n0360nuswas co3damy yHuxanvhuiili Amnac «I[Ipomeommvie npo-
unu 6enkos MAca cenbCKOX03ATCHBEHHDIX HUBOMHBIX».

BBenenue

Cy1iecTBOBaHue OTPOMHOrO KO/INYeCTBa Pa3HO0Opas-
HBIX 0€/IKOB IpPUBENIO K HEOOXOAMMOCTY CO3[aHUs VH-
dbopmaLMOHHBIX MacCUBOB — 6a3 (1M 6aHKOB) JaHHBIX,
B KOTOpBIe 3aHOCVINCH OBl BCe M3BECTHBIE O HUX CBeJie-
HuA. B Hacrosimee BpeMs CyLecTBYeT MHOXeCTBO OOLINX
U CIeIanN3MPOBaHHBIX 0a3 JAHHBIX, KOTOPbIe AOCTYII-
HBI B VIHTepHeTe KOKIOMY >KeTaiolieMy.

B o6mmx 6asax copmep)xarcs cBefieHMs 060 Bcex u3-
BECTHBIX 0e/IKaX XMBBIX OPTaHM3MOB, T.€. O ITI00ATbHOM
mpoTeoMe Bcero uBoro. [Ipumepom Takoit 6assl ABIA-
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Abstract

Proteomic technologies have proven very effective for detection
in meat products of biochemical changes, such as changes in heat
resistant and species-specific proteins that could be relevant bio-
markers.

In the work presented in this report (for the period of 2013-2016),
several tissue-specific proteins were detected in the samples of meat
and specially developed meat products using proteomic technolo-
gies and identified as individual biomarkers in meat product con-
trol.

The existence of a large number of different proteins resulted in the
need to create information arrays — databases (or banks). Cur-
rently, there are a number of general and specialized databases that
are available online to anyone interested. When studying protein
proteomic profiles, many scientists stop at the stage of two-dimen-
sional electrophoregrams sometimes even without ideas about the
future prospects of using modern instruments and bioinformation
resources to confirm or refute their hypotheses, and sometimes just
to identify. This overview shows the chain of actions that allows
going from profiling proteins in the gel to a specific interpretation
of the results. Studies in this field have enabled formulating and
significantly expanding the approaches to the identification and
quantification of protein markers of quality, functionality and safe-
ty of meat raw material (detection of falsification) in the finished
meat products. Based on the obtained data, the information was
systematized using bioinformatics techniques with creation of the

unique Atlas «Proteomic profiles of farm animal meat proteins.»

Introduction

The existence of a huge number of different proteins has
led to the necessity of creating information arrays, i.e. data-
bases, for entering all known information about them. At
present, there are many general and specialized databases,
which are available to everyone through the Internet.

The general databases contain information about all
known proteins of living organisms, i.e., about the global

proteome of all living things. An example of such database
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etcsa SwissProt-TrEMBL (IlIBerinapusa-Iepmanns), B Ko-
TOPOJl Ha CErONHALIHUI [EHb COJEPXKATCA CTPYKTYpBI
nouty 200 000 6enKoB, YCTaHOBJIEHHbIE aHATIUTNYECKUMU
MeTOflaMI, U ellle TIOYTH 2 M/IH CTPYKTYP, KOTOpbIe OIpe-
liefleHbl B pe3ynbTaTe TPAHC/IALMM C HYKI€OTUSHBIX IIO-
cremoBarenbHOCTEN [1].

B ro6anpHOM mpoTeoMe 0co60e MecTO 3aHUMAKT
HeOOJIblIINe OYeHb MOABIDKHBIC MOJIEKYIIbI, COfeprKallye
He 60stee 50 aMMHOKICIOTHBIX OCTAaTKOB M O0/Iafaoliye
criennUYecKNM CIeKTpoM (PYHKIVIOHATbHON aKTUBHO-
cti. OHM Ha3BIBAIOTCA ONMUTONENTUAAMMU, VUIM IIPOCTO
nentupamu. g HUX, T.e. WIA ITI0OATBHOTO IENTUJO-
Ma, CO3aH 0COOBIl 6aHK JAaHHBIX, KOTOPBI Ha3bIBAETCS
EROP-Moscow. D10 Ha3BaHue IpefcTaBsAeT coboii ab-
6pesuatypy ot TepmmHa Endogenous Regulatory Oligo
Peptides (sHEOreHHBIE pPEryIATOPHBIE OMUTONENTH/BI),
¥ yKa3bIBaeT Ha TO, 4TO OaHK CO3[jaH 1 6asupyeTcs B CTO-
NNlie Hallelt cTpaHsl [2].

Ha ceropgusAuramii ienp pacumppoBaHa CTPyKTypa IIo-
gty 6000 0/IMTONeNnTN/IOB, BbIJI€/IEHHBIX U3 IIpefCcTaBUTe-
7elt Bcex HapcTB XuBoro. OfHaKo cIefiyeT OTMeTUTD, 4TO,
BBUJ[y OTPOMHOTO CTPYKTYPHOTO M (PYHKI[MOHAJTbHOTO
pasHo06pasus, Kak 0e/IKOB, TaK ¥ MEeNTU/OB, /I HUX [0
CHX ITOp He CO3[JaHO CTPOTON KITacCUPUKALVIN.

TaxuM o6pa3oM, B JaHHOM CiIydae 3afiayaMy OMOMH-
dbopmatuky ABIAIOTCA HaKovleHre nHopmauyn o ¢pu-
3MKO-XMMMUYECKMX ¥ OMOTOTMYEeCKNX CBOJCTBAaX OENKOB,
aHa/MM3 9TOI MH(OPMALVM, KaTa/IOTU3aLA U IIOATOTOB-
Ka MHQOPMALMOHHOI 6a3bl Y BBIYMCIUTENbHBIX CPENCTB
JUIS BBIAB/ICHUA MEXaHM3MOB UX QYHKI[MOHMpPOBaHMA [3].
[IporeomMuka — mociefoBana 3a reHoMukoit. Korma 6t
JaCTUYHO pacmnpoBaH reHOM Ye/I0BeKa, BOSHMKIIN, TaK
HasbIBaeMble IOCTTeHOMHbIe TexHooruu. OHu Tak Ha3bl-
BaIOTCA IOTOMY, YTO OCHOBBIBAIOTCA Ha MHPOpMAIVH, 00-
HapY>XeHHOII B reHoMe. PacummdpoBka reHOMa 4eoBeKa,
IpefCTaB/IAIIIero Co00il OPOMHYI0 MAaTPUILY, ITie COep-
JKUTCA BCS MHPOPMAIUA O 4e/IoBeKe M O KXo KIeT-
Ke €r0 OpraHu3Ma, — JINTE/IbHOE, My4UTelIbHOE U JaXe
HebarogapHoe 3aHATIe. ITO YNCTO MeXaHMdecKas pabo-
Ta, KOTOpasi UJeT [0 MOOeTHOro KOHIIA, a KOHIIOM SIBJIA-
eTCsl MPOCTO IepedeHb OYKB, OTPOMHBIN CIIMCOK, KHUTA
¢ 6ykBamu 1 Bc€. Bcé ocTanmbHOE — 9TO yoKe HajbHellIee,
«IIOCTT€HOMUKa».

V3y4yenuem n pacumdpoBKOi reHeTMYeCcKoi MHPOp-
Malyy B BBICOKOIIPOM3BOANTENBHOM MaclITabe 3aHMMa-
eTcsl TeHOMMKa. [{aHHBIE ee MCCIENOBAHUI II03BOIUIN
npuctynuTb K usydennio PHK u 6enka, koTopble Haxo-
IATCA y>Ke «3a» TeHoMoM. Hy>XHO mpy 2TOM ITOHMMATb,
yeM FeHOMMKa OT/IMYaeTcs OT reHeTuku. Ecnm reHetn-
Ka — 3TO M3y4eHMe YaCTHOTO, TO TEHOMMKA — M3y4YeHMe
BCEro reHeTMYeCKOro MaTepuasna (TeHOM — ero COBOKYTI-
HOCTB).

O npoTeoMuKe, KOTOpas 3aHMMAETCsl MHBEHTapU3aLM-
el 6e/IKOB, BIIEpPBbIe 3aTOBOPIIN 32 PyOEXXOM B CepefiuiHe
90-x rT. Ee 0CHOBHOIT MeTOf, — OIIpefie/IeHNe COBOKYITHO-
cTu 6€KOB B KaKMX-TO 00pasIiax ¥ OGHOBPEMEHHO CpaB-

is SwissProt-TrEMBL (Switzerland -Germany), which cur-
rently contains the structures of almost 200,000 proteins
detected by the analytical methods and about 2 million
structures, which were determined as a result of nucleotide
sequence translation. [1].

A special place in the global proteome is occupied by
very mobile small molecules that contain no more than
50 amino acid residues and have specific spectra of func-
tional activity. They are called oligopeptides or simply pep-
tides. For them, i.e., for the global peptidome, a specific
data bank EROP-Moscow was created. This name is an ab-
breviation of the term Endogenous Regulatory OligoPep-
tides and indicates that the bank was created and is located
in the capital of our country [2].

Up to date, the structure of approximately 6000 oli-
gopeptides isolated from representatives of all biological
kingdoms has been deciphered. However, it is necessary
to note that due to the huge structural and functional vari-
ability of both proteins and peptides, their strict classifica-
tion has not been developed to the present day.

Therefore, in this case, the objectives of bioinformatics
are accumulation of knowledge about physico-chemical
and biological properties of proteins, analysis of this in-
formation, cataloguing and preparation of an information
base and computation tools to establish the mechanisms
of their function [3]. Proteomics followed the genomics.
When the human genome was partly deciphered, the so-
called post-genomic technologies emerged. They were
given this term because they are based on information re-
vealed in the genome. The decryption of the human ge-
nome, which represents an enormous matrix containing
all information about humans and each cell of their organ-
ism, is time-consuming, torturous and even thankless task.
It is purely mechanical work, which is performed up to the
bitter end and the result is simply a list of letters, a huge
list, a book with letters and nothing more. Everything else
is the following — postgenomics.

Genomics deals with the research and decryption of the
genetic information in the high-throughput scale. The data
from its studies make it possible to approach to the analysis
of RNA and proteins, which are beyond the genome. With
that, it is necessary to understand that genomics is differ-
ent from genetics. While genetics is a study of particulars,
genomics is a study of the whole genetic material (genome
is its complex).

Proteomics, which deals with protein «inventories»,
was talked about for the first time abroad in the middle
of the 1990s. Its main method is detection of protein sets
in some samples and then comparison of these sets with
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HEHNe 3TUX KOMIUIEKCOB ¢ Apyrumu obpasuamm. OueHb
Ba)XHO 3HATh, KaKye Oe/KM 9KCIIPeCCUPYIOTCS B KIIeTKAX,
HaIlpyMep, MaTOMOINYeCKUX OpraHn3MoB. Boobie, oco-
6EHHOCTPI0O MHOTOKJIETOYHBIX >XVUBOTHBIX SIB/ISETCS TO,
YTO T€HOM MX K/IeTOK II0XO0X, & CaMM KJIETKV He TTOXOXI:
3NNTeMAaTbHbIE, KPOBSIHbIE, KJIETKY IIe4eHN 1 T.11. Bor aty
3araJJky — II04eMy BO BCeX KJIeTKaX I'eHOM IIII0C-MIHYC
OIVMHAKOBBII, @ KJIETKY BCe pa3Hble — J HEOOXO[MIMO pas-
PeLITh C IOMOIIBIO IOCTTEHOMHBIX TeXHONOrMit. OCHOB-
HBIMM 3afiaqaMyl U T€HOMMKY, ¥ IIPOTEOMUKM SIBISETCA
TeXHOJIOTMYECKO€e COCTaB/IeHye 0asbl JaHHbIX [4].

Buonndpopmarnka — Hayka, 3aHMMAIOIIASCA U3y IEeHN -
eM 6moyornyeckoir nHGOpMaLNM C HOMOIIBIO MaTeMaTH-
YeCKMX, CTATUCTUYECKNX U KOMIIBIOTEPHBIX METOJOB C UC-
MO/Tb30BaHMe BBIUMCITUTEIHHON TEXHUKU, MaTeMaTUKU
¥y MHQOPMALMOHHOII TeOPUH /L1 aHA/IN3a Y MOJE/IIPOBa-
HUS MOJIEKY/ISIPHO-OMO/IOTMYECKIX CHUCTEM, B 0COOEHHO-
CTU CUCTeM, cocTosiux u3 reHos, PHK, 6enkoB u meta-
6onmutoB u ip. Ho npexxpe, yeM mogpobHee OCTAaHOBUTHCS
Ha MHQOPMAIVIOHHBIX pecypcax 6MOMH(POPMATUKI HeM-
HOTO IT03HaKOMUMCS C IPAKTUYECKO MPOTEOMMKON [5].

Wrtak, rmaBHONM 3afadell NMPOTEOMUKU ABIAETCA BbI-
ABJIeHNe MeXaHM3Ma B3aMMOJENCTBUSA OTPOMHOIO UMU-
cia 6eIKOB U MeNTUOB B OFHOM opraHmsMe. KakoBa e
IIpaKTHYeCcKask 3HAYMMOCTDb 3TOI I'PAaHAMO3HON U JOpPO-
rocroseil paboTsr? O4eBUIHO, YTO B IEPBYI0 O4Yepenb
B pe3y/bTaTax TaKoyl pabOThI 3aMHTEepecOBaHbI papMaKo-
JIOTY ¥ MEJIVIKY, TIOCKOJIbKY O4€Hb 4aCTO IIPOCIEXIBAETCs
TeCHasl CBA3b MEX/y M3MeHEeHVAMI B 6EIKOBOM COCTaBe
" 60/Ie3HEHHBIM COCTOSIHMEM YeroBeKa. [l0aToMy HOBBIE
JlaHHbIe B IIPOTEOMMUKe OYAYT MCIIONb30BaThCA (M yKe
VICTIONIB3YIOTCS) 1A OBICTPOIL pa3pabOTKM HOBBIX JIeKap-
CTBEHHBIX CPEJICTB 1 HOBEJIIINX METOJIOB JiedeHns 6oes-
Heil, C KOTOPBIMY MeinIHa 6opornach Bekamu. Ha cerop-
HAWHUI AeHb 95% BceX (apMaKoNIOTMYECKUX CPENCTB
BO3flelicTBYIOT Ha Oenku. [Iporeommka co CBOMM CHC-
TEMHBIM TIOIXOJOM MOXKET IMOMOYb UAeHTU()UINPOBATD
U OL|eHUTh BOKHOCTD IOSIB/IEHVSI HOBBIX O€/IKOB ropasyo
a¢pdexTUBHEE, YTO, B CBOIO O4Yepesib, YCKOPUT paspaboT-
Ky HOBBIX AMAaTHOCTMYECKNX TECTOB ¥ TepaleBTUYeCKNX
CpefCTB.

IlepBoe mpakTuyeckoe MpUMeHEHVe IPOTEOMHBIX JIC-
C/IeNOBaHMIL COCTOSITIOCH 3a/I0JITO IO MOSIBJIEHUS TePMIHA
«IIPOTEOMIKa», ellje B Havyane XX B., KOIrfa Ob1a 06Hapy-
JKeHa pOoJIb MHCY/IMHA B PasBUTUY TAKOTO TSDKEIOTo 3a60-
neBaHMs, Kak Anader. Co3faHme MHCY/IMHOBBIX IIpenapa-
TOB CIIAC/IO XXVM3Hb MUJUIVIOHAM JIIOHEIL.

B HacTos1ee >xe BpeMs IIPOTEOMUKA, BMECTE C TeHO-
MUKOJ1 ¥ 6MI0MH(pOPMATIKOI, OPMEHTHPOBaHa Ha CO3/ja-
HJe HOBBIX JIEKaPCTBEHHBIX IPEIapaToB, B KOTOPBIX MO-
NIEKY/IIPHBIMY MUIIEHAMM OYYT CTY>KUTDb Te WV VHbIE
6enku. Ilpomecc HaxXoX/jeHMS HOBBIX MMIIEHeN I
IeVICTBYSI JIEKAPCTB pellaeTcs C MOMOIpio 6uonHdop-
MaTMKM, IpydeM OObeKTOM aHalu3a sB/ISEeTCSA TeHOM.
OpnHako Ioc/e aHamM3a reHoMa HeoOXOAVMO MOTYYUTh
JI0Ka3aTebCTBa TOTO, YTO JJAHHBIN O€/IOK MHTEHCUBHO

other samples. It is very important to know what pro-
teins are expressed in cells of pathological organisms, for
example. In general, the peculiarity of the multicellular
animals is the fact that the genome of their cells is simi-
lar, but the cells (epithelial, blood, hepatic etc.) are not.
This puzzle — why the genome is similar in all cells and
cells are different — is necessary to solve using postge-
nomic technologies. The main tasks of both genomics
and proteomics are technological development of data-
bases [4].

Bioinformatics is a science that study the biological in-
formation by the mathematical, statistical and computer
methods using computational apparatus, mathematics and
information theory for analysis and modeling of molecu-
lar-biological systems, in particular, systems consisting of
genes, RNA, proteins, metabolites and so on. However, be-
fore discussing the information resources of bioinformat-
ics in more detail, let’s get acquainted, to some extent, with
practical proteomics [5].

The main task of proteomics is detecting a mechanism
of a relationship of multiple proteins and peptides in a
single organism. What is the practical significance of this
tremendous and expensive work? It is obvious that main-
ly pharmacists and medical practitioners are interested in
results of this work because a close relationship between
changes in the protein composition and a human disease
is often traced. Thus, new data in proteomics will be used
(and have been already used) for quick development of
new drugs and methods for curing diseases, with which
medicine has been fighting for centuries. At present, 95%
of all pharmacological preparations affect proteins. Pro-
teomics with its systematic approach can help identify
and assess the significance of emergence of new proteins
much more effectively, which in turn, will accelerate the
development of new diagnostic tests and therapeutic
preparations.

The proteomic investigations were applied in practice
for the first time much earlier than the term «proteomics»
appeared, already at the beginning of the 20" century,
when the role of insulin in the development of such seri-
ous disease as diabetes was discovered. The development
of the insulin preparations saved the lives of millions of
people.

Nowadays, proteomics, along with genomics and bioin-
formatics, is oriented at creation of new drugs, which mo-
lecular targets will be various proteins. A process of finding
new targets for drug action is solved using bioinformatics,
and the object of the analysis is a genome. However, after
the genome analysis, it is necessary to obtain an evidence
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9KCIIPeCCUpYeTCcs M HAXOUTCSH B KIeTKe B pabodyeM co-
CTOsTHUM. DTy 3ajiady pelraeT IpoTeoMuka. Takum obpa-
30M, BBIAB/ISETCA MOJIEKY/IApHasi TeHeTYecKask MUIIEeHb
JUIS JIeKapCTBa.

CrneflyeT OTMETUTD, YTO IPOTEOMUKA MOXKET M caMa
1o cebe pemats npobeMy HaxoXpeHMs muireHn. Ecmm
HOJIY9NUTh IPOTEOMHbIE KapThl HOPMa/IbHBIX U ITATOIOT M-
YeCKMX TKaHell, TO [0 pas3IN4MAM B HUX MOXKHO YCTaHO-
BUTD, KaKue 0e/IKM BaXKHBI /I Pa3BUTHS TOTO WIM IHOTO
MIaTOJIOTMYECKOTO COCTOSHMA, M BBIOpATh MX B KadecTBe
MIUIIEHel JWIN UCIONb30BAaTh ST 3HAHUA /IS JVATHO-
CTVKM. MOXKHO TIPEATIONIOKNUTD, YTO B OyAyIieM K 0ObId-
HOMY aHa/IM3y KpoBU OOABUTCA CO3[jaHMe MPOTEOMHBIX
KapT KpoBu. [[JIg 3TOro B NONMKIMHUKAX HEOOXOLUMO
OymeT MCIOMb30BaTh CIeluaNIbHOe 000pyLOBaHNe, C I10-
MOIIBI0 KOTOPOTO y IIALMEHTOB IePUOANYECKN OYAyT
6parb KpoBb. [Ipy BO3HMKHOBEHUM OOTE3HEHHOTO CO-
CTOSIHVS IPOTEOMHYIO KapTy OO/IbHOTO YeoBeKa HY>KHO
OyzieT BCero JMIIb CPaBHUTD C €T0 >Ke IIPOTEOMHOI Kap-
TOIT, HO COCTaBJIEHHOIT B TO BpeMsl, KOTZIa OH OB 3[[OPOB,
U MOXHO OyieT BBIABUTb IIPOM3OLIEAIINE V3MEHEHMNs
B 6€/IKOBOM COCTaBe KPOBU U OIIpeie/INTh IIPUUYNHY 3260-
neBaHus. Ilogo6HOe cpaBHEHNE IPOTEOMOB OITYXOJIEBBIX
Y HOPMaJIbHBIX KJIETOK, KJIETOK JI0 ¥ TIOC/Ie BO3ECTBIA
olpefie/ieHHbIX (PaKkTOpoB (Hampumep, PpU3NYECKUX MIN
XMMWYeCKIX), VCIO/Ib30BaHVe OVOMOTMYeCKUX >KUJKO-
CTell B AMarHOCTUYECKUX LeAX — BCE 3TO MpefCTaBIIA-
€T OTPOMHBIN MHTepPeC 1 OTKPLIBAET COBEPIIEHHO HOBBIE
HepCHeKTUBBI /1A MeJVILIVHBI, BeTepuHapyu, papMaxoso-
TUY, NVIEBOJ IPOMBIIIEHHOCT ¥ APYTUX IIPUK/IATHBIX
obnacreit [6, 7]. IIpuMeHeHe IPOTEOMHBIX T€XHOIOTMI
B JTaOOPATOPHOII NpPaKTVKe MUIIEBBIX HAIpaB/IeHMII Ha-
/IO CBOE MECTO CPaBHUTENbHO HeflaBHO. [ToaTomy Brre-
peny IpeCcTOUT OrPOMHAs U MHTepecHas paboTa.

MaTepmamﬂ N ME€TOIbI

Il 60r1ee MOTHOTO MOHVIMAHMS IIPYIMEHEHUs pecyp-
COB O6MOMHGOPMATUKI PACCMOTPUM OOIINIT AITOPUTM KC-
C/Ie[IOBAHMSI IPOTEOMHOTO Ipodusist 6enKoB Msca.

TunnyHas MoCnIefOBaTeNbHOCTD ONepaLnil IpK Mpo-
TEOMHBIX MICCTIEJOBAHMAX TAKOBA:

o 0T60p 0b6pasia (KIeTKu, TKaHb, OMOTOTYeCKast KU -

KOCTb),

o IPUrOTOB/IEHME 0Opasija, MU3NC KIIETOK, IKCTPAKIIVS
6e/KOoB,
o 1u3097meKTpodoKycupoBKa, snekrpodopes B 1-M Ha-

[paBJIeHNN,

+ anekTpodopes B 2-M HAIPaBJIeHNUN, NONMNAKPUTAMU -

HBIII TeJIb, ROAEUMICYIbdAaT HATpus,
 IIpOsiBIeHVE OETIKOBBIX IISITEH Ha rejie,

e aHAIN3 ABYMEPHOII 97eKTpodoperpaMmsl (KOIMIeCT-

BO IIAATEH, UX PacCIIoIOXKeHMe),
 BBIfIeJIeHII€ YYACTKOB Teflsl, CORePKAIUX MHAUBUAY-

a7IbHbIe Oe/IKOBbIE IIATHA,
 paclienieHue MHAVBUAYATbHBIX O€NKOB TPUIICMHOM

IPsIMO B TeTte,

that this protein is intensively expressed and presents in
a cell in a working condition. This task is solved by pro-
teomics. In this way, the molecular genetic target for a drug
is revealed.

It is worth noting that proteomics per se can solve the
problem of target detection. If one obtains the proteomic
maps of normal and pathological tissues, then it will be pos-
sible to detect which proteins are important for developing
one or another pathological condition and select them as
targets or use this knowledge for diagnostics. We can sug-
gest that, in the future, the conventional blood analysis will
be complemented with blood proteomic maps. To this end,
it will be necessary to use in clinics specific equipment for
periodical blood sampling from patients. At disease onset,
proteomic maps of patients will be compared with their
proteomic maps when they were healthy, and it will be pos-
sible to reveal changes in the blood protein composition
and detect a cause of a disease. A similar comparison of
proteomes of malignant and normal cells, cells before and
after exposure to specific factors (for instance, physical or
chemical) and the use of biological fluids with the diag-
nostic purposes are of utmost interest and open completely
new prospects for medicine, veterinary medicine, pharma-
cology, food industry and other applied fields [6, 7]. The
application of proteomic technologies in the laboratory
practice of food directions has found its place compara-
tively recently. Thus, a tremendous and interesting work
is ahead.

Materials and methods

For more thorough understanding of the use of bioin-
formatics resources, let’s examine the general algorithm for
studying meat protein proteomic profile.

The typical workflow in the proteomic investigations
consists of the following:

« Sampling (cell, tissue, biological fluid),

« Sample preparation, cell lysis, protein extraction,

o Isoelectrofocusing, electrophoresis in the first dimen-
sion,

 Electrophoresis in the second dimension, polyacryl-
amide gel, sodium dodecyl sulfate,

 manifestation of protein spots in a gel,

 analysis of a two-dimensional gel electropherogram

(number of spots, their location),

« excision of the gel areas containing individual protein
spots,

« tryptic digestion of individual proteins directly in a gel,
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e MacC-CHEKTPOMETPUYeCKIIT aHA/IN3:

— oIlpefieieHie aMMHOKVIC/IOTHBIX IOCTIef{OBATe/IbHO-
creit GpparMeHTOB MH/VBU/YaTbHBIX 0€IKOB,

— umeHTUPUKAINA KOKIOTo OenKa U U3MepeHue ero
KOHIIEHTpaluu, ROKYMEHTHpOBaHue, 06padoTka
pe3y/IbTaToB.

— UHTepIIpeTalys IONTy4eHHBIX JaHHBIX C HOMOIIbIO
ononnbopmatuky, aHamus3 6a3 HaHHBIX, B UTOTE,
nonydeHne auddepeHInaaIbHOro TpoduIs 6eIKoB.

PesynbTaToM Macc-CIeKTpOMeTpUYecKoi npeHTUMKa-
1y G€TIKOBBIX MOJIEKYI SIB/IIETCS CIIMCOK HOTEHIVIaTbHbIX
6e/IKOB-KaHAN/IATOB, PAHXMPOBAHHBIX B COOTBETCTBUU CO
3HaueHMeM IIOKasaTenss Score (IOKasaTe/lb COOTBETCTBYIA
VIV «CYET OYKOB»), PACCIUTAHHOTO IS Ka>KIOTO MOTEHIIN-
aJIbHOTO KaHAMfaTa. PesynbTaT cumTaeTcs JOCTOBEPHBIM,
ecny 3HadeHye JJAHHOTO IToKasarers npesbimaeT 200. Tak-
e, A KaKJJOro M3 KaH[AVIATOB, YKa3aHbl BUIOBAsA IIPK-
HaJlIe)KHOCTD, YTO MOYKET CTAaTh PeLIAIOLIVM IIPY MHTepIpe-
TAIVIM, ¥ CCBUIKM Ha TIePCOHAJIbHBIE CTPAHMUIIBI (MTOTOBBII
pesy/IbTar), CofepyKallyie MCYePIbIBAIOLIYI0 NH(OPMALMIO
0 IOTEHILVaTTbHOM OeIKe (3HaueHVIsI er0 MO/IEKY/ISIPHON Mac-
ChbI U1 M3097IEKTPUYECKOIl TOYKM, paciidpoBKa NOCTeI0Ba-
TE/IBHOCTY TPUIITHYECKNX MENTU/IOB, YMCTIO COBIIAZeHNIL, %
HOKPBITYS TIOJTHOV aMMHOKJCTIOTHON TIOC/IEOBATEIbHOCTY
6erka BbIABIEHHBIMM MEITUAAMY U T.JL.).

B xayecTBe OCHOBHBIX ITPOTEOMHBIX TEXHOIOTUII IIpH-
MEHSAIOT AByMepHbIl a7mekTpodopes (2-D) mo O’ Farrell
¢ usoanekrpodoxycupoanuem B amdonuHoBoM (IEF-
PAGE) wm ummo6bmmuoBoMm (IPG-PAGE) rpapmenTax
pH; nmocnexytomyo geTeKuuio 6eIKOB MPOBOAAT OKpAIIN-
BaHmeM Kymaccu R-250 11 a30THOKMCTIBIM cepebpoM (8, 12].

CXeMaTM4YHO 3TO MOXXHO IPEJCTaBUTDb CIEAYIOLVIM
o6pasom (Pucynoxk 1).

Vpentudukanmio OenKoBBIX ¢pakumiti Ha gByMep-
HBIX 971ekTpodoperpammax ([I9) ocylecTBIAT IOCTE
tpuncuHomsa MertomamMyu MALDI-TOF MS n MS/MS
Macc-criekTpomeTpun Ha MALDI- BpeMAnponeTHOM
Macc-ciekTpomerpe ¢ Y®-nmasepom (336 HM) B pexxnme
MOOXKUTENbHBIX MOHOB B Auama3doHe Macc 500-1000 [a
C Ka/MOPOBKOII UX 11O M3BECTHBIM IMKaM ayTO/NIN3a TPUII-
cuHa (Pucynok 2).

I[Tocne npeHTU(UKALMM Ha MACC-CIIEKTPOMETpe UCKO-
Moro 6enka (Mapkepa), Ha 3aBepLIAIoleM JTalle IJIABHYIO
pO/b MIpaeT NpaBWIbHAs VHTEPIpETAlVsA MOTY4YeHHbIX
Macc-CIIeKTPOB, [0 MMEIIMCS 6a3aM JaHHBIX (IpuMep
P1cyHOK 3), ¢ TOATBEP>KAAIOMINMY WM OIIPOBEpPraroIy-
MM JIOTa/IKaMJ O IIOTyYeHHOM pe3y/IbTare.

O6c¢cyxpmenne

PaccmotpuMm nipuMep mpeHTUGUKALMY KAaHIUJATHOTO
6enka (1cKkOMOro/Mapkepa) JIOUIAAN 10 MEXIYHAPOIHOI
6ase maHHBIX HaIMoHaIBHOTO IIeHTpa OMOTEXHOJIOTMYe-
ckoit napopmanyu CIIA (NCBI).

CyMMapHO B XOfle MCC/IeTOBAHNs Ha [IBYMEPHBIX 9JIeK-
Tpodoperpammax 6eNKOB JIMHHENIIIeN MbILIIIBI TOLIAMN
6110 MAeHTUdUIMPOBaHO 61 Pppakuus (PrcyHok 4).

 mass spectrometric analysis,

— detection of amino acid sequences of the individual

protein fragments,

— identification of each protein and measurement of its

concentration, documentation and data processing.

— interpretation of the obtained data using bioinfor-

matics, analysis of databases, and, finally, generation
of distinct protein profiles.

The result of the mass-spectrometric identification of
protein molecules is a list of potential candidate proteins
ranged according to a Score value (an indicator of matches
or scoring), calculated for each potential candidate. The
result is considered significant if the value of this indicator
is higher than 200. For every candidate, a species origin is
also indicated, which can be decisive in interpretation, and
references to the personal pages (the final result), which
contain comprehensive information about a potential
protein (its molecular weight and isoelectric points, de-
cryption of the tryptic peptide sequences, the number of
matches, % of complete coverage of amino acid sequence
of a protein by peptides etc.)

The two-dimensional electrophoresis (2DE) by
O'Farrell with isoelectrofocusing in ampholine (IEF-
PAGE) or immobiline (IPG-PAGE) pH gradients is used
as the main proteomic technology; the following protein
detection is carried out by staining with Coomassie R-250
and silver nitrate [8, 12].

This can be presented schematically as follows (Fig. 1):

Identification of protein fractions on two-dimensional
electrophoregrams (2DE) is performed after tryptic prote-
olysis by MALDI-TOF MS and MS/MS mass-spectrome-
try using MALDI- TOF mass-spectrometer with UV-laser
(336 nm) in the positive ion mode and a mass range of
500-1000 Da with their calibration according to the known
trypsin autolysis peaks (Fig. 2).

At the final stage, after identification on a mass-spec-
trometer of a target protein (marker), the main role plays
correct interpretation of the obtained mass-spectra using
available databases (Fig. 3, an example) with confirming or
refuting suggestions about the obtained result.

Discussion

Let’s consider an example of identification of an equine
candidate protein (target/marker) using the International
Base of the National Center for Biotechnology Information
(NCBI).

In total, 61 fractions were identified on the two-dimen-
sional electrophoregrams of proteins from the equine lon-
gissimus muscle (Fig. 4).



2017 | N91 TEOPUS1 U NPAKTUKA NEPEPAGOTKN MSICA

wells for sample inoculation | nyHKu ana BHeceHus obpasua

sample | obpazey
cathode | KaTopn +

anode | aHop -

buffer | 6ydep

and LESA analysis

LA LI L2l
G008 9000
Qo0 90000
a8es Ssew

17

10
pl >
537 7.10 8.70 9.50

Figure 1. Scheme of 2-D electrophoresis with the following identification of protein spectra using time-of-flight mass-spectrometry
(MALDI-TOF)
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macc-criekrpomerpun(MALDI-TOF)
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Figure 2. Mass-spectrometric identification of the selected peptide (marker/target)
Puic. 2. Macc-criekrpomerpudeckas uieHTudUKaIist BLIOPAHHOTO MenTu/a(MapKepa/cKoMOoro)
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Index @
Apoassion Mass Score Description
1. gi|41386637 31265 362 croponin T, slow skeletal =uacle [Bos taurus]
2. gi|21039010 30148 360 croponin T slow skeletal =muscle type [Boa taurus)
3. gi]34436964% 30074 358 PREDICTED: troponin T, alow skeletal muscle-like [Loxodonta africana)
4. gi|187173250 31223 337 croponin T, slow skeletal muscle isoform b [Homo sapiens]
5. gi]3s7471137 31237 337 PREDICTED: troponin T, slow skeletal muscle isoform 1 [Pan paniscus]
6. gi]S07713406 29908 335 PREDICTED: troponin I, slow skeletal muscle isoform X5 [Octodon degus]
7. gil5374180% 31224 335 croponin T, slow skelecal muscle [Sus acrofa]
8. gilS07713404 30036 335 PREDICTED:! troponin T, alow skeletal muscle isoform X4 [Octodon degua]
9. gil187173252 30078 335 croponin T, slow skeletal =muscle iscform c [Homo sapienal
10. gi[3574711358 30052 335 PREDICTED: croponin T, slow skeletal muscle isoform 2 [Fan paniscus]
Results List
IR e G S 06 Beerns Ge Mt 3 Protein sequence coverage: 55% @
Erapenin T, slow sbeletal mesdle [l Lasrar]
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e by e 151 FERVLSEMOA HFGOVLVEGE GNRGXRQTSR EMNIRILSER EEPLNIDING
AR L 3 e I EODIIEIAL.E 201 EEQJLRENACE LSDWINQLES ERFDLMANLYE OOEVEINVLY HRISHAORFR
PR 1 U0 RESEPATFLIFALI 281 WESASESEVES RN
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TN 3 == DEIEIIIALNER.
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WL 1 o--  RATESEREIGIELE Nt MASCOT Search Results
tk et 1o LALSDGIEGCTLLE ¢ Delsatits 00
nn § =+ EAERININGLESCE.F Protein View: gi|41386697
PR LT 1 oses DOPLSIDRMGCIGET ¢ Oaideties ON)
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Figure 3. Identification of a protein using the database of the National Center for Biotechnology Information (NCBI) (USA) (Mascot software,
Matrix Science, USA)
(1 — alist of potential candidate proteins; 2 — decryption of tryptic peptide sequences with determination of the number of matches; 3 — distribution of the
revealed peptides on an amino acid sequence; 4-final result).
Puc.3. Vinentuduxanus 6enka mo MeXxgyHapofHoit 6ase gaHHbIX HaiyoHambHoro neHTpa 61orexHonorndeckoit nadopmaunuu CIIA (NCBI)
(mporpamma Mascot«MatrixScience», CIIIA)
(1 — crMcoK MOTEHIMAMBHBIX 0€/KOB-KaHANIATOB; 2 — pacumdpoBKa TPUITUYECKNX MENTUOB C ONPee/NeHIeM YUC/Ia COBIAJeHNIT; 3 — pacIpefeneHme
BBIAB/ICHHBIX HENTUIOB 0 AMIHOKUCIOTHO IOCTIeOBATeIbHOCTI; 4-MTOTOBBIIT pe3ynbraT). He Mory yopaTh 3TOT PUCYHOK OH O4eHb HAT/LIAHO 0TOOpaXKaeT
pa60Ty 1o 6ase JAaHHbBIX-KaK OJJHUM 3 KITIYEBbIX 9IEMECHTOB 6MOI/IH(1)0pMaTI/IK]/[.

Figure 4. The results of the proteomic analysis of total proteins from equine m. Longissimus dorsi (Equus caballus)
Puic.4. Pe3ynpTaThl IPOTEOMHOTO aHa/MM3a CyMMapHbIX 6e1koB m. Longissimus dorsi nowapy (Equus caballus)
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Figure 5. Proteomic profiles of m. Triceps brachii (A) and m. Biceps femoris (B) of Equus caballus
Puc. 5. Ilporeomusie npodunu m. Triceps brachii (A) u m. Biceps femoris (B) Equus caballus

PasymuyHble BUJIBI CKeJIETHBIX MBIIIL] VIMEIOT OIIpefie-
7IeHHble 0COOEeHHOCTM B OelKoBOM cocraBe. Hambornee
[IOJTHO VICCTIEOBAHMsI, 3aTparuBaolye JAaHHbIA acHeKT,
IIPeZICTaB/IeHbI IT0 TKAHAM 4elOoBeKa, a YTO KacaeMo TKa-
Hell ¢/X )KUBOTHBIX, MH(POPMaLyy IBHO HELOCTATOYHO[8].
C 11e71bI0 TTOMCKA JJAHHBIX 0COOEHHOCTEN, OBIIO ITpOoBefe-
HO CpaBHEHUe GETKOBOTO COCTaBa TPEXITIABOI MBIIII[bI
mwieva (m. Triceps brachii) u gByrIaBOi MbILILLL Oenpa (1.
Biceps femoris) nomauineii nomazau. B pesynbprate HaiiieH
PAA KOMM4ecTBeHHBIX oTmmuanii (Pucynok 5).

Pesynbrarel ugenTudukanuy nokasamu (Ta6m. 1), 4ro
OCHOBHbBIE Pa3nmn4si HAOMIONAMNCH IO TAKUM OeTKOBBIM

Different types of skeletal muscles have specific char-
acteristics of the protein composition. The most compre-
hensive investigations concerning this aspect are present-
ed for human tissues; as for the tissues of farm animals,
the information is clearly insufficient [8]. To establish
these specific characteristics, the protein composition of
the triceps brachii muscle (m. Triceps brachii) and biceps
femoris muscle (m. Biceps femoris) of domestic horses
was compared. As a result, several quantitative differenc-
es were found (Fig. 5).

The results of identification (Table 1) showed that the
main differences were observed for such protein fractions

Table 1. Results of the mass-spectrometric identification (MALDI-TOF MS and MS/MS) of protein fractions that differed in quantity in

m. Triceps brachii and m. Biceps femoris (Equus caballus)

Ta6muua 1. Pe3ynprarsl Macc-cnekrpomerpudeckoii ugentuduxanun (MALDI-TOF MS u MS/MS) 6enkoBbix (ppakiuit, O TIMYAOLIXCA
no Komr4ecTBy B m. Triceps brachii w m. Biceps femoris (Equus caballus)

N Protein; certain synonyms, (gene symbol) |

HaumeHoBanue 6enka; HEKOTOpble CHHOHMMBI, (cum807 2ena)

1 C-terminal fragment of myosin-1 (MYH]I), [Equus caballus] (563-

(563-1938)
2 myosin-7 (MYH?7) [Equus caballus]

3 troponin T homolog, slow skeletal muscle isoform X1 (TNNT1)
[Sus scrofa] | Tomonor troponin T, slow skeletal muscle isoform X1
(TNNT1) [Sus scrofa]

troponin T homolog, slow skeletal muscle isoform X1 (TNNT1)
[Sus scrofa] | Tomonor troponin T, slow skeletal muscle isoform X1
(TNNT1I) [Sus scrofa]

5 myozenin-1 (MYOZI) [Equus caballus]

6 troponin I homolog, fast skeletal muscle (TNNI2) [Equus asinus] |
romorior troponin I, fast skeletal muscle (TNNI2) [Equus asinus]

7 troponin I homolog, fast skeletal muscle (TNNI2) [Equus asinus] |
romoror troponin I, fast skeletal muscle (TNNI2) [Equus asinus]

8 carbonic anhydrase 3

9 phosphoglycerate mutase 2 isoform X1

* IIpepckasaHbl IO TPAHCKPUIITAM JUIM T€HAM.

**§ / M/ C — TpaguIiOHHbIe OKa3aTenn NAeHTU(UKALNY, TPUHATHIE
B aHITIOA3BIYHOI INTEepaType: Score — IOKa3aTelb COOTBETCTBUA VI
«CYET OYKOB»;

Matchpeptides — KOnM4ecTBO COBIABIINX MENTHIOB;

Coverage — % MOKPBITIA MOTHOI aMIHOKMCIOTHOI NMOCTIeJ0BATEeIbHO-
cTH Ge/IKa BbISIBIEHHBIMY ITENTH/IAMI.

*pacuer mokasareneit Mm/pl cmenaH mo mpefckasaHHOJ aMITHOKIIC-
JIOTHOJI ITOCTIEA0BATETbHOCTH 110 3aNINCH, YA AJICHHO U3 OC/IeIHell Bep-
cunu 6a3p1 manubix Protein NCBI.

1938) | C — xonueBoii pparment myosin-1 (MYHI) [Equus caballus]

Numbers in Mwm/pl
Protein NCBI* | §/M/Co Mm/pl (exper.) |  (calcul. )|
Howmepa B Protein Mw/pl (axcrr.) Mwm/pl
NCBI* (pacuer.)***
126352470 402/81/35 130,0/5,10 222,0/5,59
1263523320 389/77/40 127,0/5,05 223,0/5,57
545832797 254/48/64 29,0/6,70 32,5/5,54
545832797 336/50/66 29,0/6,50 32,5/5,54
14968997 203/23/62 32,0/8,30 31,7/7,85
958805655 478/63/86 40,0/8,10 21,4/8,86
958805655 435/56/88 40,0/8,60 21,4/8,86
255653028 151/15/58 29,0/7,70 29,5/7,70
149704608 209/21/70 28,5/7,90 28,6/8,86

* Predicted on the basis of transcripts or genes.

** 8§ / M/ C — traditional indices for identification used in English lit-
erature:

Score — an indicator of matches or scoring;

Matchpeptides — The number of peptide spectrum matches;

Coverage — The percentage of the complete protein sequence covered by
identified peptides.

*** Mm/pI were calculated on the basis of the predicted amino acid se-
quence according to the entry deleted in the latest version of the NCBI
Protein database.
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dbpakumsM, Kak TsDKeJIble ey MIO3MHa (I3MeHeHue COo-
oTHolIeHNs 3neKTpodoperndecknx nsodopm Ne 1 n 2),
KOIMYECTBO MeyIeHHOTro (Ne 3 1 4) CKeJleTHOMBIILIEYHOTO
TporonuHa T, mpu ToM, 4TO PpaKIyy OBICTPOrO CKeleT-
HOMBIIIIeYHOro TporoHuHa I (Ne 6 1 7) He MeHsAMM CBOETO
coorHoueHus. Takxe B ABYIIaBOil Mbllile 6efpa ObIo
OTMeYeHO 3HAYNTE/IbHOE YBeIMYeHe KOMNIeCTBa MIo3e-
HuHa-1 (Ne 5), CBSI3bIBAOIETO CAPKOMEPHBIe OENKU B 00-
JTacTU Z-[UCKOB ¥ OY€Hb CYJIBHO MEHSIIOCh COOTHOLIEHE
MBIIIEYHON KapOoaHruapassl u ¢ocdormieparMyTaspl
Ne8m9).

ITocmpoenue 0symepHvLX KApm cKenemHoll MblLbL
nowiaou u popmuposarie uHPHOPMAyUOHHO20
mooyns «benku ckenemnoti MoluubL 10ULA0U»

[l moCTpOeHMsA IBYMEPHBIX KapT O€/TKOB CKeIe THBIX
MBI JIOIIa/M 6BIIO MCIIONB30BAHBI 37IeKTpodoperpam-
MBI, OKPalleHbl KaK KyMaccm R-250, Tak 1 HUTpaTOM ce-
pebpa. Pactipenenenne 6ekoBbIX Gppakumit Ha KaXX/J0M U3
HOJIy4eHHBIX IBYMEPHBIX 37IeKTPOdOperpaMm JJOKyMeH-
TMPOBA/IN B BUJE COOTBETCTBYIOLIEro n3obpaxenns. Ka-
XKJI0€ M300paXkeHIe PerncTPUPOBANIOCh U COXPAHSANIOCH
B Bufie rpadmyeckoro aitna popmara *.tif. [TonHsle U30-
Opaxxenust 19 u (B HEKOTOPBIX CTy4asx) UX OTETbHBIX
Y4aCTKOB IOJIy4aly IO pe3y/lIbTaTaM CKaHUPOBAHUA 1/
VUIN TIO IaHHBIM 11 poBoit potorpadun.

[TocTpoeHHBIE KapThbl, HA KOTOpble ObLIM HaHECEHBI
97IEKTPOHHBIE «KHONKW» JUIsI KaXKAOW MAEHTUDUIVPO-
BaHHOII 6€/1KOBOIT PppaKINiM, COCTABIU/IN IIEPBBII YPOBEHbD
IUISI TIpeiCTaB/IeH s BCeX COOPaHHBIX MaTepUanoB o Ge-
KaX CKeJIETHBIX MBIIII] JIOMIA/N U BepOIIofia.

B coorBeTcTBMU C IIpOrpaMMoil GOPMUPOBAHUA MO-
nyneit B BJl 1 KaXKHoii 9/eKTPOHHO «KHOIIKI» ObLIO
copmupoBaHO Ha BTOpPOM MH(GPOPMALVOHHOM YpPOBHE
21 nosie u Ha TPETbEM YpOBHE — 27 TIO7IEN [/ BHECEHUA
[lAaHHBIX, XapaKTepPU3YIOLX UAeHTUPUIMPOBAHHBIN Oe-
JIOK.

Ha Pucynke 6 B KadecTBe IpyMepa IpeNCTaBlIe€H UH-
(dbopManMOHHBIT MORY/Ib «BeNKu CKeleTHOM MBIIIIIBI JI0-
wau (Equus caballus)», cocroAmmuii u3 3 OCHOBHBIX YPOB-
Hell ¢ rpadoil aBTOPCKON MIPUHAJIEKHOCTH TTOTyIeHHBIX
JlAaHHBIX.

Konuuecmeennviii ananus omoenvHvix
Genkosvix Pppaxuyuii

s mpoBeneHNsI KOMYECTBEHHOTO aHa/IN3a OT/eNb-
HBIX 0e/IKOBBIX Qpakuuit Ha /IO cHavama co3gaBay Moj-
Hble 1QpPOBbIe M300paKEHNST OTOOPAHHBIX [IsI CPaBHe-
HUS IBYMEPHBIX 9/IeKTpodoperpaMm (MM UX OT/IeTbHBIX
¢dbparmenToB) ¢ momorubo ckanepa Epson Expression 1680
(mmn Perfection 2450 Photo). CxannpoBaHue mpoBOANU-
JIOCh BO BJI)KHOM COCTOSIHUM. Jlaree momydeHHble -
poBble M300pakeHNsI PeNAKTUPOBaIM B TpaduaeckoM
pefakTope M3 CIelaaM3NpPOBAaHHOIO IaKeTa IPOrpaMM
Melanie ImageMaster, Bepcnit 6 u 7 («Genebio», IIBeii-
napus).
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as heavy myosin chains (changes in the ratio of the electro-
phoretic isoforms No.l and 2), the quantity of slow (No. 3
and 4) skeletal muscle troponin T, while the fractions of the
fast skeletal muscle troponin I (No. 6 and 7) did not change
their ratio. In addition, it was found that the quantity of
myozenin-1 (No.5), which links the sarcomeric proteins in
the area of Z-disks, significantly increased and the ratio of
muscle carbohydrase and phosphoglycerate mutase (No. 8
and 9) highly changed.

Construction of two-dimensional maps of the equine
skeletal muscle and creation of the information
module «Proteins of the equine skeletal muscle»

To construct two-dimensional maps of the equine
skeletal muscles, the electrophoregrams stained both
with Coomassie R-250 and silver nitrate were used. Dis-
tribution of the protein fractions on each of the obtained
two-dimensional electrophoregrams were documented
as a corresponding image. Each image was registered and
saved as an image file in the TIFF format.

The complete DE images and in some cases their in-
dividual areas were obtained on the basis of the scanning
results and/or the digital photography data.

The constructed maps, on which the electronic «but-
tons» for each identified protein fraction were applied,
comprised the first level for presentation of all collected
information about the equine and camel skeletal muscle
proteins.

According to the program of module creation, in the
database, 21 fields and 27 fields were formed for each elec-
tronic «button» at the second and third information levels,
respectively, to entry the data that characterized an identi-
fied protein.

As an example, Fig. 6 presents the information module
«Proteins of the equine skeletal muscle (Equus caballus)»,
which consists of 3 main levels with indication of the au-
thorship of the obtained data.

Quantitative analysis of individual
protein fractions

For quantitative analysis of the individual protein frac-
tions on DE, the complete digital images of the selected
two-dimensional electoforegrams (or their individual
fragments) were created using Epson Expression 1680 (or
Perfection 2450 Photo) scanner. Scanning was carried out
in a wet condition. Then, the obtained digital images were
edited in the graphical editor from the specialized software
package Melanie ImageMaster, versions 6 and 7 (GeneBio,
Switzeland).
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Figure 6. Information module «Proteins of the equine skeletal muscle»: A — level 1; B — level 2; B — level 3; T —author’s line
Puic. 6. VInpopmarmoHHbIt Mopyb «BeKyt CKeTeTHON MBI Tomuafu»: A — 1 ypoBenb; b — 2 yposenb; B — 3 yposens; ' — aBropckas rpada

JanbHerias nporefypa MPOXOAUT B HECKOIBKO TATIOB.
Ha nepBoM srarie, mpoBOAM/ICA aBTOMaTUYeCKUII ITPO-
ITPaMMHBIN aHA/INU3 Te/leil, B Pe3ynbraTe KOTOPOro IIpo-
rpaMMa HaXOIMT IIITHA U IIpHJjaeT odepTaHue IO UX OKpa-
meHHON Tomaay. [IpoMeXXyTOUHBIN pe3y/nbTaT TaKoro
KOMITBIOTEPHOTO aHa/IM3a INpencTasneH Ha (Pucynok 7).

P ImageMaster 2D Platinum
File Wiew Edit Show Select Anahyze Reports

The following procedure is performed in several stages.

At the first stage, an automatic program analysis of
gels was carried out, which resulted in detecting spots by
the program and drawing their contours according to the
stained area. An intermediate result of this computer anal-
yses is presented in Fig. 7.

Tools Window Help

slafit «|e|

.ﬁhrE jmuﬁ dmrﬁ
Figure 7. Automatic spot detection in the gel
Puc. 7. ABToMaTI4eckoe onpefieneHye ATeH Ha reje
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ITockomnbKy 6eKoBbIe PpaKIUM IATHA MMEIOT PA3HYIO
CTeIleHb OKPAacKy, M MOTYT C/IMBATbCcA C POHOM, B IIPO-
rpaMMme 3apaioTca 3 mapamerpa («Smooth», «Saliency»,
«Min Area») mna BoiaBnenus («identification») 6enKOBbIX
¢dpaxumii (mATeH, «spots»). OKHO HaCTPOVIKM ITapaMeTPOB
aBTOMATMYECKOr0 OOHAPY>KeHNUs IISATEH U JOIOTHNUTENb-
HOe OKHO «cursor information» mokasansl Ha Pucynke 8.

[Tapametp «Smooth», ncnonesys anroputm auddys-
HOTO CIVIKMBaHUsA, obecrieunBaeT UaeHTUPUKALNIO Ha-
uboree CUIbHO BBIPOKEHHBIX IIATEH, a TaKXXe YeTKOCTb
ompefpieNieHnsl Kpas mATHA. [ TOro 4ToObI OTHENNTDH
cmabo oKpalleHHbIe IIATHA OT (OHA U IIyMa U3MeHAeTCs
napametp «Saliency».

VIsMeHAA HaHHBI IapaMeTp, MOXXHO 00ecleduTb
GUIBTpalLMI0 IO MHTEHCUBHOCTY OKPAIUIMBAHMS IISITEH.
IIJ1 TOYHOTO OIpefe/ieHNsl NHTEHCUBHOCTY, He0OXonm-
MO BBI3BaTh JOIIOJTHUTENbHOE OKHO cursor information,
IIOC/Ie Yero KypcOp MBIIIKM HAaBOAMUTCA Ha CMaboOOKpa-
IIEHHOE IIATHO U BBICBEYMBAETCS €TI0 YMC/ICHHBIN 3aMep,
KOTOPBIi1 TIOKa3bIBaeT PasHMUIYy MeXAy pOHOM ¥ MHTEH-
CMBHO OKpAIIeHHBIMM IISITHAMIL.

Takum 06pasom, 3afaeTcss IPOMEXYTOYHOE 3HAUCHNE
VMHTEHCUBHOCTH NATEH (MeXAY cepbIM (POHOM U YEPHBIMU
IATHaMM) 671arofapss KOTOpoMy OYAYT Y4MTBIBATbCA BCE
ISITHA, MHTEHCUBHOCTD KOTOPBIX BBIIIIE 9TOIO OPOTa.

Tpernit mapamerp «Min Area» 3afjaeT MUHUMA/IbHYIO
IJIOM[a/ib IIATHA, BCe MATHAa OO/Mafjaloleil IUIOLIAbIo
HIDKE 9TOTO 3HauyeHMs He OymyT MuAeHTU(ULIMPOBAHBL
HecMmoTpss Ha INpOBeleHHYI0 IpeABapUTENbHYI0 0Opa-
60TKy M3006pakeHMil, IpOrpaMMa MHOIA B OT/ETbHBIX
y4acTKax M300pa>keHNs JjaBajia He COBCEM TOYHbIE O4ep-
TaHUA [ATHA. [/ ycTpaHeHMsl MOJKOOHBIX HEJOCTATKOB
¢dbopMa OT/eNbHBIX IIATEH JOIOTHUTENIBHO KOPPEKTUPO-
BaJIOCh BPYYHYIO.

As protein fractions of a spot have different degrees of
staining and can blend into the background, the program
sets 3 parameters (Smooth, Saliency, Min Area) to identify
protein fractions (spots).

The window for adjusting parameters of spot automatic
detection and the additional window «Cursor Informa-
tion» are shown in Fig. 8.

Smooth parameter uses a smooth-by-diffusion algo-
rithm and enables identification of the most highly pro-
nounced spots as well as clear detection of spot edge.

Saliency parameter is used to separate weakly stained
spots from the background and noise. By changing this
parameter, it is possible to ensure filtration by the spot
staining intensity. For precise detection of the intensity,
it is necessary to open Cursor Information; after that, the
cursor is moved to a weakly stained spot and its values are
displayed, demonstrating the difference between the back-
ground and intensively stained spots.

Thus, an intermediate value of the spot intensity (be-
tween the grey background and black spots) is given,
due to which all spots with the intensity higher than this
threshold will be taken into account.

The third parameter «Min Area» sets the minimal spot
area; all spots with areas lower than this value will not be
identified. Despite the performed preliminary processing
of images, the program sometimes gave not exactly precise
spot contours in the individual areas. To eliminate such
drawbacks, a shape of individual spots was additionally
corrected by hand.

Fia “bew Eo0d  Show Seiecl  Analhyre Repoits Tooly Window  Help
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Figure 8. The window for adjusting parameters of spot automatic detection and the additional window «Cursor Information»
Pric. 8. OKHO HACTPOJIKY [TApaMeTPOB ABTOMATIIECKOT0 0GHAPY>KeHILS ILITEH ¥ JOTIONHUTENbHOE OKHO «cursor information»
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Vcnonp3oBaHMe JOIOTHUTENBLHON PYYHOI 00paboTKM
OT/Ie/IbHBIX YYaCTKOB M300paKeHWil NMPUBOAWIO K TOMY,
YTO TPV HOCTPOEHNM OOIIETO CMHTETUYECKOT0 N300paxke-
HIIA (KapThl) CUJIBHO YBE/INYMBAJICA UTOTOBBII pa3Mep, 4To
IPYXOAM/IOCH YYUTHIBATD IIPY MOCTIEAYIOLEM aHATIN3e.

Ilanee Ha BTOpOM 3Tame 06pabOTKM M300parkKeHMit
OCYIIeCTBIIAETCS COOp CBEJeHMII O IIATHAX Y IOCTPOEHME
TpeXMepHBIX MOJie/lell Ha X OCHOBe. AHa/Iu3 IATEH Ipo-
BOAWICS elllé 10 TPeM OCHOBHBIM IlapaMeTpaM: VIHTEH-
CUBHOCTb, IUIOIIA/Ib 1 0O'beM IIATHA.

JIHTeHCUBHOCTb — IIOKAa3bIBAaeT CTEIeHb OKpalliBa-
HUS ISITHA 1O CPAaBHEHMIO ¢ GOHOM; IIpK 3TOM OepeTcs
3HaveHMe Haubosee CUIbHO OKpAIIeHHBIX IMKCEIOB Ca-
MOTO IsATHA U Hamboree CBeT/ION 06/macTy OMKaiiiiero
(hoHa, OKPY’KAIOILIETO MATHO.

[Tnomanp NATHA — MAHHBIN ITapaMeTp BBHICYMTLIBAET
10 CpefHEMY 3HAYEHMIO MHTEHCHMBHOCTYU OKpAIlVBaHMA.
ITocKO/IbKY TOYHO OIpefeNNTb TPAHUIIBI IIATHA B aBTO-
MaTU4YeCKOM PeXXVMe YacTO 3aTPYSHUTENIbHO, TO IATHAM
IpUCBaMBaeTCs HECKOJIBKO OOJIbIIasl IJIONA b, ¥ 3HAYe-
HIIe TIOKa3aTesst 6epeTcs u3 pacyeTa 75% OT MHTEHCUBHO-
ctu nartHa. [Inomans BeIpaxkaeTcs B MM2,

O6beM NATHA — BBIUNUC/IIETCS U3 TTOKa3aTerls oAb
IIAATHA, PACCYUTHIBAEMOTO CTPOTO 10 JIMHUY OOBOIKM IIATHA.

JToroBble TpexMepHble MOAEN MPECTABIAIOT COOOIT
HAOOpBI MMKOB, NIPY ITOM, YeM OO0JIbIlle NHTEHCUBHOCTD,
TEM BBIIIE MUK, M TeM OOJIbllle KOHLeHTpauus Oenka
B JaHHOI ¢pakuym. Beicota mmka 6epercsa u3 pacdyera
75% OT MHTEHCUBHOCTH IIATHA.

OcCHOBHbIE IIarM B pelIeHNM JAHHO 3aJadl ITOoKasa-
HbI Ha PucyHoK 9.
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The use of additional manual processing of the individ-
ual image areas led to a significant increase in the final size
when constructing the total synthetic image (map), which
was necessary to take into consideration during the follow-
ing analysis.

Then, at the second stage of image processing, informa-
tion about spots was collected and the three-dimensional
models were constructed on their base. Spot analysis was
carried out also by three main parameters: the spot inten-
sity, area and volume.

The intensity shows a degree of staining compared to
the background; with that, the values of the most strongly
stained pixels of a spot and the lightest area of the nearest
background surrounding a spot are taken.

The area of a spot is calculated by a mean value of the
staining intensity. As it is often difficult to precisely deter-
mine spot boundaries in the automatic regime, slightly
larger areas are assigned to the spots and the value of the
indicator is calculated as 75% of the spot intensity. The area
is expressed in mm?.

The volume of a spot is derived from a spot area calcu-
lated strictly along the outline of a spot.

The final three-dimensional models represent sets of
peaks; with that, the higher intensity, the higher peak and
the larger the protein concentration in this fraction. The
height of a peak is calculated as 75% of the spot intensity.

The main steps in solving this task are presented in
Fig. 9.
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Figure 9. The main steps in the task of constructing a three-dimensional model of an image area under investigation (the arrows show: a differ-
ence in calculation of the parameters of intensity, area and volume (100*75), three-dimensional spot model is presented as a peak, which reflects

the shape and volume of a spot).

Puc. 9. OcHOBHBIE IIATK B PeLIeHNN 34N IOCTPOEHIA TPeXMEePHOIl MOJe/N MCCIIeAyeMOTro yqacTka n3o0paxkeH s (CTpeNKaMy yKa3aHbl: pas-
HIIIA TIPY pacyeTax IapaMeTpOB MHTEHCUBHOCTI, IIomany 1 06bema(100*75), pexMepHast MOfieNb IATHA, IPefiCTaB/IeHa B BIJie TIUKa, KOTO-

pbiit oToOpakaeT GopMy U 06beM IATHA).
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Takum 06pa3om, B IpMHLMITE KOMIUIEKCHASI KOMITBIO-
TepHas ICHCUTOMETPUA 110 PAAY BUAOCIIELNDUIHBIX OerI-
KOB-MapKepOB MOXKET CYIeCTBEHHO YBEIMYUTb TOYHOCTD
oIpefeNieHNsI BUJOB VICXOHOT'O MSICHOTO CBIPbS B KOHEY-
HOM IIPOZIYKTe.

K HacTosIeMy BpeMeHN pe3y/IbTaThbl, BBIIOTHEHHBIX
MIPOTEOMHBIX VMICCIEJOBAaHNII MBIILIL, CETbCKOXO3AICTBEH-
HBIX )XMBOTHBIX, OTKPBUIM ITyTh K CO3[JAHNIO BBICOKOYYB-
CTBUTE/IbHBIX TEXHOIOTMIT KOHTPOJISI KauyecTBa MSICHBIX
IPOJYKTOB NUTAHNMA Ha OCHOBE aHA/IM30B BUOCHEL Y-
4eCKuX n30(OPM psifia MBILIIEIHBIX OETKOB.

Ins pasButus 6moxumuy OenkoB B Havyame 21-To
BeKa MPUHLUMNNATbHOE 3HAUYeHNUe MPUOOpeno MUpPoKoe
HIpVYMeHeH)e NPOTEOMHBIX 0MOMH(GOPMAI[MOHHBIX TeX-
Honoruit [9, 10]. HakanuBatonyecs pe3ynbTaTsl, Ipes-
CTaBjstoLIMe CO00I COBOKYITHOCTM B3aMMOCBSI3aHHBIX
CBeJIeHMII, TOMIeXAIX COBMECTHOI 00paboTke, pac-
CMaTpMUBAIOTCA KaK COOTBETCTBYHOIIME MH(OPMALNOH-
Hble MaCCHBBI, HA OCHOBE KOTOPBIX GOPMUPYIOTCS pas-
NMUYHbIe 00IYe U Clelnanu3upoBaHHble 6a3bl JaHHBIX,
pasmentaemsie B cetu VInTepHeT. Cpenyt HUX Hao 0c060
oTMeTuTh B 6ase paHHbIX UniProt mHpopmanyuoHHBbI
pecypc, HasBauHbII «Completeproteome of Homosa-
piens», KOTOpbIt K cepenuHe 2012 roma BKmoyYan 6onee
70 000 arHOTAIMIT, OJHAKO 13 HUX TOombko 25 000 aHHO-
tanuit (35,2%) NpefCcTaBIIAIN Pe3yabTaThl MPAMBIX UC-
C/IeOBAaHMUII COOTBETCTBYIOLIero 6enka. Takum obpasom,
OYEBM/HO, 4TO 60sbIIasg 9acTh (64,8%) CO3MaHHBIX aH-
HOTAL[Mil HY)X[JaeTCs B JOIOTHUTE/NbHBIX 9KCIIEPUMeH-
Ta/JIbHBIX MaTepyasax, Ipy MOTy4eHUN KOTOPBIX pella-
IOLIYI0 PO/Ib MOTYT CHIIPaTbh IPOTEOMHBIE TEXHOJIOTUM
U Jla/lbHelIIee pa3BUTIe MHPOPMAIVIOHHBIX PeCypcoB,
YTO CBUJETENbCTBYET O BBICOKOI aKTya/TbHOCTH HMOKO00-
HBIX uccaenoBanmit [11].

Hapsny ¢ msydeHreM pasHBIX acIeKTOB O€TKOBOTO
nonmumopdusma u Apyrux (QyHEaMeHTaIbHBIX IpobieM
6roxuMun OeKOB MBIIIEYHBIX OPTaHOB NPOTEOMHBbIE
TEXHOJIOTMM HAXOJAT Bce OoJee IIMPOKOE MpUMEHeHue
B pa3paboTKax OMOMEeAVINMHCKUX NPOoOIeM, OPUEHTUPO-
BaHHBIX Ha pellleHMe MHOTUX IPUKIAJHBIX 3aZad — OT
BBIAB/IEHNs ITOTEHLMANbHBIX TUATHOCTUYECKUX OEIKO-
BBIX OMOMapKepoB, MuIIeHel (HapMaKOTOTMYECKUX BO3-
meyicTBUI [9] o cO3aHMsA METOLOB KOHTPOJIA 3a KauecT-
BOM Pas/INYHbIX INIIEBbIX IPOAYKTOB, M3TOTAB/INBAaEMbIX
13 MBIIIEYHBIX TKaHEN >KMBOTHBIX [13].

[Ipu uccnegoBaHUM IPOTEOMHBIX Ipoduieit 6eKoB,
MHOT}E y4eHble OCTAaHAB/IVBAIOTCA HA 9TaIe MOTydeHNUs
IIByMepHBIX 97eKTpodoperpamMm, He MMes TOPOI [axke
MpencTaBeHns O JaMbHENIINX ePCIeKTUBAX UCTIONTb30-
BaHMs COBPEMEHHbIX MHCTPYMEHTA/IbHBIX U GuonHpop-
MAalYIOHHBIX PeCypCOB, MO3BOAIOIUX TOATBEPAUTD MK
OIIPOBEPTHYTb VX TUIIOTESBL, A IOPOIL IIPOCTO UIeHTUDN-
1UpoBaTh. B aHHOI paboTe IMpefcTaBIeHa IeroyKa fevi-
CTBMIA, TO3BOJIAIOIINX IIPOVTY IIYyTh OT MONTYyYeHUA IPO-
¢una 6enkoB Ha rejie, O KOHKPETHON MHTepIpeTaluy
HIO/TyYeHHOTO pe3y/IbTaTa.
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Thus, as a principle, the complex computer densitom-
etry by a range of species-specific marker proteins can sig-
nificantly increase a precision of species detection of initial
meat raw material in a final product.

Up to date, the results of the performed proteomic stud-
ies of muscles from farm animals opened a way to creation
of highly sensitive technologies for quality control of meat
products based on the species-specific isoforms of several
meat proteins.

A wide use of proteomic bioinformation technologies
took on great significance for development of protein bio-
chemistry at the beginning of the 21* century [9, 10]. The
accumulated results, which present a complex of interrelat-
ed data subjected to integrated processing, are regarded as
corresponding information arrays, on which basis various
general and specialized databases are formed and placed
on the Internet. Among them, it is necessary to particu-
larly note an information resource in the database UniProt
called «Complete proteome of Homo sapiens», which
included more than 70 000 summaries up to the middle
of 2012; however, only 25 000 of the summaries (35.2%)
represented the results of the direct studies of the corre-
sponding proteins. Therefore, it is evident that the majority
(64.8%) of the developed summaries require additional ex-
perimental data; with that, the proteomic technologies and
further development of information resources can play an
important role in acquisition of these data suggesting high
topicality of such studies [11].

In addition to studying different aspects of the pro-
tein polymorphism and other fundamental problems of
protein biochemistry of muscular organs, the proteomic
technologies are finding ever-widening application in de-
velopments in the field of biomedical problems directed
at solving many applied tasks from revealing potential di-
agnostic protein biomarkers, targets for pharmacological
interventions [9] to developing methods of quality control
for various food products produced from animal muscle
tissues [13].

When studying protein proteomic profiles, many scien-
tists stop at the stage of obtaining two-dimensional elec-
trophoregrams without any consideration of the following
prospects of using modern instrumental and bioinforma-
tion resources that make it possible to confirm or refute
their hypotheses and sometimes just identify. This paper
presents a workflow, which enables going from obtaining
protein profiles in a gel to the concrete interpretation of the
obtained result.
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