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Annomauus

IIpu uccnedosanuu npomeomHuix npoguneil 6enKos, MmHozue yte-
Hble 0CMAHABNUBAIOMCA HA IMAne NOTYHeHUS UMO0208biX OaH-
HbIX dKCHepumeHma 6 éude KapmuHbvl 2esieli, He NPpedCcmassis
B03MONHOCU U NEPCHEKMUBLL NPUMEHEHUST COBPEMEHHBIX KOM-
NolomepHbIX U OUOUHPOPMAUUOHHBIX PeCYPCO8, NO3BOTTIOULUX
nepegectnu pe3ynbmam U3 Ka4ecrnéeHHozo 6 KOIUUecH8eHHbLI.
Hcnonvsosarie KomMnviomepHLX MexHOL02ULL NO380IUTO OCYe-
CMBUMb He MOIbKO COXpaHeHUue 3aNUCAHHbIX U300paeHut, HO
U obecheuump 8bINONIHEHUE PACHETNOB XPOMAMOZPAMM Ha Oase
UUuPpPo6020 610E0U30OPANCEHUS XPOMANOZPAMMDbL.
OmnuuumenvHoiMuy vepmami. 0eHCUMOMeMPUU C UCNOTIb306d-
HUeM 8100 MeXHON02ULI SBTIAIMCS, 8bICOKAS CKOPOCHb pacte-
M08, HUSKAS CIOUMOCNb PACXOOHBLX MAMEPUATIOB.
3aapxusuposartvie XpoMAmMozpamMmol 6 INEKMPOHHOM 6Ue
MONCHO UCHOIb308AMDb, 8 MOM HUCTe U 0TI PACUenos, 6 moboe
8pems.

Taxum 06pasom, nposedeHHbvlll «Py*HOL» OUOUHPOPMALUOHHDBLI
AHANIU3 N0360JISIEM He MOMbKO UCHONb306aAMYb PA3/IUUHbLE NPO-
epammHuie 0becnedeHuss OeHCUMoMempos 075 nepesooa U coxpa-
HeHUs 2efietl 8 INeKMPOHHDBITE U0, HO U KONUHECINBEHHO UHmMep-
npemuposams NomLyHeHHble Pe3ynbmarmoL.

B dannoti pabome npedcmasneHvl memoovt NpaKmu1ecKoeo npu-
MeHeHUS IIeMeHM08 OUOUHPOPMAMUKY NPU UHIMepHpemauU
pe3ynvmamos 6enxosvix npoduseti, NOIYHeHHbIX OOHOMEPHBIM
U 08ymMepHbIM d7eKMpodope3om, nepesederivle 6 dNEKMPOHHO-
yugposoe uzobpasxcerue. Paccmompervt acnexmul KonuuecmeeH-
HOU UHmepnpemayuy nexmpogopezpamm, Kak 00HOMEPHO20
anexmpogpopesa (11]E), max u 0symepHozo snexmpogopesa (2/]E)
NOMYUeHHDbIX 6 pe3ynvimarme UCCIe008aHUS MblULeHHOT MKaHU
CenbCKOX03ALCIMBEHHbIX HusomHbvix. IIpusedeHvl npumepvl uc-
NOMb30BAHUS PASIUMHBIX Npozpamm 06cuemos. Bomonuenue
pabom 6 0aHHOM HANPABTIEHUU NO360/IUM 3HAYUINENILHO PACULU-
pumv no0x00bl K UOeHMUPUKAUUU U KONIUUECHIBEHHOMY Onpe-
Oenenuto 6eNKOBbIX MAPKePO8 Kauectmed, PyHKUUOHAIbHOCHU
u 6esonacHocmu NPoO0BOTILCIMBEHHO20 CbIPBS U 201068020 NpPO-
OyKma 6 uenom, a maxie NPoOSEC MeMPONoUecKy 0 IKcnep-
U3y NOTYHAEMBLX Pe3YTIbIMA0s 0151 NOOMBEPHOeHUS 3AsT67IeH-
HO020 CO0MBEMCMBUS NPOOYKMA.

BBenenmue

OnexTpodopeTrueckie MeTO/bI UCCIEeROBaHUI Oer-
KOBBIX IpOoQueil ABIATCA aKTya/JbHBIMU T.K. SBJIA-
I0TCsA Hambosiee IIMPOKO VICIIONIb3yeMBIM WHCTPYMeEH-
TOM pasfaenenns 6enkoB. Hambonee muHpoOpMaTuBHBIM
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Abstract

In the study of proteomic profiles of proteins, many scientists stop
at the stage of obtaining the final data of the experiment in the
form of gels. They have got no information on the possibilities and
prospects concerning the application of modern computer and bio-
informatics resources that allow to convert the result from qualita-
tive to quantitative form. The use of computer technology allowed
to save the recorded images and carry out the calculations with
chromatograms using digital video images.

Densitometry with the use of video technology is characterized by
high calculation speed and low cost of consumables. Digitally ar-
chived chromatograms may be used at any time for a number of
applications including calculation.

Thus, the “manual” bioinformatics analysis allows not only to use
different densitometer software for conversion and storage of gels
in digital form, but also to quantitatively interpret the results ob-
tained.

This paper presents the methods for practical application of bio-
informatics tools in the interpretation of protein profiles obtained
by one-dimensional and two-dimensional electrophoresis and con-
verted into digital image. The aspects of the quantitative interpre-
tation of electrophoretograms from one-dimensional electropho-
resis (IDE) and two-dimensional electrophoresis (2DE) resulting
from the studies of muscle tissue of farm animals are reviewed. Ex-
amples of various calculation software usage are given. The work
in this direction will allow to considerably expand approaches for
identification and quantification of protein markers related to
quality, functionality and safety of food raw materials and finished
products and to carry out metrological examination of the results

for confirmation of product compliance.
Introduction

Electrophoretic methods for studying protein profiles
are relevant because they are the most widely used tools

for protein separation. The most informative method is
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cayxut mMetof; 2 JIE n 0co6eHHO TONIe3HBIM IIPU WJIeH-
TU¢UKALUY, Iie CPAaBHUTEIbHBIN aHA/IN3 ABIACTCA CY-
ThIO MccenoBanus. CpaBHUTENbHBIN aHA/IN3 M3MeHe-
HUIt Gefka flaeT MHGOPMALNIO U MOXKET IMPUMEHAThCA
B MCC/IEOBAaHNUAX KaK OMOMapKep Ipy UAEHTUDUKALUN
PasIMYHBIX TEXHOMOTMYECKUX M3MEHEHMII M BO3ZENCT-
BMit Ha MpoRyKT. Kpome Toro, Texuuka 2 JIE Habupaet
HONY/ISPHOCTD 671arofiapss BO3MOXKHOCTY CBSI3bIBAHMS
ee C MHOTOYMC/ICHHBIMM aHAIUTMYECKUMM IpUeMaMu
u Metomamu 6uonHpopmaruku. Tak Kak, KOHEYHOI Iie-
JIBIO TIPOTEOMMKM SBJISICTCSI TeHepalus 0eIKOBBIX IIPO-
¢bueit, UX cpaBHEHMe M BBIABJCHUE PA3INYUA MEXIY
HuMI [1], u3ydeHne mporeoMa MOXKET OBITb TOCTATOYHO
YCIIEIIHBIM, O/1arofjaps IMPUMEHEHUI0 Pa3IMYHOTrO aHa-
JIUTUYECKOTO OOOPY/OBaHMsI BBICOKOTO paspelieHys
Y METOJ0B 6MOMH(POPMATUKIL.

bruonndopmatrka, Kak HoBass GOpMUPYOLIAACA AUC-
LVUIUIMHA, COYeTaeT MaTeMaTuKy, MHPOPMATUKy u Oum-
OJIOTMIO M IIOMOTAaeT OTBETUTb Ha pas3/MyYHble BOIPOCHL
[TaBHBIMY 3a/1a4aMyl, KOTOPOIL SIB/ISIETCS AHANMUS U IHTEP-
npeTanusa OMOMOTMYECKUX JAHHBIX C MOMOIIbIO pas/ind-
HBIX ITPOTPAaMMHBIX CPEJICTB U1 aITOPUTMOB, B HACTOALIEN
paboTe 9TO IpUMEHEHVe 97eMeHTOB JeHCUTOMETPUU Ha
IpaKTHKe.

[TocnenHuM sTanoM anekTpodopesHoro aHanmmsa 6en-
KOB SIBJIICTCS apXMBALVIA TeJlsd, OIpefieieHne crenydu-
4ecKMX OeKOB 1/ M3MepeHue KomudecTBa 6enka yim
upeHTUUKANMs ONTy4eHHBIX pPe3y/lIbTaToB I0 6asam
JlaHHBIX. APXMBUPOBaHUe Te/lell OCYIeCTBIACTCA MyTeM
cosgmanua umdposoro msobpaxenua (ckaH wim (HoTo)
C TIOMOIIBIO CKaHEePOB, IM(POBIX KaMep WU JTa3ePHBIX
JIeHCUTOMETPOB.

AHanus NOJTyYeHHBIX IIATEH IPOBOAUTCS C UCIO/b-
30BaHMEM OVOMH(OPMATMYECKUX pPeIleHMil — CIelu-
a/MM3MpOBaHHBIX IporpaMM, Hanpumep PDQuest (buo-
Pan, Tepkynec, Kamupopnusa, CIIA), ImageMaster 2D
u DeCyder (GE Healthcare, Chalfont, bakc, Benuko6pu-
tanusA), wiu Dymension (Syngen, Kem6pnmx, Bennko6-
puTaHMA). DTN NPOrpaMMBbl, CPefiu MPounx (GyHKIMIL,
BBINOTHAKT NpodunnpoBanue 6enkoB, npeHTHUKa-
VIO IIATEH, HOPMa/IN3alyIo TaHHBIX ¥ CTATUCTUYECKUI
aHa/mus.

CTOMT OTMETUTb, YTO MHCTPYMEHTHI OuomHpopma-
TUKY HOCTOSIHHO YIYYIIAITCS U PaclupsoTcs. [lanHbIe
97IEKTPOPOPETUIECKOTO aHANINM3A COAepKaTcs B Oasax
[aHHBIX (XpaHMINIIAX), Haubojee PacIpOCTPaHEHHBIM
n3 xoropeix saBnsgerca -World-2DPAGE Repository.
Npentuduxauys crenuduyiecknx OeIKOB OCYILIeCTB-
JIIeTCSI METOJOM TOYEYHOIO aHajM3a >KemaeMoro Genmka
(2, 3].

OS¢ dexTUBHBII NOUCK 10 6a3e TaHHBIX TpebOyeT ad-
(eKTUBHBIX aITOPUTMOB B KOMIIBIOTEPHBIX IIPOrpaMMax.
CaMpIMM HONIY/IAPHBIMM Ha 3amajie ABJIAITCA IPOrpaM-
Mbl Mascot, Sequest, Tandem, MS-Blast u Peak.

VHTepnperanusa aHaIU3MPYeMbIX O€IKOB OYeHb
TpyfoeMKa. B KOMIIZIEKCHON MaTpulle, TAKOM KaK MbI-

50

2DE; it is particularly useful in identification, where the
purpose of the study is comparative analysis. Comparative
analysis of protein changes provides information and may
be used in studies as biomarker in identification of various
technological changes and effects on a product. In addi-
tion, 2DE technique is gaining popularity due to the pos-
sibility of linking it with numerous analytical techniques
and methods in bioinformatics. Since the ultimate goal of
proteomics is generation, comparison and identification
of differences between protein profiles [1], the proteome
studies can be quite successful due to the use of various
high-resolution analytical equipment and bioinformatics
methods.

Bioinformatics, as a new emerging discipline, combines
mathematics, computer science, and biology and helps to
answer various questions. The main tasks of bioinformatics
are the analysis and interpretation of biological data with
the help of various software tools and algorithms. In this
paper, the application of densitometry tools in practice is
described.

The final stage of electrophoresis analysis of proteins
is gel archiving, determination of specific proteins and/or
measurement of the protein level or identification of pro-
teins using the databases. Gel archiving is carried out by
creating digital image (scan or photo) using scanners, digi-
tal cameras or laser densitometers.

The analysis of spots is carried out using bioinfor-
maticstools, which are specialized software, such as
PDQuest (Bio-Rad, Hercules, California, USA), Im-
ageMaster 2D and DeCyder (GE Healthcare, Chalfont,
Bucks, UK), or Dymension (Syngen, Cambridge, UK).
This software, among other functions, performs protein
profiling, spot identification, data normalization and
statistical analysis.

It should be noted that bioinformatics tools are con-
stantly improved and expanding. The data of the elec-
trophoretic analysis are contained in databases; the most
common one is World-2DPAGE Repository. Identification
of specific proteins is carried out by point-counter analysis
of the desired protein [2, 3].

Effective database search requires efficient algorithms
in computer software. In the West, the most populars oft-
ware programs are Mascot, Sequest, Tandem, MS-Blast
and Peak.

Interpretation of analyzed proteins is very labour-con-

suming. In a complex matrix, such as animal muscle tissue,



2017 | N°3 TEOPUSI U NPAKTUKA NEPEPABOTKWN MSICA

HIeYHas TKaHb >XMBOTHOTO, HAaXOAUTCSA: CMeChb COTEeH
0€IKOB ¥ THICSIYYM MacC-CIEKTPOB, IPOAHANN3UPOBATD
TaKOe OCTATOYHO JINTE/NbHBIN ¥ TPYZOEMKUIl IpO-
mecc [4].

BuotexHonmornyeckue 6aspl JaHHBIX COfEpXKaT JiO-
HOTHUTENbHYI0 MHpOpManyio o Oenkax, Halpumep
KpaTKoe omucanue ux pyHkumit (ecnm mM3BecTHO), 3a-
MeTKM 00 OTHENbHBIX XapaKTepPUCTUK aMUHOKUCIOT-
HOJl TIOC/IeOBATeIbHOCTY (HAIpuMep, BO3MOXHOCTb
MoauQUKaILMM), OXKUAAaeMble BTOPUYHASA M TPeTUYHas
CTPYKTYpa 1 cchUIKM [5]. JleTanbHblil aHanmmn3 o6pasios
610/IOTYECKOTO MPOMCXOXK/EHNS, TaKuX Kak Oenku,
TpebyeT MCIONMb30BAHMS TIIATE/IbHO TOJ0OPAHHOI TeX-
HOJIOTUML.

PasButue coBpeMeHHOJ HayKu HeMBICIUMO 6e3 uc-
nOMb30BaHMA WHPOpManymoHHbIX TexHonormit (VIT).
Buonorus xak ogHa 13 Haubosee CTPEMUTETBHO Pa3By-
BAIOLINXCSl €CTECTBEHHBIX HAYK SIB/IAETCS SPKUM TOMY
npuMepom. brmaropaps BHempenuio VT B 6monoruio
BO3MOXKHOCTM MCCIIEOBAaHNUII B JaHHOW o6nmactu 6bun
3HAYUTE/NbHO pacuypeHsl. Tak, paspaboTka COOTBETCT-
BYIOI[MX [TAaKETOB IIPOTPAMM II03BOJISIET YaCTUIHO WK
[IOTHOCTBI0 ABTOMATYU3MPOBATh IPOIECCHI BbIENTeHNs
OMOIOrMYeCcKOro Marepuana: KIeTOK, CYOKIeTOYHBIX
¢dpaxiuit, opraHenI, MOIEKY/LIPHBIX KOMIITIEKCOB 1 IaXKe
MOJIEKY/; OYMCTKM IIOJTy4eHHOTO MaTepuaja, aHaansa
pasnMYHBIX (UNKO-XMMUYECKUX CBOVICTB M OMOMIOTH-
9eCKOll aKTMBHOCTM Pa3/MYHBIX BEI[eCTB 1 T.JA. ITO,
B CBOIO O4Yepe[b, 9KOHOMUT BpeMsI MCCIejoBaTes, Ciie-
JIOBaTe/IbHO, 3HAYMTE/NIbHO MOBbIIIAET 3P PeKTUBHOCTD
paboTBl KOHKPETHOTO COTPYAHMKA. Takke B OOJIBIION
CTeIleH) CHVDKAeTCSl BEPOATHOCTb OMIMOOK M HETOYHO-
CTell, CBA3AHHBIX C MOTPEIIHOCTAMM NIPY Py4dHOI pabo-
te. KpoMe TOro, KOMIIbIOTEpPHOE OCHAIIleHME Pa3IMIHbIX
OMOTIOTMYECKNX JVCCIE[OBAHNUII TI03BO/ISET HE TONBKO
HAKaIIMBaTh U XPAaHUTb JaHHBIE B yIOOHOM /ISl MCCTIe-
JioBaTess BYJie B IIAMATY KOMIIBIOTEPa, HO U IIPY HE00X0-
JMMOCTH C JIETKOCTBIO OCYIIECTB/ISATh MaTeMaTUYeCKYIo
00paboTKy IOTy4eHHbIX JaHHBIX, CPABHNMBATD BIIVAHIE
Pas3/IMYHBIX YCTIOBUI 9KCIIEPMMEHTA Ha IO/TydaeMble pe-
3y/IbTAThl I HA OCHOBE 9TOI0 KOPPEKTUPOBATh IpOBefe-
HIe VICCTIeOBaHS.

Cpeny OTpOMHOTO KONMMYECTBA aHATUTUYECKUX Me-
TOZOB, HanboJjiee MMPOKO MPUMEHsIEMBIX B OMOXVMUY,
0co6ylo ponb urpaiot crnekrpodoromerpudeckue (CD)
MeToApl. [laHHas TpyIIa MeTOJOB II03BOJISAET PeIIaTh
MHOTOYVC/IEHHBIE 3a/lauyll, KOTOpble CTaBUT IIepef CO-
6011 mccienoBarenb B obmactu 6moxumum, obmagaer
HECOMHEHHBIMU IIPEUMYIIeCTBaMM Iepefy, JpyTUMu
aHa/IOTMYHBIMU MeTofaMu. Ha ocHOBaHMM OmbITa MHO-
TUX aBTOPOB I10 IIPMMEHEHNIO JaHHOII TPYIIIIBI METOLIOB
B ITOBCE[JHEBHOI IIPaKTUKe, ObIIN BHECEHBI HEKOTOPbIE
npenoXeHus 1o ucnonb3osannio VT B crekTpocko-
1Y, KOTOpble, HECOMHEHHO, OYAyT MOIe3HBI UCCIERO0-
BaTenaMm [6].
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there is a mixture of hundreds of proteins and thousands of
mass spectra, which analysis is long and labour-consum-
ing process [4].

Biotechnology databases contain additional informa-
tion about proteins, for example a brief description of
their functions (if known), notes about individual charac-
teristics of the amino acid sequence (e.g. the possibility of
modification), the expected secondary and tertiary struc-
ture, and references [5]. A detailed analysis of biological
samples, such as proteins, requires the use of properly se-
lected technology.

The development of modern science is impossible
without the use of information technology (IT). Biology,
as one of the most rapidly developing natural sciences, is
an example. Due to the introduction of IT in biology, re-
search opportunities in this field have been significantly
expanded. Thus, the development of appropriate software
packages makes it possible to partially or fully automate
the processes of biological material isolation (cells, subcel-
lular fractions, organelles, molecular complexes and even
molecules), purifythe obtained material, analyze various
physical and chemical properties and biological activ-
ity of various substances, etc. This, in turn, saves the re-
searcher’s time and, therefore, significantly increases work
efficiency of particular employee. Also, the probability of
errors and inaccuracies associated with manual work is
greatly reduced. In addition, the computer equipment in
various biological studies allows not only to store the data
in computer memory in a form convenient for researcher,
but also easily perform mathematical processing of the ob-
tained data, compare the influence of various experimental
conditions on the results and adjust research design on the
basis of this information.

Among huge number of analytical methods most
widely used in biochemistry, a special role is played by
spectrophotometry. This group of methods makes it pos-
sible to solve numerous problems that researcher sets
before himself in the field of biochemistry, and has ad-
vantages over other similar methods. Based on the expe-
rience of many authors concerning the application of this
group of methods in everyday practice, some suggestions
were made on the use of I'T in spectroscopy, which will be

useful for researchers [6].
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KommnbloTepHOE MOfeMpOBaHue MOIEKY/IApHO-TeHe-
TUYECKUX VM OMOXMMIYECKIX IIPOLIECCOB AB/IACTCSA CAMBIM
MOJIOf{bIM i TIePCIIEKTUBHBIM HAlpaBJIeHIeM B PasBUTUN
6MOMEIMIIVHCKIX HayK. B maHHOI 006/1acTy 3HAHUII po-
nomkaercsa auddepeHIuanua HayK 1o IpegMeTy 1 00b-
eKTy WCCefoBanuil. KOMIbIOTepHBIM MOJeMMpPOBaHM-
€M MOJIEKY/IIPHO-TEHEeTUYeCKUX U CMEeXHBIX IIPOL[eCCOB
3aHVMMAIOTCs TaKyue HayKu Kak OmomHpopmarmka, cuc-
TeMHasi OMO/IOrusA, TeHOMMKA, 9BOMIOLMOHHAsA IeHeTHKa,
IPOTEOMMKa, TPAHCKPUIITOMMKA, METabo/IOMMKa U [py-
rue, emje Oojee y3KOCIeIVAaIM3NPOBAaHHbIE VICIIVIIIN-
HBI, B K&XK/IOV 13 KOTOPBIX pabOTAIOT THICAYN U JIeCATKU
TBICSTY MCCTIefioBaTerteit. Takoit BBICOKUIT ypoBeHb audde-
peHIMAIMM HayK CBSA3aH C KOJMOCCATIBHON CII0KHOCTBIO
Y OTPOMHBIM 00'beMOM MOJIEKY/ISIPHO-TeHeTUIeCKIX JJaH-
Hbix. Hanpumep, pabora ¢ mocnegosarensHoctsio JHK
IaXKe TIPOCTEMIINX 9yKapUOT — JPOXKKell S. cerevisiae —
He ObUTa ObI BO3MOXKHA 6€3 MCIIO/Ib30BAHMST KOMIIBIOTEP-
HBIX METOJIOB, He TOBOPS Y>Ke O TeHOMe 4e/oBeKa [7].

B xauectBe npuMepa, B Tabs. 1 npefcraBieHsl 3aja4n,
petraembie 610MH(OPMATUKOIL.

3HaHMe IMPOCTPAHCTBEHHOI OPraHM3alMU OeNKOBBIX
MOJIEKYJI SIBJIICTCST K/TIOUOM He TONIBKO K IIOHMMAHUIO UX
dyHKIMIT 1 MexaHM3Ma pabOThI, HO I OCHOBOII [/l pas-
pabotku 3¢bdeKTUBHBIX U 6e30MacHBIX TeKAPCTBEHHBIX
CpencTB. B TO e BpeMs, OIpefennTb CTPYKTYpy OelKoB
B IIPsAMOM SKCIIepYIMEHTe He BCerfia BO3MOXKHO MM Iie-
71ecO00pasHO — 13-3a CIOXKHOCTH, JOPOTOBU3HBI U OT-
PaHIYEHHOCTY BO3MO>KHOCTE SKCIIePUMEHTA/IbHBIX Me-
TopuK. IIpy 9TOM MOXXHO TOROVTY K pelIeHNIO JaHHOI
po6JIeMbl NHaYe: CTPYKTYPy 6MOMaKpPOMOJIEKY/I MOXHO
«IIpeCKa3aThb», VICIONb3ysd TeOpeTUdecKye IOfXOHbl —
OCHOBAaHHBbIEe Ha (PU3NYECKUX WINM SMIMPUYECKUX IPU-
OMVDKEHMSX.

Hampumep, ¢dapmaieBTel 1 Bpauy 3aMHTEPECOBAHBI
B IIPOU3BOJICTBE U BBIITYCKe HA PHIHOK HOBBIX IIOKOJICHUI
JIeKapCTBEHHBIX cpeficTB. [Tpy aTOM HE0OXOAMMO XOPOIIO
pasbuparbCs B MOJIEKY/LIPHBIX MeXaHM3Max HAECTBUA
IPOEKTUPYEMOro JIeKapCTBa, HAaIpaBJIeHHOIO, Ha B3au-
MOJIEVICTBYE C KaKMM-HMOYAb 6eNKOM (pelienTopoM WIn
(dbepmMeHTOM) B YemoBedeCKOM opranmsme. IIpoektuposa-
HJle HOBOTO JIEKapCTBa C YYETOM aTOMApPHOTO CTPOEHUA
MOJIEKY/I- «MUILIeHel», Ha KOTOpbIe 9TO JIEKapCTBO OymeT
IeICTBOBATb — HAYKOEMKUIL U CJIOXKHBIN IIPOLIecC, Ha3bl-
BAaeMbIll Apar-gus3aliHoM. MOoneKynApHO-TreHeTUIeCcKHe
JlaHHbIE XPAHATCA B CIENVaIN3/POBAaHHBIX OaHKaX JaH-
HBIX:

— KpYyIHelias 6a3areHeTM4ecKux JanHbIX — GeneBank;

— ymoOHas B HaBUTanyy 6a3a reHeTYeCKMX IOC/IeioBa-
TenbHOCTEN — Ensembl;

— YHOOHBI JOCTYII K ITOJTHBIM FeHOMaM 4epe3 caiit EB-
porerickoro MHCTUTyTa 6nonHpopmaruku — http://
www.ebi.ac.uk/genomes/;

— KpymHeimmit 6aHK JaHHBIX 0 6enkax— UniProt.org;

— KpYyIHeimmii 6aHK JaHHBIX O CTPYKType Ouonornde-
ckux Makpomosnekyn http://www.pdb.org/.
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Computer modeling of molecular-genetic and bio-
chemical processes is the most recent and the most prom-
ising direction in the development of biomedical sciences.
In this area of knowledge, the differentiation of sciences
depending on the subject and the object of research still
continues. Such computer science as bioinformatics, sys-
tem biology, genomics, evolutionary genetics, proteomics,
transcriptomics, metabolomics and other even more spe-
cialized disciplines employing thousands of researchers,
are engaged in computer modeling of molecular-genetic
and related processes. Such a high level of science dif-
ferentiation is associated with high complexity and huge
volume of molecular-genetic data. For example, work with
the DNA sequence of the simplest eukaryote, S. cerevisiae
yeast, would not have been possible without the use of
computer methods, let alone the human genome [7].

As an example, Table 1 represents the tasks solved by
bioinformatics.

Information on the spatial organization of protein
molecules is the key to understanding their functions
and mechanisms, and basis for the development of effec-
tive and safe medicines. At the same time, it is not always
possible or appropriate to determine the structure of pro-
teins in a direct experiment, because of the complexity,
high cost and limitations of experimental techniques. But
there is another approach to this problem: the structure
of biomacromolecules may be «predicted» using theoreti-
cal approaches based on physical or empirical approxi-
mations.

For example, pharmacists and doctors are interested
in the production and release of new generations of medi-
cines. At the same time, it is necessary to understand the
molecular mechanisms of developed drug targeted at the
interaction with some protein (receptor or enzyme) in
human body. The development of new drug taking into
account the atomic structure of target molecules is a sci-
ence-intensive and complex process called drug design.
Molecular and genetic data are stored in specialized data
banks:

— the largest database of genetic information — Gene-
Bank;

— database of genetic sequences with convenient naviga-
tion — Ensembl;

— convenient access to complete genomes through the
website of the European Institute of Bioinformatics —
http://www.ebi.ac.uk/genomes/;

— the largest database of proteins — UniProt.org;

— the largest data bank on the structure of biological mac-
romolecules — http://www.pdb.org/.
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Table 1. Tasks in bioinformatics | Ta6mima 1. 3agaun 6nonndopmaTKy

Data source | VICTOYHUK JaHHBIX

Sequenced DNA | CexBeHupoBaHHbIe
nocnenoBarenbuocTi JTHK

Protein sequences | benkosbie
MOCTIEHO0BATENbHOCTH

Structures of macromolecules |
CTpyKTypBI MAKPOMOTIEKYT

Genomes | TeHombI

Expression of genes in various tissues,
stages of development, states of

the body, etc. | xcnpeccus renos

B Pa3IMYHBIX TKAHAX, CTAAMAX
PasBUTHSA, COCTOAHIIT OPraHN3Ma

U T.J.

SNP (single nucleotide mutations in
DNA) | SNP (opHOHYKT€OTHHbIE
myrauuu B JTHK)

Molecular interactions, metabolic
pathways and gene networks |
MonexynapHble B3anMofeiicTBuA,
MeTabonuyecKue Iy TH ¥ TeHHbIE CeTH

Data volume | O6bem ganHbIX

~ 40 million sequences, 10" base pairs |
~40 MITH mOCTeNoBaTeNbHOCTEIl, 10" map
OCHOBaHII

~5.510° sequences (~300 amino acids
each) | ~5.510° mocnegoBarensHocreii (~300
AMIHOKUCIOT KaXK/aas)

50000 structures (~ 3000 atomic coordinates
each) | 50000 crpykryp (~3000 aroMHbIX
KOOPMHAT KaXK/1ast)

About 1200 genomes of prokaryotes, more
than 160 genomes of eukaryotes | Oxomo 1200
reHOMOB NPOKapHoT, 6onee 160 reHoMOB

9yKapHoT

Hundreds of thousands of samples with
thousands of measurement options for
thousands of genes. ~ 1013 measurements |
CoTHM THICAY 00PA31[0B € THICAYAMU
BAapUAHTOB M3MePeHIT /I IeCATKOB TBICAY
reHoB. ~1013 nusmepenmit

dbSNP database alone contains information
on 108 mutations in 23 genomes | Tonpko
opHa 6a3a jauubpix dbSNP comepxur
uHdopmanuio o 108 Myrammsax B 23 reHoMax

More than 106 molecular interactions are
described in publications. More than one
hundred thousand metabolic pathways and
gene networks are represented in databases |
bonee 106 MmoneKynApHBIX B3aNMO[ eliCTBUIA
omicaHo B MyOnuKanusax. bomee cra Toicay

Tasks | 3agaun

Functional annotation (determination of
the nucleotide sequence of DNA fragment) |
DyHkuMoHaTbHAS aHHOTALNA (OTIPETee e
HYK/IEOTUHOI MOCTIeN0BATENbHOCTH
¢dparmenra JHK)

Comparative analysis. Identification of
conservative motives (search for degenerate
oligonucleotide sequences) | CpaBHUTeTBHBII
aHa/m3. BolAB/IeHIe KOHCEPBATHBHbIX
MOTHBOB(IIONCK BBIPOXKAEHHBIX
O/INTOHYK/TeOTUHBIX IOC/IEOBATeTbHOCTENN)

Prediction, alignment, geometry
measurement, docking (molecular
modeling) | Ilpenckasanue, BBIpaBHUBaHIE,
u3MepeHIe reoMe TP, JOKMHT (MeTox
MOJIEKY/IIPHOTO MOJETMPOBAHILA)

Compilation of complete genomes; Functional
annotation; Comparative analysis | COopka
MOTTHBIX TeHOMOB; OYHKIMOHATbHAS
anHoTtanusa; CpaBHUTENIbHbIN aHAIN3

Analysis of regulation mechanisms of
co-expressed genes. Relationship with
sequences, structural and biochemical
data | AHa/M3 MeXaHN3MOB Pery/sun
KO9KCIPeCCHPYIOUINXCs reHoB. CBA3b

C IIOCTIe[OBATeIbHOCTAMM, CTPYKTYPHBIMU
1 OMOXMMIYECKIMU JAHHBIMI

Analysis of the relationship with diseases |
AHanmms cBA3H ¢ 32607eBaHIAMM

Modeling of molecular genetic processes and
systems | MogenupoBaHue MOIEKYIAPHO-
TeHeTHYeCKMX MPOLeCCOB M CUCTEM

MeTa6oMIyecKIX myTeii i TeHHbIX ceTell
NpefcTaBIeHo B 6a3ax JaHHBIX

Publications | Ily6nukampum

Ectp mporpamma Atom, IIpoTenn-3]I, KoTopyto pas-
paboramm B CaHkT-IleTepOyprckoM rocymapcTBEeHHOM
9/IEKTPOTEXHNYECKOM YHUBepcuteTe M. B.V. YnpanoBa
1 HECKOJIBKO CXOfIHBIX ¢ HUMMM. Takue porpaMmbl I03BO-
JIAI0T U300pa’kaTh TPEXMEPHYI0 MOJeNb OefKa, BpalaTb
ee, CMOTPeTb, KaK OHa BBIIVIANUT, MOJENMPOBaTh U3MEHe-
HUA B CTPYKType Oelka, M CMOTpPeTh, KaK IIPU 9TOM M3-
MeHseTcs caMa MojleKyna. KoMIboTep UCIonb3yeTcs Ipn
3TOM, KakK rpaduyeckas CTaHIMA, KOTOpass MOXKeT ITOKa-
3aTh, KaK BBIVIALUT MOJIEKy/Ia. [l KoMIbIoTepa 3ajada
HeNpocTasi, HO perraeMas. A CTyfeHTaM, 0COOeHHO 6110-
XVMMMKaM, O4eHb MHTEPECHO IIOCMOTPETb Ha MOJIEKYILY,
IpefiICTaBUTD, KaK OHA XuBeT U (PyHKUMOHMpyeT. XoTA
MOJIEKy/Ia B BOJJHOM U B COJIEBOM PacTBOpax MeHsAETCH,
HO 3TV IIPOrpaMMbl IIO3BOJIAIOT IIOKA3aTb AaXKe TaKue
npoueccel. [l MoCcTpoeHns 3TUX MOJIEKYIT UCIIO/NIb3YIOT-
Csl JaHHDBIe PEeHTIeHOCTPYKTYPHOIO aHammsa. A [yIisd Ma-
LIMHHOTO 9KCIIepMMEHTa MOYKHO Mcnonb3oarb MS Excel,
60 apyrue nporpaMmsi[6, 8].

Tens of millions of publications | Jecsarku
MUJITMOHOB Ty O/IMKaIiuit
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Search and retrieval of knowledge | ITonck
U M3BIIeYeHIIe SHAHMIT

There is Atom, Protein-3D software, which was devel-
oped in the Saint Petersburg Electrotechnical University
«LETI», and several similar ones. Such software allows to
represent a three-dimensional model of protein, rotate it,
simulate changes in the structure of protein, and see how
the molecule changes. The computer is used as a graph-
ic station showing how the molecule looks, which is not
simple, but solvable task. And for students, especially bio-
chemists, it is very interesting to look at the molecule, to
imagine how it lives and functions. The molecule varies in
aqueous and in salt solutions, but this software can show
even such changes. To build up these molecules, X-ray dif-
fraction data are used. And for computer experiment, MS

Excel or other software may be used [6, 8].
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Takum 06pazom, B GONMBIIOM BBIOOpPE MPOrPAMMHOI
VHTEepIpeTalUyl INOTyYeHHbIX pe3y/IbTaTOB MUCCIENOBa-
TereM, HeoOxoyMa (KenaTenbHa) 6o/mee HaI/IAZHAS Kap-
TIHA TIPECTaB/IeHNs JaHHBIX dKcIepuMeHTa. Hixe pac-
CMOTPUM IpPUMEPBI TaKoi 00pabOTKM M MCIIOTb3yeMble
IIPY 3TOM MHCTPYMEHTBI 1 IIPOTPAMMHBIE PO YKTBL.

Tak kak, npu uccnenoBannm snexrpodoperpamm 1 J1E
n 2 JIE, MHOTM€ y4eHble OCTaHaB/IMBAIOTCA Ha STaIle TOy-
YeHNS UTOTOBBIX JAHHBIX 9KCIIEPUMEHTA B BI/le KAPTUHBI
rejiell, He Mes IOPO IIpeiCTaB/IeHNA O JaIbHeNIINX IIep-
CIIeKTVBAX MCIIONIb30BaHMsI COBPEMEHHBIX KOMIIbIOTEp-
HBIX ¥ 6MOMH(OPMALMOHHBIX PeCypCOB, MO3BOJIIOINX
HepeBeCTy Pe3y/IbTaT U3 Ka4eCTBEHHOTO B KO/INYECTBEH-
HBIL. B aHHOI paboTe mpefcTaBIeHbl TOAXOBI I METO-
Jibl, TTO3BOJISIONINE TIOTTyYeHHbIe OeIKoBble MpoduIn Ha
rejie, MHTEPIPETHPOBATb KONNYECTBEHHO. BbINomHeHMe
paboT B JAHHOM HAIpaB/IEHNM! IIO3BOJIUT 3HAYUTENTBHO
PacIIPUTD TOAXO/BI K eHTUPUKALNA Y KOIMYeCTBEH-
HOMY OIIpefie/IeH N0 OeNTKOBBIX MapKepOB KauecTBa, PyHK-
LMOHAJIBHOCTY U 0€30IaCHOCTU IPOJOBOIBCTBEHHOTO
CBIPbs ¥ TOTOBOTO IPOAYKTA B IienioM [9, 10].

MaTePI/IaIIbI " ME€TOIbI

[l 6oree OMHOTO NOHVMAHUA NIPYMEHEHNUS pecyp-
coB OnonHpOpPMATUKY, 2 KOHKPETHO MCIIO/Ib30BAHNE Me-
TOfIa KOMIIBIOTEPHOIT fleHcuToMeTpun (06paboTkm) s
MHTEpIpeTALMM TIOJyYEHHOTO Pe3y/IbTaTa, PacCMOTPUM
o61ye IOAXOABI Ha IIpUMepe VICC/IeNOBAHNA IPOTEOMHO-
ro npoduist 6eKoB Msca.

B kadecTBe MaTepuanoB MCIONb3yeMbIX B paboTe mc-
nonb3oBanm anekrpodoperpammsi 1 JJE.

s BoigeneHuss OENTKOBBIX COENMHEHMI W3 MCCIIe-
JlyeMBIX 00paslioB, B MUKPOLIEHTPU(DYKHYIO IPOOUPKY
orbupanu (50 £ 0,05) Mr HaffOCaZOYHON >KUAKOCTU IKC-
TpakTa Ipo6bl J06aB/AMM 50 MKII COMOOMIN3NPYIOIIETO
pactBopa (rmuuepuH 10 %, p — mepkanToatanon, 0,02 %
6pomdenon cuumii, Tpuc-OH, SDS2 %) n BbIjep>KUBaIN
B TepMocTare Ipu Temneparype 95 °C B TedyeHye 5 MUH.
[Tormry4eHHBIN pacTBOP LEeHTPUPYTUPOBAIN B LIEeHTPUPY-
re Eppendorf 5402R npu 14000 06/muH B TedeHue 8 MIH.
HapmocagoyHyo XUAKOCTb VCIIONb30BaIN i Ja/bHEN-
LIero aHa/IN3a.

AHamm3 QpakLMOHHOTO COCTaBa O€NKOB MCCIemye-
MBIX 00pasI[0B aHAIM3MPOBAIN METOAOM JIeHaTypPUPYIO-
mero anekrpodopesa B 12,5% MOMMAKPUIAMITHOM Terle
B IIPUCYTCTBUY JOfleUMICYIb(aTa HATPUS C MCIO/Nb30Ba-
HueM s1eKTpodoperndeckor kamepsl ¢pupmel «Hellicon»
«VE-10», mpy IOCTOSHHOM CKUIe TOKa U HaINpsDKEHUU
55 B n 130 B, B Teyenue 2 yacos. B kauecTBe pacTBopa
CTaHAAPTOB MCIIONb30BAJIN MapKep, cocTosamuii u3 11 mpe-
I1apaToB — CTaHZJAPTOB C MONEKYIAPHOIT Maccoit 250, 150,
100, 70, 50, 40, 30, 20, 15, 10 u 5 x[la (¢pupmbr «Thremo»,
CIIA), 6omee netanbHO npuBeReHo B [11].

Taxoxe ucnonpszoBanu snekrpodoperpammsi 2 J1E.

Ins axcrpakuym 6enkoB 6pamn mo 300 Mr TOHKO U3-
MeJIbYEHHO CBUHMHBI CMeMIMBaaM € 4 MJI 3KCTPaKLM-
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Thus, in a large choice of software interpretation of the
results obtained by the researcher, more visualizable rep-
resentation of the experimental data is needed (desirable).
Hereafter, there are some examples of such processing, as
well as the tools and software used.

When studying 1DE and 2DEelectrophoretograms,
many scientists stop at the stage of obtaining the final data
of the experiment in the form of gels. They have got no
information on the possibilities and prospects concerning
the application of modern computer and bioinformatics
resources that allow to convert the result from qualitative
to quantitative form. This paper represents the approaches
and methods that allow the obtained protein profiles to be
interpreted quantitatively. The work in this direction will
significantly expand the methods of identification and
quantitative determination of protein markers related to
quality, functionality and safety of food raw materials and
finished products [9, 10].

Materials and methods

For more complete understanding of the application of
bioinformatics resources, in particular the use of the com-
puterized densitometry (processing) method for interpret-
ing the result, we will consider the general approaches by
the example of the protein profile of meat proteins.

In this work, 1DE electrophoretograms were used as the
materials.

To isolate proteins from the test samples, 50 + 0,05 mg
of the supernatant of sample extract was transferred into a
microcentrifuge tube, then 50 ul of a solubilizing solution
(glycerin 10 %, B-mercaptoethanol, 0.02% bromophenol
blue, tris-OH, SDS2 %) was added and placed in thermo-
stat at a temperature of 95 °C for 5 minutes. The resulting
solution was centrifuged on Eppendorf 5402R centrifuge
at 14,000 rpm for 8 minutes. The supernatant was used for
further analysis.

Analysis of the fractional protein composition of the
test samples was carried out by the method of denatur-
ing electrophoresis in 12.5% polyacrylamide gel withso-
dium dodecyl sulfate using Hellicon VE-10 electrophoretic
chamber, with a constant current and voltage of 55 V and
130 V, for 2 hours. A marker consisting of 11 preparations,
i.e. standards with molecular weight of 250, 150, 100, 70, 50,
40, 30, 20, 15, 10, and 5 kDa (Thremo, USA), was used as
the standard solution; more details are given in [11].

2DE electrophoretograms were used also.

To extract the proteins, 300 mg of finely minced pork
were mixed with 4 ml of extraction buffer (0.3 M KCI, 0.15
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onHoro 6ydepnoro pacrsopa (0,3 monp KCl, 0,15 monb
KH2PO4 u 0,15 mons KH2PO4, pH 6,5) u xpanunu jBa
Jaca IIpy KOMHATHOJI TeMIlepaType Ipy IIOCTOSIHHOM IIe-
peMelIMBaHNY IyTeM BCTPSAXMBAHMUA. 3aTeM OCYIIeCTB-
AT UeHTpUQYrupoBaHyue B TedeHue 60 MMHYT IIpu
40°C n obopore Bpaiienns nertpugyru 12000 06./MuH.
V3 HagocamouHoit Xupkoctu 6pamu 100 MKJI, BbITapu-
BanM B moToke azoTa npu 39°C u nomemanu B 100 Mxn
6 MOJIAPHOTO pacTBOpa MO4YeBMHBI. Ilocie BoccTaHOBITe-
HuA gurnotpenrtonoM (JTT) m ankunmpoBanus itopm-
ctbIM attetamuyoM (IA) mpoucxopun mporecc paciernsie-
HUA TIOf, IefiCTBMeM TPUIICMHA B TeyeHue Houy npu 37 °C
IpY MeJJICHHOM IlepeMelVBaHUM ITyTeM BCTPSAXUBAHUA.
3aTeM IpoObI pa3baB/IAIN JeMOHN30BAHHOI BOJOI B CO-
oTHomeHun 1:2 M obeccomuBanu Ha KOMOHKe Strata-X
(30 mr). Iy atoro 6pamu 1 M cmecu, cocrositeit u3 5%
MeTaHONa 11 1% MypaBbIHON KUCTIOTBI, ¥ TPOMBIBAJIN BO-
IOVL. DJIIOVpOBaHNe NeNTURIHON CMeCU OCYIIeCTB/IA/NIACh
¢ mpuMeHeHMeM 1 My aneToHuTpmia/Bogsl (90:10; 0,1%
MYPaBBbJMHOJ KVC/IOTBI). DJII0AT ITOMeIaly B IPOOVPKI
Ty OnmeHgop¢ ¢ 5 Mxagumermacynbpoxcuaa (DMSO).
B xadecTBe OCHOBHBIX IIPOTEOMHBIX T€XHOJIOTMII IIpUMe-
HAIN IByMepHBIIT anekTpodopes o O Farrell ¢ n3oanex-
TpodokycupoBanueM B amponnuosoMm (IEF-PAGE) mnn
ummo6bumaoBoM (IPG-PAGE) rpagnentax pH; nocneny-
IOIIYIO JIeTEeKIIMIO OeIKOB IPOBOAWIM OKpamBaHueM Ky-
Maccy R-250 u a30THOKMCIIBIM cepeOpoM, MeTOROOTNA
HOJTy4eHMsI KOTOPBIX MOAPOOHO pacnucaHa B (12, 13].

B kayecTBe MeTOHOB 0OPaOOTKY IOTYYEHHBIX 3JIeK-
TpodoperpaMyM, NCHONb3YIOT PasIMyHble IPOTPAMMBI,
VHTEePIPETUPYIOLINe TTOTyYeHHbIe Pe3y/lIbTaTbl. XOYeTCs
Cpasy OrOBOPUTbHCSH, YTO MX Pa3HOOOpasHOe KOIMYeCT-
BO, OT IIPOTPAMM [JIA TIOCTPOEHNA 0eTKOBBIX MOJIEKYII 1O
KaKuX-m60 MmporHoctudeckux mopeneir. Ho Ham 6b110
UHTepecHee pa3obpaTbcs 1 Nofo6paTh Hanbonee MHPOp-
MaTVBHYIO IIPOrpaMMy, KOTOpas OTBedyasna Obl Ha KOH-
KpeTHbIe BOIIPOCHI, Ha IIpUMepe TOTO, CKOIBKO U KaKOTO
6erKa ecTb B MOell Tpo6e ¥ KaK U3MEHUTCS OH B Pe3y/ib-
TaTe KaKOro-1M60 TeXHOTOIMYECKOTO BO3/Ie/ICTBIA.

J71g cCpaBHUTENIbHO OLIEHKU M KONMMYeCTBEHHOI MH-
TepIpeTaliiyl pe3y/IbTaTOB SKCIIEPMMEHTOB 3IeKTPodo-
perpaMmM B paboTe MCIIONIb30BAIN ClIefylollee 060pyno-
BaHIe U IPOrpaMMHOe obecIieyeHue:

— ckaHep Epson Expression 1680. CxaHuposaHue mpo-
BOAVIN BCETZla BO BJIQXHOM COCTOsAHuU. [lanmee mo-
JydeHHble IUQPOBbIe U300paKeHNsT PefaKTUPOBAIN
B IrpaMyecKOM pefaKTope U3 CIelNaan31pPOBaHHOTO
nakera nporpamMm MelanielmageMaster, Bepcuii 6 u 7
(«Genebio», IlIBertapus). Mauubiii Bug o6paboTKu
Pe3y/IbTaTOB UCC/IeNOBAHNIT UCIIONb30BAIM B Ka4ecT-
Be MHTEpIpeTalluy Teflell JIBYMEPHOro 3/meKTpodo-
pesa 2]1 mo O'Farrell ¢ nsoanexrpodoxycnpopanuem
B amponuuoBom (IEF-PAGE) wi mMmo6uanHOBOM
(IPG-PAGE) rpapmenTtax pH.

CHUCTeMY Te/lb-JJOKyMEHTUPOBaHNA Syngene ¢ IIpo-
rpaMMHBIM obecniedyenneM GeneTools (mms ananmsa
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M KH2PO4 and 0.15 M KH2PO4, pH 6.5) and stored for
two hours at room temperature with constant stirring by
shaking. Then, centrifugation was carried out for 60 min-
utes at 40 °C and centrifuge rotation of 12,000 rpm. Then
100 pl of supernatant was taken, evaporated in a stream
of nitrogen at 39 °C and added into 100 pl of 6 M urea so-
lution. After reduction with dithiothreitol (DTT) and al-
kylation with iodide acetamide (IA), degradation by tryp-
sin were carried out overnight at 37 °C with slow stirring
by shaking. The samples were then diluted with deion-
ized water with 1:2 ratio and desalted in Strata-X column
(30 mg). For this purpose, 1 ml of mixture consisting of 5%
methanol and 1% formic acid was taken and washed with
water. Peptide mixture elution was carried out using 1 ml
of acetonitrile/water (90:10; 0.1% formic acid). The eluate
was placed in Eppendorf type tubes with 5 ul of dimeth-
ylsulfoxide (DMSO). Two-dimensional O’Farrell electro-
phoresis with isoelectrofocusing in ampholin (IEF-PAGE)
or immobilin (IPG-PAGE) pH gradients was used as the
main proteomic technology; the subsequent detection of
proteins was carried out by Coomassie R-250 and silver
nitrate staining; the methodology for preparation of these
stains is detailed in [12, 13].

Different software for interpretation of the results was
used as the methods for processing of received electropho-
retograms. It should be noted that there are a variety of
them, from programs for constructing protein molecules
to prognostic models. But it was more interesting for us to
find the most informative software that would answer spe-
cific questions, for example, how much and what protein
is in my sample and how will it change as a result of some
technological impact.

For comparative evaluation and quantitative interpreta-
tion of electrophoretograms, the following equipment and
software were used in this work:

— Epson Expression 1680 scanner. Scanning was al-
ways carried out in a wet state. Then the resulting digital
images were edited in a graphics editor from a specialized
Melanie Image Master software package, versions 6 and 7
(Genebio, Switzerland). This type of results processing was
used as an interpretation of O’Farrell 2D gel electropho-
resis with isoelectrofocusing in ampholin (IEF-PAGE) or
immobilin (IPG-PAGE) pH gradients.

— Syngene gel recording system with GeneTools soft-
ware (for image analysis) was used for interpretation of

1DE electrophoretograms.
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U300paXkeHns1), UCIONb30BAIN B KaueCTBe MHTEpIIpe-
tauyn snexkrpodoperpamm 1 JIE.

— nporpammHoe obecriedenne Sorbfil TLC View, ucronb-
30Ba/i B KadeCTBe MHTepIpeTanuu ameKTpodope-
rpamm 2[1E.

O6cyxnenne

Il mpoBefieHNsA KOMMYECTBEHHOTO aHa/IN3a OTHeIb-
HBIX 0€TKOBBIX (pakimil Ha snekTpodoperpammax 2 JE
CHayaja CO3faBa/iy IIOTHbIe LM(POBBIE M300paXKEHNS
OTOOpaHHBIX [yl CPaBHEHMsI IBYMEPHBIX 37IeKTpodope-
rpaMM (M1 MX OT/e/IbHBIX ()ParMeHTOB) C IIOMOIIBIO CKa-
Hepa Epson Expression 1680 (mnn Perfection 2450 Photo).
CkaHupoBaHMe IPOBOAWIN BO BIAYXHOM COCTOSTHUN.

JlanbHerimas mpoueaypa IpOXOAUT B HECKOIbKO 9Ta-
noB. Ha mepBoMm 3Tame, IpoBOAMICA aBTOMAaTHYeCKUI
NIpOrpaMMHbIN aHa/AM3 TeJeli, B Pe3yabTaTe KOTOPOTro
IporpaMma HaXOfUT IIATHA U NPUAAET OdepTaHMe MO UX
OKpallleHHOJI IrIomaan. Jlamee Ha BTOpoM artare obpa-
60TKM 1M300paKeHNIT OCYLIeCTBIACTCA COOp CBemeHMIl
0 IIATHAX ¥ MOCTPOEHNE TPeXMEepPHbIX MOJieJIell Ha UX OC-
HOBe. AHa/IN3 MATEH IPOBOANIN €llé IT0 TPeM OCHOBHBIM
IapaMeTpaM: MHTEHCUBHOCTD, IUIOIAaAb ¥ 00beM IIATHA.
VToroBble TpexMepHbIe MOIe/N IIPECTABIIAIOT CO60IT Ha-
OOpBI IIMKOB, IPY 9TOM, 4eM OO0JIbllle MHTEHCUBHOCTD, TEM
BBIIIIE ITUK, ¥ TeM OOsIbIile KOHI[eHTpauys Oe/ka B JaHHOII
¢dpakuun. BeicoTa nuka 6epercs n3 pacyera 75 % OT MH-
TEHCUBHOCTH IIsATHA. Bojiee feTanbHble MAHUIY/ISIINN 110
paboTe ¢ HaHHBIM IIPOrPAaMMHBIM OOeCIeYeHMeM IIpefi-
CTaBjIeHHl B [9].

Hioke Ha Puc. 1 mpepfcraBieHa IocneqoBaTeNbHOCTD
00paboTKM pe3yIbTaTOB pasfiefieHns OeKOB CBMHUHBI
MEeTOJIOM IByMEPHOTO 37IeKTpodopesa.

HecmoTps Ha IpoBefieHHYIO IIpeBapUTENbHYI0 00pa-
60TKy M300pakeHMit, IpOorpaMMa MHOIAA B OT/ETbHBIX
y4acTKax 1M300pakeHNs HaeT He COBCEM TOYHBbIE OdYep-
TaHUA HATHA. [[/1A ycTpaHeHMsA NMOJOOHBIX HEJOCTATKOB
(dbopMa OT/ENbHBIX IATEH [JONOMTHUTETBHO KOPPEKTUPY-
etca Bpyunymo (Puc. 1I).

Vcnonp3oBaHMe JOIOMHNUTENILHON PYYHOI 00paboTKM
OT/IE/IbHBIX YIACTKOB M300paykeHN T IIPUBOAUT K TOMY, YTO
[PV HOCTPOEHUM OOIEro CUHTETUYECKOTO M300paskeH st
(kapTbl) CWIBHO YBEIMYMBA/ICS WTOTOBBIN pasMep, 4TO
HPYXOAM/IOCH YYUTHIBATH IIPY MOCTIEAYIOLEM aHATIN3e.

Takum o6pasoM, 1A UCIIONb30BAHUA IpeACTaBIeH-
HBIX BUAOCTIENNUIHBIX OENTKOBBIX OMOMAapKepOB IpH
OLieHKe KOJIMYeCTBa 1 Byjja Oe/Ika B MACHOM ChIpbe 1 BbI-
pabOTaHHBIX U3 HETO MsACHBIX IIPOAYKTaX YCHEIIHO MpH-
MEHVMBI METOJbl KOMIILIOTEPHOJ JIEeHCUTOMETPUY, IPU
3TOM MOXXHO BBOAMTH IIONpaBOYHble K03(uIineHTs!,
YYUTBHIBAIOLNIT KPaTHbIE Pa3/INyysl ICXOHOTO CBIPbS IO
CoflepXKaHUIO 9TOrO OeKa.

Hapsiy ¢ BblleonucaHHBIMMU IIpureMaMu 06paboTKm
97eKTpodoperpaMM i MHTEPIpeTaluyl IIOTyYeHHBIX
pe3y/IbTaToOB MCIONb3YI0T 06paborky remeit 1 JIE mpu
IIOMOUIY CHUCTeMbl reb-foKyMeHTHpoBaHusa SYNGENE
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— Sorbfil TLC View software, was used for interpreta-

tion of 2DE electrophoretograms.

Discussion

For the quantitative analysis of individual protein frac-
tions on 2DE electrophoretograms, complete digital im-
ages of the two-dimensional electrophoretograms (or their
individual fragments) selected for comparison were cre-
ated first using Epson Expression 1680 scanner (or Perfec-
tion 2450 Photo scanner). Scanning was carried out in a
wet state.

The further procedure was carried out in several stages.
At the first stage, automatic program analysis of gels was
conducted, as a result of which the software identified
spots and made contour over their stained area. At the sec-
ond stage of image processing, information on spots was
collected, and three-dimensional models were construct-
ed. The analysis of spots was carried out by three param-
eters: intensity, area and volume of the spot. The resulting
three-dimensional models are sets of peaks; the higher the
intensity, the greater the peak and the higher the protein
concentration in this fraction. Peak height sets as 75% of
the spot intensity. More detailed information for work with
this software are presented in [9].

Figure 1 shows the sequence for processing of the re-
sults of pork protein separation by the method of two-di-
mensional electrophoresis.

Despite pre-processing of images, in some image sec-
tions software sometimes gives not quite accurate outlines
of the spot. To eliminate such drawbacks, the shape of
individual spots is additionally corrected manually (Fig-
ure 1D).

The use of additional manual processing of individual
image sections leads to the fact that the total synthetic im-
age (map) greatly increase in total size, which had to be
taken into account in the subsequent analysis.

Thus, when using species-specific protein biomarkers
for estimating the amount and type of protein in meat
raw materials and meat products derived from it, com-
puterized densitometry methods are successfully applied,
and correction factors may be introduced that take into
account the differences in this protein content in raw ma-
terials.

In addition to procedures of electrophoretogram pro-
cessing described above, the processing of 1DE gels by
SYNGENE Bio Imaging gel recording system with Gene
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Figure 1. Graphical representation of the results of pork muscle protein studies: | Puc. 1. [padudeckoe npeicraBienue pe3ynibTaTos UCCIe0Ba-
HUI1 MBIIIEYHBIX O€JIKOB CBUHUHBI:

A — electrophoretograms of muscle proteins obtained by 2DE method are indicated by dashed rectangles, a- and -tropomyosins (1), myosin
light chains MLC1 (2) and MLC2 (3) | A — anexrpohoperpamMma MbIILIEYHBIX 0€TKOB IONy4eHHas MeTooM 2JIE, BbIe/IeHbl IYHKTUPHBIMU
IPAMOYTOMBHYKAMY O- i P-TpormoMio3uHsl (1), Muosunossle nerkue memt 1 MLC (2) 1 MLC2 (3);

B — intermediate stage of image acquisition; | b — mpomexyTouHbIi STAI ONYYeHs H300PaXKEHIS;

C — processing of obtained images; | B — o6pa6oTka moyueHHbIX 1300paskeHmit;

D — manual processing of individual image sections; | [ — pyuras 06paboTka OT/ie/IbHbIX yUaCTKOB 1300 paKeHmit;

E — correction results of manual image processing; | [l — pesynbrarsl KoppeKiyuy pyanoit 06paboTki n306paxenii;

F, G — the final result, three-dimensional models (hills) of protein and peptide fractions. | E, JK — urorosbiii pesynbrar — TpexmepHble MOfie/N
(xomMbI) pakiuit 6€KOB U TENTHIOB.
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Biolmagingsystems ¢ mporpaMMHBIM obecriedennem Gene
Tools (ma anamu3a nsobpakenns) u Gene Sys. Ha Puc. 2
IpUBeJieH IIpUMep HOC/IeoBaTe/IbHOCTI 06paboTku ¢do-
perpamm 1JIE MbpllieqHO TKaHV TOBAAVMHBI B IIEPUO]] AB-
TO/NN3A.

Bna>xubiii renb nonydeHHbit MerogoM 1 IE mpensa-
PUTETBHO CKaHUPYIOT B KaMepe TeHCUTOMETPA, B Pe3y/lb-
Tare nomy4yanT ¢ororpaduio rena (Puc. 2 A), nsobpa-
JKeHNe KOTOpoil 3arpyxawT B mporpammy Gene Tools
U JaTbHeIIeM IPOBOAAT PAa3IMYHOTO POAa MaHUIY/IA-
uuu. [Tporpammuoe o6ecnieuenne Gene Tools aBromaTu-
YeCKM pacIo3HaeT TPeky (JOPOXKKM) ¥ MOTOCHI Ha reje
aBTOMATNYECKV KOPPEKTUPYeT W3TMOBl 1M VCKaKeHMs
H0JIOC ¥ TPEKOB, aBTOMATIYeCKV ITPOBOANUT 6a30BYIO /-
Huto (Puc. 2 B). [Ipn Heo6X0AMMOCTH NTOIOKEHVIE TPEKOB
1 6230BOJI IMHUM MOXKET OBITH 3a[JaHO 1 CKOPPEKTUPOBa-
HO BpyuHy. OIpe/eneH1e MOIEKY/IAPHOTO Beca o MOo-
JIOXKEHUIO TTOTIOCHI VI/VIU KONMMYEeCTBEHHOE OIpefieieHIe
[0 MHTEHCUBHOCTYM MOTYT OBITb IIPOBEIEHBI C VICIOMb-
30BaHMEM CTAHJAPTOB C OJHOIL MM HECKONbKMX TPEKOB
(mopoxxek). Gene Tools ocHameHo 6mbMMOTEKON Map-

Mwm, kla CT
260 Lo
150 mem—

=

W= e

i

Fortv, Pt ) T = W

Figure 2. Scanned 1DE gels processed with SYNGENE Bio Imaging system

Tools (image analysis) and GeneSys software is used to
interpret the results obtained. Figure 2 shows an example
of 1DE electrophoretogram processing sequence for beef
muscle tissue during autolysis.

Wet gel obtained by 1DE method is pre-scanned in the
densitometer chamber, a photo of gel (Figure 2A) is loaded
into Gene Tools software and further various manipula-
tions are performed. Gene Tools software automatically
recognizes tracks and bands on gel, automatically corrects
the bends and distortions of bands and tracks, and auto-
matically traces the baseline (Figure 2B). If necessary, the
position of tracks and baseline may be set and adjusted
manually. Molecular weight determination from the posi-
tion of the band and/or quantitative evaluation by intensity
can be performed using standards from one or more tracks.
Gene Tools is equipped with marker library for automatic

or manual matching (the library may be supplemented by

AlA

Puc. 2. Ckaunposanusie reim 1 JIE obpaboranusie ¢ momopio SYNGENE Bio Imaging systems
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KepOB [U/IsI aBTOMATUYECKOTO MM PYYHOTO COIOCTABIIe-
HuA (616/11M0TEeKa MOYKET NOIOMHATHCA II0Ib30BATEIEM).
B03MOXHO WMCIIONIB30BAHME E€IMHOTO TPeKa B KavyecTBe
CTaHJapTa /I HECKOMbKIMX 0OpabaThiBaeMbIX 0OIacTei.
Bce pesynbraThl (BKIoyas npoduan TPeKoB, KOMUIeCT-
BEHHbBIE XaPAKTEPUCTUKI KaXK/OI MTOTIOCHI, TOSICHUTETh-
Hble HAJINCY JJIs1 TPEKOB M MHOTOE IPYroe) MOTYT OBbITh
BBIBEJICHbl Ha Ie4yaTh 1/WiKM BHIrpyxeHsl B Word wan
Excel. TTonyyenHOe n306pa>keHne BBIBOAUTCSA Ha 9KpaH
(OCHOBHOE TI071€), TAPA/JIENIBHO C «ICKM3aMU» TEKYIIETO
U IIpeAbIyIIero n300paskeHNnit (TONbKO 4TO MOTyYeHHBIX
WIN OTKPBITBIX U3 COXPaHEHHBIX paHee). VITorosoe uso-
OpakeHNs CKAaHMPOBAHMSI TIpefCcTaBIeHo Ha Puc. 2 B, Ha
KOTOPOM JKeJITBIM MapKepoOM aBTOMATUYeCK) IIPOPIUCO-
BaHbI OEIKOBbIE MTOIOCHI, IPY HEOOXOMMMOCTI CKOPPEK-
TUPOBAHHbBIE B PYYHYIO.

Paboras ¢ nony4eHHBIM U300pa>keHNeM, MO)KHO yBe-
JINYUTH €T0, ZOOABUTD MOSICHUTENbHYIO HA/INCh, COXpPa-
HUTb B PasNMM4HbIX popMaTax u/miam pacnedararb, a TaK-
)K€ OTKPBITh B IIPOrpaMMe it 00pabOTKM M300pasKeHsI
GeneSys (Puc. 3). Bce aTn1 meiicTB1A TaKyKe MOYKHO IIPOBO-
IATH C N300pa>KeHNMM, COXPAaHEHHBIMU paHee.

[Tonp3oBaresib MMeeT BO3MOXKHOCTb COXPAHITh He
TOJIBKO CaMy M300paXKeHNsI, HO U KOHUTypaIuy Cucre-
MBI (IIapaMeTpbl, MCIIONb30BAHHBIE IS IOMYYeHNUs U30-
OpaXKeHVs), YTO MCKIIOYNTENIBHO YAOOHO /IS CTIOXKHBIX
B 00paboTKe 00BEKTOB, U TAK>Ke AaHHOTALUY, C/lelTaHHbIe
K IIO/Ty4eHHOMY 1300paskeHMIO.

[Ipu pabote ¢ GeneSys B aBTOMaTMYECKOM peXIMe
(Autocapture) mob30BaTENIO JOCTATOYHO BBECTU NHOP-
Malmio 0 TOM, C KaKuM 06pasijoM HeoOXoxumMo paboTaThb
(mnm 3arpy3nTh 9Ty MHGOPMALVIO 13 COXPAHEHHBIX paHee
koH¢urypaumit). Heobxopumo Be6path popmar obpasia
(«sample format» — resnp, 6710T MM MHOE), THI 0OpasLa
(«sample type» — Hanpumep, 6emok, JHK mm PHK), tun
MaTpuubl («matrix type» — Hampumep, aKpUIaMUTHBIN
WIN arapo3HBIl Te/Ib), METOM HeTeKuyu (KOTOPUMETPH-
Jeckas, QyopeclieHTHas, XeMMUIIOMuHecleHTHas). [lo-
cie BbIOOpA TUIIA BU3YaIM3UPYeMOrO OObeKTa B PeXu-
Me «Autocapture» GeneSys NpefOXUT IOIb30BATENIO
BbIOpaTh THH MeTKM (pryopodopa mam BUAMMOTO Kpa-
curessi) U3 6aspl JaHHBIX. BO3MOXKEH BBIOODP KaK OJHOTO
Kpacutena (MeTKM), TaK ¥ HEeCKONbKMX (B CIydae MY/Ib-
TUIIEKCHOM fleTekunn). basa janubix GeneSys cofepuT

user). It is possible to use a single track as a standard for
several processed sections. All results (including track pro-
files, quantitative characteristics of each band, explanatory
notes for tracks and much more) can be printed and/or up-
loaded to Word or Excel. The resulting image is displayed
on the screen (main field) along with the thumbnails of
current and previous images (just acquired or previously
saved ones). The resulting scan image is shown in Figure
2C, where protein bands are automatically traced by yellow
highlighter tool and may be adjusted manually, if neces-
sary.

The resulting image may be enlarged, saved in vari-
ous formats and printed out or opened in GeneSys image
processing software, and explanatory note may be added
(Figure 3). All these manipulations may be also carried out
with images saved earlier.

The user is able to save not only images themselves, but
also system configurations (parameters used to acquire the
image), which is very convenient for complex objects, and
also notes to the resulting image.

When working with GeneSys in automatic mode (Auto
capture), the user just enters information about what sam-
ple is to work with (or download this information from
the previously saved configurations). It is necessary to se-
lect the sample format (gel, blot or other), sample type (e.g.
protein, DNA or RNA), matrix type (for example, acryl-
amide or agarose gel), detection method (colorimetric,
fluorescent, chemiluminescent). After selecting the type
of the object to be displayed in the «Auto capture» mode,
GeneSys will prompt the user to select the type of label
(fluorophore or visible stain) from database. A choice of
one stain (label) and several stains (in the case of multiplex

detection) is possible. The GeneSys database contains more

Figure 3. An example of calculation in GeneSys gel recording software of SYNGENE Bio Imaging system
Puc. 3 Ilpumep obcuera B mporpamme Gene Sys rens-gokymentuposanus SYNGENE Bio Imaging systems
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6oree 210 KkpacuTesnell U pery/IApHO OOHOBJIAETCSA B COOT-
BETCTBIUY C MOAB/IAIONIVMICS Ha PbIHKE HOBMHKAMIL.

GeneSys copiep>kut 6asy HAaHHBIX, OOBEAVNHAIONIYIO
B cebe HeOOXOAMMYI WMH(POPMALMIO IO IIMPOKOMY
CIIeKTPY SKCIIepMMEHTa/NbHBIX 3afjad (ryopecueHuns,
XeMWIIOMUHeCIeHIMA U T.4.). Kak Tombko B pexnme
«Autocapture» 1o/1b30BaTe/NIb 0603HAYAET, KAKOI IMEHHO
obpaser; obpabareiBaeTcsa, GeneSys onpesensieT HammIyd-
Y0 KOH(UTYpaLyIo /I 3aXBaTa U300paXKeHNs 1 yCTa-
HaB/IMBaeT pabouye ImapaMeTpbl CUCTEMBI B COOTBETCT-
BUU C HEL.

Takme ycCTaHOBKM KaK: KOHTPOJIb KaMepbl M JIMH3,
OCBellleHNe, BpeMs OSKCIO3VUINM, BBIOOp (GUIBTPOB
HOOMPAIOTCA B COOTBETCTBMM C XapaKTepUCTUKAMU
obpasia — B pexxnme «Autocapture» Bce KOHTPOIUPY-
etcs1 GeneSys (TIpy >KelaHUY WM HEOOXOAMMOCTH JJaKe
B pexxuMme «Autocapture» ImapaMeTpbl IOTY4eHNUSA U30-
OpakeHUsA MOTYT OBITb CKOPPEKTMPOBAHBI BPYYHYIO).
[Tonb3oBaTeno OCTAETCA TONBKO OIEHUTb KauecTBO
n306paxkeHNs (B pe>XMMe peaqbHOTO BPeMEHN), HaXKaTb
KHOIIKY «capture» (3axBaT M300pakeHNsI) U JOXKAAThCA
HOSAB/IEHN KapTUHKMA.

[Tp XeMWIIOMUHECIIEHTHOM MeTeKL[MM CUCTeMa aB-
TOMaTMYeCKM YYUTHIBAET CBOJCTBA UCIIONb3yeMOro Cyo0-
CTpaTa U yCTaHaB/IMBaeT Haubojee MOAXOAAIIee UMEHHO
UL HeTO BpeMs 9KCIosuiuy. B mpomecce 3axBara uso-
OpaXeHNA MCXOAAIUI OT O/I0Ta CUTHA/M HeNpepbIBHO
KOHTPO/IMPYETCA BIUIOTb [0 IIOJTy4eHMS HayJIydIlero
U300paKeHNsL.

[Tpu mynbrunnekcuon gerexuun GeneSys aBTOMaTH-
YeCK) yCTaHaBIMBAeT HAM/IYYIINe TapaMeTPhl CUCTEMbI
(xaMepa, ocBelieHue, GUIBTPHI) IS PaOOTHI C KaXKbIM
KpacuteneM (METKOII) IO OTHEIBHOCTY U (PUKCUPYeT
OTZie/IbHbIe M300paXKeHN s, 3aTeM aBTOMAaTI4eCcKN 06be-
AVHAA VX ¥ BBIBOJS Ha 9KPaH MY/IbTUIUIEKCHOE 1300pa-
JKeHIe.

B pyunom pexxume (Manual capture) Bce mapameTps
cucreMsl (Pokyc, aneprypa auadpparmsl, IpuOIDKEHNE,
BpeMs 9KCIIO3MIUY, BHIOOP MCTOYHMKA OCBEILEHN, BbI-
60p GUIBTPOB U T.II.) YCTAHAB/INBAIOTCSA MO/Tb30BATE/IEM.
ITpocMOTp M306paskeHNs B peXXIIMe peajbHOrO BpeMeH!
CYILIIECTBEHHO YIPOIIAET 3Ty MPOIEAYPY.

[TomryuyeHHOe M300pakeHVe BBIBOAMTCA HAa 9KpaH
(ocHOBHOE TIO7IE), TTAPA/IIENIBHO C «3CKM3aMI» TEKYIIETO
U IIPeJIBIAYIIero 1M3006paskeHu ! (TONbKO YTO IIOTyYeHHBIX
VIV OTKPBITBIX M3 COXPAaHEHHbIX paHee). «/IKOHKM» BHMU-
3y 9KpaHa MO3BO/IAIOT BEPHYThCA Ha MPefbIAYIye TAIIbI
Ipolecca IMOTy4eHUsA N300paXKeHNs.

Taxum o6paszom, pu MHTepIpeTauun sneKrpodope-
rpamm 1JIE Tak >Xe MOXHO IONYy4YUTb KOIMYECTBEHHOE
cofiep)KaHMe KaX/IOTO BBIABIEHHOTO Oe/Ka, 110 VHTeH-
CMBHOCTU OKPAaCKM IIOJIOCHI Tejifl, IPMHMMAs oOIee Ko-
JIMYECTBO BBIABIEHHBIX IONOC B Tpeke 3a 100 %.I1pu aTom
METOJOJIOTUA VIMeeT allpUOPHbIe OTPAaHNYeHNS: P3N
(UBMKO-XMMIYECKUX CBOJICTB OTHEIbHBIX IENTUIOB Ha-
IPAMYIO BAMAIOT HA BO3MOYXHOCTD X IeTEKLIMN.
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than 210 stains and is regularly updated in accordance with
new products on the market.

GeneSys contains database that combines the necessary
information on a wide range of experimental tasks (fluo-
rescence, chemiluminescence, etc.). Once the user desig-
nates which sample is being processed in «Auto capture»
mode, GeneSys determines the best configuration for cap-
turing the image and sets system parameters according to
this configuration.

Such settings as camera and lens control, lighting, ex-
posure time, the choice of filters, etc. are selected in accor-
dance with sample characteristics. In «Auto capture» mode
everything is controlled by GeneSys (if desired or neces-
sary, image acquisition parameters may be adjusted manu-
ally even in «Auto capture» mode). User can only evalu-
ate image quality (in real time), press the «capture» button
(image acquisition) and wait for the picture to appear.

In chemiluminescent detection, the system automati-
cally takes into account the properties of the substrate used
and sets the most appropriate exposure time. During im-
age capture, the signal emitted from the blot is continu-
ously monitored until the best image is obtained.

With multiplex detection, GeneSys automatically sets
the best system parameters (camera, lighting, filters) for
each stain (label) individually and captures individual im-
ages, and then automatically integrates them and displays
multiplex image.

In «Manual capture» mode, all system parameters (fo-
cus, aperture, zoom, exposure time, light source selection,
filter selection, etc.) are set by user. Viewing the image in
real time significantly simplifies this procedure.

The resulting image is displayed on the screen (main
field) along with the thumbnails of current and previous
images (just acquired or previously saved ones). Icons at
the bottom of the screen allow you to go back to previous
stages of the image acquisition process.

Thus, when interpreting 1DE electrophoretograms, it is
also possible to carry out quantitative evaluation of each
detected protein by the color intensity of gel band, taking
the total number of detected bands in the track as 100 %.
However, the methodology has a priori limitations: dif-
ferences in physical and chemical properties of individual

peptides directly affect the possibility of their detection.
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Ha cnepyromem sTame Haureit paboTbhl MbI M3YUMIN
UCIIOIb30BaHMe OfHON U3 Haubonee MH(POPMATUBHBIX
U TIPOCTOJ B IPUMEHEHUM IIPOTPaMMBbl KOMIIBIOTEPHOII
nercuromerpun — nporpammsl Sorbfil TLC View (Mmng,
Poccust) o6paborku anexrpodoperpamm 1/1E.

[Tporpamma Sorbfil TLC View mpomsBoput pacuer
BUJICOM300pa’KeHNA IUIACTVMHBI C HMOCTPOEHMEM XpOMa-
TOrpaMMBbl (rpadyka aHaJIOrOBOJ KPMBOJ) HA OCHOBAaHNM
OTKJIOHEHMs SIPKOCTY IIATEH OT APKOCTYU (POHA ITACTUHBDI
C TOC/IENYOIMM HaXOXXJEeHMEM IIMKOB Ha 3TOV KPMUBOIL
U PacuyeToM MX IUIOIafy (KOMMYeCTBEHHBIM pPacueTOM
HOTyYEeHHOI XPOMaTOrpaMMbl). Pasmepsl 1 sIpKOCTD IIAT-
Ha (10 OTHOIIEHMIO K (POHY ITACTUHBI) IIPONOPIIVIOHATIb-
HbI KOJIMYECTBY BellleCTBa B IIATHE.

OcHoOBHBIe (PyHKIMOHA/TbHbIE BO3MOXXHOCTM IIPO-
rpammbl Sorbfil TLC View:

— BU3yaJ/IbHaA OLIeHKa I1M(POBOro 1M306pa>keHNA XpoMa-
TOIpaMMBbl;

pacyeT OpMEHTMPOBOYHOIO COZEP)KaHUA aHATM3UPY-
eMBIX BellleCTB B CMecCH (BBIPR)KEHHOTO B IIPOLIEHTAX)
10 METOJ[y HOPMMPOBKI;

pacueT KOHLEHTPAL[MM BellleCTBa B Mpobe, ¢ VICIOIb-
30BaHIEeM CTaH/[APTOB;
o6paboTka/coxpaHeHMe
XpOMAaTOrpaMM, 3alMCAaHHBIX KaK B JIHEBHOM,
U B YIbTPa(MOTIeTOBOM L|BETe;
py4Has/aBTOMAaTH4YeCKas pacCTaHOBKA TPEKOB;
CITIaKMBaHMe IIPU ITOVICKE TPEKOB;

aHaJIM3 IIBETOBOI'O COCTaBa;

onpepenenne orHomenna Curnan/Ilym;
COCTaBJ/IeHMe OTYeTa Pe3y/IbTaToOB pacyeTa COCTaBa Be-
IIeCTB B CMeCH VIV KOHIIEHTpPALMY BelleCTB B Ipobe.
OTamsl paboThl B IporpaMMe IpefcTaBIeHsl Ha Puc. 4.
PacyeT TpekoB MOXXHO ITPOM3BOANTD B TOOOM IOPSA/KE,
HO ypoOHee 9TO fIeNlaThb MOC/IEIOBATe/IbHO, HAUMHAA C IIep-
BOTO TpeKa. [Ijis1 pacueTa TpeK Hy>KHO BbIfIE/IUTD, IIE/IKHYB
MBIIIBIO IO TOJIIO TPeKa (BbIIE/IEHHBIN TPeK OYepyeH rpa-
HULIAMM, er0 HOMep IOKa3aH KPacHBIM L[BeTOM Puc. 4A).

Pesynbrarel pacueTa Tpeka faloTca B OKHe «Pacyer
TpeKa» B BUJ€ aHAJOTOBOV KPUBOJl — XpOMaTOIPaM-
MBI — IIMKM, KOTOPOJ COOTBETCTBYIOT IIATHAM TpeKa,
BBIBOZIUTCA YBE/IMUYEHHOE V300 paXKeHNe XpPOMaTOrpaMMBl
Tpeka B KooppuHarax Rf — SIpkocTs (rfe sspkocTh paBHas
0 — sapkoctb poHa)(cm. Puc. 4B). [Tpu BxIodeHUn 910
KOMAaH[bl Ha 9KPAaH BBIBOOUTCA OKHO Tpex copepykalee
pesynbraThl pacueTa Tpeka: Rf, mpober martha L, miomans
IMKa S, OTHOLIEHMe IUIOMAAM MMKa K CyMMe IUIoLafeit
BCeX IMMKOB %S, BbIicoTa nKa H, oTHoIIIeH1e BBICOTHI ITMKaA
K CyMMe BBbICOT BcexX nuKoB %H. Bemmunust %S u %H xa-
PaKTepu3yI0T OPMEHTHPOBOYHOE COfep>KaHMe BelleCTB
B cMecn (BecoBble nporeHThl), NTP — uimcro Teopernye-
ckux tapenok, UNTP — ynenbHOe 4ncio TeopeTndeckux
TapenoK, As — acUMMeTPUIO NMKa. B okHe MOXXHO [aTb
OICaHMe OT/e/IbHBIX NMUKOB U Bcero Tpeka. Ha Puc. 4B
IIpefiCTaB/IeHa XpoMaTorpamMma Tpeka Ne 3, B mmpaBoil 4a-
CTY KOTOPOTO NIPUBEJIEH PacyeT I0/Ty4YeHHbIX IIMKOB.

MPOBBIX  M300pa>KeHMIT
TaK
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At the next stage of our work, we studied the use of one
of the most informative and easy-to-use densitometry soft-
ware — Sorbfil TLC View (Imid, Russia) for 1DE electro-
phoretogram processing.

Sorbfil TLC View software calculates the video image
of the plate and constructs chromatogram (graph of the
analog curve) based on the deviation of spot brightness
from the plate background brightness followed by detec-
tion of peaks on this curve and calculation of their area
(quantitative calculation of the chromatogram obtained).
Dimensions and brightness of the spot (compared to the
plate background) are proportional to the amount of sub-
stance in the spot.

The main functionality of Sorbfil TLC View software:
visual assessment of the chromatogram digital image;
calculation of the approximate content of analytes in
mixture (expressed as a percentage) using the normal-
ization method;

calculation of substance concentration in the sample
using standards;

processing/storing digital images of chromatograms re-
corded both in visible and ultraviolet spectra;
manual/automatic arrangement of tracks;

anti-aliasing when searching for tracks;

analysis of color composition;

determination of signal-to-noise ratio;

compilation of a report on the results of composition
calculation for substances in the mixture or substance
concentration in the sample.

The stages of software operation are presented in Fig-
ure 4.

Calculation of tracks may be done in any order, but it
is more convenient to do this sequentially starting with the
first one. To calculate the track, it must be selected by click-
ing on the track’s field (the selected track is bordered, and
its number is shown in red, Figure 4A).

The results of track calculation are presented in Track
Calculation window in the form of analogue curve, chro-
matogram, which peaks correspond to track spots. En-
larged image of track chromatogram is displayed in bright-
ness coordinates, Rf (where the brightness of background
is equal to 0) (see Figure 4B). When this command is
turned on, Track window containing the results of the
track calculation is displayed: Rf, spot distance L, peak area
S, peak area to total peaks area ratio%S, peak height H,
peak height to total peaks height ratio%H. The values 0f%S
and%H characterize the approximate content of the sub-
stances in mixture (weight percent), NTP is the number of
theoretical plates, uNTP is the specific number of theoreti-
cal plates, and As is peak asymmetry. In this window, you
can give a description of individual peaks and the entire
track. Figure 4C shows the chromatogram of track No. 3,
on the right side of which the calculation of the obtained

peaks is presented.
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Figure 4. An example of quantitative interpretation of 1DE electrophoretograms
Puc. 4. [Ipumep KomI4ecTBeHHOI MHTepIIpeTanuy anekrpodoperpamm 11E

Pacyer comep>kaHUsl BEUIECTB B CMECU: OPUEHTHUPO-
BOYHBIII pacyeT COIEp>KaHMsl BeleCTB B CMeCH, BbIpa-
JKEHHBINI B IPOLEHTAX, [POU3BOJAUTCS METOOM HOp-
MUPOBKI. IDTOT METOJ OCHOBAaH Ha IOJIOXEHUMU, UYTO
BeIl[eCTBA, HE3aBUCHMO OT UX CTPOEHMs, B3sIThlE B Of-
HAKOBOM KO/MMYECTBe, AT OFHY ¥ Ty >Ke IUIOLIafb
nuKa (3TO MOMoXKeHue IPUOIVKEHHO BBITIOTHAETCS JIIst
XMMUYECKN CXOMHBIX BelecTB). /il onpefenieHnst Opu-
E€HTHPOBOYHOTO COJleP)KaHMSI BEI[eCTB B CMECU HAXOJSAT
BBIDO)KEHHOE B IPOL[EHTAX OTHOIIEHJE IUTOMIAfN KaXK-
JIOTO OT/ENBHOTO MMKa (MATHA) K CyMMe IToLIafielt Bcex
IUKOB (IISITE€H) B TPEKe.

PacyeT KOHIeHTpauUMu BelecTBa B mpobe: pacder
IPOM3BOJAT METOZOM aOCOIOTHOI KanmuOpoBKu (IyTeM
HOCTPOEHMsI TPaAyUPOBOYHOTO rpaduKa ¢ mprMeHeHeM
BHEIIIHETO CTaHapTa).

Il pacyeta KOHI[EHTpAL[MM BeljecTBa B mpobe 1o
3TOMY METORY OIpPENeSIIOT abCOMIOTHOE KONMNIECTBO
MCKOMOTO BelllecTBa B Ipobe, a 3ateM, 3Hast Bec (00beM)
VICXOJHOI IPOOBI, PACCUNMTHIBAIOT KOHIIEHTPALMIO Be-
IjecTBa B Ipobe, KaK OTHOIIEHNE Beca BelecTBa K BeCy
(0o6bemy) poOBI.

Calculation of the content of substances in mixture is
an approximate calculation expressed as a percentage and
performed by the normalization method. This method is
based on the assumption that substances taken in the same
amount, regardless of their structure, give the same peak
area (this provision is approximately met for chemically
similar substances). To determine the approximate content
of substances in mixture, the ratio of each individual peak
(spot) area to the sum of areas of all peaks (spots) in the
track expressed as a percentage must be calculated.

Calculation of substance concentration in the sample:
the calculation is made by the absolute calibration method
(by calibration curve construction using an external stan-
dard).

To calculate substance concentration in the sample by
this method, the absolute amount of substance in the sam-
ple is determined and then, knowing the weight (volume)
of initial sample, substance concentration in the sample
is calculated as the ratio of substance weight to sample
weight (volume).
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Omnpenenenne abCOMIOTHOTO KOMMYECTBA BeIlleCTBA
B po0e TPOM3BOAUTCA [I PACCIUTAHHON IUIOLA/IN
IITHA BellleCTBa B Mpobe 1Mo KamnmbpoBOYHOMY IpaduKy
3aBUCHMOCTY KOJIMYECTBO BEILEeCTBAa — IUIOLIALb IIMKA.
910T rpad MK CTPOUTCS /IS M3BECTHBIX KOMYECTB Bellje-
cTBa (CTaHJAPTOB).

Bce omucaHHble BbIlle PacyeThl BBIIOTHSIIOTCA KOM-
MBIOTEPOM B AaBTOMATUYECKOM PeXVMe Ha OCHOBE 06cye-
Ta U306pa>KEHNS XPOMATOTPAMMBIL.

3aknaroueHnue

[nsa passutusa 6uoxumun 6enkos B Hadane XXI Beka
IPUHLIMINATbHOE 3HaYeHVe NMproOpeso LMINMPOKoe IMpHu-
MeHeH)e NPOTeOMHbBIX OMOMH(OPMALMOHHBIX TEXHOJIO-
ruit [14, 15, 16]. HakammmBaromyecss pesynbTaTsl, Ipef-
CTaB/IALIMe €000/ COBOKYITHOCTYM B3aMOCBA3aHHBIX
CBeJIeHMIT, OJUIeKAIINX COBMECTHON 00paboTKe, paccMa-
TPUBAIOTCA KaK COOTBETCTBYIOLME MHGOPMAIMIOHHbIE
MacCHBBI, Ha OCHOBE KOTOPBIX (OPMUPYIOTCS pas3MyHble
o61ye 1 Crelaa3MpoBaHHble 6a3bl JaHHBIX, pa3Mellla-
emble B cety VIHTepHeT [17]. [Tpu nccnegoBanmny nporeoMm-
HBIX IpoduIelt 6€IKOB, MHOTHE YYeHble OCTaHAB/IMBAIOT-
s Ha 9Talle NOMy4YeHNA IBYMEPHBIX 9/IeKTPodoperpamMm,
He UMes IIOpOJl fHake IPEeJCTABIeHNSA O MAaJTbHENIINX
HepCHeKTUBAaX NCIO/Nb30BAHUSA COBPEMEHHBIX WHCTPY-
MEHTA/IbHBIX U OMOMH(OPMAIMOHHBIX PECYpPCOB, TO3BO-
JIAIONINX TIOATBEPAUTD WM OIPOBEPTHYTh UX TMIIOTESH,
a mopoit npocto upeHtudunyposars (8, 18]. B mannoit
paboTe IpeANpUHATA IONBITKA IIPE/ICTABIEHN Pe3y/IbTa-
Ta IPOTEOMHBIX VICCTIEOBAHMII OT HMOMy4YeHNs HpOPUIIA
6e/KOB Ha reje, O KOHKPETHOI MHTepIIpeTaIy MoIy-
YeHHOTO pe3y/IbTara.

BupeocucreMpl B 3HAYMUTENbHON Mepe BBITECHU-
m 06b14HYI0 (oTOrpaduio Kak CPefCTBO PerucTpanyn
U apXMBUPOBAHNUA PA3NYHBIX OOBEKTOB, B TOM YNCIIE
U B IpoTeoMuKe. VICIIob30BaHMe KOMIIBIOTEPHBIX TeXHO-
JIOTMII TIO3BONIWJIO OCYILIECTBUTH HE TO/NIBKO COXpaHEHUe
3aIJICAaHHBIX N300pa)KeHMII, HO V1 BHIIIOJIHEHNE PAcueTOB
XpoMarorpaMMbl Ha 6ase HnMdpPOBOro BumeomzoOpake-
HJISL XpPOMaTOTPaMMBI.

OTInMYnNTeNPHBIMU YepPTaMy JJeHCUTOMETPUU C WC-
H0/Ib30BAHVEM BUJIEO TEXHOJIOTUI SABJIAIOTCHA, CKOPOCTb
pacyeToB, HM3KasA CTOMMOCTb PACXOHBIX MaTepyajoB
U COXpaHEeHHble B 9JIEKTPOHHOM BH/JE€ XPOMAaTOIPaMMbI
MOTYT OBIT CIIO/Ib30BAHBI, B TOM YNUCIE U /IS PacyeToB,
B m060e BpeMmsl.

Takum 06pa3oM, IPOBENEHHBIIT «Py4HOI» 6110MHPOP-
MAalLMOHHBIJI aHA/IN3 TI03BOJIAET HaM He TOJIbKO UCIIONb-
30BaTb pa3/IMYHbIe IPOrPaMMHbIe 0OeCIIedeH s JeHCUTO-
MeTpOB i nepeBopa u coxpanenusd reneit 1 IE n 2 JIE
B 9JIEKTPOHHBIIT BUJ, HO U KOJIMYECTBEHHO MHTEPIPEeTH-
pOBaTh MOMTy4YeHHbIE Pe3y/IbTaThL.

K HacTosIeMy BpeMeHM pe3y/IbTaThbl, paHee BBIIOJ-
HEHHBIX NPOTEOMHBIX MCCIEOBAHMIT MBIIII CeIbCKO-
X03AJICTBEHHbIX >KMBOTHBIX, OTKPbIBILNE ITyTh K CO3/1a-
HUI0O BBICOKOYYBCTBUTETBHBIX TEXHONOIMII KOHTPOJIS
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Determination of substance absolute amount in the
sample is made for the calculated area of the substance
spot in the sample using calibration curve of the substance
amount against peak area. This graph is constructed for
known quantities of the substance (standards).

All the calculations described above are performed by
the computer in automatic mode on the basis of the chro-

matogram image calculation.

Conclusion

For the development of protein biochemistry in the
beginning of the 21st century, the widespread use of pro-
teomic bioinformatics technologies has become of fun-
damental importance [14, 15, 16]. The results are accumu-
lated, i.e. aggregates of interrelated information subject
to joint processing, that are considered the information
arrays, on the basis of which various general and special-
ized Internet databases are formed [17]. In the study of
proteomic profiles, many scientists stop at the stage of
obtaining the final data of the experiment in the form
of gels. They have got no information on the possibili-
ties and prospects concerning the application of modern
computer and bioinformatics resources that allow to con-
firm or disprove their hypotheses and sometimes simply
identify [8, 18]. In this paper, an attempt was made to
represent the results of proteomic studies from protein
profile obtaining in gel to specific interpretation of the
data obtained.

Video systems have almost replaced conventional pho-
tography as a tool for recording and archiving various ob-
jects, for example in proteomics. The use of computer tech-
nology allows not only to store recorded images, but also to
perform chromatogram calculations based on the digital
video image of the chromatogram.

Densitometry with the use of video technology is char-
acterized by high calculation speed, and low cost of con-
sumables. Digitally archived chromatograms may be used
at any time for a number of applications including calcula-
tion.

Thus, the «manual» bioinformatics analysis allows not
only to use different densitometer software for conversion
and storage of 1DE and 2DE gels in digital form, but also to
quantitatively interpret the obtained results.

To date, the results of previous proteomic studies of
farm animal muscles, which opened the way to creation

of highly sensitive technologies for quality monitoring of
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KauecTBa MSCHBIX IPOAYKTOB IMTAHUs Ha OCHOBE aHa-
nn30B Bugoctendryecknx n30GpopM psijia MbIIIETHBIX
6enkoB [7, 12, 19, 20], uMerOT peanbHbINl LIAHC TIepeiTH
U3 paspsifa KaueCTBEHHBII COCTaB B KOMMYECTBEHHOE
copiep)KaHue.
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meat products based on species-specific isoform analyzes
of various muscle proteins [7, 12, 19, 20], have a real chance
to transform from the qualitative method to the quantita-

tive one.
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