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CraHoBuTCS BCE Oo0Nee OYEBHIHBIM, YTO YOMKBUTHHHPOBAHUE BHYTPHKICTOUYHBIX OEIKOB HE SBIAETCS 0OSM3aTENbHBIM
9TaroM, HeOOXOIMMBIM TS UX JeTPajallii B MpoTeacoMax. V3BeCTHO HeMao MOATEKAIHX HTIMHHALNN OeITKOB, KOTOPBIE
He IOJBEPraroTcs NpeaBapuTeIbHOMY YOUKBUTHHUPOBAHUIO A1 Y3HaBAaHUS PETYISTOPHBIMU cyOuacTHLaMU 26S IPOTe€acoMBl,
a IOCTYNalT HEMOCPENCTBEHHO B €€ KOPOBYIO (IIPOTEONUTHYECKYI0) dacTh — 20S mporeacomy. HeobxoauMbIM ycaoBueM
JUISL 3TOTO SBISETCS HANU4YHe B OelKe HEeCTPYKTypHPOBAaHHBIX y4YacTKOB. B maHHOI paboTe HCCIemoBalll CBS3BIBAHHE
psana nonuyHKIMOHANBHBIX OenkoB (Tiuiepanbaerua-3-pocdarneruaporenaza (FAD/), anpaonaza, nupyBaTkuHA3a),
a Tamke OENKOB, y4YacTBYIOUIMX B IIpoleccax HeipojereHepanuu (O-CUHYKJIEHH, OCHOBHOH O€JIOK MMEIHHA),
¢ uMMmoOunu3oBaHHOM Ha uune SPR-6GuoceHcopa Biacore 20S mporeacomoil. [lias mpeqoTBpalleHUs BO3MOMKHON
Jucconuanyu 20S mpoTeacoMy B X0 IMMOOMIN3AINH CTAOMIN3NPOBAIH IIPH MOMOIIN OH(YHKIIHOHAIBHOTO CITHBAOIIETO
peareHTa — IUMeTHINMHMenuMuiara. M3 Bcex HCcIeJOBaHHBIX OETKOB TOIBKO anboia3a M HHPYBaTKWHAa3a
B3auMozeicTeoBanu ¢ 20S mporeacomoit (K, coorBerctBeHHO 8,17x107 M m 5,56x107 M). B nononHenue k panee
OOHapyXeHHOMY YOUKBHTHHHpOBaHHIO ['ADJ], Macc-CIIEKTPOMETPUYECKHIl aHANIM3 IpPENaparoB 3TUX OENKOB BBIIBIII
HalW4nie TaK Ha3bIBAeMOH YOMKBHTHHOBOI curHarypsl Lys-e-Gly-Gly Tompko B mpemapare ampmonasel. OKHCIIEHHE
NHUPYBaTKIHA3HI U aITbJI0NIa36l, COCOOCTBYIOMIEE YIMMHUHAIIN OEJIKOB B PE3yIbTaTe HX HEIIOCPEACTBEHHOTO B3aNMOAEHCTBIS
¢ 20S mporeacoMoi, IPUBOAWIO K CHIKEHMIO Ky B 2-3 pasa IO CPaBHEHUIO C WHTAKTHbIMU Oenkamu. [lomydeHHbIe
pe3ynbTaThl CBUAETENbLCTBYIOT B IOJNB3Y Toro, uro ¢ 20S mporeacoMoil onuHaKoBO 3(QEKTUBHO CBSI3bIBAIOTCA
KaK yOMKBUTHHHPOBAaHHEIE (aJIb10M1a3a), TaK ¥ HEYOMKBUTHHUPOBAHHEIE (THPYBAaTKUHA3a) OCITKHL.

KiioueBble cioBa: mporeacoMa; yOMKBUTHHHPOBAHUE, BHYTPEHHE HEYHNOPSIOUCHHBIC OENKH; MYJIBTU(YHKIHUOHAILHBIE
6enkuy; onTHYecKuil 6MOCEHCOp; MUPYBATKUHA3A; albJ0a3a
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BBEJIEHUE ¢ omuOKamMM WM  TOBPEXAEHHBIX, HaNpUMep,
B pe3y/bTaTe OKUCICHUS, PACILEILUIAETC HEMOCPEICTBEHHO

Kazamoce Obl, HE Tak MHOTO BpPEMEHH IPOILIO
CO BPEMEHHM DPEBONIONHOHHOTO OTKPBITHS OCHOBHOTO
myTH IIMMUHALIH KJIETOYHBIX 6enkoB -
MPOTEaCOMHOTO TYTH Jerpajanyy, MpeaBapsIeMoro
yOUKBUTHHHPOBAHUEM - ATP-3aBuCUMBIM
npHcoeANHEHnEeM (KaK IpaBWIIO, IOCJIENOBATEIBHO
YeTHIpEX) OCTAaTKOB  HU3KOMOJIEKYNISpHOTO  Oerka
yOUKBHUTHHA C YydYacTHeM TpEX THUIOB (PEPMEHTOB:
YOUKBUTHH-aKTUBUPYIOIIETO (ED), YOUKBUTHH-
koHbtorupytomero (E2) u youxsurunnurasst (E3) [1, 2].
YOUKBUTUHUPOBAaHHBIE  OEIKM  3aTeM  y3HAIOTCS
PeTyIsATOPHBIMU cybuacTuamu CJIO)KHOTO
MYIbTH(GEPMEHTHOTO KOMIUIEKca (26S mpoTeacomsr)
W HampaBIAIOTCI B ero kopoByr 20S  dHacTs,
TlIe U MPOMCXOAUT coOCTBeHHO mpoteonu3 [3]. OmHako
CEro/lHsT OYEBHUJHO, YTO CBS3b YOUKBUTHHUPOBAHUS
U TPOTEACOMHOTO paclleIUIeHHs OEJKOB He Tak
OIHO3HAuHA. YOMKBUTHHHPOBAHHE OEJIKOB HE 00513aTeNIbHO
O3Ha4aeT WX MNPOTEAaCOMHYIO NETpajaluio, HO MOXKET
CIyXXMTb Ul  PETYMSAIUH  CaMbIX  Pa3IMYHBIX
mponeccoB B kiuetke [4-7]. W, Hamportus,
JUIsl TPOTEaCOMHOTO PACIETICHUS OEJIKOB He 00513aTebHO
UX TpeBapUTeIbHOE YOUKBUTHHUPOBAHHE.

Bonee TOT0, OTPOMHOE€ KOJIMYECTBO KOPOTKOKUBYIIIUX
6€J'IKOB, nomjexxamux CBOCBPEMCHHOMY  YAAJICHUIO
N3 KICTKH, a TaKX¢E 6CHKOB, CUHTC3UPOBAHHBIX
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KOpoBOH dacTpio mporeacombl (20S mporeacomoii).
3toT mporiecc He TpeOyeT YOUKBUTHHUPOBAHIS H SIBIISIETCS
ATP-ne3aBucumbM [8, 9]. Tak snuMuHUpyeTcs 6OIBIIOE
KOJIMYECTBO OENKOB, YYacCTBYIOIIMX B CaMBIX pa3HBIX
BHYTPHUKJIETOUYHBIX NPOIECcaX, B TOM YHUCIIE B Ipoleccax
Heliponereneparnu (napkua [10], o-curykimewn [11],
DJ-1 [12], Tay [13, 14], ocHOBHOIi Oemok muenuHa [15]).

Kak mpaBumo, pgerpajgamuu HENOCPEACTBEHHO
20S poTeacoMoil MOJIBEprarTcs Oenku
C HECTPYKTypHPOBAaHHBIMH YYaCTKaMH, ITOSBUBIINMHUCS
B pe3yNbTaTe OKUCIECHUS, MyTalluK WK cTapenus [16-18],
a TaKke BHYTPCHHE HEYNOpPSIOYCHHBIE OCIKH, TO €CTh
HaTHBHBIE OCJIKH, COAEpXallue HEYNopPsI0UYCHHbIE
obnmactu (“intrinsically unfolded proteins”) [19].
CymecTByeT ompefeleHHas CBSI3b MEXIy HAJIWYUEM
y Oesnka BHYTpEHHE HEYINOPSAJOYCHHBIX YYacTKOB
1 eT0 MynsTU(YHKINOHATBHOCTRIO [20]. BeposTHo, Takas
MYJIBTH(YHKIIMOHAIBHOCTD, OMPOBEPTaOIIasi N3BECTHBIN
MOCTYJIaT “OIUH reH-OAMH (ePMEHT”, U OOBSCHICTCS TEM,
4TO THOKME YydYacTKM Oelka NpH B3aUMOJACHCTBUU
C Ppa3JIMYHBIMH COCAMHEHUSMHU TII03BOJISIIOT MEHSTh
€ro KOH(GOPMAIIHIO B COOTBETCTBEHHO (YHKIHIO [21].

Bo MHOTHX ciydasx Takue MYJIbTH(QYHKINOHAIBHbBIE
Oenku,  “paboTarolmue MO  COBMECTHTEIBCTBY
(“moonlighting proteins”), OZHOBPEMEHHO SIBISIOTCS
OJIMTOMEPHBIMH  AJJIOCTEpHYeCKUMH  (epMeHTamu [22].
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B ©6a3e manHeix Moonprot [24] coOpaHO IOCTaTouHOE
KOJIMYECTBO MYJIBTH(YHKIIHOHATBHBIX OCIIKOB, K KOTOPHIM
MPUHAJICKAT, B YACTHOCTH, TaKHe KIFOYEeBbIe (pepMEHTHI
TIIMKOJIN3a, KaK IIHIepabaerua-3-gocdarneruaporenasa
(TA®[]), anpona3za, mupyBarkuHaza [23-26].

Jia mpoBepKH BO3MOXKHOCTH 3IMMHHALUU 3THX
OenkoB nyTéM mpsiMoi  (YOMKBUTHH-HE3aBUCUMON)
Jerpajallud MBI  HCCIEAOBAINM  B3aHUMOJCHCTBHUSA
3TUX (EPMEHTOB C KOPOBOH YAaCThIO HPOTEACOMBI
(20S mpoteacoma). AHaJIOTHYHOE HCCIIEAOBaHUE OBLIO
MPOBEACHO [UISI O.-CHHYKJIEHMHa M OCHOBHOTO Oelka
MHEJIMHA, KOTOpble, IO JaHHBIM psAla HCCIECJOBaHMH,
MOJIBEPTaloTCsl YOMKBUTHH-HE3aBHUCUMOW MPOTEaCOMHON
nerpaganuu [11, 15].

B cBa3m ¢ Tem, 4dYTOo paHee OOHAPYKHUIN
youksutuHupoBanue ['ADJ] [27], Bce HCIONB30BaHHEIC
B JaHHOH paboTe OenKW HCCleNoBalld Ha HATHMYHE
yOukBUTHHOBOM MeTku Lys-g-Gly-Gly.

METO/JUKA

B pabore ncrnons30Bany BbIICIEHHBIE M3 CKEJETHBIX
MBIIIL KPOJUKa 3JIEKTPOPOPETHIECKH TOMOTCHHBIE
depmenter: [A®J], nupyBaTkMHa3y U allb0JIa3y
(ynmemnpHast akTUBHOCTE 135 MKMOIB/MHUH, 265 MKMOJIE/MHH
n 15,8 Mxkmomns/MuH Ha 1 MT Oenka COOTBETCTBEHHO) [28].
Opaknua 20S mporeacoM KpOJWKA, O-CHHYKJIEHH
YeJIOBEUECKUIl PEKOMOWHAHTHBIA, YOMKBUTHH OBIYHH,
OCHOBHOH O€JIOK MHENIMHA OBIYMH — KOMMEpPYECKH
poctynHsle mpenaparsl  (“Sigma-Aldrich”, CIIA,
KaTaJOKHBIE HOMepa cooTBeTcTBeHHO P3988, S7820,
U6253, M1891). IonnyOMKBUTHH pPEKOMOWHAHTHBIN
(Poly-ubiquitin  chains (Ub 2-7) (K48-linked))
os1 monyuen ot “Enzo Life Sciences” (CIIA).
[IproOperénuble y KOMMepYecKHX (HUPM Ipenaparsl
0€JIKOB JTOMOJHUTENBEHON OYNCTKE HE MOABEPTalIH.

HBS-6ypep (150 MM NaCl, 3 MM O3ATA,
0,05% nereprear P20, 10 MM HEPES (pH 7,4));
10 MM armeratnsiii 6ydep (pH 5,0); Habop peareHTOB
JUIsl KOBaJICHTHOM MMMOOMIN3anuy OEJIKOB 32 IIEpBUYHBIE
amuHOTpYyHIBl  (1-3THI-3-(3-TUMETHIaMIHOIIPOTINII)-
kapooguumua-HCl (EDC), N-THApOKCHCYKIMHUMHI
(NHS), 1 M stranonamun-HCI (pH 8,5)) 6pu1m momryueHst
or “GE Healthcare” (CILA). OcranbHble peareHTHI
6butH oT “Sigma-Aldrich”.

Msrkoe oxucnenne ['A®Jl, nupyBaTKHHa3bl U
aJbI0NIa3bl OCYMIECTBILUIN, KaK OmucaHo panee [27],
uHKyOupyst Qepmentusiii mpemapar ¢ 70 mxM H,O,
B Teuenue 30 mun npu 20°C B 50 MM kanuii-pocdaraom
oydepe (pH 7,4).

B3anmopeiicTBue HCCIIeAYEMBIX OenKoB
¢ nMMoOmIM3oBaHHOW 20S TpoTeacoMol HCCIEeNOBaANH,
ucnonb3ys ontudeckuid SPR-6mocencop Biacore T200
W crenuajibHOoe hporpammHoe obecneueHue Biacore
Control (“GE Healthcare”). Bce usmepenust Oblin
BBINOJIHEHBI TTpH 25°C ¢ UCMONB30BAaHUEM CTaHAAPTHOIO
ontuueckoro gyuna CM4 (“GE Healthcare™), mokpsiToro
cIoeM KapOOKCUMETHIINPOBAHHOTO JIeKCTpaHa.
MomnekymsipHbIe B3aUMOIEHCTBHS PETHCTPUPOBAIIH B BU/IE
CCHCOTpaMM, TPEACTABISIONIAX 3aBUCHUMOCTh CHTHAIa
OroceHcopa (B pe30HAHCHBIX enHUIax, RU) oT BpeMeHH.

Nmmobmnuzammio 20S mpoTeacoMbl OCYIIECTBIISIIN
nyTéM (GOpPMHpPOBAHMS KOBAJIEHTHBIX CBSI3eH MEXKAY
KapOOKCHIIbHBIMU TPYIIIAMH Ha TOBEPXHOCTH ONTHYECKOTO
yuna CM4 wu amusorpymnmamMu 20S DIpOTEacOMBI.
KapOokcmipHble  Ipynmsl — Yuma  aKTHBHPOBAJN
mytém wmmkekunn cmecu 0,2 M EDC/0,05 M NHS
B TeUeHHWE 7 MHH TPHU CKOPOCTH TIOTOKA 5 MKJI/MUH.
Huxekiuio pactBopa 20S mporeacomsr (25 MKr/mun)
B 10 MM amerarHom Oydepe (pH 5,0) BwImONHSIIH
CO CKOpOCThIO 5 wMki/MuH B TeueHue 20 MuH.
Hanee mpomyckanu 1 M sranonmamua-HCl (pH 8,5)
B TE€UCHHWE 2 MHUH NPU CKOPOCTH IOTOKAa 5 MKI/MUH.
Jns mpenoTBpallieHusi BO3MOXHOM JUCCOIMAIMN B XOJE
IKCIICPUMEHTOB HMMMOOMIH30BaHHy0 20S mporeacomy
CTAOMIM3MPOBATIM TIPH HOMOLIM OH(PYHKIIMOHAIEHOTO
CHIMBAIOIIETO peareHTa — JUMETHINUMEINMUAaTa,
1 MM pactBop KoTOporo B 50 MM docdarHoM Oydepe
(pH 8,0) WHXEKTHpPOBaM CO CKOPOCTBIO 5 MKI/MUH
B teueHne 45 muH. (OQ(DHEKTUBHOCTH CIIMBKU OblLia
NpEeBAapPUTEIBLHO NPOBEpPEHa  BIEKTPO(HOPEeTHIECKU
Ha IIperapare npoTeacoMsl B pactBope). [lociie npoMbIBKH
100 MM Tpuc-HCI (pH 7,8) B Teuenue 15 MuH ypoBeHb
mmmobmmu3arn coctasmi 1900 RU (puce. 1).
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Pucynok 1. HWmmoOwiumsamus 20S  mpoTeacoMbl

Ha MOBepxHOCTH onTtuueckoro uyuna CM4. Crpenku
nmokaseiBaroT mHkeknuo: 1 — EDC/NHS; 2 — HBS;
3 — 20S mnporeacoma 25 mkr/ma B 10 MM amerarHoM
oypepe, pH 5,0, 4 — 1 M »osranonamun-HCI;
5 — 1 MM mumermmmuMenumugar B 50 MM docharaom
oydepe, pH 8,0; 6 — 100 MM Tpuc-HCI, pH 7,8.

B3aumopeiictBue 0enkoB ¢ HMMMOOMIM30BaHHOM
20S mpoTreacoMoOi HCCIIEAOBAIU IPU CKOPOCTH MOTOKA
10 mxm/muH B TeueHue 5 wmwuH. [lepen MOBTOPHBIM
HCTIOJIb30BaHUEM ITOBEPXHOCTh YHIIA PEreHEpHPOBAIN
npomeiBkoi 1 M NaCl B 50 MM ¢ocdarHom
oydepe (pH 7,4) B Teuenue 0,5 MHH NpH CKOPOCTH
notoka 50 MKJI/MUH.

[TomyueHHBIE ~ CEHCOTpPAMMBI  aHATU3WPOBAIHN

¢ momomibio TporpamMmbl BlAevaluation Version 4.1
(“GE Healthcare™).

Macc-cneKTpoMeTpU4ecKuil MOUCK yOMKBHUTHHOBOM
curarypel  (Lys-e-Gly-Gly) B mccrnenoBaHHBEIX
mpernaparax 0eIKOB MPOBOAMIIN, KaK OMICAaHO B [27].
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PE3YIIBTATBI 1 UX OBCYXKJIEHUE

IIporeacoma 20S (xopoBast 9acTe 26S TPOTEACOMBI)
MPEICTaBIISIET coboit CII0)KHOOPTIaHU30BaHHbBIN
MYyAbTU()EPMEHTHBIN KOMIUIEKC, COCTOSIIIANA M3 YETHIPEX
HIECTHWICHHBIX KoJell. YToObI IPeOTBPaTUTh AMCCOLHALIHIO
9TOT0 KOMIUIEKCA, IMMOOMIIM30BAaHHOTO Ha ITOBEPXHOCTH
KapOOKCUMETHJI-IEKCTPAHOBOTO  OINTHYECKOTO YHIIA,
IpH OTMBIBAHWM CBSI3aBIIMXCS C HHUM aHAJIWTOB
MBI OCYLIECTBHJIM €r0 CIIMBKY OH(YHKIIMOHAIHHBIM
pEareHToM JTUMETHIITMETNMHIATOM (puc. 2).

Pucynok 2. Cxema 20S nporeacombl, UMMOOHIM30BaHHOM
Ha TIOBEPXHOCTH ONTHYECKOIO YHMMa W  CIIUTOH
OH(YHKIIMOHAIBEHBIM PEareHTOM TUMETHIUMETHMHIIATOM.

[Tpu noGaBieHNN yOMKBUTHHA, KaK U IIPH 100ABICHUH
MOJNMYOMKBUTHHA, HM3MEHEHHS CHUTHajla OuoceHcopa
He HaOmonanock. He cmsasbBanmack ¢ 20S mporeacomoit
u 'A®]] (maHHBIC HE IPUBEICHBI). B HAIUX TpeAbIIy X
SKCIEpUMEHTaX OBIIO TMOKa3aHO B3aMMOICHCTBHE 3TOTO
benka ¢ uMMoOwmim3oBaHHOW Rpnl0 cyObenuHuiei
pPerynsITOpHOM  CcyOuacTHUIBI IpOTEacoM, KOTopas
ABIISIETCSL peuenTopoM yOukBuTuHa [27]. B nanHOM

npenapare [AD]] MeTomoM Macc-CIIeKTPOMETPUIECKOTO
aHamu3a  ObUIO  OOHApY’KEHO  CeMb  y4YacTKOB
yOUKBUTHHHUPOBAaHUS B NOJUNENTHIHOW uenu [27].
Bce ot pesynmbraThl COMIAcyloTcs C IPENCTaBICHHEM
0 TOM, YTO yOMKBUTHHHUPOBAaHHBIE OCIIKH IIepel TeM
KaK OKa3aTbCsi B TPOTEOIUTHUIECCKOW (KOpPOBOW) HaCTH
MPOTEAaCOMBl  CBSI3BIBAIOTCI C €€ pEryasiTOPHBIMU
CyOBbCMHUIIAMH, a HEMOCPEICTBEHHO B KOPOBYIO 4YacTh
MIPOTEacoMBI ITOTAAal0T HeyOMKBUTHHUPOBAHHBIE OENKH,
B COCTaBE€ KOTOPBIX MMEIOTCSl HEYIOPSI0UCHHBIE YIACTKH.

B Hamumx ompiTax O-CHHYKJIEMH W OCHOBHOI 0enox
MHeNnHa He cBsa3piBaduch ¢ 20S  mporeacomoil.
[Io naHHBIM Macc-CIEKTPOMETPUYECKOTO  aHaju3a
YOUKBUTHHOBBIE CHTHAaTypbl HE OBIIM OOHapy>KCHBI
HU Y O-CHHYKJIEMHA, HU y OCHOBHOIO Oellka MHENIHHA.
I[Ipu »TOM ciemyeT OTMETHTb, 4TO B pabore [15]
JKCIIEPUMEHTBI in Vitro o JIerpafgauuu
HEYOMKBUTHHHPOBAHHOI'O OCHOBHOTO Oeika MUelnHa
ObUTH BBITIOJIHEHBI C HCIIOJIB30BAaHMEM Hpemapara 26S
nporeacoM. Jlns  3Toro Oenka OBUIO  TOKa3aHO
cBs3bIBaHue ¢ Bli cyObeAMHUIIEH HMMYHOIIPOTEaCOMEI H
Tocreyromas yOnKBUTHH-He3aBucHMast aerpaganus [ 15].
W3 nutepaTypbl U3BECTHO, UTO O.-CUHYKJIEHH CBSI3bIBACTCS
¢ cyObenununeir o7(PSMA3) kopoBoii  uyactu
MIPOTEacoMbl, M TOKa3aHa €ro yOMKBHUTHH-HE3aBHCUMAas
nerpaganust 20S mpoTeacoMoil; MpU ITOM OKHUCIIEHHE
Ol-CHHYKIIEMHAa HHTHOHMpYeT 3ToT mporecc [11].

W3 Bcex uccienoBaHHBIX OEJNKOB KOJMMYECTBEHHOE
adpdunnoe B3ammopeiicteue ¢ 20S mporeacomoi
OBUIO OOHApY)XEHO M aibloJia3bl W MHPYBAaTKUHA3EI
(tabm. 1). JloGaBimeHWE KaXIOro H3 OTUX OEJIKOB
B s4YelKy OMOCeHcOopa BBI3BIBAJIO UYETKUH CHUTHAI,
3aBHCEBIIMH OT KOJMYECTBA J100aBIEHHOro Oeika
(puc. 3). Macc-CneKTpOMEeTpUYECKUE IKCIIEPUMEHTHI
MOKa3aIl OTCYTCTBHE YYacTKOB YOMKBUTHHHPOBAHUS
B IIpemapare NUpyBaTKWHa3el, a B Iperapare
aJIB0J1a3bl OBLII0 00HApPYXEHO JIOCTOBEPHOE
YOMKBUTHHHPOBaHHE HECKOIBKHX OCTAaTKOB JIM3HMHA
(tabm. 2). [TonydeHHbIC JaHHBIC CBUACTEIBCTBYIOT O TOM,
YTO C KOpPOBOH  4YacTbl0 IPOTEACOMBl  MOTYT
B3aMMOJCHCTBOBaTh KaK HEYOMKBHTHHUPOBAHHBIC,
TaK 1 YOUKBUTHHHPOBAHHBIC OCIKH.

Tabnuya 1. B3aumopeiicTBue 6€lKOB ¢ IMMOOMIN30BaHHON KOPOBOM 4acTbIO IIPOTEACOMBI

Benok-anamut kp, M ¢! kg, ¢! K4 M
I[MupyBaTKHHA3a (3,07+0,05)-10° (1,7+0,1)-107 5,56-107
[MupyBaTkuHa3a OKHUCIICHHAS (1,08+0,02)-10° (2,69+0,03)-10" 2,49-107
AJrpronasa (1,22+0,1)-10° (1,00+0,03)-107 8,17-107
Anbonasza oKucIeHHas (1,02+0,01)-10° (2,86+0,1)-10" 2,80-107

Ta@mua 2. Y4acTku y6I/IKBI/ITI/IHI/Ip0BaHI/IFI B IIp€riapate ajJibJ0Ja3bl 110 JaHHBIM MAaCC-CIICKTPOMETPUYCCKOI0 aHaJIM3a

Benok

*P00883 Fructose-bisphosphate aldolase A (Oryctolagus cuniculus (Rabbit))

AMUHOKHUCIIOTHAs IMOCJICA0OBATCIIBHOCTh

LKPNMVTPGHACTQKYSHEEIAMATVTALR

MonunduurpoBaHHas OCIEI0BATEIHHOCTD

NH2-LK<ub>PNMVTPGHA C<cmm>TQK<ub>YSHEEIAMATVTALR-COOH

BeposrrHo CTb y6I/IKBI/ITI/IHI/Ip0BaHI/I${

Very confident (100%)

IIpumewanne: * — mqus ymoOCTBa IOHMCKA JOMONHHUTENBHONH WH(OpMAIMM B PAa3NHYHBIX 0a3ax ITaHHBIX Ha3BaHHE
MCCIIEIOBAHHOTO OeJIKa J]aHO B TOM BHJE, B KAKOM OHO Qurypupyet B 6a3e aanHbix UniProt. JKupHbiM mipudToM BbieIeHBI
ocrarku yu3uHa (K), Hecymue Tak Ha3bIBaeMylo ‘yOUKBUTUHOBYIO curHarypy” (Lys-e-Gly-Gly).
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Pucynok 3. TumuuHble CEHCOTpaMMBl CBSI3bIBaHMs NUpYBaTKUHA3bl (A) u anbponassl (B) ¢ uMMoOHIM30BaHHOMN

20S nporeacomoii.

U3zBecTHO, 4TO OKHCJIEHNE BBI3BIBACT
nosBieHNe y  OenkoB HECTPYKTYpPHUPOBAHHBIX
y4acTKOB, CIocoOCTByIOIIEE B3aMMOJIEHCTBUIO
(HeyOMKBUTHHHUPOBAHHBIX) OenkoB ¢ 20S mporeacomoit
u  ux Tnociedywrouled  gerpamanmuum - [18,  30].
B cBs3M ¢ 3THM mNpencTaBIsUIO MHTEPEC HCCIENOBaTh
B3aNMOJICHCTBHE OKHCIICHHBIX OCIKOB NHPYBaTKUHA3HI
W anpaoia3sl ¢ UMMOOmIM3oBaHHOH 20S mpoTeacoMoi.
B ciydae NIUPYBaTKUHA3bI 3HA4YEHUE Ky
JUIs. OKHCJIGHHOTO Tperapara ObUIO B JBa pa3a MEHbIIIE,
4eM ISl HEOKucJIeHHoro. B cmydae anppomasel Ky
JUIs. OKMCIJICHHOTO TIperiapara (epMmeHTa Obuta B 3 pasa
MEHBIIIE, YeM JIJIs HCXOHOTO (CM. Tadm. 1).

Takum 00pa3om, pe3ynbTaThl JAHHOTO MCCIIEI0BAHUS
CBHUJIETEIbCTBYIOT O BO3MOXKHOCTH HEMOCPEICTBEHHOTO
CBSI3bIBAHUS c 20S NIpOTEacoOMOM TaKHUX
MYNBETH(QYHKINOHATIBHBIX OCJIKOB, KakK NHPYyBaTKWHA3a
n anboiaza. OTCyTCTBHE B3aMMOIEHCTBUS O-CHHYKIICHHA
¥ OCHOBHOro Oeilka MHEIHHAa C MMMOOWMIM30BaHHON M
crabmmm3upoBanHot  20S  mporteacomoir  TpeOyer
nanpHeimero wu3ydeHus. C OJHOM CTOPOHBI, HEIb3d
UCKJIIOUNTh, 4YTO crabunusanuss 20S mporeacombl
CLIMBAIOIMY areHTaMH OKa3bIBAET OpPEENEHHOE BIMSTHIE
Ha 3((EeKTUBHOCTH B3aWMOJCIHCTBHS ITPOTEACOMHBIX
CyOBeIMHHII C YYacTKaMH CBSI3BIBAHUS 3THUX OEJIKOB.
C npyroif CTOPOHBI, YETKO AETEKTHPYEMOE CBS3HIBAHHE
HMHTAKTHBIX W OKHCJICHHBIX IIPEIaparoB IMHUPYBAaTKWUHAa3bl
W ajpaosia3bl  yKaszblBaeT Ha  (YHKIHOHAIBHYIO
KOMIIETEHTHOCTh IPOTEacoM, BO BCSIKOM cCIydae,
B KOHTEKCTE CBSI3BIBAHHSA C OCIIKaMH, HMEIOIIUMHU
ruapo(hoOHBIE YUaCTKH, KOTOPHIC SBISTIOTCS HEOOXOIMMBIM
CTPYKTYpHBIM  YCIOBHEM  AJs  B3aWMOJEHCTBUS
6enkoB-cybcTparoB ¢ 20S nmporeacomamu [16-19].
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A BIOSENSOR STUDY OF PROTEIN INTERACTION WITH THE 20S PROTEASOME CORE PARTICLE
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10 Pogodinskaya str., Moscow 119121 Russia; *e-mail: olbuneeva@gmail.com
*Moscow State University, Biological Faculty, Moscow, 119991 Russia

It becomes increasingly clear that ubiquitination of cellular proteins is not an indispensable prerequisite of their
degradation in proteasomes. There are a number of proteins to be eliminated which are not pre-ubiquitinated for their
recognition by regulatory subcomplex of 26S proteasome, but which directly interact with the 20S proteasome core
particle (20S proteasome). The obligatory precondition for such interaction consists in existence of disordered
(hydrophobic) fragments in the target protein. In this study we have investigated the interaction of a number
of multifunctional (moonlighting) proteins (glyceraldehyde-3-phosphate dehydrogenase (GAPDH), aldolase, pyruvate
kinase) and neurodegeneration-related proteins (a-synuclein, myelin basic protein) with 20S proteasome immobilized
on the SPR-biosensor chip and stabilized by means of a bifunctional agent dimethyl pimelimidate (in order to prevent
possible dissociation of this subcomplex). Only two of all investigated proteins (aldolase and pyruvate kinase)
interacted with the immobilized 20S proteasome (K of 8.17x107 M and 5.56x107 M, respectively). In addition
to earlier detected GAPDH ubiquitination, mass spectrometric analysis of the studied proteins revealed the presence
of the ubiquitin signature (Lys-e-Gly-Gly) only in aldolase. Oxidation of aldolase and pyruvate kinase, which promotes
elimination of proteins via their direct interaction with 20S proteasome, caused a 2-3-fold decrease in their K, values
as comparison with this parameter obtained for the intact proteins. The results of this study provide further evidence
for direct interaction of both ubiquitinated proteins (aldolase), and non-ubiquitinated proteins (pyruvate kinase)
with the 20S proteasome core particle (20S proteasome). The effectiveness of this interaction is basically equal
for the ubiquitinated proteins and non-ubiquitinated proteins.

Key words: proteasome; ubiquitination; intrinsically disordered proteins; multifunctional proteins; optical biosensor;
pyruvate kinase; aldolase
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