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Iposenen iTRAQ-Macc-ClIeKTpOMETPHIECKHH aHATIN3 BHEKJICTOYHBIX IIPOTEACOM M BBISBICHBI OCTTPAHC-
nsuonHble Momudukaruu ([ITM) cyObequHHI] BHEKIETOUHBIX 26S mpoTeacoM. BEISBICHBI HOBBIE CANTHI
YOUKBUTHHUPOBAHHS U aleTHIMPOBAHMS NMpoTeacoMHBIX cyOpexmumi o2 (K196), a4 (K189 u K234), a6
(K217) u Rpn6 (A2). OOHapyKeHO, 9TO B COCTABE BHEKJICTOYHBIX IIPOTEACOM MPUCYTCTBYET CTAHJAPTHBIN Ha-
00p u3 cyobeanHUI 26S IpOoTeacoMsbl, a Takke perynstop PA200, KOTOpHIii, Kak Ioarajii paHee, JOKalnu3yeT-
Csl IMIIb B s{pe KiIeToK. [loiydeH MmepBUYHBIA CKPHHUHI OEIKOB, B3aUMOJAEHCTBYIONINX C BHEKIECTOUHBIMU
mporeacomaMu. [loka3aHo, 4TO ¢ TMPOTEacCOMaMM ACCOIMMPOBAHBI OCNKM, YJAaCTBYIOIIHE B TAKUX OCHOBHBIX
KJIETOYHBIX TIpoIieccax, Kak TpaHckpumius, pemapanust JHK, Tpancmsamms, a Takke OelIKH IUTOCKeIeTa U
youkBuTHH-ipoTeacoMHoit cucteMsl (YIIC). MeToqoM HMMYHOOIOTHHTA MTOATBEPININ B3aUMOICHICTBHE TPO-
TEacoM C JICBATHIO OeIKaMu, BBIOPAaHHBIMH U3 IMOIYYEHHOTO OSTKOBOTO CKPUHHHTA CIyYaifHBIM 00pa3oM.

KnrmoueBsle cioBa: BHEKIETOUHBIEe TpoTeacoMbl, iTRAQ-macc-cnekTpoMeTpHs, TOCTTPaHCISHOHHBIE

Moau(pUKaUH, YOUKBUTHHUPOBAHHE.

Mpuusateie cokpamenus: JCH — noneunncynsdar narpus, [TAAT' — nonuakpuiaaMuHbIH Tellb,
I[ITM — noctrpancisiuonnsie Moandukanuy, YIIC — yOUKBUTHH-IPOTEaCOMHAsI CHCTEMA.

Youksutun-iporeacomnast cucrema (YIIC) ocymects-
JSIET MPOTPaMMHPOBAHHBIA MPOTEOJIM3 M IPOLIECCHHT pas-
JMYHBIX PETYJISATOPHBIX OEJKOB, YYacTBYIOIIMX BO MHO-
JKECTBE KJIETOYHBIX IIPOLIECCOB, BKIIOYAsl PEryJIAIMIO TPAHC-
kpunuuy, penapauuro JIHK, mnpoaBuxkeHue KIETKH 10
KJICTOYHOMY LMKy, IMMYHHBIH 0TBeT, anonrto3 (Konstanti-
nova et al., 2008; Mowuceesa u np., 2010a; [{umoxa, 2010).
[TpoTeo UTHYECKUM «SAPOMY» ITOH CHCTEMBI SIBIISIETCSI MYJIb-
TUCYOBETMHUYHBIN OCIIKOBBIN KOMILIEKC — 26S mpoTeacoma,
4acTO Ha3bIBAEMBIM MPOCTO MpoTeacoma. 26S mpoTeacoma co-
CTOUT W3 MPOTEOINTHIECKON KOpOBO# gacTuirsl (20S mpoTtea-
COMBI) B OHOTO Wi ABYX 19S perymsropos. 20S mporteaco-
Ma IIpeCTaBIsieT COOOH MOIBIA MITHHAP, 00pa30BaHHBIN Ue-
TBIPbMSI CEMUYJICHHBIMH KOJIBIIAMU: JIBA BHYTPEHHUX KOJIbIIA
coOpaHbl U3 CyObeIMHHMI] 3-THIIA, /IBa BHELIHUX — U3 CYObEIH-
Hun a-tuna. Tpu B-cyoseannunst (1, B2 u 5) orBercTBeH-
HBI 32 IPOTEOJIUTUIECKYIO aKTUBHOCTD IIPOTEACOM; OCHOBHON
(yHKIHEH O-KOMbLia SIBISIETCS PEryJIMpOBaHKe A0CTyma cyocT-
para B mpoTeonuTHIecKyto kamepy 20S mpoTeacombl 1 B3aHMO-
JieiicTBue ¢ 19S perynsaTopHbIMU KOMILIEKCaMH (U APYTUMU pe-
TyJSITOpaMu), a TAKXKe C APYrUMH OeJIKaMH, KOTOPBIE, COTJIACHO
JIMTEPATYPHBIM JAHHBIM, B3aUMOJICHCTBYIOT C IIPOTEACOMAaMH B
ciiyqae yOWKBUTHH-HE3aBHCHMOTO TpoTeoim3a (Murakami
et al., 2000; Touitou et al., 2001; Zhang et al., 2003).

Cornacao Hammm naHHbBIM (Fedorova etal., 2011), ¢
PSMA3 (a.7) cyopeaununeit 20S mpoTeacoMbl CBS3BIBAIOTCS
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in vitro OEJKW, BOBJICYCHHBIC B PETYJISIIIAIO0 TPAHCKPHUIIIIHH,
penaparmmto JIHK, pasznuunbie acriektsl MeTabomusma PHK, a
TaKkKe OCJIKM MUTOCKEICTa, YOUKBUTHH-IIPOTCACOMHOM CHC-
tembl (YIIC) n mamnepons!. MHTepecHO, 4TO aHANIMU3 C IO-
MOIIIBI0 TAHIAEMHOW MacC-CHEKTPOMETPHUU OEIKOB, aCCOIHH-
POBaHHBIX C TIPOTEACOMAMH KPBICHI, BBISBIJI CBBIIIE 25 Oei-
KOB, B YHCJIC KOTOPHIX TaKXKe OBLIM IMIAepOHBI U OCIKU
nutockenera u YIIC (Scanlon et al., 2009; Tai et al., 2010).
Kak u cienoBasio 0xuaath, aBTOPbl OFPAaHUYUBAIOTCS TIPEII-
MTOJIOKCHUEM O MOJIYJIHMPYIOMIEM MPOTCACOMHBIC CBOMCTBA
(YHKIMOHUPOBAHUH JaHHBIX OEIKOB, PaBHO Kak M 00 acco-
UaIy OEIKOB C MPOTEaCOMaMH C IEJBI0 Ierpalalliyl UX 110
YOUKBUTHH-HE3aBHCUMOMY TIYTH.

B mnocnennee Bpems B IUTepaType MOSBUIINCH JAHHBIC O
MPUCYTCTBUH TPOTEACOM BO BHEKJIETOYHOM MPOCTPAHCTBE
(Lavabre-Bertrand et al., 2001; Stoebner et al., 2005; Sixt
etal., 2007, 2009; Sixt, Dahlmann, 2008; Albright et al.,
2009; Henry et al., 2009; Sixt, Peters, 2010). MeTonom siek-
TPOHHON MHKPOCKOITHH ITOKAa3aHO, YTO BHEKJICTOYHBIC ITPOTE-
a4COMBI HIMCIOT aHAJIOTHYHYIO KJIICTOYHBIM YaCTHIIAM IMITHH]I-
PHUYCCKYIO CTPYKTYpPY, C OJHOTO WJIHM JIBYX KOHI[OB OTPaHH-
YEHHYIO peryJIsiTOpHbIMU KoMmIuiekcamu (Zoeger et al., 2006).
buonorndeckue (yHKIMH BHEKJICTOYHBIX MPOTEACOM B Ha-
cTosIIee BpeMsl HEeACHBI. PaHee MBI OKa3alii, YTO BEIIENse-
MBI€ B KyJNbTypaJIbHYIO cpeay kieTkamu JuHuu A431 mpo-
T€acoOMBbI OTJIMYAIOTCS OT IUTOIUIA3MATHYECCKMX YaCTHI[ HE
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Puc. 1. IMmyHOXHMHUeCKast OKpacka cyOobenuHnI 19S xommiekca

Rpn2 u 20S mporeacoms! B1 B cocTaBe mpoTeacoM, BBIIEICHHBIX

w3 nuroriasmsl (L) knerok K562 1 KOHAUIIMOHUPOBAHHON KIIET-
kamu K562 cpensr.

TOJIBKO TO YETbHOW AHIOPUOOHYKIICa3HOH aKTUBHOCTH, HO
U 10 €e 3aBUCHMOCTH OT JIByXBaJICHTHBIX KaTHOHOB (Kyimy-
KoBa u jip., 2004). Kpome TOr0, MBI OOHAPYXWJIM, YTO BHE-
KJIETOYHBIE TIPOTEACOMBI aKTUBHEE 110 THITY XUMOTPHUIICHHA, a
BHYTPHUKJIETOYHBIE — M0 TUMy TpurcuHa (3aiikoBa H Jp.,
2011). MBI BBISBHIIM IMOCTTPAHCIAIHNOHHBIE MOIM(DHUKAINU
(ITTM) cyowsenmuun 20S mpoTeacoM METOI0M UMMYHOOIIO-
THUHTa C MOMOILIBIO CHEUU(PHUYECKUX AHTUTEN K IPOTEaCOM-
HbIM Oesikam. Mcmonb3ys antutena k (pochoaMHUHOKUCIOTAM,
MBI TIOITBEPINIIN PUCYTCTBHE (POoCcHOPUITUPOBAHHS B CIICKT-
pe IITM npoteacom (3aiikoBa u ap., 2011). Oxnako ameTu-
JMPOBAHNE WM YONKBUTHHUPOBAHNE BHEKIJIETOUHBIX ITPOTEA-
COM MBI Ha TOT MOMEHT HE CMOTJIN BEISIBUTH. Kpome Toro, Her
JIAHHBIX B JIMTEpaType O OeiKax, B3auMOAEHCTBYIONIMX C
BHEKJICTOUHBIMH [TPOTEACOMAMH.

[TosTomMy B 1aHHO¥ paboTe MbI MOCTABIIIN Hepe] co00i
3aj1ady MOJyYUTh IEPBUYHBINA CKPHHUHT O€JIKOB, B3aUMO/IEH-
CTBYIOIIMX C BHEKJICTOYHBIMHU IPOTEACOMaMH, a TAK)Ke TTOKa-
3aTh HAJIMYUE AllETHIIMPOBAHNS ¥ yOUKBUTHHUPOBAHHUS CyOh-
€/IMHUI BHEKJIETOUYHBIX ITPOTEACOM.

MaTepna.n U METOAMKA

Knetku mpospurponerikeMuu deroBeka auHUN K562,
TOJTy4eHHbIe 3 POCCHICKON KOJIIEKINH KIETOYHBIX KyJIbTYP
(Uucturyt nuronornn PAH) xynstuupoBamu npu 37 °C B
cpene RPMI 1640, conepxameit 10 % sMOpHOHANIBHOU Te-
nsubeit ceIBOPOTKH, B mpucyTcTBuH 0.004 % reHramunuHa.

I1 poT€ac oMbl BBIACIIAIN U3 UTOIIJIa3Mbl 1 KOHIUIIU-
OHMPOBAHHOW KJIETKaMH POCTOBOW CpeJibl C OMOLIbIO LIEHT-
pudyrupoBanuss B TpagUeHTE KOHIIGHTPAIMH Caxapos3bl
(15—30 %) u noHooOMeHHOI Xpomarorpagun Ha HEIUTIONIO0-
3e DE-52 (Hough et al., 1987).

iTRAQ-Macc-CIEeKTPOMETPHUUYCCKHUU aHa-
JU3 MPOTEacoM IPOBOJWINA COTJIACHO OMHCAHHOMY pa-
Hee merony (Gazzah etal., 2012). O0pasmbsl OYHICHHBIX
IpoTeacoM M3 KOHIWUIHMOHUPOBAHHOM KIETKAMH CpEIbl U
kinerok K562 HopmmpoBamm Mexay coboit meromom Bec-
TEpH-OJIOTHHTA C TIOMOIIBIO CIIEIU(PUIECKUX aHTHTEN K Oel-
kaM mpoteacom (puc. 1). Jlanee mpemapaTsl BHe- U BHYTpPHU-
KJIETOUHBIX IIPOTEACOM B KOJMYECTBE 75 MKI' KaXKJIOro IOJI-
BEprajid TPHUIICUHOJKM3Y, TIOJyUYCHHBIH HAOOp TENTHIOB
metm TMT (Tandem Mass Tags) peareHTaMu cOTTacHo pe-

komeHpanusaM  gupmel-usrorosurens  (Termo  Scientific,
CHIA). Ananmuz LC-MS/MS 65611 ciienan ¢ moMOIIbI0 Xpoma-
torpaduueckoii cucrembl RSLCnano HPLC system (Dionex,
Benmnko6purtannsa) u macc-cnextpomerpa LTQ-Orbitrap-Ve-
los (Thermo Scientific, CIIIA). XuakocTHy!0 XpoMaTorpa-
¢uro (LC) mpoBoaniu Ha 00paTHO-(a30BbIX KOJOHKaX ¢ Ac-
claim PepMap (Dionex, BennkoOpuranusi) u ¢ Symmetry
C18 100 A (Waters, Benuko6puranus). JlanHble, OTy4YeH-
HBIE ¢ Macc-CIeKTpoMeTpa, GopMUpOBaiu B (aii ¢ paciiu-
pEeHHEeM raw ¢ OMOLIBIO IIPorpaMMHOro obecredenus Proteo-
me Discoverer 1.3 (Thermo Scientific, CIIIA). Aranu3 moimy-
YEHHBIX MOHHBIX CIEKTPOB ITPOBOJIMIIM C ITOMOIIBIO IIPOTpaM-
™Mbl Mascot 2.2.04 (Matrix Science Ltd., CILIA) (Perkins et al.,
1999) u 6a3s1 nanabix UniProtKB/Swissprot. Koneunyro oopa-
0OTKYy JTaHHBIX MPOBOJIMIIM C TIOMOIIBI0 mporpammbl Scaffold
Q+S 3.6.0 (Proteome Software) (Searle, 2010). lanHbIe moce
nmropra B nporpammy aHammsupoBam X!Tandem (The Glo-
bal Proteome Machine Organization) (Craig, Beavis, 2004).

BecTepH-0n0THHT OEIKOB MPOTEACOM C TPHMEHE-
HUEM BTOPUYHBIX aHTUTEJN, KOHBIOTHPOBAHHBIX C IIEPOKCH I~
30/ XpeHa, BBINOJHSIM, CIEAys pEeKOMeHIauusM (Gupmbl
(Sigma, CIIA). Ilepokcuaa3y BBISBISUIA C ITOMOINBIO KHTa
SuperSignal (Pierce, CIIIA). IIporeacoMbl QppaKImOHUPOBA-
I Ha OJKOBbIE CyOBEAMHHIBI B JICHATYPUPYIOLIEM
12%-nom TTAAD (Laemmli, 1970). ITonyuennsie ¢paxiun
IEKTPO(OPETHIECKN TEPEHOCHIIM Ha HUTPOLEIUTIONIO3HbIC
¢unerpel (Hybond C extra, GE Healthcare) B cooTBeTcTBHE
CO CTaHJAPTHON METOIUKOW M OJOKMPOBAIN IIEHTPHI HECTIe-
IU(UUECKOro CBA3BIBAHUS aHTUTEN S5%-HBIM PacTBOPOM
00e3>KUPEHHOr0 MOJIOKa. M30BITOK OJIOKMPYIOIIEro areHra
orMbiBasin Oypepom PBS m memOpany uHKYOHpOBaiud CO
cnenuduyeckumu aututenamu nporus Filamin-A, Myosin-9,
Alpha-actinin-4, hnRNP L, Tubulin alpha, hnRNP F/H, Be-
ta-actin, Tropomyosin alpha-3, Rpn7, a5.

Pe3yabTathl U 00cy:KIeHUe

iTRAQ-Macc-CrieKTpOMETpHsl — HOBOE KPYIHOE JOCTH-
JKEHUE B 00JIaCTH MPOTEOMHKH. JIOCTOBEPHOCTh ¥ BOCTIPOU3-
BOAUMOCTh  pe3ynbratoB  iTRAQ-Macc-crieKTpoMeTpuun
oueHb xopommue. Kut iTRAQ coctout u3 aByx m3obapude-
CKHX (OJMHAKOBOW MacChl) aMHHO-PEAKTHUBHBIX PEarcHTOB,
KOTOpBbIE MOTYT MapKHpOBaTh IENTHABI B OEIKOBOM Jaii-
JDKECTEe W, CJIEJ0BAaTEIbHO, MO3BOJSIOT TOYHO HJICHTU(HIIH-
POBATh U KOJIMYECTBECHHO OMPEACINUTD NMENTHUABI C TTIOMOIIBIO
TaHJIEMHOU Macc-crieKTpoMeTprur. OOIH MOPSIOK HCIIONb-
3oBaHms iITRAQ-Macc-CIeKTpOMEeTpHH 3aKITIOYaeTCs B Cile-
JyromeM: OeNTKOBBIE MTPOOBI PACIIEIUIAIOTCS Ha MENTH/IBI, KO-
Topble 3aTteM IuddepeHnuabHo MeTsTces pearenTamu iTRAQ),
TIOCJIe Yero OOBEUHSIIOTCS [UIsi CPaBHHUTEIBHOTO aHaIM3a M
TIOIBEPTaIOTCs )KUJIKOCTHOW XpoMaTorpaduu ¢ mociieyome
TaHIEMHOM Macc-criektpomerpueit (Gazzah et al., 2012).

[TpenapaTel OYMIIEHHBIX MPOTEACOM HOPMHPOBAIN Me-
To/10M BectepH-010THHTA TIpM IOMOIIN CHENU(PUIECKIX aH-
TUTEN K cyObeuHuIaM nporeacoM: Rpn2 (6emok 19S pery-
JsITOpHOTO Kominiekca) u 31 (cyorenunanna 20S komiiekca).
Kax MoxHO 3aMeTuTh Ha puc. 1, cooTHomeHue Mexay 19S
u 20S KoMIIeKcaMy y BHE- M BHYTPHUKJIETOUHBIX MPOTEACOM
obpatHOe. MBI MIPHUHSIH pelIeHHe HOPMHUPOBATH 00pasIlbl C
ydeToM Kod(duImeHTa MompaBKH, BBICYUTHIBAEMOTO IIPH
CpaBHEHUH KOJIM4ecTBa cyObeanHuIbl 31 B mpenaparax BHe-
U BHYTPUKJICTOUHBIX mporeacoMm. Pesynbratel iTRAQ-
Macc-CIeKTPOMETPHYECKOTO aHajlM3a MpernapaTroB BHEKIIe-
TOYHBIX MPOTEACOM ITpe/ICTaBlIeHbI B Ta0. 1. B o0rieit ciox-
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Tabnuma 1

BoisiBiiennsie ¢ momoubio iTRAQ-Macce-ciekTpoMeTpun 0eJIKH, AaCCOMHPOBAHHBIE ¢ BHEKIETOYHBIMHU MPOTEACOMAMU

I'pynmna Genkos Howmep Genka Ha3zBanue Oenka Ha3zpanue rena
Benxu, accounupo- | P62333 268 protease regulatory subunit 10B (Rpt4) PSMC6
Banubie ¢ YIIC P62191 268 protease regulatory subunit 4 (Rpt2) PSMCI1

P17980 268 protease regulatory subunit 6A (Rpt5) PSMC3
P43686 268 protease regulatory subunit 6B (Rpt3) PSMC4
P35998 268 protease regulatory subunit 7 (Rptl) PSMC2
P62195 26S protease regulatory subunit 8 (Rpt6) PSMC5
P61289 Proteasome activator complex subunit 3 (PA28y) PSME3
Q14997 Proteasome activator complex subunit 4 (PA200) PSME4
Q99460 268 proteasome non-ATPase regulatory subunit 1 (Rpn2) PSMDI
075832 26S proteasome non-ATPase regulatory subunit 10 (Gankyrin) PSMDI10
000231 268 proteasome non-ATPase regulatory subunit 11 (Rpn6) PSMDI11
000232 268 proteasome non-ATPase regulatory subunit 12 (Rpn5) PSMDI12
QI9UNM6 26S proteasome non-ATPase regulatory subunit 13 (Rpn9) PSMD13
000487 26S proteasome non-ATPase regulatory subunit 14 (Rpnl1) PSMD14
Q13200 268 proteasome non-ATPase regulatory subunit 2 (Rpnl) PSMD?2
043242 268 proteasome non-ATPase regulatory subunit 3 (Rpn3) PSMD3
P55036 26S proteasome non-ATPase regulatory subunit 4 (Rpn10 wau S5A) PSMD4
Q16401 268 proteasome non-ATPase regulatory subunit 5 (S5B) PSMD5
Q15008 268 proteasome non-ATPase regulatory subunit 6 (Rpn7) PSMD6
P51665 26S proteasome non-ATPase regulatory subunit 7 (Rpn8) PSMD7
P48556 26S proteasome non-ATPase regulatory subunit 8 (Rpn12) PSMDS
P25786 Proteasome subunit alpha type-1 (a.6) PSMAI
P25787 Proteasome subunit alpha type-2 (o.2) PSMA2
P25788 Proteasome subunit alpha type-3 (a7) PSMA3
P25789 Proteasome subunit alpha type-4 (a.3) PSMA4
P28066 Proteasome subunit alpha type-5 (a5) PSMAS
P60900 Proteasome subunit alpha type-6 (a.1) PSMA6
014818 Proteasome subunit alpha type-7 (a.3) PSMA7
P20618 Proteasome subunit beta type-1 (36) PSMBI1
P49721 Proteasome subunit beta type-2 (34) PSMB2
P49720 Proteasome subunit beta type-3 (33) PSMB3
P28070 Proteasome subunit beta type-4 (37) PSMB4
P28074 Proteasome subunit beta type-5 (B5) PSMBS5
P28072 Proteasome subunit beta type-6 (31) PSMB6
Q99436 Proteasome subunit beta type-7 ($2) PSMB7
Q16186 Proteasomal ubiquitin receptor ADRM1 (Rpn13) ADRM1
P27348 14-3-3 protein theta YWHAQ
P54578 Ubiquitin carboxy1-terminal hydrolase 14 USP14
Q93008 Probable ubiquitin carboxyl-terminal hydrolase FAF-X USP9X
QI9Y5KS Ubiquitin carboxy1-terminal hydrolase isozyme L5 UCHLS
P22314 Ubiquitin-like modifier-activating enzyme 1 UBAI
QI9UBEO SUMO-activating enzyme subunit 1 SAE1
QI9UBT2 SUMO-activating enzyme subunit 2 UBA2
AOAVTI1 Ubiquitin-like modifier-activating enzyme 6 UBA6
QI9UNE7 E3 ubiquitin-protein ligase CHIP STUBI
Q72627 E3 ubiquitin-protein ligase HUWE1 HUWEI
Q5T4S7 E3 ubiquitin-protein ligase UBR4 UBR4
Q13616 Cullin-1 CULI
Q13620 Cullin-4B CUL4B
Q86VP6 Cullin-associated NEDDg8-dissociated protein 1 CANDI
Q13098 COP?9 signalosome complex subunit 1 GPS1
P61201 COP9 signalosome complex subunit 2 CcoPrS2
QI9UNS2 COP9 signalosome complex subunit 3 COPS3
QI9BT78 COP9 signalosome complex subunit 4 CcoPS4
Q92905 COP9 signalosome complex subunit 5 COPS5
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Ta6nuua 1 (npodonxcenue)

I'pynna 6enxos

Homep Genka

HasBanue Genka

HasBanue rena

Benkwu, accouumnpo-
BanHelie ¢ YIIC

[Taneponst

Hurockenet n
MHOGUOPUILIAP-
HbIe OeJKH

benku, yuactBylo-
e B pernapanuu
JIHK u B oTBeTE Ha
TIOBPEIKICHUS
JIHK

Q7L5N1
QYH9Q2
Q99627
Q13867
043396
P68104

P10809
P09107
P34932
P11142
Q92598
P04792
P07900
P08238
P17987
P78371
P50991
P48643
Q99832
P49368
P50990
P40227
P14625
P11021
P30101
P13667
Q15084
P07237
P27797

P68363
P07437
P60709
043707
P08670
P52907
P47756
060610
Q01082
P06753
P35580
P35579
P26038
P21333
QYULV4
P61163
Q70735

Q08211
Q9Y265
Q9Y230
P13010
P12956
P31948
Q16531
Q8WZ42
P55072

COP?9 signalosome commplex subunit 6
COP?9 signalosome commplex subunit 7b
COP9 signalosome commplex subunit 8
Bleomycin hydrolase

Thioredoxin-like protein 1

Elongation factor 1-alpha 1

60 kDa heat shock protein, mitochondrial
Heat shock 70 kDa protein 1A/1B
Heat shock 70 kDa protein 4

Heat shock cognate 71 kDa protein
Heat shock protein 105

Heat shock protein beta-1

Heat shock protein HSP 90-alpha
Heat shock protein HSP 90-beta
T-complex protein 1 subunit alpha
T-complex protein 1 subunit beta
T-complex protein 1 subunit delta
T-complex protein 1 subunit epsilon
T-complex protein 1 subunit eta
T-complex protein 1 subunit gamma
T-complex protein 1 subunit theta
T-complex protein 1 subunit zeta
Endoplasmin

78 kDa glucose-regulated protein
Protein disulfide-isomerase A3
Protein disulfide-isomerase A4
Protein disulfide-isomerase A6
Protein disulfide-isomerase
Calreticulin

Tubulin alpha-1B chain

Tubulin beta chain

Actin, cytoplasmic 1
Alpha-actinin-4

Vimentin

F-actin-capping protein subunit alpha-1
F-actin-capping protein subunit beta
Protein diaphanous homolog 1
Spectrin beta chain, brain 1
Tropomyosin alpha-3 chain
Myosin-10

Myosin-9

Moesin

Filamin-A

Coronin-1C

Alpha-centractin

Phosphatidylinositol 3,4,5-trisphosphate-dependent Rac exchanger 2 protein

ATP-dependent RNA helicase

RuvB-like 1

RuvB-like 2

X-ray repair cross-complementing protein 5
X-ray repair cross-complementing protein 6
Stress-induced-phosphoprotein 1

DNA damage-binding protein 1

Titin

Transitional endoplasmic reticulum ATPase

COPS6
COPS7B
COPS8
BLMH
TXNLI
EEFIAI

HSPDI
HSPAIA
HSPA4
HSPAS
HSPHI
HSPBI1
HSP90A4A1
HSP90ABI
TCPI
CcCT2
CCT4
CCTS5
CCT7
CCT3
CCTS8
CCT64
HSP90B1
HSPAS
PDIA3
PDIA4
PDIA6
P4HB
CALR

TUBAIB
TUBB
ACTB
ACTN4
VIM
CAPZAI
CAPZB
DIAPHI
SPTBN1
TPM3
MYHI0
MYH9
MSN
FZNA
COROIC
ACTRIA
PREX2

DHX9
RUVBLI
RUVBL2
XRCCS
XRCC6
STIP1
DDBI1
ITN
40
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Tabnuua 1 (npodondicenue)

I'pynna Genkos

Howmep Genka

HasBanwue Genka

HasBanwne rena

Tpanckpunuus,
perKanus

CrutalicHHT U 1po-
neccuar PHK

QYH2J4
Q5VST9
P06748
P63244
P78527

QYY265
Q9Y230
Q92769
P49736
P25205
P33991
P33992
Q14566
P33993
Q13263
Q09028
P05455
Q99873
014744
QYBXP5
Q15020
Q7KZF4
Q15631
Q99598
P42704
Q12905
Q12906
P62826
P68400
P46321
Q3V6T2

Q15029
Q13838
Q15459
075533
P52597
P31943
P61978
P14866
060506
Q00839
P22626
P62314
P62316
P62318
P14678
P03621
P09012
075643
Q15020
Q92973
QYYSLO
P11940
P19338
QYBQAI

Phosducin-like protein 3

Obscurin

Nucleophosmin

Guanine nucleotide-binding protein subunit beta-2-like 1
DNA-dependent protein kinase catalytic subunit

RuvB-like 1

RuvB-like 2

Histone deacetylase 2

DNA replication licensing factor MCM2

DNA replication licensing factor MCM3

DNA replication licensing factor MCM4

DNA replication licensing factor MCM5

DNA replication licensing factor MCM6

DNA replication licensing factor MCM7

Transcription intermediary factor 1-beta
Histone-binding protein RBBP4

Lupus La protein

Protein arginine N-methyltransferase 1

Protein arginine N-methyltransferase 5

Serrate RNA effector molecule homolog

Squamous cell carcinoma antigen recognized by T-cells 3
Staphylococcal nuclease domain-containing protein 1
Translin

Translin-associated protein X

Leucine-rich PPR motif-containing protein, mitochondrial
Interleukin enhancer-binding factor 2

Interleukin enhancer-binding factor 3

GTP-binding nuclear protein Ran

Casein kinase II subunit alpha

Nuclear autoantigenic sperm protein

Girdin

116 kDa US5 small nuclear ribonucleoprotein component
Spliceosome RNA helicase BAT1

Splicing factor 3A subunit 1

Splicing factor 3B subunit 1

Heterogeneous nuclear ribonucleoprotein F
Heterogeneous nuclear ribonucleoprotein H
Heterogeneous nuclear ribonucleoprotein K
Heterogeneous nuclear ribonucleoprotein L
Heterogeneous nuclear ribonucleoprotein Q
Heterogeneous nuclear ribonucleoprotein U
Heterogeneous nuclear ribonucleoprotein A2/B1

Small nuclear ribonucleoprotein Sm D1

Small nuclear ribonucleoprotein Sm D2

Small nuclear ribonucleoprotein Sm D3

Small nuclear ribonucleoprotein-associated proteins B and B’
U1 small nuclear ribonucleoprotein 70 kDa

U1 small nuclear ribonucleoprotein A

U5 small nuclear ribonucleoprotein 200 kDa helicase
Squamous cell carcinoma antigen recognized by T-cells 3
Transportin-1

Transportin-3

Polyadenylate-binding protein 1

Nucleolin

Methylosome protein 50

PDCL3
OBSCN
NPM1I
GNB2L1
PRKDC

RUVBLI
RUVBL2
HDAC2
MCM2
MCM3
MCM4
MCM5
MCM6
MCM7
TRIM28
RBBP4
SSB
PRMTI
PRMTS
SRRT
SART3
SND1
TSN
TSNAX
LRPPRC
ILF2
ILF3
RAN
CSNK2A1
NASP
CCDC884

EFTUD2
BATI
SF341
SF3BI
HNRNPF
HNRNPH1
HNRNPK
HNRNPL
SYNCRIP
HNRNPU
HNRNPA2BI
SNRPD1
SNRPD?2
SNRPD3
SNRPB
SNRNP70
SNRPA
SNRNP200
SART3
INPOI1
TNPO3
PABPCI1
NCL
WDR77
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Tabnuna 1 (npodoancenue)

I'pynma Genkos

Howmep Genka

HasBanwue Genka

HasBanue rena

CrutalicuHr U npo-
neccunr PHK

Tpancnsauuns

Meraboinszm

QS8TEQ6
P30153

P68104
P24534
P29692
P26641
P13639
P49411
P60842
P62495
P55884
Q99613
Q13347
075822
Q9Y262
P63241
P12081
P07814
P26639
QYP2J5
Q15046
P49588
Q13155
043776
P14868
P41250
QYNXH9
P23381
P54577
P26640
P62979
P08865
P05388
P05387
P62913
P18621
P62829
P37108
P06748

P11021
Q06210
P11413
P14314
Q14697
QINYU2
P36776
015067
P31153
P25705
P06576
P53396
P35520
P49327
QYNPH2
P08559

Gem-associated protein 5
Serine/threonine-protein phosphatase 2A 65 kDa regulatory subunit A alpha isoform

Elongation factor 1-alpha 1

Elongation factor 1-beta

Elongation factor 1-delta

Elongation factor 1-gamma

Elongation factor 2

Elongation factor Tu, mitochondrial

Eukaryotic initiation factor 4A-I

Eukaryotic peptide chain release factor subunit 1
Eukaryotic translation initiation factor 3 subunit B
Eukaryotic translation initiation factor 3 subunit C
Eukaryotic translation initiation factor 3 subunit I
Eukaryotic translation initiation factor 3 subunit J
Eukaryotic translation initiation factor 3 subunit L
Eukaryotic translation initiation factor SA-1
Histiday-tRNA synthetase, cytoplasmic
Bifunctional aminoacyl-tRNA synthease
Threonyl-tRNA synthetase, cytoplasmic
Leucyl-tRNA synthetase, cytoplasmic
Lysyl-tRNA synthetase

Alanyl-tRNA synthetase, cytoplasmic

Aminoacyl tRNA synthase complex-interacting multifunctional protein 2
Asparaginyl-tRNA synthetase, cytoplasmic
Aspartyi-tRNA synthetase, cytoplasmic
Glycyl-tRNA synthetase
N(2),N(2)-dimethylguanosine tRNA methyltransferase
Tryptophanyl-tRNA synthetase, cytoplasmic
Tyrosyl-tRNA synthetase, cytoplasmic
Valyl-tRNA synthetase

Ubiquitin-40S ribosomal protein S27a

408 ribosomal protein SA

60S acidic ribosomal protein PO

60S acidic ribosomal protein P2

60S ribosomal protein L11

60S ribosomal protein L7

60S ribosomal protein L23

Signal recognition particle 14 kDa protein
Nucleophosmin

78 kDa glucose-regulated protein
Glucosamine-fructose-6-phosphate aminotransferase [isomerizing] 1
Glucose-6-phosphate 1-dehydrogenase

Glucosidase 2 subunit beta

Neutral alpha-glucosidase AB

UDP-glucose:glycoprotein glucosyltransferase 1

Lon protease homolog, mitochondrial
Phosphoribosylformylglycinamidine synthase
S-adenosylmethionine synthase isoform type-2

ATP synthase subunit alpha, mitochondrial

ATP synthase subunit beta, mitochondrial

ATP-citrate synthase

Cystathionine beta-synthase

Fatty acid synthase

Inositol-3-phosphate synthase 1

Pyruvate dehydrogenase E1 component subunit alpha, somatic form, mitochondrial

GEMINS
PPP2RI1A4

EEFIAI
EEFIB2
EEFID
EEFIG
EEF?2
TUFM
EIF441
ETFI
EIF3B
EIF3C
EIF3]
EIF3J
EIF3L
EIF54
HARS
EPRS
TARS
LARS
KARS
AARS
AIMP?2
NARS
DARS
GARS
TRMTI
WARS
YARS
VARS
RPS274
RPSA
RPLPO
RPLP2
RPLII
RPLI17
RPL23
SRP14
NPM1

HSPAS
GFPTI
G6PD
PRKCSH
GANAB
UGGTI
LONPI
PFAS
MAT24
ATP541
ATP5B
ACLY
CBS
FASN
ISYNAI
PDHAI
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Tabnuua 1 (npodorxcenue)

I'pynmna Genkos

Howmep Genka

HasBanue Genka

HasBanue rena

Mertabonuzm

Ilepenaua curnana
W TPAHCIIOPT

P00367
P49448
P04406
P12268
P00338
P07195
P11310
P12277
P36776
P14618
P60891
Q02952-R
P15531
Q15274
Q06203
QYUKK9
QYH773
Q70235
P36959
QYP2T1
P38606
P21281
P36543
QYUII2
Q13085
P30566
P13798
P23526
QSNBS9
P10599
043396
P40939
P55084
P22234
QYBS26

P43487
Q96QK1
P13796
P06748
P52292
000629
Q14974
000410
095373
P02794
014980
P55060
Q14203
Q13561
075935
Q14204
P53618
QYY678
Q00610
000299

Glutamate dehydrogenase 1, mitochondrial
Glutamate dehydrogenase 2, mitochondrial
Glyceraldehyde-3-phosphate dehydrogenase
Inosine-5'-monophosphate dehydrogenase 2
L-lactate dehydrogenase A chain

L-lactate dehydrogenase B chain

Medium-chain specific acyl-CoA dehydrogenase, mitochondrial
Creatine kinase B-type

Lon protease homolog, mitochondrial

Pyruvate kinase isozymes M1/M2
Ribose-phosphate pyrophosphokinase 1

A-kinase anchor protein 12

Nucleoside diphosphate kinase A
Nicotinate-nucleotide pyrophosphorylase
Amidophosphoribosyltransferase

ADP-sugar perophosphatase

dCTP pyrophosphatase 1

Phosphatidylinositol 3,4,5-trisphosphate-dependent Rac exchanger 2 protein
GMP reductase 1

GMP reductase 2

V-type proton ATPase catalytic subunit A
V-type proton ATPase subunit B, brain isoform
V-type proton ATPase subunit E1

V-type proton ATPase subunit H

Acetyl-CoA carboxylase 1

Adenylosuccinate lyase
Acylamino-acid-releasing enzyme
Adenosylhomocysteinase

Thioredoxin domain-containing protein 5
Thioredoxin

Thioredoxin-like protein 1

Trifunctional enzyme subunit alpha, mitochondrial
Trifunctional enzyme subunit beta, mitochondrial
Multifunctional protein ADE2

Endoplasmic reticulum resident protein 44

Ran-specific GTPase-activating protein
Vacuolar protein sorting-associated protein 35
Plastin-2

Nucleophosmin

Importin subunit alpha-2

Importin subunit alpha-4

Importin subunit beta-1

Importin-5

Importin-7

Ferritin heavy chain

Exportin-1

Exportin-2

Dynactin subunit 1

Dynactin subunit 2

Dynactin subunit 3

Cytoplasmic dynein 1 heavy chain 1
Coatomer subunit beta

Coatomer subunit gamma

Clathrin heavy chain 1

Chloride intracellular channel protein 1

GLUDI
GLUD2
GAPDH
IMPDH?
LDHA
LDHB
ACADM
CKB
LONPI
PKM?2
PRPSI
AKAPI2
NME]I
OPRT
PPAT
NUDTS
DCTPPI
PREX2
GMPR
GMPR2
ATP6V14
ATP6VIB2
ATP6VIE]
ATP6VIH
ACACA
ADSL
APEH
AHCY
TXNDC5
TXN
TXNLI
HADHA
HADHB
PAICS
ERP44

RANBPI
VPS35
LCPI
NPM1
KPNA2
KPNA4
KPNB1
IPOS5
IPO7
FTHI
XPOI1
CSEIL
DCTNI
DCTN2
DCTN3
DYNCIHI
COPBI
COPG
CLTC
CLICI
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Tabnuna 1 (npodoancenue)

I'pynmna 6enxos Homep 6enxa Has3panue 6enka Has3Banue rena

[lepenaua curnana | Q10567 AP-1 complex subunit beta-1 APIBI

U TPaHCIOPT P61163 Alpha-centractin ACTRIA
Q01518 Adenylyl cyclase-associated protein 1 CAPI
P31946 14-3-3 protein beta/alpha YWHAB
P62258 14-3-3 protein epsilon YWHAE
P63104 14-3-3 protein zeta/delta YWHAZ
P61981 14-3-3 protein gamma YWHAG
Q70235 Phosphatidylinositol 3,4,5-trisphosphate-dependent Rac exchanger 2 protein PREX2

Hpyrue Q92545 Transmembrane protein 131 TMEM131
Q14166 Tubulin-tyrosine ligase-like protein 12 TTLLI2

Tabnuma 2
[pomopuuyu MPoTEaCOMHBIX CYObEIMHUI B IIHTOIMIAa3Me 1 cpele Mo AaHHbIM iTRAQ-Macc-cnekTpomMeTpuun
COOTHOLIIEHUE MEXTY
Hazpanue Genka CyOKOMIUIEKC IPOTEaCOMBI KomecTBOM beka
B IIpoT€acomax u3
OUTOILIaA3MBbI 1 CI:)C,HI)IZl

268 protease regulatory subunit 10B (Rpt4) 0.4

268 protease regulatory subunit 4 (Rpt2) 0.5

268 protease regulatory subunit 6A (Rpt5) 0.6

268 protease regulatory subunit 6B (Rpt3) 0.4

268 protease regulatory subunit 7 (Rptl) 0.5

268 protease regulatory subunit 8 (Rpt6) 0.4

268 proteasome non-ATPase regulatory subunit 1 (Rpn2) 0.6

268 proteasome non-ATPase regulatory subunit 10 (Gankyrin) 2.0

268 proteasome non-ATPase regulatory subunit 11 (Rpn6) 0.4

26S proteasome non-ATPase regulatory subunit 12 (Rpn5) 19S (PA700) 0.7

26S proteasome non-ATPase regulatory subunit 13 (Rpn9) PETyJATOPHBIH KOMILIIEKC 0.3

268 proteasome non-ATPase regulatory subunit 14 (Rpnl1) 0.3

268 proteasome non-ATPase regulatory subunit 2 (Rpnl) 0.8

26S proteasome non-ATPase regulatory subunit 3 (Rpn3) 0.7

268 proteasome non-ATPase regulatory subunit 4 (Rpn10 i S5A) 1.1

268 proteasome non-ATPase regulatory subunit 5 (S5B) 0.4

26S proteasome non-ATPase regulatory subunit 6 (Rpn7) 0.4

26S proteasome non-ATPase regulatory subunit 7 (Rpn8) 1.1

26S proteasome non-ATPase regulatory subunit 8 (Rpn12) 0.0

Proteasomal ubiquitin receptor ADRM1 (Rpn13) 0.9

Proteasome activator complex subunit 3 (PA28y) 11S (PA28) perynsaTopHBIi KOMIUIEKC -0.3

Proteasome activator complex subunit 4 (PA200) PA200 perynsaTopHBIi KOMIUIEKC -1.7

Proteasome subunit alpha type-1 (0.6) 20S nporteacoma -1.0

Proteasome subunit alpha type-2 (a.2) -1.0

Proteasome subunit alpha type-3 (o.7) -1.7

Proteasome subunit alpha type-4 (a.3) -1.0

Proteasome subunit alpha type-5 (a.5) 0.7

Proteasome subunit alpha type-6 (1) -1.3

Proteasome subunit alpha type-7 (o3) -1.7

Proteasome subunit beta type-1 (B6) -1.0

Proteasome subunit beta type-2 (34) -0.7

Proteasome subunit beta type-3 (33) -1.3

Proteasome subunit beta type-4 (37) -1.0

Proteasome subunit beta type-5 (B5) -1.0

Proteasome subunit beta type-6 (B 1) -1.7

Proteasome subunit beta type-7 ($2) -0.7

2 Jlorapudm (Ipu OCHOBAaHUHM 2) OTHOLICHHS KOJIMYECTBA OelKa B Iperapare IUTOILIa3MaTHYECKHX IPOTEacoM K KOIMYECTBY Oellka B IPOTEacoMax M3
cpeJibl, HOpPMHUPOBAHHOE OTHOCUTEJILHO KOJIMYECTBA Oelka B IIpernaparax IpoTeacoM U3 KOHAUIMOHUPOBAHHON KIETKaMH CPEJIbL.
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Tabnuma 3

Hocrrpancassuuonnsie Moaupukanuu (IIMTM) nporeacoMHbIX 0eJIKOB,

BbISIBJICHHBIE ¢ ToMo1bI0 iTRAQ-macc-cniekTpomMeTpuun

Homep AdbTep- HasBauue AMHHOKI:IC' IMocnenoBaTeabHOCTh
Genka Hazpanue Oenka HaTHBHOE rera JIOTHBIH ™ [ ——
Ha3BaHUC OCTAaTOK
Q99460 268 proteasome non-ATPase regulatory Rpn2 PSMD1 | K869 Ub KKEPEPNFQLLDNPAR
subunit 1
000231 268 proteasome non-ATPase regulatory Rpn6 PSMDI1 | A2 Ac AAAAVVEFQR
subunit 11
P25786 Proteasome subunit alpha type-1 ab PSMAI | K208 | Ub ETLPAEQDLTTK
K217 Ub VSIGIVGK
P25787 Proteasome subunit alpha type-2 a2 PSMA2 | K39 Ub LVQIEYALLAAVAGGAPSVGIK
K502 Ub AANGVVLATEK
K196 Ub YNEDLELEDAIHTAILTIK
P25789 Proteasome subunit alpha type-4 a3 PSMA4 | K238 Ub EVEQLIK
P28066 Proteasome subunit alpha type-5 as PSMAS5 | KI87* Ub AIGSADEGAQSSLQEVYHK
P60900 Proteasome subunit alpha type-6 al PSMA6 | K30 Ub LYQVEYAFK
K164? Ub CDPAGYYCGFK
014818 Proteasome subunit alpha type-7 o4 PSMA7 | K189 Ub NYTDEAIETDDLTIK
K2042 Ub ALLEVVQSGGK
K234 Ub YVAEIEK
P20618 Proteasome subunit beta type-1 B6 PSMBI | K228%% | Ub ICIVTK
P49721 Proteasome subunit beta type-2 B4 PSMB2 | K29%6 Ub VAASNIVQMK
P49720 Proteasome subunit beta type-3 B3 PSMB3 | K41* Ub FGIQAQMVTTDFQK
P28072 Proteasome subunit beta type-6 B1 PSMB6 | K230? Ub QVLLGDQIPK
Q99436 Proteasome subunit beta type-7 B2 PSMB7 | K72? Ub ATEGMVVADK

IMpumeuanue. [loguepkuBaHUEM BBIICICHBI BIIEPBbIE OOHAPYKEHHbIE CAlThl MOAU(UIMPOBAHUS OEIKOB, KUPHBIM IIPUPTOM YKa3aHO IOJOKEHUE
AMHUHOKHCIIOTHOTO OCTaTKa, HECYLIEro BhIBICHHYI0 Momuduxamuio. Ub — yOukBUTHHHpOBaHHE, Ac — aneTmwinpoBaHue. KieTku NUHUIHA, B KOTOPBIX
oOHapyxeHbl JaHHble caiiTel youkutunuposanus: * HEK293T nu HCT116 (Kim et al., 2011), ® HEK293T (Wagner et al., 2011), ® HELA (Meierhofer et al.,

2008) u " K562 (Mouceesa u zp., 20106).

HOCTH ompenerneHsl 284 Genka, n3 HUX 35 — mpoTeacoMHbIe
Oenku.

Kak yxe ynomunanocs, iTRAQ-macc-cnekrpomerpust —
KOJIMUECTBEHHBIN aHaNn3 OelKa, I03TOMY MBI MOXKEM OIIpe-
JICITUTh COOTHOILICHNE MEX/Y KOJIMYECTBOM Oelika B PasHBIX
npenaparax. [laHHbIE TAKOTO CPABHUTEIBHOTO aHAIN3a Mpo-
TEaCOMHBIX OEJIKOB B TpenapaTax MPOTEacoM, OUHIICHHBIX
W3 IUTOIUIa3Mbl M KOHIWIIMOHUPOBAHHOW KIICTKAMH CPEJIBI,
Ipe/cTaBiIeHbl B Ta0i. 2. VIHTEpecHOo, 4TO KOJIMYECTBO CyOh-
equnuil 20S nmporeacombl B cpesie B 2 pa3a BbIIIE, UeM B LU-
ToIUIa3Me, 0JJHaKko OenkoB 19S peryinsTopa, HAPOTHUB, TOYTH
B 1.5 pasza MeHbIe. ITO O3HAYAET, UTO B CPEJE TOIYJISIIHS
npoteacom oborameHa 20S mporeacomamu U (nn) 19S xom-
TUIEKC 3aMEHEH Ha JAPYToi IPOTEacOMHBIN PEryysTop, HalpH-
Mep 11S unum PA200 koMIIeKChl, 4TO TakyKe MOATBEPKIAET-
Csl TIOBBILICHHBIM COJIEPXKAHUEM ITHX PEryJISITOPOB B Cpejie
(tabm. 2).

PesynbpraThl Macc-CIEKTPOMETPHUUECKOTO UCCIIEJOBAHMS
MOKa3aln, YTO HEKOTOpble CyObeAWHHIBI BHEKJICTOUHBIX
MPOTEacoM IT0/IBEPTAIOTCS alleTHIMPOBAHNIO U YOUKBUTHHH-
poBanuio (tabum. 3). Mbl BrepBble HICHTU(QHUIMPOBAIN He-
CKOJIbKO CaiiTOB YOMKBUTHHHPOBAHUS Ha CyObEIMHHIAX O.2,
o4 1 0.6. Ham Takke yaanock 0OHApYKUTh HOBBII CalT arie-
TUJUPOBaHUS Ha cyObemuHuile Rpn6. Mbl He oOHApYXHIH
paHee OITyONIMKOBAaHHOTO YOMKBHUTHHUPOBAHHSA CYOBETMHHUIL
a5, a6, a7 u Bl B xaerkax K562 (Mowuceesa u ap., 20100),
YTO, CKOpPEE BCEro, CBUJICTEIBCTBYET O pasHune B (uznoo-
THYECKOM COCTOSIHUM KJIETOK, a TaK)K€ 3aBUCHT OT CHOC00a
OUYHUCTKH MPOTEACOM U MeToja aerekiuu 3toit IITM.

MBI crpynmupoBaii Oenkd, B3aUMOACHCTBYIOIIIE C BHE-
KJICTOYHBIMH TIPOTEACOMaMH, B COOTBETCTBUH C UX (DyHKIIHS-
MH B KJIETKe coriacHO 0Oase manHbIX UniProt, m okasamocs,
YTO IMOMUMO accoluupoBaHHbIX ¢ YIIC 6enKkoB Mbl HaOIO-
JaeM OEJKM, YYacTBYIOIUE B PEryJSIUM TPAHCKPHIILHUU H
perunkanuu, B penapanyu JIHK u B oTBeTe Ha mOBpexaeHUs
JHK, B craiicunre n npoueccunre PHK, B Tpanciauun,
mepefade CUTHama u TpaHcmopte (tadn. 1; puc. 2). Kpome
TOT0, YacTh aCCOLNMUPOBAHHEIX C MPOTEACOMAMHU OCIKOB —
9TO MIANIEPOHBI, OCNKHM LUTOCKEJIeTa U MHOPHOPUILIIPHEIC
Oclky, a TakKe OCJIKH, YYaCTBYIOIIHEC B KJIETOYHOM METa-
6onmzme. OCHOBHBIE CPOPMHUPOBAHHBIC HAMHU T'PYIIIIbI B3aH-
MOJICHCTBYIOIINX OCITKOB COCTOSIT M3 OCIIKOB, YUACTBYIOIIHX
B Metabommme (21 %), tpamcmamuu (15 %), TpaHCKpwHII-
mun u perwmukarmu (11 %), crmaiichHTe W TPOIECCHHTE
PHK (11 %), a Taxke B mepejnade CHTHaja M TPaHCIOPTE
(11 %).

Jlnga Hac He cTan CIOPIPU30M TOT (akT, 4TO B YHCIE
B3aMMOJICHCTBYIOIINX C MPOTEACOMaMH OEIKOB MPUCYTCTBY-
eT OOoJBIIOe KOMHYECTBO OENKOB, YYaCTBYIOIINX B KIIETOU-
HOM MeTa0OoJIM3Me, TOCKOJBKY, COTJIACHO HAIIMM PaHHUM
JIAHHBIM I10 CBSI3BIBAHUIO in Vitro OENKOB C MPOTEACOMHOU
cyobenunuiei PSMA3 (0.7), ata rpyrima 0e1KoB Takke Oblia
BuymmrenbHoit (Fedorova etal., 2011). Kpome Ttoro, mpu
M3yYeHUHN OEIIKOB, B3aMMOJCHCTBYIOIIUX C MPOTEACOMaMHU
npoxokeit (Guerrero etal,, 2006) u xpsic (Besche etal.,
2009), Takxe ObUIM OOHAPY>KEHBI OCJIKN ATOH (DyHKIIMOHAIb-
HOH Tpynmbl. OHAKO B CHITy HEJOCTaTKa JJAHHBIX MBI HE MO-
JKEM OTBETUTH Ha BOIPOC O TOM, SIBJISIOTCSI 3TU OCIIKH pery-
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Puc. 2. Jlnarpamma pacnpeeneHust Mo GyHKIHOHAIBHBIM TPYIIIaM
OCJIKOB, aCCONMUPOBAHHBIX C BHEKJICTOYHBIMU MPOTECACOMAMH.
1 — Genkn, accorpmpoanusie ¢ YIIC (9 % oT 061miero konnaecTBa aCCOLUH-
POBaHHBIX C IPOTEACOMAMH OEIKOB), 2 — maneponsl (9 %), 3 — mUTOCKeneT
u MuopudpusIsipHsle 6eixu (7 %), 4 — OeNIKH, y4aCTBYIOIIHE B Perapauu
JHK u B otBeTe Ha mospexaenust JHK (4 %), 5 — Genxu, yuacTByIomue B
TpaHcKpumuu 1 peruukanmu (11 %), 6 — Oenku, ocyIecTBIAIONHUE CIIaii-
cunr u nponeccurr PHK (11 %), 7 — BoBieueHHBIe B TPAHCILSIIUIO OSIKI
(15 %), 8 — Genkn-yqacTHUKH KiieTouHOro metabonusma (21 %), 9 — Gen-
KH, OCYIICCTBIISIOIIHUE Mepeaady curnana u tpancrnopt (11 %).

JSTOPAaMM WM OHH IIPEeJHA3HAYEHbI U1 Aerpajaliy mpoTea-
COMaMH.
®akT uACHTU(UKANUN B YUCIEC OCIKOB, acCOLUHPOBAH-
HBIX C TIPOTEACOMaMH, IIAIIEPOHOB M OSITKOB IMTOCKEJICTA TaK-
)K€ HE MPOTUBOpEYuT JuTeparypHbiM JaHHbM (Goldberg,
2003; Besche et al., 2009; Scanlon et al., 2009; Tai et al., 2010;
Fedorova et al., 2011). OxHako 3T0 MOKHO TaK)Ke OOBSICHHUTH
KOHTAMUHALMEH B IpOLecce BBIAEICHUS W OYMCTKH HAIIUX
MpoTeacoM ¢ OeIKaMu IUTOCKENIeTa W MHO(PHOPHILIAPHBEIMA
OeKamMM B CHITy TTOBBIIICHHOTO COiepKaHus nX B KieTke. [1a-
MIEpPOHBI, KaK 110JIaraloT, 00eceYnBaoT NPaBUIbHYIO COOPKY
camux mporeacom (Llumoxa, 2010) u obsier4aroT B3aMMOICH-
cTBUe OenkoB-MulieHei ¢ nporeacomamu (Goldberg, 2003).
Wurepecen TOT (akT, YTO MBI BUAUM B YHCIE HAIIHMX
rpynm OCNKH, YYacTBYIOLIME B CIUIAHCHHIC M IPOLIECCHHIE
PHK (puc. 2). B namem paHHeM HcCIeJOBaHUH OCIIKOB, CBS-
3BIBAIOIIMXCS N Vitro ¢ mpoTeacoMHoit cyObeanuunein PSMA3
(a.7), MBI Takke oOHapyxwin Oenku 3toi Tpymmsl (Fedorova
etal., 2011). Bonee Toro, Mbl MoKa3ajik y4acTue MpoTeacom B
aIbTepHATUBHOM ciutaiicunre in vitro (Fedorova et al., 2011).
B nmTepatype Tarke BCTpEYalOTCs JAHHBIC O B3anMO-
JICWCTBUHM C ITPOTEACOMAaMH OEITKOB, YYAaCTBYIOIINX B TPaHC-
Kpuruu, Tpancsiuun win pernapamun JJHK (Besche et al.,
2010; Tai etal., 2010). ABTOpBI mpeaNOIaraT PEryJsiTop-
HOE 3HaYCHHUE JAaHHBIX OCJIKOB, OTHAKO HE OTPHULAIOT BEPOSIT-
HOCTb TOTO, YTO aCCOLMALMA ATUX OCIIKOB C MPOTEacoMaMu
00BSCHSIETCS UX MOCIEIYIOMIeH Aerpaaanneii mpoTeacoMaMu.
HecMoTpst Ha BBICOKYIO JIOCTOBEPHOCTH HMCHOJIB3YEMOTO
Hamu Metona iTRAQ-Macc-crieKTpoMeTpHH, MBI ITOITBEP/IH-
JIM pe3yJIbTaThl Macc-CIIeKTpoMeTpun BectepH-00THHTOM C
UCIIOJIb30BaHHEM CHEIU(PHUYSCKUX AHTUTEN K BHIOpPAaHHBIM

IIporeacombl

170 — Filamin
170 — Myosin 9
95 — o-Actinin-4
72 —

— hnRNPL
55
55

— Tubulin a
43
55

— hnRNPH

— hnRNPF
43
T - o

— oS5
26 —— *

— Tropomyosin
26 ——

Puc. 3. BectepH-6110T 0€JIKOB, aCCOLMMPOBAHHBIX C HUTOILIa3Ma-
tnuyeckumu (L{IT) u BuekierounsiMu (Cpezna) mpoTeacoMaMu.

HaMH CITydaiiHBIM oOpazom Oenkam (puc. 3). Mbl ucnons3o-
BaJIM aHTUTENA K Oenmkam rurockenera Filamin-A, Myosin-9,
Alpha-actinin-4, Beta-actin, Tubulin alpha, Tropomyosin al-
pha-3, npoteacomubiM Oenikam Rpn7, a5 u 6enkam hnRNP L,
hnRNP F/H, xoropbie y4acTByIOT B cruiaiicuire. Mbl cpaB-
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HUBAJIM OCJIKHM, aCCOIMHUPOBAHHBIE C MPOTEACOMaMH, OYH-
IIEHHBIMU M3 Cpe/ibl U nuToIuIa3Mbl. Kak okaszanocsk, Bce Oel-
KU, KOTOPBIE MBI aHAIM3UPOBAIN BecrepH-On0THHIOM, B3au-
MOJICHCTBYIOT ¢ ImpoTeacoMaMu. MHTepeceH ToT (axT, 4To ¢
IpoTeacoMaMH M3 Cpelbl acCOLMMPYIOTCs OOJblle TakKHe
oenku, kak Tubulin alpha, hnRNP H u Tropomyosin alpha-3,
B TO BpeMsi KaKk B LIMTOIUIA3Me C MPOTeacoMaMH B3aUMOJICHi-
ctBy1oT Filamin-A n Myosin-9. Mel oOpaTiin BHUMaHHE Ha
ToT ¢akt, yro Tubulin alpha B mmTommasme mpencraBieH
IByMs m30(opMamu (puc. 3), 9TO MOXKET OBITH 00YCIOBICHO
MPOTEOIN30M Oellka MPOTeacoOMaMH.

PaGora BeIONMTHEHA TIpH (pUHAHCOBOW mMmomAep:kke Poc-
cuiickoro ¢oHia (yHIaMEHTAIBHBIX UCCIIEI0BAaHUN (ITPOEK-
1b1 10-04-01234 1 12-04-01397), denepanbHOH 1ETEBOMA MTPO-
rpamMmbl «Hay4Hble U Hay4YHO-IIEIAarOTMYECKHUE KaJipbl HHHO-
BannoHHoM Poccum» Ha 2009—2013 rr. (Ne 16.740.11.0366,
8280 u 8787) u mpasurensctBa Cankt-IlerepOypra.
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CHARACTERIZATION OF THE EXTRACELLULAR PROTEASOMES
AND ITS INTERACTING PROTEINS BY iTRAQ MASS SPECTROMETRY

Yu. Ya. Zaykova,'-2 V. A. Kulichkova,! Yu. B. Ermolaeva,' A. Bottrill,3 N. A. Barlev,\-3-% A. S. Tsimokha*-!

! Institute of Cytology RAS, St. Petersburg, 2 St. Petersburg State Polytechnical University,
3 University of Leicester, Leicester, UK, and 4 St. Petersburg State Institute of Technology;
* e-mail: atsimokha@mail.cytspb.rssi.ru

The analysis of the extracellular proteasomes by isobaric tagging for relative and absolute quantifications
(ITRAQ) mass spectrometry has been carried out. Here we show a standard set of 26S proteasomal subunits in
the composition of the extracellular proteasomes. Moreover, extracellular proteasomes have a number of
PA200 activators, which, as previously thought, are localized in the cell nucleus. Posttranslational modificati-
ons (PTMs) of subunits of the extracellular proteasomes were revealed by iTRAQ mass spectrometry. For the
first time we have identified several ubiquitination and acetylation sites on subunits o2 (K196), a4 (K189 and
K234), a6 (K217), and Rpn6 (A2). We have revealed a large number of proteasome-interacting proteins that
are involved in various cell processes, such as transcription, DNA repair, translation, cytoskeletal proteins and
the proteins of the ubiquitin-proteasome system (UPS). Immunoblot analysis has confirmed the interactions
between purified extracellular proteasomes and nine proteins which were randomly selected from the set of in-
teracting proteins.

Key words: extracellular proteasomes, iTRAQ mass spectrometry, posttranslational modifications, ubi-
quitination.





