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YBUKBUTNHOM ITIOCPEJOBAHA NEITPAJAIINJA
YHYTAPRE/INJCKUX ITPOTENHA

Y eykapuoTckoj henuju je npucyTtHo o 6000 go
30000 rena koju kopupajy (Hoce nH(popManyjy 3a 6uo-
CHHTe3y) Oap KCTO TOJUKO IPOTEUHA Ca BEOMa pa3iy-
yntuM pyakugjama. [Tporennu y henju umajy cBoj 1mo-
JIY>KUBOT KOjJH MOXKE TpajaTH Off ap MUHYTA 10 BUIIIC
Ol HEKOJMKO Heflesba. bruocuHTe3a u ferpagaryja npo-
TEHHA JO aMUHOKUCENUHA Y henuju ce napasesHo ofBH-
jajy. Konrpornucana u cienmcudHa ierpajiaiyja npore-
VHa YOMKBUTHH-IIPOTEA30M CHCTEMOM CITY>KH 32 EJTIMH-
HHCamkhe a0HOPMAITHHX IPOTENHA Yrja 01 akymyranuja y
henuju Oua mTeTHA, U 3a peryianyjy henujckor mera-
Oonu3Ma JerpajanujoM KpaTkoxuBehux perymnartop-
HEX npoTenHa. Ha mo4eTky ce ca focTa maxme UCTpa-
3KMBAaO HaYMH Ha KOjH Ce IPOTEHHU CHHTETHIILY, a TEK
KacHHje Ce NCTPaKUBabha yCMEpaBajy 1 Ha IIpOyyaBambe
mpolieca pasrpaame nporensa. ITopepn oBor cucrema
[erpajanyje, MOCTOjH 1 JIM3030MaJIHA CHCTEM JIeTpajia-
uje nporenHa. IIporenHn ce Xuaponu3yjy Hecnenu-
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(praHO Y MM3030My 1 HOTHYY, YIIIABHOM, U3 CIIOJbAIIIHE
CpefuHe.

Oge ropuae HoGenoBy Harpapy 3a xemujy noomna
cy Tpojuiia HayuHnka, ApoH Yukanosep (Aaron Ciec-
hanover) 1 Aspam Xepiko (Avram Hershko) ca M3pa-
€JICKOT MHCTUTYTA 32 TEXHOJIOTHUjy U IBUXOB KoJera
Awmepukanan MpsuH Poy3 (Irwin Rose), ca Kanudop-
HUJCKOT' YHUBEP3UTETA, KOjU Cy CBOjM OTKpuhMMa lanu
BEJIMKY IONIPUHOC pa3yMeBamy Ipolieca YHyTaphemnyj-
CKe Aierpajanyje nporenHa. [IpBeHCTBEHO Ha OCHOBY
HIXOBHUX PajioBa AOLIIO ce IO 3aK/byJKa Jia je IIUTOII-
Jla3MaTUyYHa pasrpajika IPOTEerHA BICOKO CreubIdaH
1 KOHTPOJIHICaH MPOLIEC, HEONXOAaH IIPY PETryIalyji HHl-
3a GMOXEMUjCKUX TpoIieca Kao MITO Cy UMyHH OJI'OBOP,
henmjcku UKITyC, TPAaHCKPUIIIYja TeHa, KOHTpoJa KBa-
JUTEeTa HOBOCMHTETHCAHUX NIPOTENHA, penaparyja

JOHK uT.
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IIpBa oTkprha y oGnacT Xugponuse NpoTenHa 3a-
OeseskeHa cy OTKpuheM yrore TpHUIICHHA 1 JIN3030MaJl-
Hor cucteMma. ['ogune 1953. yrBpbeHo je ma, mopen oBa
JIBa CHCTeMa KOja He 3aXTeBajy YTPOILIaK eHepruje, mo-
cToju 1 Tpehu eHepreTCKy 3aBUCTaH CICTEM 32 ierpajia-
yjy nporeuHa [1]. Yukanosep, Xepiko u Poys cy oka-
pakrepucamu A TP 3aBucHe KOMIIOHEHTE IIUTOIIa3Ma-
THYHOT CUCTEMA 3a Aerpajanujy nporeusa (2, 3, 4, 5].
CepampeceTix rofiHa OTIIOYENIa Cy MHTEH3UBHA UCTPa-
>KMBama y OBOj OOJIaCTH ¥ YTBPHEHO je 1a IpOTenuH! Ou-
Bajy pasrpabenu nocie o6esnekaBamba MaluM IMPOTEH-
HOM YOMKBUTHHOM [4,6,7]. Y OUKBUTHH je U30JI0BaH U
oKapakrepucat 1975. roguse [8].

Y GUKBHTHH je MaJlv IPOTEUH KOj! Ce CacToju off 76
aMUHOKWCEJINHA, BHCOKOKOH3EPBUPAHE CEKBEHIIC .
Cunrernie ce y popMu mpeKypcopa Koju ce TIOTOM
npoiecyje noMohy 1eyOMKBUTHHAIMOHUX IPOTEUHA
(DUB) kako 6u ce ocnobonuna Gly-Gly C-repmuHannaa
CEKBEHIIa KOja je HeOIXOo/IHa 3a HHULMjaHy a3y akTH-
Banyje youksuruHa (Crmka 1).

ITIporeasom kora rpage 32 cy0jeuHule NpeacTaB-
Jba HajBehu henujcku MpoTEONUTHYKY KOMIUIEKC 1 IMa
JOMIHAHTHY YJIOTY Y pasrpajiby KpaTKOXKMBEhUX pery-
JIATOPHUX MMpOTenHa Kof eykaproTa [9]. Ilpeno3naBame
CyIIcTpaTa Of CTpaHe IIPoTea3oMa ce OcTBapyje obelne-
>KaBambeM YOUKBUTHHOM Y IIpOLeCy KOjU ce Ha3uBa
ybuxsuitiunayuja. OBaj polec ce cacToju Off TPH pas-
nu4uTa gorabaja y Kojuma ydectyjy Tpu enzuma: E1,
E2 u E3 (Cnuka 2).

ATP

e
:

AMHHOKHCEAHHE

-

Cnuka 1. lllema TpofuMeH3MOHAaNHE CTPYKTYpe
MTOJIMIIETITUTHOT JIaHI[a YOMKBATHHA

CrupasoMm je npefcTaBIbeH O-XeJUKC, a CTpeiuama
B-mmoymne.

El : yOukBuTrH-akTHBAPajyhil €H3UM (KONMWYMHA Y
henmmju-camo jeman WM HEKOIIUKO)

E2 : youxksuTrH-KOBYTYjyhu en3uM (Bure of 40)

E3 : yOUKBHTHH-IPOTEHH jura3a’ (suire o 500
CTPYKTYPHO pa3/IuIUTHX)

MEXAHUN3AM YBUKBUTUHAIINJE
MNPOTEUHA:

E1: ¢popmupa BUCOKOEHEPreTCKY THOECTAPCKY Be-
3y m3meby C-tepmuHanHe KapOokcnine rpyne Gly
youksuTrHa 1 CYs y aktuBHOM Mecty E1[10,11,12].

Cnuxa 2. lllema ynyTaphenujcke aerpaganyje poTeuHa IOCPEeAOBaHe yOUKBUTHHOM

Eunsumu E1, E2 u E3 Bpie cienuduyHo Be3uBame youksutrHa (Ub) 3a mpoTenH Koju Tpeba ferpagupaTi (cym-
cTpar) y3 yrpomak eHepruje y ¢popmu ATP-a. Hacrane nonnyGuKBUTHHOM 0o6enexeHe IpOoTenuHe Aerpagupa
IIPOTEea3oM JI0 MEeNTHAA KOje MeNTHia3e pa3iaxy 10 AMAHOKUCEINHA. Y ONKBUTHH ce He lerpajnpa y mporea-

30My.

1  Kapa nporenHn ucre (yHKIMje, a U3 PA3NUUUTHX OpPraHM3aMa MMajy BHCOK IPOLEHAT CIMYHOCTH Y aMHHOKHCENUHCKO]

CEKBEHIIM cCMaTpa c€ a UM je CEKBEHIla BUCOKOKOH3€pBUpaHa.

2 Jlurase cy rpyna eH3MMa KOjHu KaTalu3yjy OBE3UBaE 1Ba CYIICTpaTa KOBAJIEHTHOM BE30M.
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Cnuka 3. lllema MexHu3Ma yOMKBUTHHAL]jE

OO0jalIbene Y TEKCTY.

E2: youksuruH ce npebanyje Ha E2-Cys u popmu-
pa ce HoBa THOeCTapcKa Be3a — TpaHcecTepupuKalyja
[13].

E3: ¢popmupa uzonentuany Be3y nameby C-tepmu-
HaJHEe KapOOKCHUITHE Tpyle YOMKBUTUHA U £-aMUAHO I'PY-
nie Lys ca mubHOT nipotenHa (Cnuka 3) [14].

ITporennn Mory Outn oOeneskeHn YOMKBUTHHCKIM
JaHIMa Pa3IuIuTe AY>KUHE, Al Ce Y CBAKOM JIaHITY
Lys*® npeTxommor youkBuTHHA Besyje 32 C-TepMUHATHY
KapOOKCUIIHY TPYIy HapegHor hopMupajyhu n3omnern-
TuAHY Be3y. [IpoTenH-noanyOuKBUTHH KOMILIEKC TIpe-
no3Hajy 19§ perynaropHe cy0jequHNIIE IPOTEAa30Ma;
OBe cyO0jeIMHATIE OJICTPALYjy YOUKBUTHH U TPAHCIIOP-
TYyjy IPOTENH y IPOTEOIUTHYKO je3Tpo MpoTea3oma.
'Y OUKBUTHH Cce He pa3rpabyje y IpoTea3oMmy.

MOHOYOMKBUTHHUPAHH TPOTEHHN YIECTBY]y Kao
peryaaTtopu y mpoleciMa HHTSpHAIA3AIH]Ee PElenTopa,
coprupama Be3ukyJa, penapauyje [JTHK wuth. [15]

TTonyOuKBITHHCKY JIaHIM KOjH CY (DOPMUPAHU Be-
3uBareM npeko Lys® yuectsyjy y akrusanuju nporens
kuHa3a, [IHK penapanuju, ycMepaBamy Be3UKyJ1a UTH.
[15]

Y OukBUTHH Be3yjyhu JoMeHN HabeHu cy KOfi Beu-
KOT Opoja pa3jInInTUX NPOTEHHA: OHUX KOjH Cy pa-
CTBOPHH y IIUTOILTa3MH (CONMYOMITHNX), MJIA MHTETrprca-
HUX Y HeKe hemmjcke CTpyKType, KO pa3iInyuTux ¢ak-
TOpa TPaHCKPHIIHje ', KOJ TYMOP CYIpecopa ¥ IUKIIA-
Ha” uthg. CBe OBO yKasyje Ha TO Jia yT Jierpajanyje
YOMKBUTHH-POTEA30M PETYIMIIIE IIMPOK crekTap he-
JIMjCKUX MPOIIeca.

Cyncrpat dynknmja

p53 Tymop cynpecop

MUTOTHYKY UUKINHA Perynanuja henujckor nukmyca
Ho Tpauckpunumonn hakTop
c-Jun Tpanckpunuuonu pakTop

Tpauckpunuuonu ¢akTop

MAT 2
(xBacarm)

IgE, T henmjcku penenTopu HmyHn ofroBop

I' nporensn TpaHcpykuuja curHana

Ser/Thr mpoTenH KMHA3a OO
uTa

Mos

Ste6 Excnopt ¢pepomona (kBacar)

E2-SH E1-SH 0

5'4 u— Cj/— S-E2

Owrehien
NpaTelH f3 gy o

¢ /
) = { —— HH-Lys-nporeun

E3

INPOTEA3OM

EykapuoTcku 26S nporea3oM npefcTaBiba LeH-
TpanHy nporeasy y A TP-3aBUCHO] Aerpafalyju yOuKBu-
THHHApaHWX IpoTenHa. 1]eo KoMIUIeKC mMa MOJIEKYICKY
macy oko 2,5 MDa, a rpafie ra aBa cyokomrekca: 208
jesrpo u 19§ perynaropHa maptukyna. 195 cy6koMm-
IUIEKC MPENOo3Haje CYNCTpaT-IpOTenH, paciuinhe ra u
ycMepaga y 205 cyOKOMITIEKC KOjH BPILH pasrpafy Tj.
nporeonu3y (Crmka 4) [9,15,16].

268 npomtearom

Crnuka 4. CTpyKTypa nporeazomMa

OO0jalmene y TEKCTY.

20S nporeazom uma Monekyncky macy 700 kDa, au-
jameTap mwuHApa je 11 nm, a Bucuna 15 nm. Cactoju ce
o7 4 ceiMOWIaHa IIpCTeHa Off KOjUX Cy fjBa CHOJballlbha
usrpabena oy o.-cy0jeIMHAIA, a Ba YHYTpaIlba off -
cy0jefuHuIIa KOju O0JIaxy LIEHTpalHy IIYIUbUHY Arja-
MeTpa ~5 nm u cajjpsKe POTEONUTIHYKY aKTHBHA MECTa.

AxTuBHO MecTo canpxku N-repmunanau Thr Koju
ce HaJia3M Ha [3-cy0jemHnmama, 1 To camo Ha Tpi: a1, 82
7 35, ITO 3HAYM J1a HA jeTHOM IPOTEa30My IOCTOjU 6
aKTHBHHX MecTa. AKTUBHU Thr ce U3naxy y IIyIUbAHY
TEK HaKOH ayTOKaTaJIMTUYKOT OfICTpal-MBakha BUXO0-
Bux nponentuna. Heaktushe B-cy6jenuuuue: B3, 6, u
7 ciyke 3a IpuxBaTarme U MO3UIMOHNPA:E CYIICTPaTa.

1  ®dakTopu TpaHCKpHIIHje Cy MPOTEUHN KOju ofpebyjy Koju he ce mpoTenHn CHHTETHCATH y JaATOM TPEHYTKY y henuju.
2 Tymop cynpecopu U UUKIUHYU Cy IIPOTEUHU KOjU YUECTBYjy y peryianuju heamjckor mukiyca, OfHOCHO fedununty ga au he u

Kajia henja KpeHyTH f1a ce JeIH.
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Tpu akTHBHE CyOjeIMHILIE UMAjy PAa3IIIUTy clieluuy-
HOCT 32 CYIICTPAT: XUMOTPHIICHHY-CINIHY (chymotry-
psin-like), Tpurncuny-canany (trypsin-like) m menrumu-
cimuany (peptidyl-like). Xumorpuncus, Tpuncud u N-
MenTHa3a Cy €H3UMHU NTaHKpeaca KOjH BpILe XUIPOIU3Y
NpoTenHa XpaHe y TaHKoM 1ipeBy. [TokasaHo je u ja xu-
MOTPHIICHHY-CIIMIHE 1 HETTHAII-CIIAIHE CYOjeIUHIIE
MebycoOHO perymnuiny cBojy akTuBHOCT. [Ipminkom
¢opMupama mpoTeazoMa OKa3aHo je fla ce KaTann-
THYKe B-cyOjequHulLe IPBO Hajla3e y (POPMH IPONENTH-
71a KOjH ce HAaKOH YPY>KMBaHa ayTOKATATNTHIKA YKIIa-
Bajy ¥ OCTajy KaTATUTHIKYN aKTHBHE CyOjeIuHUIIC ca
cio6ogauM Thr Xoju cy aebnokupanu. [TponenTuana
(popma mTuTH N-TepMHUHAIIHE KATATUTHYKY AKTUBHE
Thr o N-auieTiiioBama Koje O JIOBEJIO 0 MHXUOUIITje
akTUBHUX cyOjequHuia (Cnuka 4).

19S perynaTopHu cyOKOMIITIEKC IIPENO3HAjE U BE3Y-
je cymcTpar, BpIy 1eyOUKBUTHHALIY]Y, Pa3BUjal-e IIPO-
TEeWHA ¥ TPAHCIIOKAIM]y y je3rpo nportea3zoma. Peryma-
TOpPHH CYOKOMIUTEKC CE CaCTOjH, KOJ] €yKapuoTa, Off 6a3e
u nokyionna. [Toknonar ce cacroju of 8 He-A TP-a3Hux
cyOjenunuia. Basa ce cactoju op 6 cyGjenununa, ATP-
a3a (Rptl-6) u nBe Benuke He-ATP-a3He cybjeuHnLe
(Rpn1-2). Ba3a Huje norpebHa y pasrpamby yOUKBUTH-
HOM OOeJeKEeHNX POTENHa, anu je HeornxopHa y ATP-
3aBHCHO] pasrpafkbi HEYyONKBUTHHAPAHNX IPOTENHA,
JTOK je TIOKJIOMAII OfI'OBOpaH 3a MHTEpaKIyje ca yONKBH-

trHrMa (Crmka 5).

Baa { TTox Tnmuyl
|

i

.‘Tm. 'uum.-g bBama

CTAFRC
Sy, t'{)lf!fl{l{f!

Kamumegog

Cnuka 5. EnextpoHcka Mukporpadguja mporeazoma

Perynatopre komnonenre ATP-3aBucHux nporea-
3a cy OpraHu3oBaHe y (hpopMH IpcTeHa Koju popmupa
Iponas 10 LIeHTpaJIHe UIyIUbUHE. 3a OTBapame KaTanu-
THYKE IYIUbUHE j€ HEONXOJHO IPHUCYCTBO PEryaaTop-

HUX NIApPTUKYJIA.

BesuBamewm cymncrpara 3a peryinaTopHe cy0jeau-
HHUIIE T0J1a3U IO KOH(OPMAIMOHUX TIPOMEHa oL-CyOjeNiu-
HHIIA je3rpa Koje IOBOJE /10 OTBapama IEHTPAJHE IIIyTI-
sbuHe. [IpogykTH mpoTeonuse npoTea3oMa cy BelUInHe
op 3 1o 30 aMIHO KWCEJIMHA Y 3aBIUCHOCTH Off OpraHu3a-
[fje aKTUBHOT MECTA.

IIporeonuTnyky akTHBHE CYOjETUHUIIC TIPUTIANIA]y
pa3nMUUTUM KJlacama MpoTeasa ok cy cBe A TP-a3He
cybjenuHumIle U3 UcTe cynepdammnmje nmporenHa: AAA
ATP-aze (ATPases Associated with a variety of cellular
Activities) [17].

CyncTpat Be3yjyhe MecTo uma iBa perruoHa Ofro-
BOpPHA 3a Be3uBame cyrncrpara: ’cenzop-1” Ha C-tep-
MUHYCY ¥~ aprUHUHCKY TIpcT’’ Ha N-TEpMUHYCY KOjU e
Haja3e Ha CHOJballlihO] UBULM XEKCAMEPHOT IIPCTEHA
(Cnmka 6) [17].

ZHHUHCKH

Cnuka 6. CTpyKTypa cyncrpar Be3yjyher Mecra 6ase
19C nporeasoma

Ha ocHoBy npuka3zane crpykrype u A TP-a3He
(pyHKIMje perynaTopHuX HapTUKYIa MOXKE CEe YOUUTH
HJIXOBA BEJIMKA CJIMYHOCT ca 1aneponumMa. Illaneponu
Cy IPOTEMHCKM KOMILIEKCH KOjU KaTalnu3yjy Iporec
yBUjaha IPOTEHNHA Y IPABUIHY TEPLHjapHy CTPYKTYPY.
Enepruja morpeGHa 3a yBHjame MPOTENHA ce Jo0mja Xu-
pponu3oM A TP-a. lllaniepoHu ce HUKafa HE acocyjy ca
KaTaTUTHYKUM je3rPOM NIPOTea30Ma, HUTH YUECTBY]Y Y
nporeonusu. Kao 3akibyyak cnenu ja ce XOInOeH3UM
MOHAIIa Kao NMpoTeasa, oK Ce U3ABOjeHa PeryaaTopHa
[IapTHUKYJIa MOHAIIA Kao manepoH (chaperon-like akTiB-
HOCT) [17].

YcMepeHa enmnMuHaNYja YONKBUTHPAHUX peryiia-
TOPHUX NpoTerHa noMohy 26S nporeazoma uMma (pyH-
[aMEHTaJHY YJIOTY Y KOHTPOJIM MHOTHX IIPOIeca YKIbY-
4yjyht U aKTUBaI{jy TPAaHCKPHUIIIMOHUX (pakTopa, pery-
nanyjy henujckor uKITyca v arnomnrosy.

HedexTn y cucremMy 3a IpoOTEONn3y cy MOryhn
Y3pOYHMIY MHOTHX O0JIeCTH. Y IpoyvaBamby MEXaHH-
3aMa Ha KOju yOMKBUTHH-TIPOTEA30M CHCTEM yTHYE Ha
Pa3Boj KaHIepa KOJ JbYAH, AOLUIO Ce 10 3aKJbyUKa Jia
HeperyircaHa pasrpajiiba MUKINHA WA TUKITAH-PEry-
naropa (Koju cy OATOBOPHHU 32 HOPMAJHO OfiBUjamke he-
JMjcKoT 1HKITyca) [18,19], TyMop cympecopa 1 OHKOreHa
MOXe pe3yIToBaTH pa3BojeM KaHuepa [20]. OBaksu
3aKIbYYIM Cy YTHIATIH f]a ce TOYHE Ca NCTPAKUBAKEM
MHXHOWTOpA IMpoTea3oMa Kao NOTeHIMjalHe aHTH-KaH-
uep repanyje [21].

ITokaszaHo je aa MHXUOMIMja pa3rpajbe HaBeeHIX
mpoTerHa Boyiy helujy y anonTo3y IITo je ncKopuiihe-
HO Y aHTH-TYMOP Tepanujama Tj. YHAIITABAbY TyMOp-
ckux henyja.

Jeman op mHXMOUTOpA MPOTEa30Ma je MeNTUIUII-
6opHa kucenuHa PS-341 (Crmka 7).
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Cnuka 7. CTpykTypa HHXuOUTOpa NpoTeazoMa
nenTupun-6opHe Kucenune PS-341

JlakranucTuH, BUCOKOCTIEN(UYHI HHXUOUTOP
€YKapHOTCKOT TpOTea3oMa NHxuompa pact Plasmodium
Jalciparum w3aznBava Manapwuje, Kao M pacT CHCapCKIX
TyMOpPCKHX hemmja, TOroToBo JIMM(DOIIUTA.

3akipydak

Y OuKBUTHHOM ITOCPEOBaHa ierpajialyja NpoTeu-
Ha je BHCOKO crienuduiaH MeXaHU3aM 3a Ofip>KaBambe
¢muomnomKor crama henmje. YkibydeHa je y KOHTpOIy
KBaJIUTeTa IPOTENHA, KA0 U y perysaiujy KoJIuunHe
onpebeHe BpcTe NpOTEnHA Y JATOM TPEHYTKY. Y KOJIMKO
Heka henuja n3ryou KOHTPONY Haji KONMIMHOM U (DYH-
KIFOHAJHOITHY PerylnaTOpHUX NPOTENHA, OHA TOYNHje
HEKOHTPOJIUCAHO /1A ce [N U I'yOu CBOjy (PM3UONOIIKY
(pyHKIFjy IIITO MOXKE HOBECTHU O NATOJOIIKIX CTaHja
Ha HABOY LIEJIOT OpraHu3Ma.

ABSTRACT

UBIQUITIN MEDIATED DEGRADATION OF INTRA-
CELLULAR PROTEINS

Katarina Milovanovié, Student of Biochemistry, Faculty of
Chemistry, University of Belgrade, (katarina_milovano-
vic@yahoo.com) and Natalija Polovié, Department of Bi-
ochemistry, Faculty of Chemistry, University of Belgrade,
(polovicn@chem.bg.ac.yu)

Eukaryotic cells, from yeast to human, contain some
6000 to 30000 protein-encoding genes and at least as many
proteins. While much attention and research had been devo-
ted to how proteins are synthesized, the reverse process, i.e.
how proteins are degraded, long received little attention.

The Nobel Prize in Chemistry for 2004 is shared betwe-
en three scientists: Aaron Ciechanover, Avram Hershko and
Irwin Rose who discovered ubiquitin-mediated proteolysis.
Numerous cellular processes regulated by ubiquitin-media-
ted proteolysis include the immune response, cell cycle,
DNA repair and transcription and protein quality control.
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