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BeegeHune

Benkn npepctaBnAalT cob60lii KpynHble 6GMOMONEKY-
Nbl UIN MAKPOMOEKY/bl, COCTOAWMNE N3 OAHOW UK He-
CKONbKNX OJINHHBbIX Ueneii aMUHOKMUCNOTHbIX OCTaTKOB.
Benkn BbINOMHAWT WNPOKNIA CNeKTp (YHKLUWUIA BHYTPU
OpraHnM3moB, BK/Yasa KaTanusuvpyroume metabonumye-
CKne peakuuu, pennuvkauyno OHK, peakuuio Ha pasgpa-
XXUTENU U NepeHoc MONeKy/n U3 0fHOro mMecta B [pyroe.
Benku oTnuyalTcA ApYr OT Apyra B MepBYK oyepefb
nocnefoBaTesibHOCTbIO aMUHOKMCNOT, KOoTopas Npoaunk-
TOBaHa HYK/IeOoTUAHON nocnefoBaTefibHOCTbIO UX FTEHOB.
Kak npaBuno, aTo NpMBOAMT K crmbaHnto 6enka B cneyu-
huueckylo TpexMepHy CTPYKTYpPY, KOTOopas onpegenset
ero akTuBHOCTb [1]. /InHeHas uenb aMUHOKUCAOTHbIX
0CTaTKOB HasblBaeTCcsa nonunenTuaom. benok copgepxur,
No MeHblLIEN Mepe, OAWMH ANVHHbIA nonunentTug. Kopot-
Kne nonunentugbl, cogepxxawmne meHee 20-30 ocTaTkoB,
peako cumTalTca 6enkamMum m 06bIYHO Ha3biBalTCA Men-
TMaamu UNu nHorpa onuro nentugamu. OTaenbHble amu-
HOKUC/IOTHbIE OCTaTKN COeAVHEHbl BMeCTe MenTUAHbLIMU
CBA3AMU W COCEAHUMU AaMUHOKMUCIOTHBIMU OCTaTKaMWu.
MocnefoBaTeNlbHOCTb @aMUHOKMCNOTHbBIX OCTATKOB B 6en-
Ke onpegensieTca nocnefoBaTelbHOCTbIO FeHa, KOTOpbIi
KogupyeTcs B reHeTU4eckom koge. B oblem, reHeTuye-
CKMI KopA ykasbiBaeT 20 cTaH4apTHbIX aMUHOKMNCAOT; 0f-
HaKO B HEKOTOPbIX OPraHn3mMax reHeTU4Yeckuii Kog MoxeT
BK/lOYATb CENIEHOLNCTENH U B HEKOTOPBIX NMUPPONU3UH.
Bckope nocne unm gaxe Bo BpeMs CMHTe3a 4acTo npouc-
XOAAT MOCTTPAHCAALNOHHbIE MOAMMDUKALUM OCTaTKOB
B 6efike, KOTOpble U3MEHAKT (PU3NYECKNE N XUMUYECKUE
CBOICTBA, CKAajblBaHue, CTabuIbHOCTb, aKTMBHOCTb
1, B KOHEYHOM cueTe, pyHKuUno 6enkos [2]. MHorpa 6en-
KW cofep>aT He NenTUiHbIe rpynnbl, KOTOPble MOXHO Ha-
3BaTb MPOTE3HbLIMKU TpynnaMmn Unu Koaxkropamu. benku
MOryT Takxe paboTaTb BMecTe AN5 AOCTMXKEHUSA onpege-
NEeHHOI (yHKUMK, N OHM YacTo accoummpyrTcs ¢ obpa-
30BaHMeM cTabunbHbIX 6€N1KOBbIX KOMNNeKcoB [3,4].

Mocne obpa3oBaHnA 6enKn CyL ecTBYOT TO/IbKO B Te-
YeHue onpefenieHHOro nepuoja BpeMeHu, a 3aTeM gerpa-
AVpyT 1 nepepabaTbiBalOTCA annapaTtom KAeTKu yepes
npouecc 6enKOBOro uukna. Npoao/mMKUTENBHOCTb XU3HU
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6enka nsmepseTcAa NepuogomM ero mojaypacnaja u oxsa-
TbiBaeT WMNPOKNI Agnmana3oH. OHM MOryT cylwecTBoBaTb
B TeYEeHMe HeCKO/IbKUX MUHYT WAK NeT co cpefHei npo-
JO/MKUTENBHOCTLIO XMN3HM 1-2 Mecaua B KNeTkax M/1eKo-
nuTalwWwmx. AHOManbHble UKW HecornacoBaHHble 6enku
JerpagupyroTt 6eicTpee 6narogapa ToOMy, YTO OHU NoABep-
raloTcs paspylweHuto, nnbo n3-3a HeycTonumsocTu [5].
Kak n gpyrue 6uonornyeckme MakpoMOJEKy/bl, Ta-
Kue Kak nonucaxapuibl U HYK/I€MHOBbIE KUCNOTbl, 6enkn
ABMIAKOTCA BaXXHbIMU 4acTAMW OPraHW3mMoB U Y4acTBYIOT
npakTUYecKn BO BCeX NpoLeccax B Knetkax. MHorue 6en-
KW ABNAIOTCA (DepMeHTamMu, KoTopble KaTanansnpyT 61o-
XUMMYeckne peakuuum n ABAAKTCA XUZHEHHO Ba>KHbIMU
ana metabonusma. Benku TakXke UMeEKT CTPYKTYPHbIe
NN MexaHnyeckne YHKUMUN: aKTUH U MUO3WH B MblLU -
uax, 6efnKu B LUTOCKENeTe, KOTOpble 06pasyloT cucTtemy
MUKPOMUNAMEHTOB, MNOAAEPXUBAKOLWMUX (POPMY KIETOK.
Opyrvne 6enkn BaHbl B KNETOYHOI nepegaye CUrHanoB.,
MMMYHHbIX peakumax, KneTOYHOW aaresnn n K1eToyHoM
UMKne. Y XXUBOTHbIX B paLnoHe Heobxoaumbl 6enkun, ans
obecneyeHna Hes3aMeHWMbIMW aMUHOKWUC/IOTaAMU, KOTO-
pble HEBO3MOXHO CMHTe3npoBaTh. MuwesapeHne paspy-
WwaeT 6enKn 4NA ucnonb3oBaHusa B metabonunasme [6].
YT0o6bl BbIMOMHUTL CBOK (PYHKLWUKO, 6enKn B3auMOo-
OelCTBYIOT C APYrMMM BellecTBaMn C 4pYyruMu BelwecTBa-
MW Ha MONEKYNAPHON NAN MOHHOM YPOBHE WU APYTMMMU
6enkamu. Benkn B3anMoLencTBYOT B Pa3/IMUHbIX KOHTEK-
cTax U € pasHbiMU pesynbTtatamMn. HekoTopble 6enkn ak-
TUBUPYIOT NN AEe3aKTUBUPYIOT Apyrue 6enkn nytem cBf-
3blBaHWA C HUMU UM nytem (ge-) pocopunmposaHms
ux. B npouecce cpochopunnpoBaHus, pocdaTtHyto rpynny
nobaBnawT (UNKN yaanawT) U3 6enka, YTo akTUMBUPYeET UIn
fe3akTuBupyet 6enok. [ipyrne 6enku csAsbiBaloTCA Apyr
C Apyrom, cosfiaBas Tak Ha3blBaeMble 6e/1KOBble KOMMIEK-
cbl. OHM NMEKT BaXKHble POIN BO BCeli KeTKe, Hanpumep,
B pennukauuun OHK. Apyroi knacc 6enkoB cBA3biBaeTcH
APYr ¢ ApYromM ANSA cOo3[aHuUs CTPYKTYPHBIX KOMMIEKCOB,
KOTOpble nepefarT KNeTKe CBOK TPEXMEPHYK CTPYKTY-
py. Bce 3T B3aumopencTBus, ABNAKTCA LEHTPasbHOM
4acTblo (PYHKULMOHMPOBAHUA KNeTKU. NMOHUMaHne 3Tux
OCHOBHbIX B3aWMOLENCTBUI MMeeT XW3HEHHO BaXKHOe
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3HayeHVe A48 NOHMMaHWSA BHYTpPeHHel paboTbl XU3He-
[eATeNbHOCTM opraHu3ma.

TkaHecneumnduryeckas aKCnpeccusa reHoB MoOXeT Npu-
BOAUTb K HANMYUIO U OTCYTCTBUIO OnNpefeneHHbIX 6en-
KOBbIX B3aWMOAEWCTBMIA U KOMMNEKCOB, YTO NMPUBOAUT
K rny60oKUM (YHKLUOHANbHbLIM pasnunynam buonornye-
CKMX npoueccoB B TKaHAX [7].

MoHMMaHWe xapakTepa 3TUX B3aMMOLENCTBUIA BaX-
Hbl ONA U3y4yeHUsa TOro, Kak u noyemy pabortaroT KneT-
Ku. B3aumopgeincTemsa mexay Bcemu 6enkamu B KneTke
COCTaBNAKT Tak HasbiBaeMoe 6enKkoBO-6e/1KOBOE B3au-
mopelicteue (Protein-protein interactions-PPI) cetn. He
BCe 6esKM NPUCYTCTBYIOT BO BCEX K/IETKaX U Tunax Tka-
HAX, NO3TOMY 6€enKOBble B3aUMOAENCTBUSA OrpaHUYeHbl
KNE€TOUYHbIMUN U TKAHEBLIMMW TUNamu, rge 06a B3auMogei-
CTBYHOLWMX 6enKa NPUCYTCTBYOT. 3TU TKaHe3aBUCUMble
B3aMMofelicTBUS 06pa3yloT TkaHecneuuuyeckme PPI
(TSPPI) [8].

C 3TOW uenbl U3yvyarwT MeTOA0/0rMYeckme acnekThbl
aHanusa u BblGUpalT, nau paspabatbiBaloT IPPEKTUB-
Hble anropuTMmbl, KOTOpble MokKa3sbiBalT Hambonee fo-
CTOBEPHble pe3ynbTaTbl. Kpome TOro, nsyyawT OCHOB-
Hble cBolicTBa TSPPI, 4yToGbl MOy4YnTh MpeAcTaBleHune
0 CTPYKType B3auMOAelicTBUiA, aTakxe cBOWCTBa onpege-
NEeHHbIX rpynn 6enkoB. HakoHel, UCNONb3YIOT anroput-
Mbl KfacTepusaunmn c Lenblo BbIIBeHUA TKaHecneungu-
yecKux hyHKLMOHanbHbIX Moayneli B pamkax TSPPIs [9].

3HaunTenbHbI NHTEepec NpeacTaBnseT nU3yvyeHne me-
XaHn3MoB 06pa3oBaHmMA BelwecTB 6e1KOBOI U NeNTUAHON
npupoabl, 06ycnosnnBalLWmx 6MOKOPPUrNpytoLme n Ka-
YeCTBEHHble XapaKTepucTuku nyteli ux 6nocmHTesa [10].

Bce 60nble BHUMaHUA yaenseTcsa 6uonHpopmatTmke
KaK UHCTPYMEHTY M3Yy4YeHUA npoTeoma, C TOYKU 3peHusd
rMNOTETUYECKOr0 HANNYNA B HEM, TEX NN UHbIX 6Uono-
rMYecKn akTWBHbIX NenTuaoB M 6enkos-mapkepoB. Co-
rnacHO MMpPOBbLIM 6a3aM faHHbIX B MblWeYHbIX 6enkax
NPOAYKTUBHBLIX >XWBOTHbIX COAepXaTtcd aMWHOKUCNOT-
Hble nocnefjoBaTenbHOCTU, ob6nagawowme pasinYyHbIMU
6uonornyeckmmu ceoilicteamu [11].

OcHOBHasi YacTb

MobXCKKN3yUYeHNL BENKCB

AKTUBHOCTb W CTPYKTYpbl 6e/IKOB MOXHO UCCNepno-
BaTb in vitro, in vivo u in silico. MccnepoBaHusa in vitro
OYMLLEHHbIX 6ENIKOB B KOHTPONIMPYEMbBIX Cpefax nosie3Hbl
ONA N3yyeHUs TOro, Kak 6enoK BbIMO/HAET CBOK (PYHK-
LuI0: Hanpumep, UCCNefoBaHUA KUHETUKU (HepMeHTOB,
BbISIBNSAKOT XWUMWUYECKMIA MeXaHWU3M KaTaiuTuyeckol
aKTUBHOCTU (hepMeHTa U ero OTHOCUTeNIbHOe CPOACTBO
K pa3/In4yHbIM BO3MOXHbIM MoOJiekynam cy6cTpata. Ha-
NPOTWB, 3KCMEPUMEHTbI iN Vivo MOTYT NPeAoCTaBUTb MH-
dopmayuo 0 hM3M0N0rM4EeCcKon ponn 6enka B KOHTEKCTE
KNeTKN Unm faxe BCero opraHusma. B uccnegoBaHumsx in
silico Mcnonb3yTCA BbIYNCIUTENbHBIE METOAbl ANA W3-
yuyeHuns 6enkos.
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N3yyeHne 6enkoB in vivo 4acTo CBA3AHO C CUMHTE30M
n nokanusauuen 6enka B knetke. OYeHb 4acToO He fiCHA
cneuynduryYHOCTb TOro, Kak 6enkn HaueneHbl Ha onpege-
NIeHHble OpraHennbl WUAW KNeTOoYHble CTPYKTYpbl, XOTA
M3BECTHO O MHOTMX CUHTE3WPOBAHHbLIX B LUMTOMNIa3Me
BHYTPUKIETOYHbIX 6enkax, CBA3aHHbIX C MeEMOpPaHOi nan
cekpeTupyembix 6enkax B aHAOMNa3MaTUYEeCKOM PeTUKy-
nyme [4]. MonesHbl METOA OLEHKN KNeTOYHOI NnoKanu-
3auMm NCcnoib3yeT TEHHY UHXXEHEePWIo AN 3KCNpeccum
B K/IeTKe CAUTOro 6enKa unm Xxmmepbl, COCTOALWER U3 Npu-
pofHOro 6enka, npefcTaBNSAOWEro NHTEPEC, CBA3AHHOTO
C «penopTepom», TaknuM KakK 3eneHblii (hyopecLeHTHbIN
6enok (GFP) [12]. MonoxeHue cnutoro 6eska B KeTke
MOXeT 6blTb UMCTO M 3IPPEKTUBHO BU3yannM3npoBaHO
Cc ucnonb3oBaHnem mukpockonuu [13].

CywecTBYylOT 3KCMepUMeHTalbHble MeTOoAbl, Hanpu-
mep, AN 06HapyXXeHus, BbiAeNEeHUS U OYUCTKN Genkos,
aTakxe N5 pacwnppPoBKN CTPYKTYPbl U PYHKLUIA, 4acTo
TpebyeTca OUYMCTKM UCXOLHOTo 6enka. BbluncnmrenbHble
MeTofbl 0ObIYHO MCNOMbL3YIT KOMNbIOTEPHbIE NpOrpam-
Mbl AnA aHanusa 6enkoB. OAHaKO MHOrme 3KCMepuMeH-
TanbHble MeToAbl (Hanpumep, Macc-cnekTpomeTpus)
TpebylT BbIYUCAUTENBHOIO aHanM3a HeobpaboTaHHbIX
OaHHbIX.

[[eHeTu4YeckKne

dKcnepuMeHTanbHbIA aHanM3 06bIYHO TpebyeT IKce-
npeccum M Oo4YUCTKM 6enkos. BbipakeHune pocTuraetcs
nytem wmaHunynuposaHua [AOHK, KoTopas Kogupyer,
npefcTaBnawwWwunii MHTepec 6enok. CnefoBaTenbHO, aHa-
nm3 6enka o6blYHO TpebyeT metogoB AHK, ocobeHHO
K/IOHMpOBaHWA. HekoTopble 6enKn HUKOr4a He 6blIn He-
nocpefcTBeHHO CEKBEHWPOBAHbLI, 0HAKO, NyTeM MepeBo-
[Ja KOLOHOB M3 N3BECTHbIX nocnegoBaTenbHocTeldi MPHK
B aMWHOKWUC/OTHI C MOMOLbIO MeToja, U3BECTHOro Kak
«KOHUenTyanbHas TpaHcAsaumsa», 6610 NnpoaHannM3anpoBa-
HO 60NbWWNHCTBO 6€NKOBbIX MONekyn. CainT-HanpaB/ieH-
Hblli MyTareHe3 nsbupartenbHO BBOAWT MyTauuu, KOTO-
pble N3MEHSAIT CTPYKTYpPY 6enka. PyHKUMA yacTeli 6enka
MOXEeT OblTb fIy4ylle MOHATA NYTEM U3YYEHUSA U3MEHEHUSA
theHoTMNa B pe3ynbTaTe 3TOro BO3AeNCTBMA. benkoBble
cnanku nonyyalT NyTem BCTaBKM NPOTEMHOBbIX METOK,
Takux Kak His-tag, gna nonyvyeHna Moan@uUMpPOBaHHO-
ro 6enka, KOTOPbIA Nerye oTcnexueatb. [TpMepomM 3Toro
MOXeT cnyXuTb GFP-Snf2H mMeuyeHbIX KOMNIEKCOB (Xpo-
MaTUH-peMOLennpoBaHne), KOTOpPbIiA COCTOUT M3 6Genka,
CBSI3aHHOTO C 3e/IeHON h1lyopecueHTHON meTKkon [14].

AHanun3 [HK-anneneidi mMoxeT 6bITb MAEHTUDULU-
poBaH KakK CBA3aHHbI C 60/1€3HEHHbIMWN COCTOAHUAMM,
HanpumMmep, Npu BbluNCNeHUN oueHkn LOD, pa3spaboTaH-
HOW HbloTOHOM MopToHOoM. OHa npeacTaBnsieT coboii
CTaTUCTMYECKUIA TeCT, KOTOPbIA 4acTo ncnonb3yeTca Ans
aHann3a cuenneHnsa B NoNynAaLMAxX YenoBeka, XUBOTHBIX
N pacTteHuin. OueHka LOD cpaBHMBaeT BEPOSATHOCTb MO-
Nly4eHUs TecTOBbIX AaHHbIX, ecnn 3TW ABa NoKyca Aei-
CTBUTENILHO CBfA3aHbl, C BEePOATHOCTbIO HabnwaeHus
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cnyyaiHbix cobbiTU. Mo3nTuBHLIE oueHkn LOD 6naro-
NPUATCTBYIOT Ha/M4yunilo CBA3U, TOrga Kak oTpuuaTesib-
Hble oueHku LOD ykasbiBalT Ha TO, YTO NpUBA3KA Me-
Hee BepoATHa. KOMNbOTEpPU3NPOBaHHbLIN aHann3 OLeHKK
LOD — 370 npocToii cnoco6 aHanmM3a CMOXHbIX CEMEN-
HbIX POAOCNOBHbLIX, YTOGbLI ONpeaennTb CBA3b MEXAY MeH-
[eneBcKMMMN yepTamu (MM MexXxay npusHakom u mapke-
pom, unun aBymsa mapkepamu) [15].

CyliecTBYIOT 1 Apyrve BO3MOXHOCTU. Hanpumep, nm-
MYHOTUCTOXUMWNA O0ObIYHO UCNOMb3YET aHTUTENO K OfHO-
MY UM HECKONbKMM NpeacTaBnfaolWwmmM nHTepec 6enkam,
KOTOpble KOHbIOTMPOBaHbLI C hepMeHTamu, fasasd n1mbo
NIOMUHECLEHTHbIe, TM60 XPOMOTeHHbIe CUrHanbl, KOTO-
pble MOXHO CpaBHUTbL MeXAay obpasuamu, 4TO No3sonaeT
nNoNyynTb MHOPMaLUIO 0 NoKanusauuu. pyrum npumve-
HUMbIM METOAO0M ABMSIETCA KOhpaKLMOHUpoOBaHue B rpa-
AveHTax caxaposbl (MM Apyroro marepuana) ¢ MCNoAb30-
BaHMWEM M30MUKHUYECKOro ueHTpudyrnposaHus [16].

Uepes apyroe npumeHeHue B 061acTV FeHHON MHXe-
Hepuu, M3BECTHOE KaK CcalT-HanpaB/ieHHbIli MyTareHes,
uccnefosatennn MOryT WM3MeHATb MocnefoBaTelbHOCTb
6enka u, cnefoBaTtesibHO, ero CTPYKTYpY, KNEeTOUHYI f10-
Kanmsaumio 1 BOCNPUUMUYMBOCTL K perynauyuu. 3ToT
MeTo/ fAaXke NO3BONAET BK/OUYNTb HEECTECTBEHHbIE aMu-
HOKMCNOTbl B 6€/1IKe C MCNO/Ib30BaHNEM MOANDULUPOBAH-
HbiXx TPHK [17] n paunoHanbHbIl An3aliH HOBbIX 6e/KoB
C HOBbIMUK cBOWCTBamMu [18].

MNpoTeomunka

K OCHOBHbIM 3KCMEPUMEHTaNbHbLIM MeTo4aM MpoTeo-
MUKW OTHOCATCA ABYMEpPHbI anekTpodgopes [19], koTo-
pbili faeT BO3MOXXHOCTb pa3fenaTb 60/blioe KOINMYecTBO
6e/1IKoB, Macc-CNeKTPOMeTpPUI0, YTO NO3BOMSET 6bICTPO
naeHTuduumposaTtb 6en1KM M CeKBEHMPOBaTb NenTuAbl
C BbICOKOI MPOMNYCKHOI CNOCO6HOCTbIO (Yale BCero no-
cfe nepeBapuBaHunsa B rene), 6e/1KoBble MUKPOUYUNbI, KO-
TOpble NO3BOMIAKT 06HAPYXMNBaTb OTHOCUTE/bHbIE YPOB-
HW 60nbWOro Konu4yecTBa 6€NKOB, MPUCYTCTBYHOLLUX
B KNeTKe, U ABYXTMOPUAHBIA CKPUHWUHT, KOTOPbIA NO3BO-
nAaeT cuctemMaTunyeckn uccnegosatb 6enok-6en1koBbie B3a-
nmogencTemsa. Cuctematmyeckas nonbiTka onpegenuTb
CTPYKTYypbl 6€enKoB, N3BECTHA KaK CTPYKTypHas npoTeo-
Muka [20,21].

BrnonHhopmaTunKa

Ans aHanusa cTPYKTYpbl, QYHKUUI 1 3BoOLMK Gen-
KOB 6bi/1 pa3paboTaH LWWMPOKUIA CNEKTP BbIYUCUTENbHbIX
MeTOo/0B.

Pa3BUTUE TaKWX WMHCTPYMEHTOB O6bl/10 06YC/OBEHO
60MbWMWUM KOTMYECTBOM FEHOMHbIX U NMPOTEOMHbIX AaH-
HbIX, AOCTYMHbIX A Pa3/IMUYHbIX OPraHU3MoB, BK/OYas
UyenoBeUYECKNA TEHOM. JKCMEepUMEHTa/lbHO U3yyaTb BCe
6e/KM NPOCTO HEBO3MOXHO, MO3TOMY /Wb HEMHOrUe
U3 HUX NoABEprarTcs NabopaToOpHbIM 3IKCMEPUMEHTaM,
a BbIYMC/IUTE/IbHbIE MHCTPYMEHTbI MCMO/Mb3YOTCA ANA
3KCTpanonAunyM aHanornyHblx 6enkoB. Takue romosio-
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rMyHble 6eNKU MOryT 6bITb 3 PEKTUBHO MAEHTUDULN-
poBaHbl B OTAA/IEHHbIX POACTBEHHWKAX MyTEM BblpaB-
HUBaHMSA nocnegoBaTenlbHOCTEN. FEeHOMHblIE W TFEeHHble
nocneaoBaTeNlbHOCTN MOTYT ObiTb pPa3/IMUYHbIMU UHCTPY-
MeHTamMu [ANA OonpefenieHHbIX CBONCTB. MHCTPYMEHTHI
npoMNnpoBaHUs nocnefoBaTeNibHOCT MOTYT HalTu
caiTbl (PEepMEHTOB PECTPUKLMM U NpeAckasaTb BTOPUY-
Hble CTPYKTYpbl. ®unoreHeTnyeckme «AepeBbs» MOryT
6bITb MOCTPOEHbI, U 3BOJIKOLMOHHbIE TUNOTE3bl pa3BuBa-
I0TCA C MCNOMb30BaHMEM CMELManNbHOro MPOrpaMMHOro
obecneyveHns, Takoro kak ClustalW, oTHocMTenbHO Npo-
NUCXOX/AEHNA COBPEMEHHbIX OPraHM3mMOB U BbipakaeMblX
UMUK reHoB. MNone 6uonHpopmMaTuK TeNepb HE3aMEHUMO
ONa aHann3a reHoB U 6enKoB.

OnpepeneHve

O6Hapy)XeHne TpeTUYHOW CTPYKTypbl 6enka wunu
YEeTBEPTUYHON CTPYKTYPbl €ro KOMMN/JEKCOB MOXEeT faTb
Ba)XHble CBefleHWs O TOM, KakK 6enoK BbIMOJIHAET CBOIO
dyHKuuio. O6wme akKcnepumeHTasbHble MeTOAbl onpe-
JeNeHna CTPYKTYpbl BKIOYalT PEHTreHOBCKYH Kpu-
crannorpaguio 1 AMP-cNeKTPOCKOMNMIO, KOTOpble MOTYT
reHepmpoBaTb MH(OPMALKNIO NMPU aTOMHOM pas3peLueHunn.
Tem He meHee, 3KCnepumeHTbl AMP MOryT npefocTtaBuTb
MHOpMaLunio, U3 KOTOPOW MOXHO OLEHUTb MOAMHOXE-
CTBO paccTOAHUI MeXAy napamMu aToOMOB, & OKOH4YaTeb-
Hble BO3MOXHble KOHMopmauum 6enka onpepenaoTca
nyTem peweHus npob6semMbl reoMeTpuuM pPaccToOAHUSA.
[BoiiHaa nonspusaunMoHHas WHTepdepomMeTpus ABNSA-
eTCA KOJIMYECTBEHHbIM aHalINTUYEeCKUM MeTOoAOoM [ANS
n3MepeHuns obuein KoHdopmaynm 6enka n KoHpopmayn-
OHHbIX U3MEHEHW n3-3a B3aUMOAENCTBUIA MW 4PYroro
cTumyna. LLmpkynsapHblii guxponsm — ele ogunH nabopa-
TOPHbIA MeTog onpefeneHns BHYTPEHHero B-McToBoro/
a-cnupanbHoOro coctaea 6enkoB. KpnoanekTpoHHasa Mu-
KPOCKOMWA UCMONb3yeTCcsa A4S NOJYYEHUA CTPYKTYpPHOW
NH(OpMaL M MeHbLEro paspeweHuns 06 o4eHb 60/1bLINX
6enKOBbIX KOMNEKcax, BKoYaa cobpaHHble BUPYChl, Ba-
pUaHT, M3BECTHbIN KaK 3/1eKTPOHHAasA Kpuctannorpadus,
TakKXe MOXeT faBaTb MH(OpPMaLMIO C BBICOKUM paspelue-
HWEM B HEKOTOPbIX cny4yasx, 0CO6EHHO ANA ABYMEPHbIX
Kpuctansios MmeM6paHHbIX 6e/KOB. Pa3pelleHHble CTPYK-
Typbl 06bIYHO AenOHUpPYOTCA B baHKe AaHHbIX 0 6enkax
(PDB), oocTynHoM pecypce, U3 KOTOPOro MOXHO MOny-
YNTb CTPYKTYPHbIE AlaHHble O ThicAYax 6enKoB B Bujae fe-
KapTOBbIX KOOPAMHAT 4719 KaXXA0ro atoma B 6enke.

MeToAbl NPOrHO3MPOBaHUA CTPYKTYpPbl 6enka nbiTa-
toTca obecneunTb cnocob cosgaHMs nNpaBAonofo6HON
CTPYKTYpbl A5 6enkoB, CTPYKTYpPbl KOTOPbIX 3KCNepu-
MeHTasibHO He onpegeneHsl [22,23].

XpomaTorpagunyeckme MeTogbl

Hanbonee yHuBepcasbHbIM MeTOAOM oOnNpegeneHns
YMCTOTbl NenTuaoB M 6enkoB ABAseTcs obpaleHHo-da-
3oBad xpomartorpacgusa (O BIXKX), ocHOoBaHHaa Ha
MCMONb30BaHUM LWINPOKOTO cnekTpa rmapodobHbIX He-
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Puc. 1 «1apothobHas Hora» NonMnenTuaa afacopbrpyeTcs Ha rmapodo6HYo NOBEPXHOCTL MaTepuasia ¢ 06paLLeHHO (ha3oii, rae oH ocTaeTcs
[0 TeX Mop, NMOKa KOHLIEHTPaLWsi OPraHNYecKoro MoAMMKATOPA He NMOBLICUTCS 10 KPUTUUECKOI KOHLEHTpauum [27].

noABWXHbIX a3 [24]. AnA pa3feneHnss KOMMNOHEHTOB Jfie-
KapCTBEHHbIX CPeACTB NenTUAHOW U 6eNKOBON NPpUPOAbI
yauie ocTasbHbIX UCMONb3YOTCA Ob6paLieHHble dasbl C UC-
Nnosb30BaHWEM CUAUKarens ¢ NPUBUTbBIMU anKWbHbIMU
rpynnamun C8 mn C18. co cpegHnmm pasmepamum nop 300 A.
dnunpoBaHne NeKapcTBEHHbIX CPeAcTB MENTUAHON MUAn
6e/1KOBOM CTPYKTYPbl MAN UX PparMeHTOB, NOJYUYEHHbIX
B pe3ynbrtate ()epmMeHTaTWBHOro paclwenseHus, B O
B3> X, BOCHOBHOM NPOBOANTCA B peXnUme rpagnueHTHoOro
antouposaHus npu pH=2-3 npn KOMHaTHOI Temneparty-
pe, NOCKO/bKY MPY MOBbIWEHUN TeMNepaTypbl BO3MOXXHa
yacTM4yHas WAW nonHas geHatypauusa 6enka, YTo Takxe
BNIMAET Ha XpomaTtorpauyeckyo noABUXHOCTb [25,26].

MoHuMaHue mMexaHu3ma B3ammopgelicTBUA nonunen-
TULOB C MOBEPXHOCTbO C obpalweHHON dasoil BaxHO
Ana noHumaHua pasgeneduns nx RP-HPLC. PasgeneHue
MasibiX MOJIEKY/N CBA3aHO C HeNpepbiBHbIM pasfesieHn-
eM UX Mexpay NoABUMXHON N rnagpoo6HON HEeNnoaABUX-
HOW (hazamu. OgHAKO NoNMNenTUAbl CAUWKOM BENKM
ANA pasgeneHus Ha rugpodo6HON (ase; oHM agcopbu-
pytoTca Ha ruapocdo6HON MOBEepPXHOCTM Mocne Bxoga
B KOJTOHKY M OCcTalTcs aAcopbupoBaHHbIMK A0 Tex nop,
noka KOHLEeHTpauus opraHu4yeckoro pacTtBOpuTeNns He
LOCTUTHET KPWTUYEeCKOl KOHLeHTpauun, Heobxoawu-
Mo ana gecop6bummn (Puc. 1). 3aTem oHU JecopoupyroT-
CA W, cnerka B3aMMofelicTBys C MOBEPXHOCTbIO, CXOAAT
C KONOHKN [27].

MonunenTuAbl MOXHO paccmaTpmBaTb KakK «CuAsi-
wune» Ha HenoABMXXHONM (hase, npuyem 6Gonblwas 4YacTb
MOJIeKy/ibl MOABepraeTcs BO34eNCTBMIO NOABMKHON hasbl
N TOMbKO 4YacTb MOMEKYNbl — «TUAPONOOHbBIN XBOCT» —
B KOHTaKTe c obpalweHHol hason. O D -BIXK X oTgenser
nonnnenTuUAbl Ha OCHOBE TOHKUX pasnuMyuii B «rnapo-
do6HOM XBOCTE» OTAensemoro noaunentuga. Paznnuums
B «rmapoo6HOM XBOCTe» O0O6YCNOBAEHbl Pa3/inYUAMU
B aMWHOKMCNOTHbLIX NOC/e[0BaTe/IbHOCTAX N pasinyumns-
MU B KOHGopmayun [27].

MeToabl Macc-cneKTpoMe Tpun

B HacTosuee BpeMs BbICOKO3I(h(HEKTUBHAA XNAKOCT-
Hasf xpomartorpausa B COYETaHUN C Macc-CNeKTPOMeETpPU-
et (MC) ABnseTcAa O4HMM M3 CaMblX PacnpocTpaHeHHbIX
MEeTO/L0B B UccnefoBaHUAX NenTuaos n 6enkos [28,29].
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HepaBHue ycnexu WANKCTPUPYIOT pPoOJsib NPOTEOMMU-
KM Ha OCHOBE Macc-CNeKTPOMEeTpun Kak He3amMeHUMOro
WHCTPYMEHTA A8 CUCTEM MOJIEKYNIIPHON W K/I€TOYHOM
6nonornm n ANs HoBbiX obnactein. K HUM OTHOCATCA U3-
yyeHune 6e71K0BO-6e1KOBbIX B3aMMOAENCTBUI C MOMOLLbIO
a)(PMHHO-3aBUCMMbIX W3ONALMIA B MasoM U LWKPOKO
pacnpocTpaHeHHOM MacwTabe, KapTupoBaHWe MHOTO-
YNCNEHHbIX OpraHenn, napanfienbHoe OonNucaHWe reHoma
napasuta mansapum n (GOpMUpPOBaHNE KOMNYECTBEHHBIX
npodunei 6enkKoBy pa3HbiXx BUA0B, MOXXHO 0XWAaTh, YTO
CNOCOBHOCTb Macc-CneKTpoOMeTpun UaeHTUULMpoBaTh
n, BCe yalle, KOIMYECTBEHHO OnpeaenaTb TbicA4YM 6enKoB
M3 CNOXHbIX 06pa3L,0B, MOXET WWNUPOKO BAUATL Ha 6100~
TUI0 U MeULMNHY.

Macc-cneKkTpomeTpuyeckne M3MepeHus npoBOAATCA
B ra3oBOi (hase Ha 3apsXKeHHbIX MOHax. 1o onpegeneHuio,
Macc-CNeKTpoOMeTp COCTOUT M3 UCTOYHMKA MOHOB, Macc-
aHanusatopa, KOTOpbli M3MepsieT OTHOLWEHWe Macchl
K 3apagy (m/z) NOHN3NPOBAHHbLIX aHA/IMTOB U AETEKTOp,
KOTOPbIA perncTpmpyeT KOIMYECTBO MOHOB MPU KaXAoM
3Ha4YeHUn m/z.

B HacTosiuee BpemMs B uUcCCefOBaHUSAX MPOTEOMUKM
MCNONb3YITCA YeTbipe OCHOBHbLIX TMMa MaccoBOro aHa-
nusatopa. 3T0 aHaAM3aTopbl MOHHOW NIOBYLIKW, BPEMEHN
nponeta (TOF), kBaApynonbHOro u ®ypbe-MOHHOIO LK-
KnoTpoHHoro (FT-MS). OHu oTnnyakwTCca Apyr oT Agpyra
no Aun3aliHy U NPOM3BOAUTENbHOCTU, KaXAblii U3 KOTO-
pbix 06nagaet COGCTBEHHON CUNOA K cnabocTblo. 3TK
aHanusatopbl MOTYT 6bITb @BTOHOMHbLIMW UKW, B HEKOTO-
pbiX cnyyasx, 06befUHEHbI B TaHAEME, UTOGbI BOCNO/b30-
BaTbCs MpPeuMyLlecTBamm Kaxxaoro ns Hux [30].

[Onsa poctmxeHuns pasgeneHna macc MoryT NnpUMeHATb-
CA TPW pa3HbIX MPUMHLUMNA: pa3feneHne Ha OCHOBE BpeMe-
H1 nponeta (TOF MS), pa3geneHue KBaApynoOJibHbIMU
3M1EKTPUYECKUMW MONAMMW, TEHEepUupyembiMn mMeTannnye-
CKUMKN cTepxHamu (kBagpynonbHas MC), nnum pasgene-
HVE NYyTEeM CeNIeKTUBHOINO BbIGpPOCa MOHOB M3 TPEXMEPHOTO
nons 3axsata (MOHHAs NOBYLIKA UN 3NEKTPOHHO-LUK/O-
TPOHHOTO pe3oHaHca dypbe). Ana CTPYKTYPHOTo aHanu-
33, TaKOro Kak menTugHoe CeKBeHWpoBaHue, NMpoBOAAT
[Be cTafun Macc-CNeKTpoMeTpuu B TaHAeMe (TaHAeMHas
macc-cnekTpomeTpusa nam MS /MS), 4To MOXET BbITb Bbi-
NOJSIHEHO C UCMOJ/Ib30BaHWEM OAHOrO M TOF0 Xe NpuHumuna
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pasfeneHns gBaxgibl Unn nytem ob6befuHEHUS ABYX pas-
HblX NpuHUunnos pasgeneduna MS. U MALDI, n anekTtpo-
pacnblfieHne MOTYT 6bITb CBA3aHbI C IIO6BIM U3 3TUX TPeEX
MeTOoA0B pasfeneHusa. ToT gakT, uto MALD I npoussogut
KOPOTKUE BCMIECKN MOHOB B BaKyyMe, a snekTtpopacnbl-
NleHne co3gaeT HenpepbiBHbIM MYYOK MOHOB B atmocdepe,
KakK npasuio, NpuMBOAUT K coeauHeHnto MALDI ¢ TOF
MS u snekTpopacnbiieHne ¢ KBafpynonem M MOHHO-3a-
XBaTblBalLe noBylw kKo [29].

leinih>iap.neinm)oBubeto B

OfHOI M3 BaKHeWWMX 3afjay onpejeneHns Kkavecrtsa
NeKapCcTBEHHbIX CPeACTB NMENTUAHOW M 6E/KOBOW CTPYK-
Typbl ABNAeTcA ngeHTugukauma 6enkos. benku naeHTu-
huuunpyoTca rnaBHbiM 06pa3om N0 MX aMUHOKUCAOTHOM
nocnefosaTenbHOCTU. [puM Macc-CNeEKTPOMETPUYECKOM
aHanuse nenTuaosB U 6enKoB pasfiMyalT TpU noaxona.

Hanbonee WMpPoKO NPUMEHAEMbIM METOAOM MO-NPEX-
HeMYy ABNAETCA MPOTEOMMKA «CHU3Y BBEPX», IAe 6enok ne-
peBapvBaeTca B NenTUAbl, KOTOPble MOTYT ObITb adhdhek-
TUBHO NpoOaHasn3npoBaHbl CUCMNONb30BAHWEM LWMPOKOTO
cnektpa nmHctpymeHtos LC-MS wnnn MALDI-TOF-MS.
MoaroToBka o6pasua ANA IKCNEeprMEHTOB MO MeToAdy
«CHUN3Y BBEPX» TpebyeT HEeCKONbKNX TPYAOEMKUX 3TanoB
nepexofa oT 6enka K nenTugHoMy ypoBHt. Haubonee
Ba>KHbIM WIAromMm B TakKuMxX nogxofax siBNfaeTcsa nepesapu-
BaHue 6enka, KOTOPOe 4YacTo ABMSAETCA Y3KUM MECTOM, TakK
KaK 3aHMMaeT MHOro BpemeHuW. CrnegoBaTeflbHO, 3HA4u-
TeNbHOe yBeNMYeHne MPONyCKHOV CNOCOBHOCTM MOXeT
6bITb [OCTUTHYTO MYyTeM YCKOPeHUA npouecca nuiwesa-
peHunss. CoBpeMeHHble MeTOoAbl MO3BOMIAT COKPaTUTb
BpemMsa nepeBapuBaHWa OT HOYHON uUHKybauuun (— 15 uva-
COB) 10 MUHYT UNN faxe CeKyHA. 3TO NPOABUXEHUE TakK-
Xe Aenaet BO3MOXXHbIM MHTErpawumnio B OHNalH-CUCTEMBI,
TEeM CamMblM YMeHblUas KOMMYECTBO YTOMUTE/IbHbLIX LWa-
rop o6pa6oTkm ob6pasyoB M puck notepu obpasuya [31].
B aTtom pasgene gaetcsa 0630p MMeKLWUXCA B HacToswwee
BpeMms cTpaTervii nuuieBapeHuna u nocnegHnx n3aMeHeHui
B YCKOPEHWMN npouecca nuiLeBapeHns.

Puc. 2. 0630p NoaxoaoB NpoTeomukm [31]
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MNepeBapuBaHne 6enka, Kak (epMeHTaTUBHO, Tak
N HeepMeHTaTUBHO, ABMAETCA BaXHbIM U (MOYTU) He-
3aMeHUMbIM WMHCTPYMEHTOM WUAeHTUMUKauuu, xapakre-
PUCTUKM N KOTMYECTBEHHOW OLEHKW MpOTEMHa C MOMO-
Wbl cTpaTernin npoteomukn [32]. MpoTeomunka urpaeTt
)XW3HEHHO BaXHYI pPOSb B OCHOBHbIX 06/1aCTAX uccne-
[OoBaHWin, BKAOUYana o6HapyXeHne 6nomapkepos 601e3HU
n bnocucTem, U, Kak Takosas, 3HaunTeNbHO cnocobecTByeT
NMOHWUMaHUIO GUONOTNYECKUX NMPOLECCOB, KOTOPblEe HEO6-
XO0AUMbI Ans xXunsHu [33].

Bbi6op nopxofa MPOTEOMUKW [O/MKEH OCHOBbIBATb-
CA Ha Tune BOMPOCa, Ha KOTOPbI/i HY>XXHO OTBETUTH.
FnobanbHas NpoTeoMuMKa, Takas Kak HaxoxpgeHue 6uo-
Mapkepa B O4YeHb C/NOXHOM o0b6pasue, KacaeTcs WAEHTU-
hukaumm 4acto MasOUYMCNEHHOro HEeU3BeCTHOro 6enka,
KOTOpPbIA NPUCYTCTBYET B C/IOXKHOM 06pasue C WNPOKUM
AVHaMU4yecKuMm guanas3oHom 6enkos. [Ana atoro Tpeby-
eTcsA COBCEM ApYyroli NoAxo4, Yem LeneBoi aHanus 6enka,
Hanpumep, xapakTepucTnka COCTOSHWUIA NoCTTpaHCcAAun-
OHHO mogudmkaymm (MTM), roe TpebyeTtcs nogpobHoe
nccrefoBaHne 1 MosHoOe KapTupoBaHue nocnefoBaTeflb-
HOCTU M3BeCTHOro 6enka Anaa nokanusauum, BO3MOXHO,
manoobecnedyeHHbix MTM. Kpome Toro, (knaccel) 6e1KoB
CO creyunanbHbIMK XapakTepucTukamun, MoryT Tpe6osaTtb
0c060li NOATOTOBKMW ANS HUX.

MopxoAbl B NPOTEOMUKE MOXHO pasnnyatb Mo ypoB-
HIO, Ha KoTopom nposoauTca aHanui (Puc. 2). JocTu-
XXeHuna B obnactu macc-cnektpometpun (MC) Tenepb
No3BONAKT HaANPAMY aHanusnposaTb 6enku. B Takom
3KCMEPUMEHTE «CBEPXY BHU3» OUULLEHHbIE 6eNKN feTek-
TUPYIOTCA UHTAKTHbIMW W nocne parmMeHTayum ¢ uc-
NoNfb30BaHWEM yAapHO-aKTMBUPOBAHHON guccoumaumu
(CAD), guccouuaumm anektpoH-zaxata (ECD) wunu
aunccouunaunm nepeHoca anekTtpoHos (ETD), o6ecneuu-
Bas MHGpopmauuto 06 MHTAKTHOW Macce 6enka U amu-
HOKUCNOTHOI nocnegoBaTtensHoctn [34,35]. AHanus
HVOKHUX HUTE MHTAKTHbIX 6€/1KOB CBOAUT K MUHUMYMY
NoAroToBKY Npo6 n coxpaHaeT mHopmauuio, Kotopas
nHorga TepsAeTca B APYrUX cTpaTernax NpPoTeoOMWUKU,
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Taknux Kak cBA3blBaHWe HecKo/ibkux MTM, HO oTHOCHK-
TeNbHO HeyyBCTBUTeNbHA [36]. M3-3a 60n1bWOro pasmepa
aHanuToB TpeboBaHua K npubopam MS ¢ TOUKK 3peHusn
paspelweHNss U MaccoBOl TOYHOCTW OCYL,ECTBAATCA
TONIbKO BbICOKOMPOU3BOAMTENbHLIMU Macc-CneKTpome-
Tpamu, TakMMU KaK MOHHO-LWUKAOTPOHHbI pe3oHaHC
dypbe MS (FTICR-MS) un Orbitrap MS [37]. Tem He
MeHee, MHTaKTHbI/i aHanu3 6enKoB TakXe NpoBoOAUCA
C ucnonb3oBaHuem 60/1ee LOCTYMHbIX WHCTPYMEHTOB,
Takux Kak TaHAeMHbli KBagpynonb U KBaApynoO/bHbIA
BpemsAnponeTHoblii macc getektop (QTOF) MS. Ha npa-
KTUKe MaccoBblii Amana3oH 6enkoB, KOTOPbI MOXeT
6bITb NpOaHaNN3NpPoOBaH C UCNOIb30BaAHMEM NPOTEOMMU-
KN «CBEPXY BHU3», orpaHu4yeH o ~ 50 k[a, Taknum obpa-
30M, npumepHo 500 amumHokmcnoT [38]. B NpoTUBHOM
cnyyae cekBeHuUpytwTca Tonbko C- n N-koHubl [39,40].
HecmoTpa Ha o4yeBUAHble NpeumylwecTBa NPOTEOMUKHU
«CBepXy BHW3», Heobxoauma fanbHeinwas paspaboTka
MHCTPYMeHTapua MS, npexae yem OHa CTaHeT OCHOB-
HOW TexHosnoruen.

Mopasnsowee 60/bWNHCTBO 3KCNEPUMEHTOB C MNpPoO-
TEOMWKOW npegnonaraeT npoueaypy nepeBapuBaHus
6enka B nentuabl nepesd aHanusom MC. AHanns nentu-
[OB MMeeT HeCKONbKO MpeumMylecTs nepeg 6enkavu,
BK/tOYaa 6onee ahheKTMBHOE pasfenieHne XUAKOCTHOMN
xpomatorpaguein (LC), 60onee HU3KYH MOMNEKYNAPHYHO
mMaccy M MeHbllee KONWYecTBO 3apAaf0BbiX COCTOSHWA,
YTO NPUBOAUT K YNYYLWEHU YYBCTBUTENbHOCTM [41].
B 3aBMCMMOCTM OT pasmepa NONYYEHHbIX NENTUAO0B NOA-
X0, MOXEeT Ha3blBaTbCA «CHU3Y BBEPX», NN60 «C cepean-
Hbl BHU3». B cTpaTermm «CHMU3y BBepx» 6e10K ruaponnsy-
etca B nentuabl B npegenax ~500-3000 da. 3Tu nenTtuabl
3aTeM aHanM3upylT C MOMOLbIO XWAKOCTHOW Xxpoma-
Torpaum ¢ anekTpopacnblINTENIbHON WOHM3aunein MS
(LC-ESI-MS) unnu meToaom nasepHoii gecopbunoHHOMR
noHusauum c spemanposietHolMm MC (MALDI-TOF-MS).
NoeHTndukaumna 6enka BbINONHAETCA HA OCHOBE aHannsa
0TMnevyaTKoB NanbLeB B NeNTUAHON Macce Nav NenTULHOM
nocneposatenbHoctn [34]. CekBeHupoBaHue NenTuioB
MOXeT OblTb 3PMEKTUBHO AOCTUTHYTO NyTEM AUCCOLM-
auuun, BbIaBaHHOW cTonkHoBeHnem (CID), B 6onee wupo-
KOAOCTYMHbIX Macc-cnekTpomeTpax ESI-MOH-N0OBYLWKK
n ESI-QTOF nnn c ucnonb3osaHnem MALDI- TOF/TOF
npuéopos [30].

MepeBapuBaHue cnoXHoro obpasua 6enka, Hanpumep
L,efqioro npoTeoma c «CHM3y BBepX» NOAX0A0M, 4aeT OrpoM-
HOe KOJIMYecTBO MenTUAOB, U Jaxe 60Nblle, YEM MOXET
aHanM3upoBaTb Aaxe camblil 3D EKTUBHbIN NHCTPYMEHT.
CnoXxHocCTb Habopa NenTUAoOB MOXeT OblTb YMEHbLUEHa
6e3 yuepba gna MHAOOPMaLMOHHOIO COAEPXMMOro 3a
cYyeT NOJyYEeHUs MEeHbLIEero Konm4yecTsa, HO 60/bLWMNX MO
pasmepy nenTuaoB. 370, TaK Ha3biBaeMblil, CpegHUN ypo-
BEHb NMPOTEOMHOro NoAxofa, coyetaet B cebe nyyuee u3
HUCXOLALWEro U BOCXOAALWEro, NCNOJb3ys NpenmMyLecT-
Ba YyCOBEPLEHCTBOBAHHOW M3MEpPUTeNbHOW annapaTypbl
MS ©n [OCTYyNmHOCTbL MeTOA0B hparmeHTaLuMy Ha OCHOBE

42

3N1eKTPOHOB [42], coxpaHAa Mpu 3TOM YpPOBEHb YYBCT-
BUTENIbHOCTU, CBA3aHHbLIN ¢ aHanu3 nenTtugos [37]. Men-
Tnabl cpeaHero yposHa (— 3000-20000 [da) nokasbiBalT
ynyduweHHoe pasgeneHue LC, u nocne ESI HecyT 60Nb-
lee KOJIMYECTBO 3apAfoB, YTO yBennymMBaeT hparMeHTa-
uuo CID [43], ETD [44] wnnn ECD [45] B Orbitrap MS,
KBaApPYNoO/bHbIA NUHEWHONW MoH noBywkn (QTrap) MS
n KBafpynosnbHble npubopbl FTICR-MS. Mo cpaBHeEHUIO
C MEHbWMUMK MenTupgamn nosayyawT 60nee yBepeHHYlo
noeHTUnKaLmo NnenTuaos, YTo NPUBOANT K YNIyULIEHUIO
oxBata nocnefosaTenbHOCTU 6enka U UAeHTUdUKaunm
nTM™M [46].

Mpepackasyemana npupofa gparmMeHtaynm nenTuaos
NMo3BO/IAET COMOCTABNATbL 3KCMNEepPMMEHTasibHble CMeKTpPbl
MS / MS c npeackasaHHbIMU cnekTpamu npu in silico ns-
BECTHbIX 6€/1KOBbIX NMocnefoBaTeNlbHOCTER AN yCTaHOB-
NeHna naeHTUYHocTn 6Genka [47]. B aTOM OTHOLWeEHUN
nepefosble cpeAcTBa 6MOMHGMOPMATUKM UTPaKOT Koye-
BYIO POJib B I0OObIX CTpaTErnax NpoTeoMukn. OgHaKo aTu
cpeficTBa OCHOBaHbI Ha NPeAnoN0XXeHUn, 4To NpoLecc ne-
peBapuBaHunsa (BK/IOYaA BOCCTAHOBMIEHWE U aNKWIMPOBa-
HUe ANCYNbPUAHBLIX MOCTUKOB) SAAIBMSETCA ONTUMASIbHBIM.
Ecnu 310 He Tak, Hanpumep, Korga nenTuAbl CBA3aHbI
yepe3 HENOBPEXAEHHbIN ANCYNbPUAHbIA MOCTUK, FeHe-
pupyloTCA Henpeackasyemble NenTuabl U / NNKU CNekTpbl
C/IOXXHOW hparmeHTauunn, KoTopbie He ByayT MaeHTUd K-
LumpoBaTbCA B aBTOMaTM4eCKOM Moucke 6asbl JaHHbIX.
MepeBapuBaHne 6enKOB MOXET MPUBECTU K MNoTepe UH-
hopmayunu, HanpuMmep, Hannuu U ceasHocTn MTM [39]
NN CNOCOBHOCTM OTNMYaTb 6/IM3KOPOACTBEHHbIE GENKN
n3-3a c60a B 0OHapyXeHUn onpegeneHHbIx yacten 6en-
KOBOW nocnegoBaTenbHOCTM M3-3a HeafeKBaTHOro pas-
mMepa MAn HebnaronpuATHbIX MOHW3ALWOHHbLIX CBOWNCTB
reHepupyembix nNentugos. HakoHel, Ka4yecTBO MOJyYeEH-
HbIX WAEHTU(UNKATOPOB U MOoAUMDUKALUA 6enka MOXHO
KOHTpPO/NMpOBaTb C NOMOLWbIO JIOXKHbIX CKOpOCcTeil 06-
Hapy>eHus, NOPOroBbiX 3HaYeHW 6enka n nentmaa, Ho
ans aToro TpebyeTcs KpuTtuyeckuii 0630p MONYUYEHHbIX
pe3ynbTaTos.

MepeBapuBaHue 6enKa ABNAETCA BaXHbIM LWAarom
B CTpaTerum NpoTeoMUKN «CHN3Y BBEPX» U «C CEPEAMNHbI
BHM3» N OKa3blBaeT 3HAYNTE/IbHOE B/INAHUE Ha KayeCTBO
naeHTudunkaunm 6enka [48]. Ha NpoTsXKEeHUU MHOTUX NeT
nepesapuBaHue 6enka ynydlanocb 3a cyeT pa3paboTku
HOBbIX METOA0B 4719 YBE/IMYEHMNS MPONYCKHON CNOCO6HO-
CcTu 1 BOCNpoussoammocTu [31].

Basun 6eB

Ha npakTuke nenTuabl MAEHTUDULUPYIOT, Kak npa-
BW/10, MCMONb3YSl CUCTEMbI NOUCKa NO 6a3aM faHHbIX 6en-
KOB, Hanpumep Mascot [49], SEQUEST [50], X! Tandem
[51], Inspect [52], OMSSA [53], MassMatrix [54], Crux
[55], MyriMatch [56], MS-GFDB [57] v gp.

Han6onee pacnpocTpaHeHHbLIMW MOWCKOBbIMMN CUCTE-
MaMun ABAAKTCA NepBble TPU U3 NEPEUYUCIEHHOrO Bbllle
cnucka.
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PMF Search Results

Sample ID (comment): Enter_Comment

Dalabase searched: SwissProtdeer.fasta ParamelersusedinSearch
Number of database entries 60632

PMF search selects 25 entries

) Dynam_?c Stati;_ #(%) Mass Error Protein
Rairk Probability Probability Masses Mean (Std Dev)
Score Score Matched (ppm) c.verage
1 0.0012 000115 4,251 (1%) 7.1 (0.9) zs
1 0.00012 0.00115 4,251 (1%) 7.1 (0.9) 4%
0.000278  0.00266 4,251 (1%) -2.2 (0.9) Ss
2 0.000278  0.00266 4,251 (1%) 7.1 (0.9) 7%
0.000525 0.00854 5,251 (1%) -2.3(0.9) 9%
0.000554 0.00528 4,251 (1%) -2.2 (0.9) 11%
0.000554  0.0052S 4/251 (1%) 7.1 (0.9) 3%
0.000994  0.00945 4/251 (1%) 7.1 (0.9)
M S . Search
Delta col---
Mt.
7 253
16.0
5215

0

©

Protein

MW (Da).’pl Species Accessioir # Protein Name
11135.1,4.35 CEREH AO0A212DJ27 CNTN5 (Fragment)
15190.6,5.70 CEREH AO0A212C74§ USP42 (Fragment)
14770 2,8.82  SRIIfl AOA238BXI12 Uncharacterized protein
10379.9,9.21 )XOSC B7Q5Z0 Uncharacterized protein (Fragment) (Fragment)
16142.0/8.86 )XOSC 0306 Uncharacterized protein
7376.3/5.15 9ADEN AO0A223PYX7 22K
21470.3/4.87 CEREH AO0A212CJ52 Apolipoprotein D
19460.4/4.65 1XOSC A7LFJ1 Salp20-1 ke protein 11

©

Detailed Results

1. 4/251 matches (1%). CEREH. CNTN5 (Fragment) (11135.1 Da) pi =4.35

m/z MH. Delta Scoie Tolerance
submitted matched ppm Counted (0-0)
819.4549 819.4611 -7.5 1 0 93
819.4552 819.4611 -7.2 1 n 93
819.4565 819.4611 -5.6 1 0 93
819.4545 819.4611 -8.0 1 0 93
Mean: -7.1
Std dev: 0.9

1

S1 LAANTFGSIL SREVILQFA

99
99
99
99

SVDYGPVFVQ EPDDIIFPTD SDS~ALNC EARGNPVPNY RWLRNGTEID LESDYRYSLI

Bin Index start end Peptide Sequence

(R)EVILQFA(-)
(R)EVILQFA(-)
(R)EVIIQFA(-)
(R)EVILQFA(-)

©

DGAFIESNPS EAKDFGHYQC so

SS

Puc. 3. laeHTndmkaums 6enka no MexxayHapoaHoli 6ase AaHHbIX HaumoHalbHOro LieHTpa 6uoTexHonormyeckoli nHgpopmauim CLUA (NCBI)
(nporpamma Mascot«MatrixScience», CLLUA) [59]. (1 — cnu1cok noTeHumasnbHbIX 6eMKOB-KaHAUAATOB; 2 — paclumd)poBKa TPUMTUYECKUX Nen-
TUAOB C OMpesesieHeM Ynca coBnaaeHuiA; 3 — pacrnpeaeneHve BbisBeHHbIX NeNTUAOB N0 aMMHOKWC/IOTHOM NocresoBaTensHoCTH; 4 — UTo-

roBbIii pesy/sTar)

MonckoBas cmcTema Mascot ocHoBaHa Ha anroputMme
MOWSE (MOlecular Weight Search), npeanoxeHHom
B 1993 rogy Pappin ¢ coaBT.[58].

[JaHHbIn anropuTmM Kcnosb3yeT MNOMUCK MO MAcCOBbIM
«oTnevyaTkam nanbleB» nenTuhosB. BHauyane nposBoguT-
CA cCpaBHeHMe macc NenTWAOB M3 6a3bl AaHHbIX C 9KC-
NepUMeHTanbHbIMW AaHHBIMW MacC NenTULOB C YYEeTOM
3aaHHON norpewHocTM. 3aTeM A8 Kax[oro cosnage-
HMWA paccynTbiBaeTca BenmMuuHa Score (Tak Ha3biBaemas
Be/IMYMHA YPOBHHA [OCTOBEPHOCTW) B COOTBETCTBUM
¢ hopmynoii:

5000

roe Mpdt — MonekynsipHasi Macca Kakoro coBnaBLlero 6erka,
Mn — npousBeaeHne, KOTOPOe paccunTbiBaeTcs 13 Mowse-
MaTpuLbl BECOB, M j- ANS1 KAXA0r0 COBMafeHUs aKcnepu-
MeHTa/IbHbIX AaHHbIX U Macc NENTMAOB, PACCHUTAHHBIX U3
3anuceli B reHOMHOW 6ase faHHbIX.

Score =

43

[aHHbIli anroputM MOXHO MPUMEHATb ANSA MOuCKa
M C/MC B sTom cnyyae B (hpopmysie ana Score posb 6enka
BbIMOMIHAET NenTug, apofb nentuga — parmeHT. Cymma
Score nenTuaoB faet Score ansa 6enka. Takxke, Ana Kaxao-
ro U3 KaHgmpaTtoB, yKasaHbl BMAOBas NPUHAAEXHOCTb,
YTO MOXEeT cTaTb pelwawuwmM nNpu WHTepnpeTauuu,
N CCbIIKW Ha NepcoHasbHble CTpaHuubl (MTOrOBbIN pe-
3ynbTart), cofepxalime nMcyepnbiBawlWy MHGOpMaLuio
0 noTteHunanbHOM 6enke (3Ha4YeHWs ero MONEeKy/SAPHOM
Maccbl M W303MNEKTPUYECKON TOYKM, pacwudpoBka No-
cnefoBaTeNlbHOCTU TPUNTUYECKUX NEeNTMAOB, YACIO COB-
nageHnii,% NOKpPbITUA NOSHOW aMWHOKMCAOTHOW nocne-
JoBaTeNbHOCTM 6enka BbIIBEHHbIMKU NenTugamn n T1.4.)
[60,61]. AaHHbIA anropuTM MOXeT 6biTb MPUMEHEH AN
MC/MC-noucka.

ANTOPUTM OLEHKM OCHOBaH Ha BEPOATHOCTW, KOTO-
pbili nmeeT psag npeumywecTts: (a) MpocTtoe npaBunio
MOXeT MCNoMb30BaTbCA ANA OLEHKUM 3HAa4YumocTu pe-
3ynbTaTa Uan HeT. 3TO OCOOGEHHO MONE3HO A4 3alunThl
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OT NNOXHbIX cpabaTtbiBaHWii. (b) OUuEHKN MOXXHO CPaBHUTb
c pe3ynbTataMyn 4pyrux BuL0B Noucka, TaKUMU Kak romo-
norua nocnegosaTtensHocTu. (¢) MNMapameTpbl NoUcKa Mo-
ryT 6bITb N€rK0 ONTUMU3UPOBaHbLI NyTeM uTepauumn [62].

MonckoBasA cuctema Sequest ocHOBaHa Ha OTAENbHOM
naoeHTUuKaumm Kaxgoro mwmacc-crnekrtpa [50]. O3Ha-
KOMUTbLCA C Pecypcom MOXHO Ha calite [63,64]. B aTom
MeTole HYKneoTuAHble 6asbl AaHHbIX TpaHCAMPYHTCA
B WWECTU Kafpax CYUTbIBAHUA, U NMONYYEHHble aMUHOKNC-
NIOTHblE NOC/Ief0BaTEe/IbHOCTU 0ObLICKMBAKTCA «Ha XOAy»
ANna naeHTUdrKauumM U NOATOHKW NIMHENHbIX NocnefoBa-
TenbHoOCTell K wabnoHam hparmeHTauum, HabnwgaeMbim
B TaHAEMHbIX Macc-cnekTpax nenTngos. 3aTeM UCNosb3y-
eTca (PyHKUMS B3aUMHOI Koppenauun ans obecnevyeHus
U3MEpPEHUNA CXOLCTBA MEXAY OTHOWEHUAMN Macchl K 3a-
pagy 415 MOHOB DparMeHToB, Npejcka3aHHbIX aMUHOKNC-
NIOTHBIMW nocnefoBaTesIbHOCTAMU, MepeBefeHHbIMU U3
6a3bl HYKNeoTU0B, U MOHaMKN hparMeHToB, Habogaembl -
MW B TAHOEMHOM cnekTpe macc. B obwem cnyyae pasHu-
ua mexay 0,11 2 mexay HOpMUPOBAHHbLIMU PYHKLUAMMU
B3aMMHOW KOoppensauun Ana pe3ynbTatoB novcka nepsBoro
M BTOPOro paHXMpoBaHWUA yKasblBaeT Ha yCrnelHoe CoB-
nageHue mexgy nocnefosaTenbHOCTbIO U criekTpom [45].

MounckoBasa cuctema X! Tandem Haubonee pasBuTa,
Tak Kak fBnseTca nporpamMHbiM obecnevyeHmem C OT-
KPbITBIM MCXOA4HbIM KOLOM. O3HAKOMUTLCSA C PECYPCOM
MOXHO Ha calite [65].

TANDEM 6bln HanucaH AN 3anycka M3 KOMaHAHOW
CTPOKM C MMeHeM BXxogHoro XM L-calina B KauyecTBe
e4VHCTBEHHOrO NapamMeTpa 419 KOMaHAHOW cTpoku. Kog
6bln co34aH ¢ Mcnofb3oBaHMeM Habopa K1accos, KOTopble
BbIMO/IHAKT creAyolmne 3ajayu:

(1) uteHwue halinoB napameTpoB BBoAa XML ;

(2) cunTbiBaHME nocnepoBaTenbHOCTU Genka u3 aii-
noB FASTA;

() uteHue cnekTpoB MS / MS B o06wwnx dgopmarax
ASCII (DTA, PKL u Matrix Science);

(4) cocTtossHMe MS / MS cnekTpoB 414 yaaneHus wyma
n o6Wwmnx apTetakToB;

(5) obpaboTka nNenTUAHLIX MNoOcnefoBaTe/ibHOCTEN
C peareHTamy pacuiensieHus, NoCTTPaHCNALUNOH-
HbIMWU U XUMNYECKUMU MOAUDUKALNAMMY;

(6) oueHka nocnepoBaTefIbHOCTU NENTUAOB;

(7) cospaHue dpaiina BbiBOoga XML, B KOTOpOM 6yayT

0TO6paXKeHbl lyyline CKOPUHIOBbIE NOC/EA0BATE b-
HOCTU U HEKOTOpble CTAaTUCTUYeCKue pacnpegene-
HWS, OTHOCSILIMECS K Npoleccy nogcyeTta oukoB [51].
OnucaHHble anropuTMbl He JNULWEeHbl HeAOCTATKOB.
Hanpumep, Mascot npucBanMBaeT BbICOKME 3HAYEHUS] UH-
[leKca KOPOTKMM MenTuiam, KOTopble He Bcerga siBnsiioT-
CS YHUKaNbHbIMU A5 UccnepyeMoro 6eska, Takxe npu
aHann3e NPoOTeoIMTUYECKUX CMeceil NenTuAo0B B CNUCKe
KaHAWAATOB NPUCYTCTBYET MHOXECTBO Moc/iefoBaTeslb-
HocTell ¢ 61M3KMMKU 3HauyeHWsiMM Score, HO Mporpamma
OKOHUaTe/IbHOM panopTe OCTaB/seT TO/IbKO OfHY nocne-
[l0BaTE/IbHOCTb.

44

Hepoctatkom anroputma Sequest ABNAeTCA BbICO-
Kas CMOXHOCTb BblYMC/EHUA M 0606LWEHNI CNEeKTPOB.
A X! Tandem, Kak BEpOSITHOCTHbI MOAX0A, B OTAE/bHbIX
clyyasx He MNO3BONAET MNPOBECTU [OCTOBEPHYH WAEH-
Tugpukayuo. Kpatkoe onucaHve 6onee 100 pasnmuHbIX
anropuTMoB U MakeToB nporpamm o06paboTkm Macc-
CNEeKTPOMETPUYECKNX AaHHbIX No nentugam u 6enkam
npeacTaBnieHbl Ha caiTax http://en.wikipedia.org/wiki/
Mass_spectrometry_software u http://www.ms-utils.org.
Mcnonb3oBaHue 6a3 faHHbIX ANA naeHTUKaLmm 6enkos
M NenTUAOB NO3BOMAET pacWMppPoOBbIBaTb MacCc-CNneKTpbl
CMIOXXHbIX CMeceli 3a KOpoTKoe BpeMs [66]. Mo4vTn Bce n3-
BECTHble B HACTOALWMNA MOMEHT aMUHOKUC/IOTHbIE Nocne-
JoBaTenibHOCTU 6€/1KOB U NenTuaoB ob6befnHeHbl B 6a3bl
[JaHHbIX, KOTOpPble HAX0AATCA B OTKPbITOM AOCTYMNe B CETH
NHTepHeT. Kaxxaas n3 HUX MMeeT CBOW hopmaTt xpaHeHuUs
JaHHbIX, Pas3NINUYHYI0 CTeneHb U36bITOYHOCTU, B3aMMocC-
BA3W C POACTBEHHbLIMM UIN aHaNorMYHbIMKU 6a3aMun faH-
HbIX. Bce 6a3bl JaHHbIX MOXHO pa3fennTb Ha NATb TUMOB.
MepBbI TUN — 3TO apXxMBHble 6a3bl 4aHHbIX, B KOTOPbIX
nHpopmauna pobasnaerca uccrnegosarenamm. K takum
6a3am gaHHbIX 0OTHocATcA GenBank, EMBL, PDB. BTtopoli
TUN — 3TO Kypupyemble 6a3bl JaHHbIX — cojepxaHue
3anucei KypupyeTcs cneymanuctamMmu, K HAM OTHOCUTCA,
HanpumMmep, Swiss-Prot. TpeTnii TN — aBTOMaTu4yeckue
6a3bl AaHHbIX, B HUX 3anucu reHepupyrTcsa KOMMbO-
TEPHbLIMW MporpamMmamu, K HUM OTHOCWUTCH, Hanpumep,
TrEMBL. Cnegyowmnii Tun — npon3BogHble 6asbl AaH-
HbIX, KOTOPble NONOMHATCA 3a cyeT 06paboTKN AaHHbIX
13 6a3 faHHbIX NepBbIX ABYX TUNoB. Cioga Bxoaat SCOP,
PFAM, GO u gp. MATbIA TN — MHTErpUPOBaHHbIE 6a3bl
[JaHHbIX, KOTOpble 06beAUHAIOT NH(OPMAaLLUIO N3 pasnny-
HbiX 6a3. K Takomy Tuny otHocutca ENTREZ [67]. Onpe-
JeneHve aMWHOKWCAOTHON nocnefoBaTelbHOCTM NenTu-
[0B 1 6enkoB 6e3 NCNONb30BaHWUSA MOUCKOBbLIX MPOrpamMm
n 6a3 faHHbIX Ha3blBaeTcs de NOvVo ceKBeHMpoBaHneM. Ta-
KOW noaxopn npuMeHaeTcs Ana naeHTudukaumm He onu-
CaHHbIX paHee 6enkoB, NMPW HaNNYUU HeuccnefoBaHHbIX
MyTauuin, NoCT- TPAHCNALMOHHbBIX MOAUDUKALUA 1 T.4.
MpumeHsemble anropntmbl de novo 36 CeKBEHMPOBaHMUA
OCHOBaHbl Ha Ppas/INYHbIX MaTeMaTU4yeckux MeTojax.
MepBble anropuTMbl onpegeneHns aMMHOKUCNOTHON no-
cnepoBaTenbHocTH [68,69] npeactaBnsnu co6oii nepebop
BCEX BO3MOXHbIX KOM6MHALWNIA aMMHOKNCAOT, COCTaBNA-
OLWMX Maccy poAUTENLCKOTO NOHa, hparMeHTaLmio KoTo-
pbIX CpaBHMBANN C 3KCNEePUMEHTa/lbHbIM MacC-CNEKTPOM.
OuyeBUAHO, YTO MOTPELIHOCTbL U3MEPEHUA MacChbl Poaun-
TeNIbCKOT0 MOHa BneYeT 3a cob0oi yBenmyeHne KonmyecTsa
COOTBETCTBYHLWMNX eMY KOMOUHALMWA.

3aKn4yeHune

B HacTosulee NOSIBASKOTCA HOBblE JfIEKAPCTBEHHbIE
npenapatbl 6e/KOBO/ U NenTUAHOW NPUPOAbl, METOAbI
KOHTPO/IS KOHKPEeTHbIX 6€/KOB B NMULEBOI oTpacnun. [ns
onpeAeneHnsl CNOXHbIX, MHOTOKOMMNOHEHTHbLIX U3MeHe-
HWI, KOTOpPblE NPOUCXOAAT B MSICHbIX NMPOAYKTax, He06-
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XOAMMO MCMNOMb30BaTh METOLOIOTMYECKME NOAXOAbI, NPU
KOTOPbIX BO3MOXHO PErucTpupoBatb COTHWU U ThiCAUM
6enkoB. OAHUM M3 TaKUX NOAX0A0B SABNSETCA NPOTEOMU-
Ka, KoTopasi No3BoONsAeT WAEHTU(HULMPOBATb U BbISBNATH
KO/IMYECTBEHHbIE U KauyeCTBEHHble U3MEHEHUs B GesKo-
BOM COCTaBe K/N1E€TOK U TKaHeli. LoCTUXeHNsi NPOTEOMUKN
MoOMOratT WCCNefOoBaTENAM pewaTtb 3afjayn MoCTTpaH-
CNALUOHHBIX MOAU(UKAL WA, KNETOYHOW CUrHanmM3auuu,
(PyHKUMOHANbHOW W CTPYKTYpHOW romonoruu Genkos,
onpejaenieHns ypoBHA 3Kcrnpeccuun reHoB. Hanbonee 3Ha-
UMMbIM MHCTPYMEHTOM NPOTEOMUKU SBMSIETCA U3yUeHue
6e/KOBbIX KapT TKaHeli YeNoBeKa U XXMBOTHBIX.
MpoTeoMHbIE TEXO0OTMY NPEACTaBNATCS BecbMa nep-
CNEKTUBHBIMU 1 3 DEKTUBHBIMU A/151 BbISIB/IEHUS B MACHbIX
NPoAyKTax GUOXUMUYECKUX UBMEHEHWIA, TAKUX KaK U3MEHEe-
HUS TEPMOYCTONYMBLIX U BUAOCMNELUDUUYHBIX 6E/1KOB, CMO-
COGHbIX CTaTb COOTBETCTBYHOLW UMY GLOMapKEPaMU.

Introduction

Proteins are large biomolecules or macromolecules
that consist of one or several long chains of amino acid
residues. Proteins have a wide spectrum of functions in-
side organisms, including catalyzing metabolic reactions,
DNA replication, a response to stimuli and transport of
molecules from one place to another. Proteins are different
from each other, primarily, by the amino acid sequence,
which is determined by the nucleotide sequence of their
genes. As arule, this leads to protein folding into a spe-
cific three-dimensional structure, which determines its
activity [1]. A linear chain ofamino acid residues is called
apolypeptide. A protein contains, at least, one long poly-
peptide. Short polypeptides that contain less than 20-30
residues are seldom recognized as proteins and usually
called peptides or sometimes oligopeptides. The individ-
ual amino acid residues are linked together by the peptide
bonds and adjacent amino acid residues. The sequence
of amino acid residues in a protein is determined by a
sequence of a gene that is encoded in the genetic code. In
general, the genetic code specifies 20 standard amino ac-
ids; however, in some organisms the genetic code can in-
clude selenocysteine and in some organisms pyrrolysine.
Shortly after or even during synthesis, post-translational
modifications of the protein residues often occur, which
change the physical and chemical properties, folding, sta-
bility, activity and, finally, the protein function [2]. Some-
times proteins contain non-peptide groups, which can be
called prosthetic groups or co-factors. Proteins can also
act together achieving a certain function and they are al-
ways associated with the development of stable protein
complexes [3,4].

After formation, proteins exist only for a particular
period of time, then they are degraded and processed by
a cellular apparatus though a process of the protein cycle.
The lifespan of proteins is measured by the period of their
half-decay and comprises awide range. They can exist for
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B nocnegHuve rofbl NpoTeoMuKa cTana WMpPoKo npume-
HATbCA B 06nacTm 6uoTexHonorum. B paboTte, npogenaH-
HOW B ®TBHY «®HL nuuwesbix cuctem nm. B.M. FNopba-
ToBa» PAH, c noOMOWb0 NPOTEOMHbIX TEXHOMNOTUIA BbINN
paspaboTaHbl MeToAMYECKNE NOAXOAbI MO UAEHTUMUKA-
UMy 6enKoBOro NPouNa MACHbIX NMPOAYKTOB U B uUccne-
Ayemblx obpasuax msaca u B cneumnanbHo BbipaboTaHHbIX
KonbacHblX u3genuax, 6biny onpefesieHsbl TKaHecneuu-
puyHble 6enKn, KOTOpble MOTyT 6bITb UCNOML30BAHbI KakK
nHAMBMAyanbHble GUOMapKepbl NMPU KOHTPOSE MACHbLIX
n3genunii Ha cCOOTBETCTBME 3asB/IEHHOMY cocTaBy. Takxe
6bl/1M 3aPerncTpMpoBaHbl COEBbIA N KYPUHbBIA 6enkn, 4To
ABNAeTcA Mapkepom anbcupukaumm [70,71].

BbipakeHne npnu3HaTenbHOCTU

WccnepoBaHuve BbIMOIHEHO 3a CHeT rpaHTa Poccuitcko-
ro HayyHoro ¢goHga (npoekT Ne 16-16-10073).

several minutes or years with an average lifespan of 1-2
months in the mammalian cells. Abnormal or misfolded
proteins degrade faster because of destruction or instabil-
ity [5].

Like other biological macromolecules, such as polysac-
charides and nucleic acids, proteins are crucial parts of
organisms and participate almost in all processes in cells.
Many proteins are enzymes that catalyze biochemical reac-
tions and are essential for metabolism. Proteins also have
the structural and mechanical functions: actin and myo-
sin in muscles, proteins in the cytoskeleton, which form
the system of microfilaments for maintenance of the cell
shape. Other proteins play an important role in cell sig-
naling, immune reactions, cell adhesion and the cell cycle.
Proteins are necessary in animals' diets to provide the es-
sential amino acids, which cannot be synthesized. Diges-
tion disintegrates proteins to use in metabolism [6].

To perform their function, proteins interact with other
substances on the molecular or ionic level, or with other
proteins. Proteins interact in different contexts and with
different results. Several proteins activate or deactivate
other proteins by bonding with them or by their (de) phos-
phorylation. In the process of phosphorylation, the phos-
phate group is added (or removed) from a protein, which
activates or deactivates a protein. Other proteins are linked
with each other forming the so-called protein complexes.
They play important roles in the whole cell, for example,
in DNA replication. Other class of proteins is linked with
each other to form structural complexes, which give a cell
their three-dimensional structure. The understanding of
these main interactions has avital importance for the un-
derstanding of the internal processes of the vital activity of
an organism.

Tissue-specific gene expression can lead to existence
or absence of certain protein interactions and complexes
resulting in deep functional differences of biological pro-
cesses in tissues [7].
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The understanding of the character of these interac-
tions is important for studying how and why cells function.
The interactions between all proteins in a cell comprise the
so-called protein-protein interactions (PPIs) of a network.
Not all proteins are present in all cells and tissue types;
therefore, protein interactions are limited by cellular and
tissue types, where both interacting proteins exist. These
tissue-dependent interactions form tissue-specific PPls
(TSPPIs) [8].

To this end, the methodological aspects of analysis are
studied and effective algorithms, which show the most sig-
nificant results, are chosen or developed. In addition, the
main properties of TSPPIs are studied to gain an insight
about the structure of interactions and properties of par-
ticular protein groups. Finally, the algorithms of clusteriza-
tion are used to reveal tissue-specific functional modules
in the framework of TSPPIs [9].

It is particularly interesting to study the formation
mechanisms of substances of protein and peptide nature
that determine bio-corrective and quality characteristics of
the pathways of their biosynthesis [10].

More and more attention is paid to bio-informatics as
an instrument for studying proteome from the viewpoint
of the hypothetical presence of certain biologically active
peptides and marker proteins. According to the world da-
tabases, the muscle proteins of productive animals contain
amino acid sequences that have various biological proper-
ties [11].

Main part

Approaches to studyingproteins

The protein activity and structures can be studied in
vitro, in vivo and in silico. In vitro investigations of puri-
fied proteins in the controlled environment are useful for
studying how a protein executes its function: for example,
studies of enzyme kinetics reveal the chemical mechanism
ofthe catalytic activity of an enzyme and its relative affinity
to different possible substrate molecules. On the contrary,
in vivo experiments can give information about the physi-
ological role of proteins in the context of a cell or even the
whole organism. When using in silico investigations, the
computational methods are used to study proteins.

In vivo investigations of proteins are often connected
with protein synthesis and localization in a cell. The spe-
cifics of how proteins are targeted to specific organelles or
cellular structures is often unclear, although it is known
about many intracellular proteins synthesized in the cyto-
plasm and membrane-bound or secreted proteins in the
endoplasmic reticulum [4]. A useful method for assessing
cellular localization applies genetic engineering for expres-
sion in a cell of a fused protein or chimera that consists
of the natural protein of interest linked with a «reporter»,
such as the green fluorescent protein (GFP) [12]. The fused
protein location in acell can be clearly and effectively visu-
alized by microscopy [13].
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There are experimental methods (for example, for de-
tection, extraction and purification of proteins, as well as
for deciphering the protein structure and functions, puri-
fication of the initial protein is often required). Computa-
tional methods usually use computer programs for protein
analysis. However, many experimental methods (for exam-
ple, mass-spectrometry) require computational analysis of
raw data.

Genetic methods

Experimental analysis usually requires protein expres-
sion and purification. Expression is achieved by manipu-
lating DNA, which encodes aprotein ofinterest. Therefore,
protein analysis usually requires the DNA methods espe-
cially cloning. Several proteins have never been directly se-
quenced; however, by translating codons from the known
mRNA sequences into amino acids by the method known
as «conceptual translation», the majority of protein mol-
ecules were analyzed. Site-directed mutagenesis differen-
tially introduces mutations that change the protein struc-
ture. A function of protein parts can be better understood
by analyzing changes in a phenotype as a result of this
impact. Fusion proteins are obtained by inserting protein
tags, such as His-tag to obtain a modified protein, which
is easier to trace. An example of this can be Snf2H-GFP
labeled complexes (chromatin-remodeling), which consist
of protein linked with the green fluorescent label [14].

Analysis of DNA alleles can be identified as associated
with diseases, for example, when calculating aLOD score
developed by Newton Morton. It is a statistical test which
is used for linkage analysis in human, animal and plant
populations. The LOD score compares the likelihood of
obtaining test data, if the two loci are really linked, with
the likelihood of observing random events. Positive LOD
scores favor the presence of linkage, while negative LOD
scores indicate that linkage is less probable. Computerized
analysis of a LOD score is a simple method for analysis
of complex family pedigrees to detect a linkage between
Mendelian traits (or between a trait and a marker, or two
markers) [15].

There are also other possibilities. For example, immu-
nohistochemistry usually uses an antibody to one or sever-
al proteins of interest, which are conjugated with enzymes
giving either luminescent or chromogenic signals that can
be compared between samples allowing obtaining infor-
mation about localization. Another useful method is co-
fractionation in gradients of sucrose (or other substance)
with the use ofisopycnic centrifugation [16].

Through another application in the field of genetic
engineering, known as site-directed mutagenesis, the re-
searchers can change the protein sequence and, therefore,
its structure, cellular localization and susceptibility to
regulation. This method even allows incorporation of non-
natural amino acids into proteins using modified tRNA
[17] and rational design of new proteins with new proper-
ties [18].
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Proteomics

The main experimental methods ofproteomics are two-
dimensional electrophoresis [19], which makes it possible
to separate a great quantity of proteins, mass-spectrom-
etry, which allows rapid protein identification and high-
throughput peptide sequencing (most often after digestion
in a gel), protein microarrays, which enable detection of
relative levels of many proteins that are present in a cell,
and two-hybrid screening, which allows a systematic study
of protein-protein interactions. The systematic endeavor
to detect the protein structure is known as structural pro-
teomics [20,21].

Bioittlormatics

For analysis of the structure, functions and evolutions
of proteins, a wide spectrum of computational methods
was created.

The development of such instruments was conditioned
by alarge number ofgenomic and proteomic data available
for different organisms including the human genome. It is
impossible to study all proteins experimentally; thus, only
several of them are subjected to laboratory experiments,
and computational tools are used for extrapolation ofsimi-
lar proteins. These homologous proteins can be effectively
identified in distant relatives by a sequence alignment. Ge-
nomic and gene sequences can be different tools for certain
traits. Sequence profiling tools can find sites of restriction
enzymes and predict secondary structures. Phylogenetic
trees can be built, and evolution hypotheses are developed
using the special software, such as ClustalW, regarding the
origin of modern organisms and their expressed genes.
The bioinformatics field is now irreplaceable for the gene
and protein analysis.

Stractare determination

Determination of the protein tertiary structure or the
quaternary structure of its complexes can give important
information about how a protein executes its function.
Common experimental methods for structure determina-
tion include X-ray crystallography and N M R spectroscopy,
which can generate information at atomic resolution. Nev-
ertheless, NM R experiments can give information that al-
lows assessing a subset of distances between atom pairs, and

the final possible protein conformations are determined by
solving the distance geometry problem. Dual-polarization
interferometry is a quantitative analytical method for mea-
suring general conformation of proteins and conformation-
al changes due to interactions or another stimulus. Circular
dichroism is the other laboratory method for detection of
the internal B-sheet/a- helix protein composition. Electron
cryomicroscopy is used for gaining structural information
of lower resolution about very large protein complexes
including assembled viruses, a variant known as electron
crystallography can also give information with high resolu-
tion in some cases, especially, for two-dimensional crystals
of membrane proteins. Determined protein structures are
usually deposited in the ProteinData Bank (PDB), a freely
accessible resource, from which structural data about thou-
sands of proteins can be obtained as Cartesian coordinates
for each atom in a protein.

Methods for prediction of a protein structure thrive
to provide a way of creating credible structure for pro-
teins, which structures are not determined experimen-
tally [22,23].

Chromatographic methods

The most universal method for detection of peptide
and protein purity is reversed-phase chromatography
(RP-HPLC) based on the use ofabroad spectrum ofhydro-
phobic stationary phases [24]. To separate the components
of the pharmaceutical preparations of peptide and protein
nature, the reversed phases are most often employed with
the use ofthe silica gel bonded to C8 and C18 alkyl groups
with the average pore size of 300 A. In RP-HPLC, elution
ofthe pharmaceutical preparations of the peptide and pro-
tein nature or their fragments obtained as a result of the
enzymatic degradation is usually performed in the mode
ofgradient elution at pH =2- 3and aroom temperature as
partial or complete protein denaturation is possible when a
temperature is increased, which also affects the chromato-
graphic mobility [25,26].

The understanding of the mechanism of the polypep-
tide interaction with the reversed phase surface is impor-
tant for the understanding oftheir separation in RP-HPLC.
Separation of small molecules is connected with their con-
tinual partitioning between the mobile phase and the hy-

Figure 1. The «hydrophobic foot» of the polypeptide adsorbs to the hydrophobic surface of the reversed-phase material where it remains until
the concentration of the organic modifier increases to the critical concentration [27]
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drophobic stationary phase. However, polypeptides are too
large for partition into the hydrophobic phase; they adsorb
to the hydrophobic surface after they enter the column and
remain adsorbed until the concentration of the organic
modifier reaches the critical concentration necessary for
desorption (Figure 1). Then, they desorb and, slightly in-
teracting with the surface, elute down the column [27].

Polypeptides can be regarded as «sitting» on the sta-
tionary phase; with that, most of the molecule is exposed
to the mobile phase and only a part of the molecule (the
«hydrophobic foot») is in contact with the reversed-phase
surface. RP-HPLC separates polypeptides based on the
slight differences in the «hydrophobic foot» of the poly-
peptide being separated. The differences in the «hydropho-
bic foot» are conditioned by the differences in amino acid
sequences as well asin conformation [27].

Mass spectrometry methods

At present, high performance liquid chromatography
coupled with mass spectrometry (MS) is one of the most
common methods for protein and peptide analysis [28,29].

Recent advances illustrate the role of proteomics based
on the mass spectrometry as an irreplaceable instrument
for systems of molecular and cellular biology, as well as for
new fields. They include analysis of the protein-protein in-
teractions through affinity-based isolations on a small and
widespread scale, mapping of multiple organelles, simul-
taneous description of the genome of the malaria parasite
and generation of the quantitative protein profiles in dif-
ferent species. It can be expected that the ability of mass
spectrometry to identify and increasingly often to quantify
thousands of proteins in complex samples can profoundly
affect biology and medicine.

Mass-spectrometric measurements are carried out in
the gas phase on the charged ions. By definition, a mass
spectrometer consists of a ion source, a mass-analyzer,
which measures the mass-to-charge ratio (m/z) ofthe ion-
ized analytes, and a detector, which records the number of
ions at each m/z value.

At present, in proteomic investigations, four main types
of mass analyzers are used. These are the ion-trap, time-
of-flight (TOF), quadrupole and Fourier transform ion
cyclotron (FT-MS) analyzers. They differ from each other
in design and performance and each of them has its own
strengths and weaknesses. These analyzers can be auto-
nomic or, in some cases, combined in tandem to take ad-
vantage of each of them [30].

To achieve mass separation, three different principles
can be used: separation based on time of flight (TOF MS),
separation by quadrupole electric fields generated by metal
rods (quadrupole MS) or separation by selective ejection
of ions from a three-dimensional trapping field (the ion
trap or Fourier transform ion cyclotron resonance). For
structural analysis, such as peptide sequencing, two stages
of mass spectrometry are carried out in tandem (tandem
mass spectrometry or MS / MS), which can be achieved
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using the same principle of separation twice or by combi-
nation of two different principles of MS separation. Both
MALDI and electrospray can be coupled to any of these
three methods of separation. The fact that MALDI pro-
duces short bursts ofions in the vacuum, and electrospray
creates a continuous beam ofions in atmosphere, as arule,
leads to coupling MALDI to TOF MS and electrospray to
quadrupole and ion trap [29].

Ldentication O peptides and proteins

One of the main tasks of quality assessment of phar-
maceutical preparations having the peptide and protein
structure is protein identification. Proteins are identified,
mostly, by their amino acid sequence. There are three ap-
proaches to mass spectrometric analysis of peptides and
proteins.

The most common method is still «bottom-up» pro-
teomics, when a protein is digested into peptides, which
can be effectively analyzed using a broad spectrum ofLC-
MS or MALDI-TOF-MS instruments. Sample preparation
for an experiment by the «bottom-up» method requires
several laborious stages of transition of proteins to the
peptide level. The most important step in these approaches
is protein digestion, which is always a bottleneck as it re-
quires alot of time. Therefore, a significant increase in the
throughput can be achieved by acceleration of the diges-
tion process. Modern methods allow reducing digestion
duration from overnight incubation (~ 15 hours) to min-
utes or even seconds. This achievement also makes pos-
sible integration into on-line systems, thereby, reducing
the number of tiresome steps for sample processing and a
risk of sample loss [31]. This section gives an overview of
the available digestion strategies and recent changes in ac-
celeration of the digestion process.

Protein digestion (both enzymatic and non-enzymatic)
is an important and (almost) irreplaceable tool for iden-
tification, characterization and quantitative assessment of
proteins using proteomics strategy [32].

Proteomics plays a crucial role in the main fields of
investigations, including detection of disease biomarkers
and biosystems and, as such, significantly contributes to
the understanding of the vital biological processes [33].

The choice of proteomics approach should be based on
atype ofthe question, which is to be answered. Global pro-
teomics, for example, finding a biomarker in a very com-
plex sample, deals with the identification of an often low-
abundant unknown protein, which is presentin a complex
sample with a broad dynamic range of proteins. To this
end, it is necessary to use a completely different approach
than targeted protein analysis, such as, characteriza-
tion of the post-translational modification (PTM) states,
which requires a detailed study and complete mapping of
a known protein sequence for localization of the possibly
low-abundant post-translational modifications (PTMs). In
addition, protein (classes) with certain characteristics may
need special preparation.
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Approaches in proteomics can be distinguished by the
level of the analysis (Fig.2). Achievements in the field of
mass spectrometry now allow direct protein analysis. In
this «top-down» experiment purified proteins are detected
intact and after fragmentation with the use of collisional-
activated dissociation (CAD), electron capture dissocia-
tion (ECD) and electron transfer dissociation (ETD) giv-
ing information about the intact protein mass and amino
acid sequence [34,35]. Analysis ofthe intact proteins by the
«top-down» method minimizes sample preparation and
saves information which can be lost in other proteomics
strategies, such as connectivity of several PTMs, but it is
comparatively insensitive [36]. Since analyses have large
sizes, the requirements to the MS equipment in terms
of resolution and mass accuracy are met only by high
throughput mass spectrometers, such as Fourier transform
ion cyclotron resonance mass spectrometer (FTICR-MS)
and Orbitrap MS [37]. Nevertheless, intact protein analysis
was also carried out using more available equipment such
as tandem quadrupole and quadrupole time-of-flight mass
spectrometer (QTOF MS). In practice, the protein mass
range that can be analyzed using «top-down» proteomics
is limited to ' 50 kDa, therefore, about 500 amino acids
[38]. Otherwise, only the C-terminal and N-terminal ends
are sequenced [39,40]. Despite the obvious advantages of
«top-down» proteomics, the further development of MS
equipment is necessary before it will become the main
technology.

The overwhelming majority of proteomic experiments
envisage a procedure of protein digestion into peptides
before MS analysis. Analysis of peptides has several ad-
vantages compared to proteins, including more effective
separation by liquid chromatography (LC), lower molec-
ular mass and lower number of charge states resulting in
an increase in sensitivity [41]. Depending on the size of
the obtained peptides, an approach can be called «bot-
tom-up» or «middle-down». In the «bottom-up» strat-
egy a protein is hydrolyzed to peptides in a range of '
500-3000 Da. Then, these peptides are analyzed by liquid

Figure 2. Overview of proteomics approaches [31]
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chromatography coupled to electrospray ionization MS
(LC-ESI-MS) or matrix-assisted laser desorption/ion-
ization time-of-flight mass-spectrometry (MALDI-TOF
MS). Protein identification is carried out based on pep-
tide mass fingerprints or peptide sequences [34]. Peptide
sequencing can be successfully performed by collision-
induced dissociation (CID) in more available ESI-ion
trap and ESI-QTOF mass-spectrometry or MALDI-TOF/
TOF equipment [30].

Digestion of the complex protein sample, for example,
the whole proteome using the «bottom-up» approach gives
alarge number of peptides and even more that can be ana-
lyzed by the most powerful instrument. The complexity of
the peptide set can be reduced without loss of the informa-
tion content due to production of lower quantity of larger
peptides. This is the so-called «middle-down» proteomic
approach, which combines the best of the «top-down» and
«bottom-down» approaches using the advantages of the
improved MS measuring equipment and availability of the
fragmentation methods based on electrons [42], maintain-
ing the same sensitivity level associated with the peptide
analysis [37]. Peptides of the middle range (—~ 3000-20000
Da) show improved separation by LC and after ESI carry
a higher number of charges, which enhances fragmenta-
tion by CID [43], ETD [44] or ECD [45] in Orbitrap MS,
quadrupole-linear ion trap (QTrap) MS and quadrupole-
FTICR MS instruments. Compared to smaller peptides,
more reliable peptide identification is obtained resulting in
an improvement of protein sequence coverage and PTM
identification [46].

The predictable nature of peptide fragmentation allows
comparing the experimental MS / MS spectra with pre-
dicted spectrain in silico of known protein sequences for
protein identification [47]. In this regard, the advanced
tools of bioinformatics play a key role in all proteomics
strategies. However, these tools are based on an assump-
tion that the digestion process (including reduction and
alkylation of disulfide bridges) is optimal. If it is not true,
for example, when peptides are bond through the intact
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disulfide bridge, the unpredictable peptides and/or com-
plex fragmentation spectra are generated, which will not
be identified in an automated database search. Protein
digestion can lead to loss of information, for example,
the PTM presence and connectivity [39] or an ability to
distinguish closely related proteins due to a failure in de-
tection of certain parts of a protein sequence because of
the inadequate size or unfavorable ionization properties
of the generated peptides. Finally, the quality of the ob-
tained protein identifications and modifications can be
controlled by false detection rates, protein and peptide
score threshold; however, acritical review of the obtained
results is necessary.

Protein digestion is an important step in the «bottom-
up» and «middle-down» proteomics strategy and signifi-
cantly effects protein identification quality [48]. For many
years, protein digestion has been improved due to the de-
velopment of new methods for increasing throughput and
reproducibility [31].

Proteindatabases

In practice, peptides, as arule, are identified by search-
ing protein databases using the search systems, for exam-
ple, Mascot [49], SEQUEST [50], X! Tandem [51], Inspect
[652], OMSSA [53], MassMatrix [54], Crux [55], MyriMatch
[56], MS-GFDB [57] and others.

The most common search systems are the first three of
the above-mentions list.

The search system Mascot is based on the MOW SE al-
gorithm (MOlecular Weight Search), proposed by Pappin
etal. in 1993 [58].

This algorithm uses the search by mass fingerprints of
peptides. At first, the peptide masses from a database are
compared with the experimental data on peptide masses
with consideration for the specified error. Then, for each
match, the Score value (the so-called confidence level) is
calculated according to the equation:
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Figure 3. Protein identification by the international database of the the National Center for Biotechnology Information (NCBI) (USA) (software
Mascot «MatrixScience», (USA) [59]. (1 — list of potential candidate proteins; 2 — decryption of tryptic peptides with a certain number of
matches; 3— distribution of the revealed peptides along the amino acid sequence; 4 — final result)
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where M pat — molecular mass of each matching protein,
Mn — is a product, which is calculated from the Mowse-
weight matrix, m j- for each matching between the experi-
mental data and peptide masses calculated from the entries
in the genomic database.

This algorithm can be used for an MS/MS search. In
this case, in the equation for Score, a peptide plays arole of
aprotein, and a fragment plays arole of a peptide. The sum
of the peptide scores gives the Protein Score. Also, for each
candidate, the species origin is given, which can become
decisive for interpretation, and references to the personal
pages (final result) that contain the comprehensive infor-
mation about a potential protein (values of its molecular
mass and isoelectric point, decryption of atryptic peptide,
anumber of matches,% of coverage of the complete amino
acid sequence of a protein by peptides and so on) [60,61].
This algorithm can be used for an MS/MS search.

The assessment algorithm is based on probability,
which has several advantages: (a) a simple rule can be used
for assessment whether a result is significant or not. This
is especially useful for protection from false responses. (b)
Scores can be compared with the results of other types of
search, such as sequence homology. (c) Search parameters
can be easily optimized by iteration [62].

The Sequest search system is based on the individual
identification of each mass spectrum [50]. This resource
can be found on the site [63,64]. In this method, the nu-
cleotide databases are translated in six reading frames and
obtained amino acid sequences are searched during the
process to identify and fit the linear sequences to the frag-
mentation templates found in the tandem mass-spectra of
peptides. Then the mutual correlation function is used for
measuring the similarity between the mass-to-charge ratio
for the ions of fragments predicted by the amino acid se-
quences translated from the nucleotide database and the
ions of fragments observed in the tandem mass spectrum.
Generally, the difference of 0.1 to 2 between normed mu-
tual correlation functions for the results of the search for
the first and second ranking indicates a successful match-
ing between a sequence and a spectrum [45].

The X! Tandem searching system is the most developed,
as it is a software with an open source code. The informa-
tion about the resource can be found on the site [65].

TANDEM was created for running from the command
line with the name of the input XM L file as a single param-
eter for the command line. The code was developed with the
use of aset of classes that can accomplish the following tasks:

(1) reading XML input parameter files;

(2) reading protein sequences from FASTA files;

(3) reading MS / MS spectrain common ASCII formats

(DTA, PKL and Matrix Science);

(4) conditioning MS / MS spectra to remove noise and
common artifacts;
(5) processing peptide sequences with the cleavage

reagents, post-translational and chemical modifica-
tions;
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(6)
)

scoring peptide sequences;

creating an XM L output file that will reflect the best
scoring sequences and several statistical distribu-
tions relevant to the scoring process [51].

The described algorithms are not without drawbacks.
For example, Mascot assigns high values of the index to
short peptides, which are not always unique for the stud-
ied protein; also, in analysis of the proteolyrtic peptide mix-
tures many sequences with close score values are present
in the list of candidates; however, the program in the final
report leaves only one sequence.

A disadvantage ofthe Sequest algorithm is the high com-
plexity of calculations and generalizations of spectra. X! Tan-
dem, as aprobabilistic approach, in certain cases does not al-
low performing reliable identification. A brief description of
more than 100 different algorithms and software packages for
processing of mass spectrometry data on peptides and pro-
teins are presented on the sites http://en.wikipedia.org/wiki/
Mass_spectrometry_softare un http://www.ms-utils.org.

The use of the databases for protein and peptide identifi-
cation allows deciphering mass-spectra of complex mixtures
over a short period of time [66]. Almost all known amino
acid sequences of proteins and peptides are combined in
web open-access databases. Each of them has its own for-
mat for data storage, various degree of redundancy, interac-
tion with related or similar databases. All databases can be
divided into five types. The first type is archive databases,
where information is entered by users. These databases in-
clude GenBank, EMBL, PDB. The second type is curated
databases, which content is curated by specialists, such as
Swiss-Prot. The third type is automated databases, where
entries are generated by computer programs; they include,
for example, TrEMBL. The next type is derivative databases
which are supplemented by processing data from databases
of the first two types. They include SCOP, PFAM, GO and
others. The fifth type is integrated databases, which com-
bines information from different databases, such as EN-
TREZ [67]. Detection ofan amino acid sequence of peptides
and proteins without using search programs and databases
is called de novo sequencing. This approach is used for iden-
tification of proteins that were not described earlier, in case
of the presence of unstudied mutations, post-translational
modifications and so on. The used algorithms for de novo
36 sequencing are based on different mathematical meth-
ods. The first algorithms for determination of amino acid
sequence [68,69] represented a search of all possible com-
binations of amino acids comprising the mass of the parent
ion, which fragmentation was compared to the experimen-
tal mass spectrum. It is obvious that an error in measuring
the mass of the parention leads to an increase in the number
of corresponding combinations.

Conclusion

At present, new pharmaceutical preparations of protein
and peptide nature, the methods for control of specific pro-
teins emerge in food sector. To detect complex, multi-com-
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ponent changes occurring in meat products, it is necessary
to use methodological approaches, which allow register-
ing hundreds and thousands of proteins. One of these ap-
proaches is proteomics, which makes it possible to identify
and reveal quantitative and qualitative changes in the pro-
tein composition of cells and tissues. The advances of pro-
teomics help researchers to solve tasks of post-translational
modifications, cell signaling, functional and structural ho-
mology of proteins, detection of agene expression level. The
most significant instrument of proteomics is investigation of
the protein maps of human and animal tissues.

Proteomic technologies are considered quite promising
and effective for detection of the biochemical changes in
meat products, for example, the changes in the thermally
stable and species specific proteins, which are capable of
becoming corresponding biomarkers.

Recently, proteomics became widely used in the field
of biotechnology. Using the proteomic technologies, the
Gorbatov Research Center for Food Systems has devel-
oped the methodological approaches for identification of
the protein profile of meat products, experimental meat
samples and specially produced sausage products, deter-
mined tissue-specific proteins, which can be used as in-
dividual biomarkers upon controlling meat products for
correspondence to the stated composition. Also, soya and
chicken proteins were registered, which are the marker of
falsification [70,71].
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