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OrpoMHbIil Anana3oH KOHLEHTPALUH Pa3IuyHbIX MPOTEO(hOpM U HEAOCTATOYHAS! UyBCTBUTEIHLHOCTD
COBPEMEHHBIX METOJOB HX JECTCKTHPOBAHWS HE IO3BOJIAIOT IIOKA HANPSIMYIO ONpPENCIHTh pPa3Mepsl
MPOTEOMOB (KOJIMYECTBO BceX Hporeodopm), 0cobeHHO B IuiasMe. B Hammx wuccneqoBaHusx Obuia
HPEANPUHATA OLICHKA pasMepa MPOTEOMOB Pa3HOTO MPOMCXOXKIEHUs (HauMHas C KJICTOK Pa3HOro THIIA
U 3aKaHYMBas IUIa3MOH dYenoBeka). DTO ObLIO CAENAHO HAa OCHOBE MCIIOJIB30BAHUS JBYMEPHOTO
snexrpodopesa (2-DE) ¢ mocneayronmm oKpamuBaHueM OSIKOB KPaCUTEIISIMU Pa3HOH 4yBCTBUTEILHOCTH.
Bbeita onpenenena ¢Gopmyna 3aBUCHMOCTH KOJMYECTBA JETEKTUPYEMBIX MOJIMNENTHAOB (IISITEH)
B JIByMEPHOM reJi¢ OT YyBCTBHTEIBHOCTH KpPACHTENs. DKCTPANONUPYs JaHHYI0 3aBUCHUMOCTb Ha 00IIacTh
YyBCTBHUTEJIBHOCTH, IO3BOJISIIONIYI0 JETCKTHPOBATh CaMyl Majyl CIMHHYHYIO MOJICKYly Oeka,
ObUI0 MOJCUMTAHO, YTO OAHA KieTka yenoBeka (HepG2) moxer comepxarb okono 70000 BunoB Oenka,
a Bcs miasma — 1,5 muH. [IpuMeHeHne NaHHOTO TOAXOAa K APYIMM KJIETOYHBIM OOBEKTaM IMOKa3allo
MPaBOMOYHOCTh TaKOW JKcTpamoisuuu. Tak, ans renaronura noxydmiock 70000 mnporeodopm,
Mukomasmel (Acholeplasma laidlawii) — 1100, npoxoken (Saccharomyces cerevisiae) — 40000,
Escherichia coli — 6200, Pyrococcus furiosus — 3400. BaxXHOCTb [1OIy4€HHBIX PE3Y/IbTaTOB COCTOUT B TOM,
YTO HAa MX OCHOBAaHHU MOXKHO CYIWTh 00 OpraHM3allMy MPOTeOMa 4eJOoBeKa M IUIAHHPOBATh JAlbHEHIINe

XOZBI 110 N3YYEHHIO ero (QYHKIMOHUPOBAHHS.
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BBEJIEHUE

[Nocrne 3aBepiieHUsS CEKBEHUPOBAHHS TEHOMA YeJI0BEKa
U nojydeHus uHpopMaiuu 000 BCeX ero reHax rmoxoxas
3aja4a BCTala W MEpe]] MCCIEAOBATEISIMA IPOTEOMa
yenoseka [1-5]. CoorBercTBeHHO, B 2010 romy craproBan
npoekt “IIporeom uenoBeka” [6]. XoTs pazmep reHoma
genoBeka (KONWYECTBO TEHOB) W €r0  IKCIPECCHS
JOCTATOYHO M3YYEHBI, O0IIET0 MHEHHUS O pa3Mepe poTeoMa
qyeyoBeka (KOJMYecTBe MpoTeodopM) 10 CHX IMOp HET.
Crnenyst ¢opmyie “OnvH TeH — OJMH OeJIOK”, JIOJDKHO
ObITh Kak MuUHUMYM ~20300 OcyikoB (TIOJHMIICHITH/IOB)
[7, 8]. Onu mnpexacTaBieHbl KAHOHUYECKUMHU WU
MaCTepPHBIMHI aMHHOKHUCIIOTHBIMH ITOCIIEIOBATEIIEHOCTSIMHU.
MoanpunupoBaHHBIC TONUIMCITHIBI, TPOUCXOISAIINC
W3 ONHOTO M TOTO JK€ TEHa, MOTYT COCTaBIATH
no 100 d¢opm [9, 10]. Cpemu otux dopm
HMCIOTCS OCIKM ¢ aMHUHOKHCIOTHBIMH 3aMCHAMHU
(momuMopdu3M  eIMHUYHBIX aMHUHOKHCIOT) (SAP),

* - ajpecar JUIs EePErruCcKu

MPOAYKTHl ajbTepHATUBHOTO crutaiicunra (AS) n
MOCTTPAHCIAUOHHBIX ~ Monmupukamuit  (PTM) [9].
Takke M™MOTryT OBITP HW TPOAYKTH OOBEIUHCHHUS

pasubix TteHoB [11]. Jlms Bcex OITHUX MAacTEpHBIX H
MOAN(DUIMPOBAHHBIX MOJIEKYJI OBUT MPEJIOKEH TEPMHH
“OenkoBbiid BN WK “nporeodopma’” [12, 13]. OcHoBHas
pobaeMa uIeHTH(OUKAIIIH BCEX 3TUX (POPM 3aKITFOUACTCS
B UYYBCTBUTCIBHOCTH CYIICCTBYIOMINX IPOTCOMHBIX
TEXHOJIOTUH W OTPOMHOM JHHAMHYECKOM JHAIla30HE
(6-7 TOpPSAIKOB) KOHIEHTPAIIMKA Pa3HBIX OEJIKOBBIX
MOJIEKYJI, BXOJSIIIMX B cocTaB mporeoma [2, 3, 14, 15].
CoBpeMeHHBIE METOIbl JIETeKTHpPOBaHUsI Oeika IoKa
HE TMO3BOJIAIOT NOJYYUTh BCIO KapTHHY [poTeoMa
YeJoBeKa, MOATOMY Onmmkaimas 3amada TPOTCOMUKH
COCTOWT Kak MHHHMYM B OIEGHKE €ro pasmepa.
Ota 337a4a U CTOsUIA B HAIINX HCCIICTOBAHUSAX.

Xotst nByMepHbIH anexrpodopes (2-DE) u He sisiercs
UJCANBHBIM METOIOM pAa3iCiCHUs W UICHTH()HUKAINH
BCceX OENKOB, OH BCE-TaKH ITO3BOJICT TONOWTH OIM3KO
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K OmpeaesicHuio KonuuecTBa mnporeodopm [16-18].
On nos3Bomsier jaerektupoate SAP u PTM,
YTO HEBO3MOXXHO CJelaTh B IIMPOKHMX MacmTadbax
CYIIECTBYIOIIUMH MeTonamMu Macc-crekrpomerpuu (MC)
[17]. Teopermdeckn, pa3mTUYHBIC MPOTEOMHBIC ITOIXOIBI
B KOMOWHAIIMU C IOJHOW TEHOMHOW WHQopMamuei
MOIIM Obl OBITH HCIIOJIB30BAaHBl ISl WACHTH(UKAIMN
kaxjoro Oenka B 2-DE reme [2, 3, 15-21]. Ionxon,
KOTOpPBIA OBUI HCIIOJIb30BaH B HAIIMX HCCIIEJOBAHMUSX,
ocHoBaH Ha 2-DE, wmerome, Omaromaps KOTOpOMY,
B CBOE BpeMs U MOSBHIICS TepMuH “miporeom’ [1]. Tepmua
“OenkoBBIN BU WK “TIpoTeodopMa’ OTHOCUTCS K CaMOit
MajJol eIUHHUIE IPOTeoMa, TO €CTh MOJUIEHTHAY,
HMeEIoIIEeMY YHUKAJIBHYIO MOCJIEeI0BAaTEIbHOCTh
1 HECylleMy YHUKaJIbHBIH HA0Op MOCTTPAaHCISIIMOHHBIX
momudukanuii. CoiictBa 2-DE kak pa3 u MO3BOJSIOT
YYUTHIBATh BIWSHHUE TIOCTTPAHCIAIIMOHHBIX MOAA(DUKAIIIIHA
W CIUIAiCHHTA Ha TOSIBIICHHE Pa3HOOOPAa3HBIX OEIKOBBIX
BUAOB. TeopeThuecku, Takol MPOTEOMHBIH IOAXOMA
B COBOKYITHOCTH C T€HETHYECKMMH JaHHBIMH MOT ObI OBITH
WCIIONB30BaH JUISI MJICHTU(QUKALMHA KaXI0TO OEIKOBOTO
THUTIA ¥ TTOJTyYeHUs HH(pOpMaIMK 0 JHHAMHKE IIPOTEOMOB
B KJIETKE WM IIa3Me. Ha mpakTuke, OfHAKO, CHUTYaIlHs
HAXOIWTCS MOKA HA CTAaIWH, KOTJa IMPOTEOMHUKE BCE eIIe
HEO0OXOIUMO peain30BaTh MONHBIN moTeHnuan 2-DE.
Panee yxe ObLIM IOIBITKM OLEHHUTH pazMep IpOTeoMa
IU1a3MbI, KOTOPBIC JaBald CaMblil MIMPOKUN IHANa30H
3HAUYEHUH — OT HECKOJIbKUX ThICSY JI0 MUJJTHOHOB [2, 6].
Hns OenxoB oTaenbHOM KieTkn dyenoBeka (Hela)
pe3yabTaThl MOCIEAHUX HCCIEIOBAHUN IO3BOJISAIOT
TOBOPUTh O NPHUCYTCTBHH Kak MHUHUMYM 10 ThICSY
OenkoBbIx BuaoB [22]. [lpuHMMas 3To BO BHHMaHWE,
MBI [IOJIaracM, 9YTO HAlla WpeIbaylias OICHKa
pasMepa mporeoMoB Ha ocHoBe 2-DE odenp Onmska
K peadpHOCTH. bpuTa momydeHa (QyHKIHS 3aBUCHMOCTH
KOJINYECTBa  JCTCKTUPOBAHHBIX  OCIMKOBBIX  IATCH
OT YYBCTBUTENBHOCTH WM TpENeia YyBCTBUTEIBHOCTU
(LOD:; limit of detection). DxcTparmosnsius rpaduka 3Ton
¢byuknuu B oOmacts wMuHHManbHoro LOD pmana
BO3MOXKHOCTh MMOACYETA Pa3IUYHBIX MpoTeodopm,
MIPUCYTCTBYIONINX Ha YPOBHE ONHOTO Iolumentuaa [5].
B nmanHo#t paboTe MBI TPUBOAUM HAIKA MOACUETHI
[0 OIICHKE pa3MepoB PACIIMPEHHOTO Kpyra KJIETOYHBIX
MPOTEOMOB, a Takke aJanTHPyeM J[AaHHBIH MOAXO0N
JUIS TUTa3MbI KPOBHU YEJIOBEKA.

METOJIUKA

Bce wucrnone3yemble peareHTbl OB  TOJTYYCHBI
or “Sigma-Aldrich” (CILIA), ecnu He ykazaH Apyroi
IIPOU3BOJIUTEND. OcranbHble  peareHThl  ObLIM
or cueayrmmux  kommanwmii:  “Pierce”  (CLLA)
(matuotpenton, DTT), kokTeitnn HHTHONTOPOB TIpOTEas;
“GE Healthcare” (CLHA) (IPG DryStrip — remneBsie

momocku,  IPG-Oydepsr,  DryStrip-moxpsiBaromas
kKuakocth, Kymaccu R350); “Promega” (CIIIA)
(Trypsin  Gold); “Bio-Rad” (CILIA) (mapxepsl

MOJICKYJISIPHOH Macchl O€JKOB Ui 3JeKTpodopesa);
“buonor” (Poccus) (cpempr RPMI-1640 u JIMEM
JUIS  pOCTa KIETOK, AMOpHOHAJbHAs ChIBOPOTKA
tenénka); “Orange Scientific” (benprus) (KynpTypaibHbIC
(maxonsr Kappens).
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npoxokeit  (Saccharomyces
cerevisiae), mukomnasmbl (Acholeplasma laidlawii)
SKCTparupoBajiu, Kak omnucaHo panee [23-26].
Knetkn pacrBopsiim B smsupyromem Oydepe (LB)
(7 M wmoueBuHa, 2 M tuomoueBuHa, 4% CHAPS,
1% DTT, 2% IPG O6ydep (pH 3-10), xoxreinn
MpoTea3HbIX WHTHOWTOpOB). Pa3menenme  GenkoB
N303JeKTPOPOKYCHPOBAHNUEM (IEF) MIPOBOIHIIH,
ucnoab3ys mnonocku DryStrip u cienys mnpoTokoiny
nipousBojuTess. OOpasipl, HaXOISMIIUECS B JIN3UPYIOLIEM
Oydepe LB, cmemmBanu ¢ pernapupyromnuM pacTBOPOM
(7 M moueBuHa, 2 M THOMOYeBHHa, 2% CHAPS, 0,3% DTT,
0,5% IPG 6ydep, pH 3-10, 0,001% 6pomdenon romy6oii)
B 00mmem o6wséme 130 mxut (7-cm monocka), wim 200 MK
(11-cm monocka), nmm 350 mxi (18-cMm monocka). UtoObt
MOATOTOBUTH ISl Pa3ZeiCHUs] B IIEPBOM HAalPaBJICHUH,
[PG-nonocku peruapuposanu Housb npu 10°C, nomemas
UX “BHU3 JIMIIOM” B pEruapaTUpyIOLIUN pacTBOp,
conep:kamiii OenmkoBble MpoObI, B Immobiline DryStrip
Reswelling Tray. ®oxkycupoBky IEF mnpoBomwiu
npu 20°C, ucnonszys PROTEAN IEF cell (“Bio-Rad”),
ciie/lys IPOTOKOITy Tpou3BoauTesst. OOmiee HanpspKeHHE
(Vh) 6suto 16000, 30000, wim 60000 mis 7-cm, 11-cM,
mwm 18-cm IPG-mmomocoxk, coorBercTtBeHHo. Ilocae IEF
MOJOCKM BbIMaunBain 10 MHH B ypaBHOBEIIMBAIOLIEM
pactBope (50 MM Ttpuc-HCI (pH 6,8), 6 M moueBuHa,
2% SDS, 30% rnunepun), coaepxamem 1% DTT,
W TIOBTOPSUIM HWHKYOAluio B ypaBHOBELIMBAIOIIEM
pactBope, copepuxkamieM BMecto DTT 5% unomaneramun.
3aremM kaxayto nonocky IPG momemanu Ha BepXHUH
TOpEIl Telsl BTOPOTO HANpaBICHWsS W 3alcdaTbIBaJn
ropsanM pactBopoM 0,5% arapossl, comepkammm TGS
(Tpuc, mmmuuH, SDS) anextpoansiii Oydep (25 MM Tpuc
(pH 8,3), 200 MM mmmnumn, 0,1% SDS). Paznenenune
Bo BropoM Hampasienun (SDS-PAGE) mnposommin
B 12% mnoamakpunaMugHOM Telle NP KOMHATHOM
TeMIeparype W MpH MOCTOSHHON MommHocTH (3 W/rens),
HCHONB3Yst 3eKTpodopernueckue suekiku MiniProtean
3 Dodeca, Criterion Dodeca, niu Protean II XL Multi-cell
(“Bio-Rad”) [25, 26].

Kaerkn E. coli,
(remarommtel), HepG2,

Oxpawusarue

[Tocie 2-DE pasnenenust renum (ukcupoBain
n npoMbiBain 20 MHMH Ha Kadaike B (UKCHPYIOLIEM
pactBope (30% oartanon, 10% ykcycHas KHCIIOTa).
ITpoMBIBKY MOBTOpSUIM KaK MUHMMYM OJMH pa3, U Teln
oxpamuBanu 1,5 1 B kpacurene (0,1% Amnno UEpHsIid,
nmn 0,1% Kymaccu R250, wim 0,1% Kymaccu R350
B 30% sTanone, 10% yKkCycHO# KHCIO0TE) ¢ TOCIeayIONIeH
OTMBIBKO# B Bozie. OTMBIBKY MPOBOAMIIN KaK MUHUMYM 3 4,
MHOTOKpDAaTHO MEHssI BOAY 1O oOOecrBeYMBaHMS (OHA.
CepeOpenne TpOBOAWIN TaK, KaK OIHCAaHO paHee
[5, 27, 28]. PagmoaxtnBHOE MeueHne '*’1 mpoBOIMIH,
ucronb3yst Habop Pierce lodination Tubes, kak omnrcaHo
panee [5, 29]. duyopecleHTHOE MEYCHHE OCIKOB
B MHUHHMAaJIbHOM M HACBIIIAIOIIEM PEKHME TPOBOJMIH,
ncnons3ys kpacutens Cy5 (“BioDye”, Poccns)
0 TMPOTOKONY Tpom3Boautens [5]. Tenmn ckarmpoBam
Ha geacutomerpax GS-800 (“Bio-Rad”) u Typhoon 9410



Hapuiorcnwtii u op.

(“GE  Healthcare”). IloayueHHble  H300paKeHUs
AQHAJIM3UPOBAINM W TISITHA IOJCYMUTHIBAIN, HCIIOJIB3YS
nporpamMMmbel  ImageMaster 2D Platinum 7.0
(“GE Healthcare) u PDQuest (“Bio-Rad”).

Tpunyun memooda oyenku Koruuecmea npomeoghopm

[Toxxon, MCMONB30BaHHBIA B HAIIMX MCCICIOBAHUIX,
OCHOBaH B IHepByl ouepenb Ha 2-DE ¢ yuérom
HECKOJIbKUX JonylieHuid. IlepBoe nomyuienue — kaxzaoe
IISITHO Ha JIBYMEPHOM IeJle IPEACTABIISET ONPEIEICHHbII
ocnkoBbIii  Bua (mporeodopmy). Crtporo ropops,
9TO He coBceM mpaBuibHO [30, 31], Tak Kak HEKOTOPbIE
IIATHA CONEPKAaT HECKOIBKO MporeodopMm (0coOCHHO
mocne 2-DE Hm3koro paspemenus). Ho, mo-BuaumMomy,
9TO HE CHJIBHO BIMAET HA HAIIM BBIYUCICHHUSA,
Tak Kak Mbl wucnodb3oBanu 2-DE rtenm pasHoro
pa3mepa (pa3pelieHusi) U 3TO HE CHJIHHO TMOBIMSIIO
Ha KOHEYHbIE 4uciia. Bropoe — wncmonb3yst Kpacurenb
C TIOBBIIICHHOW YyBCTBUTEIBHOCTHIO (MeHbIIMM LOD)
MBI CMOXKEM JIeTeKTHPOBaTh Oombie mporeodopm (N),
geM ¢ kpacureneM ¢ 6oipmum LOD mpu ncnoiap3oBaHIH

OIMHAKOBOTO KoimdecTBa Oenka [3]. TpeTne
uMeeTcsl  onpejeiéHHas 3aBUCUMOCTbh  KOJIHMYECTBA
JNETCKTHPOBAHHBIX B  OJMHAKOBBIX  KOJIHMYECTBAX

oenka mporeodopm (Z=N/Q) OT UYYBCTBHTEIBHOCTH
kpacurenst (LOD). CooTBeTcTBEHHO, OBLT TPEITIOKCH
AKCIIEPUMEHTAIbHBII TTOJIXO/T JIETEeKTHPOBAHUS
OCNKOBBIX TSATEH NYTEM SKCTpamnoyisnud B 0o0nacTh
MaKCUMaJIbHOW YyBCTBUTEIBHOCTH WJIM MHHUMAaJIBHOTO
LOD (puc. 1). Munumanbsubiii LOD (uiamn MakcumanbsHast
qyBCTBUTEIBHOCTH) O3HAYAET BO3MOXKHOCTD JIETEKTHPOBAThH
HaUMEHbIIIee KomndecTBo Oenka B 2-DE. B Hamiem ciydae
3TO OJHA KOMNHWSI CaMOM MajJol MOJUOENITHIHON
MOJIEKYJIBI, KoTopass uMeeT Maccy ~6 kJla (wiu 10 1).
Orta Macca B3siTa u3 0asel 3HaHumii UniProt, ona Takke
OCHOBaHa Ha mpezaenax paszaenenuss B 2-DE [32].

Konuuecmeo namen (N)

.

CBB 250
CBB 350
silver

Cy5min

B npuHumMne, TONBKO C HCIOJB30BaHHEM TaKOI'O
KpacHuTelsl BO3MOXKHO JETeKTUPOBAHUE BeeX IPoTeodhopM
(maxxe campIX MaybIXx B BHue mareH) Ha 2-DE rene,
rne paszgeneHsl Oenku oxHOM  kieTku. I[loatomy,
9TOOBI OMNPEACIUTHh KOJTMYECTBO TaKHX MpoTeodhopm
B enuHM4HON KkieTtke (N ,,), HEoOXoauMo HaiiTh
(YHKIMIO 3aBUCMMOCTH HOPMAJIM30BAaHHBIX HA EIMHUILY
Oenka (Z) xomuuectBa mareH ot LOD. Dkcrpanonsius
3HaYeHUH 5TOM (yHKIMM B oONacTh MakCHMMaJbHOU
4yBCTBUTENBHOCTH (107 T) mo3BONAET MOMYUUTh Z ..
YMHOKEHUE Z .. Ha KOJIUYECTBO Oelka B €IMHUYHON
kineTke (Qpip) TMO3BOISET IOJNYyYUTh MaKCUMalbHOE
Konmu4ecTBo npoteodopm B KneTke (N .. ).

PE3VJIBTATBI 1 OBCYXJIEHUE

DKCNEePUMEHTAIBHBIA IOAX0J [0 OIpeAeIeHUI0
KOJIMYeCTBa TPOTEO(POPM C TOMOILIBIO AIKCTPATIONISIIHN
B oOmacTb  MakCUMalbHOM  YYBCTBHTEIHHOCTH
ObLT HCIOJB30BAaH B HANIUMX HcciaeaoBaHusx [3, 5].
MakcumanbHas 1yBCTBUTEIBHOCT O3HAYACT BO3MOXHOCTh
ACTCKTUPOBATE CAWHUYHBIC KOIMUW TMOJHUICIITUIHBIX
Mmosiekyn B obpasue (PCN=1), To ecTtb MHHHMaIbHOE
Komu4ecTBO  Oesika.  JlaHHBIH  MOAXOJ  OCHOBaH
Ha HAONIONEHHH, YTO HCIIONB3YSl KpacuTedb ¢ OoblIeh
YyBCTBUTEIBHOCTBIO, MBI CMOXEM JIETEKTHPOBATH
6ompme  mporeodopm (N), HYeM C KpacHTeIeM
MEHBIIICH YyBCTBUTEIBHOCTH. UTOOBI ONPEACIHUTH
yuciio  nporeopopM B CAMHMYHOM  KIIETKe,
MBI HCIIOJIB30BANM  (YHKIIMOHAIBHYIO 3aBHUCHUMOCTB
HOPMaJIM30BaHHOTO HA EIWHUIYYy KOJM4YecTBa Oeika
KOJIYECTBa MPOTeO(OopM (Z) OT IyBCTBUTEIBHOCTH WIIH
Ipeziena YyBCTBUTEIBHOCTU KPACUTENS. DKCTPAIOISAINs
naHHoW  (yHKIMKM B 00NacTh  MaKCHMMaJbHON
gyyBcTBUTENbHOCTH (PCN=1) 1no3BosseT nomyunTs Z ..
A B uTOre, yMHOXEHHE Z... Ha KOIHUYECTBO Oenka
B eAMHUYHOH KiteTke (Q) 1aéT MakCHMaJIbHOE KOJINYECTBO

1125
Cyssat

IIpeden uye

00 MOJLEK)la

PCN =

sumensrocmu (LOD)

& 00HOT KNemkKe

Pucynok 1. Cxema 3KCHEpHMEHTAIBFHOTO TOIXO/A IO OLEHKE KOJIMYEeCTBA MPOTEO(POPM OKpaACKOH

KpacHUTeJIIMU Pa3HOW 1yBCTBUTEJIBHOCTH.

JIBYMEpHBIX Teiel

281



KOJINMYECTBO NPOTEO®OPM B ITIPOTEOMAX KJIETOK U IIJIA3MbI KPOBHU

nporeodopm (N, ) B KiIeTke. UTOOBI MONYYUTH TAKYFO
¢yHKIMIO, HaM HeoOXOAMMO CHayajla IOJCYUTATh
IpeJie]l  4yBCTBUTEJIBHOCTH U BCEX KpacUTENeH,
UCIIONB3YEMbIX B SKCIIEpUMEHTe. JIJIsl 3TOro HECKOIBKO
00pa3IoB C TMOHMKAIOIMNUMCS COJACPKAaHUEM OBIYbEro
ceiBopoTouHoro  amsbymmua  (BCA)  mporossin
oxHoMmepHbIM AtekTpodopesom SDS-PAGE. Heckonbko
rejied  OKpallMBajdM  Pa3IMYHBIMU  KPaCUTENSIMH,
1 OICHUBAIM MHHUMajbHOE KosmdecTBo BCA, xortopoe
MOXHO OblT0 ieTekTupoBats [5]. Cpenut Bcex kpacuTemnen
Amugo YEpHBIN NMEET HAUMEHBILYI0 YyBCTBUTEIBHOCTD,
(LOD 5x10* r) ma momocy (PCN 4%x10),
"I u HaceimeHHbIH CyS — HAMBBICUIYIO 4yBCTBUTEIBHOCTB,
LOD cocraBmmu 2x10" r u 10" r (PCN = 1,6x10° u
0,8x10°) Ha moJOCY, COOTBETCTBCHHO (Tabiuma).
Panee ObuM HPOTECTHPOBaHBI OEIKOBBIE SKCTPAKTHI
Oaxrepuit, E. coli, P. furiosus [5]; B manHOW pabote
MBI PACIIMPHIIN HAIM UCCICAOBAHUS C HCIOIb30BAHUEM
00pa3noB MHKOIUIa3Mbl. [0 CpaBHEHHIO C JPONOKAMHU,
KJIETKaMH YeJIOBEKa W OCOOEHHO IUIa3MOM 3TH OOBEKTHI
HMMEIOT MIPOTEOMBI TOopa3/i0 MEHbIIEero pasMepa. UTtoOs
BBIYMCINTh HOPMAJIM30BAaHHOE Ha EIMHUILY KOJIMYECTBA
Oenmka (Z) KOMMYeCTBO OETKOBBIX IIATEH, HEOOXOIUMO
BHa4aJie BBIABUTH 3aBHUCHUMOCTb KOJMYECTBA JTHX
nsaTeH (N) oT konuuecTBa HaHeceHHOro Oenka. J[is aToro
OBUTO OKpAIICHO PA3IMYHBIMU KPACHTEJISIMH HECKOJIBKO
HabopoB aBymepHBIX reneid (2-DE), conepkammx
pazHoe KONM4YecTBO Oenka (Kak MHUHUMYM 3 reis
JUIA KaXJOT0 KoimudecTBa). sl KaXIoro KpacuTels
ObT TOCTpOoeH rpaduKk 3aBUCHUMOCTH KOJIUYECTBA
nsited (N) or konuuectBa HaHeceHHOro Oeinka (Q).
[TonyueHHble TpaKU XOPOIIO ONMUCHIBAIOTCS JTMHEHHON
¢yskmmeir ¢ kodpdunmentom koppemsuun  >0,9,
yrojl HakJIOHa KOTOpOW M JaéT HOPMaJM30BaHHOE
gucino maTeH Z=N/Q (ducio MATeH HOPMaJu30BaHO
Ha MuKporpamm Oenka. Jlamee, dYTOOBI OLIEHUTH
KonuuecTBo mporeodopm B oxHOH KaeTke (Npax),
OblTa TOJTyYeHa 3aBUCHMOCTh MEK/Ty HOPMaJIM30BaHHBIM

KOJIM4ecTBOM MporeodopM (Z) U YyBCTBUTEIHHOCTBHIO
nerektupoBanust (LOD) [S]. DkcTpamonsiust JTaHHOM
¢yHKIMH B 00JIaCTh MAaKCUMaJbHOW YyBCTBUTEIBHOCTH
(107 r) mo3BoNAET ONPENEANTD Z .. B UTOre yMHOKEHNE
Z nax Ha KomudecTBOo Oenka B ofaHOM KieTke (Qpin)
naér  xomudectso mnporeopopMm B KieTke (N4
Jlns  OaxkTepuid Takue BBIYUCIEHUS JAalOT O4YECHBb
moxokue BenuuuHbl (~4x10"° — s E. coli, u 2,8x10" —
st P furiosus) [5]. Ucnons3ys dopmymy Z=N/Q (1),
MBI MOXKEM PACCYHTATh KOJHYECTBO IPOTEO(POPM B KIICTKE,
Niax = Zmax*Qmin (2)- B 5T0M ciiydae Qi 0003Ha49aeT
KOITMYECTBO OenKa B OAHOH KJIETKEe, KOTOpPOE pPaBHO
~1,55%107 mxr mist E. coli u ~1,2x107 Mxr mist P, furiosus
[33]. Tax, Z=N/Q (1), N\pax = Zmax*Qmin (2). [ns E. coli
KoJruecTBO mporeodopm ~4x10"%1,55x107 6200.
Juist P, furiosus ~2,8x10%1,2x107 = 3400 [5].

Panee, mcnonp3zys ZOOM®™ IEF kak cTpareruto
¢dpakuuonupoBanusi, Richardson u coaBr. cymenun
JNETeKTUpPOBaTh ¢ moMmolnbio 2-DE 5525 GenkoBbix
MATEeH, TPENCTaBIsAMUX mporeoM E. coli [33].
OHHU YTBEpXKIAIOT, YTO 3TO YHCIO OTpakaeT IOYTH
BCE THIIBI IIOJHMIIENTHAOB B OXHOU KieTke E. coli,
TaK KaK TEXHHWKA TO3BOJIET JCTEKTUPOBATH CAMHUYHEIC
OenkoBbie konuu [33]. Ilo mpeaplaymuM OIeHKaM
Tonella u coast. [34], E. coli MoxkeT couepxkarb
6022 nporeodopM. DTH YKCITa OUYEHB OIN3KO COOTHOCSATCS
¢ HammMmu BeUHcHeHUAMH (6200), moaTBepKIas
MIPaBOMOYHOCTD MCTIONB3YeMOTO HaMH TIO/IXO0/a.

OueHKa Koaudyecmea npomeod)opM 6 KjlemkKax 4enoseka

Tak ke, Kak W B Cilydyac C MHUKPOOPTraHW3MaMH,
2-DE remn ¢ pa3HBIM KOJIMYECTBOM O€lKa KIIETOK
nedenn wian  auHUM  HepG2  Oputm  OKpamieHsl
pPasIUYHBIMM ~ KpacUTEeNsIMH.  bBbUIM  MOCTpPOEHBI
3aBUCHMOCTH KOJIMYECTBA JIETEKTUPOBAHHBIX msiTeH (N)
OT KOIIMYecTBa HaHeceHHoro Oemka [5]. M3 Tpéx

CaMbIX YYBCTBHUTENBHBIX MeTOHOB, CyS.y, CySinin, L,

Tabnuya. Ipenen gyBcrButensHocTH (LOD) npu neTekTupoBaHUU OEIKOB PA3IMYHBIMH KPACUTENISIMU, COOTBETCTBYIOLIHE

3HaueHns Z (N/Q) u ouenka xonmmaectsa Ipoteohopm (N .. )-

)IeTeKTHpOBaHI/Ie LOD® - N Z - N/Q (MKF-I)

r PCN HepG2* | E. coli* | P. furiosus* | Muxonnasma | Apoxxu | Ileuens | Illnasma
Ammzio Yépusiit | 5x10-8 5%1012 0,8+0,1 0,6+0,07 | 0,6+0,07 0,4+0,05 0,3+0,03 | 1,3£0,2 | 1,0+0,1
Kymacen R250  |2,5x10°8 |2,5x1012 | 1,6£02 |N/A N/A N/A N/A N/A 240,3
Kymacen R350 [ 10-8 1012 2,1£0,3  |2,1+0,3 |2,2+0,3 0,8+0,1 0,740,1 |2,1+0,3 |1,8+0,3
Cepebpo 10-9 1011 1042 2143 18+3 1643 1743 102 1343
CY5min 0,3x10-10 [ 3x109 97+12 302436 [ 275+30 50+6 65+7 100£12 | 20+4
1251 210711 [2x109 124+14 | N/A N/A N/A N/A N/A 45+8
Cy5gat 10-11 109 154+18  [N/A N/A N/A N/A N/A 41+8
LgZnax - - 8 10,55 10,45 11 10,5 8 6,17
Qmax (MKr) - - 0,7x10°8 [ 1,2x107 [ 1,55x10°7 [4x10°6 7x10°4 | 7x104 |1
Niax - - 70000 6200 3400 1600 40000 | 70000 | 1500000

ITpumeuanue: N - KoIH4decTBO MATEH; (Q - KOJIMYECTBO Oellka B MUKpOrpamMMax (MKr); LgZ - - SKCTparossus K mpeaety
yyBcTBUTENbHOCTH B 1 PCN mim 102 r; LOD (limit of detection) - npenen uyBcTBUTENFHOCTH B TpammMax (r) win B PCN

(protein copy number), KOIHYECTBE AETEKTUPYEMBIX IOJUIENTUIOB ¢ Maccoi B 6 k/la; N,

max - OLICHKA pazMepa MpOTEOMOB

(xonudecTBO HpoTEO(OpM), HONyUdEHHAss HOCIE YMHOXKeHus Z . Ha Mmaccy nporeoMa (Q,.) B MHKporpamMmax (MKT);
N/A - HeT naHHBIX. * - HEKOTOpPBIC JAHHBIC AAaNTHPOBAHbI U3 [5].
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BeJIMYUHBI Z coctaBuiau 154, 97, u 124, COOTBETCTBEHHO
(tabmuna). 3Hauenwss Z ansa nedenn u HepG2
OKa3aJlUCh BEChMa CXOXHUMH Kak mis cepebpa (10),
TaK W AN CaMbIX CIIA0BIX METONOB OKpPAIIMBAHUS —
Kymacen R350 — 2,1, Kymaccm R250 — 1,6 m Ammuno
Uépmnerii — 0,8). CooTBETCTBEHHO, 3aBUCUMOCTE Z 0T LOD
ISl keTok nedenn u HepG2 mpakTWYecKd COBMAIAET.
Jluneitnas 3aBucumocts ana HepG2 kineTok umeer
kodpduiment koppemsiunu R = -0,99, a s xietox
nedenu — -0,85. Dkerpanomsuusa k MuUHAMansHOMYy LOD
(PCN = 1) naér senmuuuny Z.,. pasHoii 108. Cnemys
dopmyne Z=N/Q, MBI HaxXoOUM MaKCHMAaJIbHOE
KonudecTBo mporeodopM B KieTke N« = Z0 XQ i
3nech Qpip 0003HaYaeT KoNMUECTBO Oenka B OJHOM
xierke [35, 36]. Jns remaroumrta wiu kietku HepG2
Qmin PaBHO npumepHo 7x10* Mkr [36]. CrnenosareinbHo,

max = ZmaxXQmin = 10*x7x10* = 7x10* mporeodopm.
To ecth, B onmuoii kietke HepG2 wmnm remarorure
colepKuTcsl kKak MUHUMYM 70x10° monumenTuIHBIX
(dopM. DTa olLEHKa comIacyeTcst C AKCIEPUMEHTaIbHBIMU
naHHBIMEA Nagaraj U COaBT. MO OIIEHKE MPOTEOMa KIIETOK
HelLa [22]. B nanHO#l pabote, Tae OBUT HpOBEAEH
MC/MC anamu3 6e3 yuéra PTM u ampTepHATHBHBIX
craiic (AS) BapuaHTOB, aBTOPHI HMIECHTU(MUIIMPOBAIU
10255 6enkoB. B mnHamem cinywae cBoiictBa 2-DE
1no3BoIsAI0T yunuThiBath PTM [37] u AS [38] npu onenke
pasmepa nmnporeoma. XOTS MaKCHUMaJbHOE YMCIO
nared B kinetkax HepG2 cocraBuio Bcero 3245 [5],
SKCTPATIONALNSA B 007acTh JCTEKTHPOBAHUS CIMHUIHBIX
MOJIEKYJT JOBOTUT 3Ty BenmuuHy a0 70000, ykaspiBas
Ha TOo, yTo PTM u AS yBenu4uBaroT pa3zHoOOpazue
nporeoopM Kak MUHUMYM B 7 pas.

Oyenka Konuuecmea npomeo@opm 6 niazme

B ommuume or cuTyauuu ¢ €QUHUYHON KIJIETKOH,
MIPOTEOM KOTOPOI MMeeT MaKCUMalbHyIo Maccy 7x10"° T
(remarouuTHI), MPOTEOM IUIA3Mbl TOpaszo Ooblle,
U, 4YTO OCOOCHHO CYILIECTBEHHO, HE HMEET SIBHO
BBIPAXKEHHBIX pa3MepoB. “CpeaHecTaTUCTUYECKHH”
WHIUBHIYYM HuMeeT ~2,5 mutpa wmau 250 T Oenka
B mia3Me ¢ KoHmeHtpammed ~100 mr/mi [39, 40].
[Iporiecc ucromeHust 6 MaKOPHBIX OEJIKOB, BKJIIOYAS
CBHIBOPOTOYHBIN anbOyMuH, nuMMyHor1o0yuHbl 1gG/IgA,
TpaHC(EppUH, AaHTUTPUIICUH M TaNTOIOOWH MPHUBOIAMT
K ynanenuto npumepHo 90% Oenka. COOTBETCTBEHHO,
OCIIKH HCTOIIEHHOH TI1a3Mbl rpefcTaBisiioT 10% wmw 10 mr
B KaxzaoM M. Jlaxe mpeamomaras, YTO ILIa3Ma
B UCJIOBEYECKOM TeJIe SBISIETCS TOMOT€HHBIM PacTBOPOM,
MBI BCE PaBHO [OJDKHBI ONpPENeNUTh Mpenen 3Tol
romMoreHHoctu. Jlpyrumum  cioBaMu, HE0OXOJUMO
OIIPEJETUTh MHUHUMAJIBHBIH O0BEM IUIA3MBI, KOTOPBIH
OTpaXkaeT CBOICTBa BCEH IIa3Mbl opranu3mMa. [IpuHumas
B pacueT JWHAMUYECKUW JMana3oH KOHLEHTpalui
pa3IMYHBIX IUIa3MEHHBIX O€IKOB B 7 TIOPSAIKOB,
JUIsl HalluX pacy€roB Mbl NpuHsuM 00bEM B 0,1 MKIL.
CoorBeTcTBEHHO, Qp i, TWIa3Mbl  OyJIeT paBHBIM
He Oozee | mkr. [Tapamerpst LOD u Z 01t paccuuTansl
M0 TakoW Jke cXeMe, 4To W B ciydae kietok HepG2.
Hekoropele uncia ObUIM paccuMTaHbl Ha OCHOBE
npeasaynux myonukauuit [3, 5]. JlomomHUTETbHBIC
JaHHble  OBUIM  IIOJIYYEHBI C  HWCIOJb30BAHHEM
okpammBanust OenkoB Kymaccu R350, cepebpom wim

Meuenuem '*I (tabmuma). 3aBucumocth Z ot LOD
OblTa OoTpaXkeHa B Jorapu(MHUYECKHX MIKajax (puc. 2).
Ha ocm abcumcc ykazaH npenen 4YyBCTBUTEIBHOCTH
(PCN) s kakaoro KpacuTels, a Ha OCH OpJUHAT —
HOpMalM30BaHHOE Konmu4uecTBO mATeH (Z). IlomyueHHas
3aBUCUMOCTb OYEHb XOPOILO KOPPEIUPYET C JUHEHHON
¢bynkumeit ¢ koapduiprentom koppemsiuna R = -0,925.
OkcTpanoiupyst (QyHKIHIO B 00NAaCTh JCTCKTUPOBAHUS
OJIHOTO TOJUMENTHAA, MBI TIOTy4YaeM BENUUUHY Z (Zay)
paBHyto 1500000. U3 ypaBHeHus Z=N/Q MBI MOXeM
OIICHUTHh MAaKCHUMAaJIbHOE KOJIMYECTBO MpoTeodopm
C HUCIOJb30BaHUEM ypaBHeHHs Np.. = Z . xQ....
Npax = 1500000/mkrx1 Mxr = 1500000. CrenoarensHo,
MIPOTEOM  IIa3Mbl  4YeJlOBeKa MOXET  CoJepiKaTb
He meHee 1,5x10° mporeodopm. Tak kak B mporecce
MIPUTOTOBJICHUST 00pa3a WMMYHOIIOOYJIWHBI ObUIN
yOaleHbl BMECTE C JPYTMMH Ma)KOPHBIMU OelKamH,
TO JaHHAas OLEHKa HE YYHUTHIBAET HMX pasHOOOpasus
B IUIa3Me, KOTOPOE MOXKET JIONOJHUTENIBHO J[00aBUTh
emé croibko ke mporeodopm [40]. JlaHHas oleHKa
KOppENIUpyeT C HAIIMMH IPEIbLAYIIUMIA BBIUYUCICHUSIMA
[3, 5] 1 KOMOWHATOPHBIMHU TIPEACKA3aHUSIMU APYTUX
asTopos [19, 20].

'1 T
-20

L L)
16 -14 12
LgLOD

Pucynox 2. Ouenka paszMepa mpoTeoMa IUTa3MBI.
3aBucumocts Z (N/Q) or mpenena 4yBCTBUTEIBHOCTH
(LOD) ¢ wucnonb30BaHUEM JIOTApUPMHUUECKON IIKAIBI.
[TonoyxeHne TOYEK COOTBETCTBYET JIMHEHHOMY YPaBHEHHIO:
LgzZ = -3,4 - 0,48LgLOD, R = -0,96, SD = 0,1987,
p<1,51x10"*.

T
-18 -10 -8 -6

3AKJ/IIOYEHUE U BBIBOJbI

Tak kak cuTyanus ¢ pa3MepoM MPOTEOMOM UYeJIOBEKa
€ He 10 KOHI[a pellleHa, HeoOXOUMO UCKATh Pa3IHYHbIe
myTd €€ peIlleHHs, B IPOTUBHOM ClIy4yae KOHEUHas
uenb npoekra “IIporeoM uenoBeka” MONYYUTH MOJHBIN
KaTajor mporeoopM OCTaHETCS HEIOCTHKHUMOH.
Henocrarounas YyBCTBUTEIHHOCTD METOJIOB
JETEKTUPOBAHUS OCTKOBBIX MOJIEKYJ HE MO3BOJISIET MOKa
MOJyYUTh IOJHYIO KApTHHY YEJIOBEYECKOTO IpOTeoMa.
Ho wucnonp3ys wumeromuecs TEXHOJOTHHM, MOXHO,
KaKk MUHHMYM, OLIEHHUTh ero pasmep. C 3Toil wLensto
MBI TIPEJIOKHUIN TIOAXOA, B KOTOPOM HCIOJIB3YETCs
3aBUCHMOCTB JE€TEKTHPOBAHUS KOJIMYECTBA MPOTEOhOpM
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KOJINMYECTBO NPOTEO®OPM B ITIPOTEOMAX KJIETOK U IIJIA3MbI KPOBHU

oT YYBCTBUTCIbHOCTHU METOJA. OI‘paHI/I‘IeHHI)Ie
B HAIlIMX DKCIEPUMEHTaX IpPEeoM YYBCTBHTEIBHOCTH
B 10° OenKOBBIX MOJIEKYJ, MBI 3KCTPANOIMPOBAIN
9KCHEPUMEHTAIbHBIC JIaHHBIE B oOmactb
YyBCTBUTEIBHOCTH COUHUYHBIX MoJseKyn. Jlannas
9KCTPANoJIALMs TO3BOJMJIA HAaM OLIGHUTh pPa3Mepsl
IPOTEOMOB  PAa3HOrO  IMPOUCXOXKACHUS,  BKIIOYAsS
YeJIOBEUECKHE KIIETKH, a TaKkKe IUIa3My YeJloBeKa.
HeoOxoqumMo NOAYEpKHYTh, YTO EAMHHUYHAsl KIETKa
W IUla3Ma  SBISIOTCS OYEHb PAa3HBIMH OOBEKTAMH.
B cymHocTtu, Ki1eTka — 3TO MHUKpPO, a IUIa3Ma — cambli
0OJBIION MaKpOOOBEKT UYETOBEYECKOrO Teja, aKTHBHO
B3aUMOJICHCTBYIOIIUMI CO BCEMU OpPraHaMH 4YEJOBEKa.
Ecnu xnetka, kak mpoteom, siBisieTcsi (yHKIIMOHAIBHON
CIMHNLCH C OrpaHWYEHHUSIMH B IPOCTpaHCTBEe (00BEM
kiretku ~7500 cm®), mmasmMa — 3T0 HabOp pa3HBEIX
MIPOTEOMOB ¢ 00ITIM 00BEMOM 10 2,5 1. Taxoit O0IbIIOH
00BEM BEJIET K OUCHb CHIIBHOMY pa30aBIEHHIO MUHOPHBIX
O€JNKOB M LIMPOKOMY JMalia3oHy MX KOHIEHTpAlMid —
Oonmee yem 10 TOpPSIKOB KOHIEHTPAIMH B MOJISIPHOM
Belpakenu [19, 41]. Takum oOpazom, mIa3mMa BKIIIOYAET
B cebs mpakTHuecKd Bc€ pasHOOOpaszue mpoTeodopm,
MIPUCYTCTBYIOIINX B KJIETKAaX pa3sHOTO THUIIA YEJOBEKa,
Y HU3KOKOIMWHBIE OCNKH COCTABISAIOT OONBIIYI0 YacTh
e€ mpoTeoMa. BONBIIMHCTBO ATHX OENKOB HE SIBISIFOTCS
HH CTPYKTYPHBIMH, HA ()Y HKIIMOHAITEHBIMH KOMIIOHEHTaMHU
IUTa3MBbl, @ MONaJaloT B HeE M3 Pa3iMyYHbIX KIETOK Teja.
W naoOopotr, enuHMYHAs KJIETKa HMMEET MEHbIIee
KOJIMYECTBO  NMPOTEOo(hOpM, aJanTUPOBAHHBIX IS
BBITIOJTHEHUS CIIEIU(PUIECKUX KICTOYHBIX (PyHKIHUH.

Paboma  ewvinonnena 6 pamkax Ilpoepammel
@dyHOamenmanbHbLX HAYYHbLX uccnredosanull
eocyoapemeennvlx akademuti Hayk Ha 2013-2020 2o00uvl.
Aemopwi npusnamenvhul un.-kopp. PAH B.M. T'oeopyny u
B.T. ITewiexonogy 3a npedocmagienue, COOmeemcmeenHo,
KJIeMOoK MUKONAA3MbL U KJIEMOK OPOACIHCEL.
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EXPERIMENTAL ESTIMATION OF PROTEOME SIZE FOR CELLS AND HUMAN PLASMA

S.N. Naryzhny", V.G Zgoda', M.A. Maynskova', N.L. Ronzhina’,
N.V. Belyakova’, O.K. Legina’, A.I. Archakov'

'Institute of Biomedical Chemistry,
10 Pogodinskaya str., Moscow, 119121 Russia; e-mail: snaryzhny@mail.ru
*Konstantinov Petersburg Nuclear Physics Institute, Gatchina, Leningrad District, Russia

Huge range of concentrations of different protein and insufficient sensitivity of methods for detection
of proteins at a single molecule level does not yet allow obtaining the whole image of human proteome.
In our investigations, we tried to evaluate the size of different proteomes (cells and plasma). The approach
used is based on detection of protein spots in 2-DE after staining by protein dyes with different sensitivities.
The function representing the dependence of the number of protein spots on sensitivity of protein dyes was
generated. Next, by extrapolation of this function curve to theoretical point of the maximum sensitivity
(detection of a single smallest polypeptide) it was calculated that a single human cell (HepG2) may contain
minimum 70000 proteoforms, and plasma — 1.5 miIn. Utilization of this approach to other, smaller proteomes
showed the competency of this extrapolation. For instance, the size of mycoplasma (4Acholeplasma laidlawii)
was estimated in 1100 proteoforms, yeast (Saccharomyces cerevisiae) - 40000, E. coli — 6200, P. furiosus — 3400.
In hepatocytes, the amount of proteoforms was the same as in HepG2 — 70000. Significance of obtained data
is in possibilities to estimating the proteome organization and planning next steps in its study.
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