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Post-translacné modifikacie proteinov

* u eukaryotickych buniek

* zvysSuju repertoar proteinov kédovanych bunkovym gendmom

e rychle a reverzibilné adaptacie na zmeny

* Pripojenie - malych molekul - fosforylacia, acetylacia, metylacia,...

- proteinovych molekul: ubikvitin + ubikvitinu podobné
proteiny (ubiquitin-like proteins, UBLs) = ubikvitony



Ubikvitony

Table1| Known and putative UBLs and their activating and conjugating enzymes

LBL* Identity with ubiquitin () El (UBL-activating enzyme)* E2 (UBL-conjugating enzymea)* Commentson UEBL
Known UBLs
CLbiguitin_> 100 Ubal (UBAS) kany Precursors encodad by multiple genas

< EuE’I (NEDDEE> 55 Uba3-Ulal heterodimer  Ubcl2 Substrates are cullins and p53
FLEI (also known as 38 I MI Derived from a ribosomal-protein precursor
MNSF-B or FAL)
FATIO 32 and 407 LBAS Ml Contains a B-grasp fold

Substrates unknown
CUSGIS D 32 and 37t UBEIL UBCHS Production induced by type | interferons
mt3 18 Uba2-fos1 heterodimer  Ubc9 SUMO ancoded by 3-4 genes invertabratas,

(SURCT, SUMOZ, SUMO depending on the spacies

Atgg—— MND Atg7 Atg3 Thrae known isoforms in humans

Contains a B-grasp fold
Atgl2 MDD Atg7 Atgl0 ~20% identical to Atg8

LI D LUbad Ml Ralated to the small sulphur-carrying
protains MoaD and This
Contains a B-grasp fold

LIFRAT MO LBAS LIFCT Contains a f-grasp fold
Putative UBLs
BUEBL1, BUBLZ Variable (up to 809%) Ml MI Putative autoprocessed proteins in ciliates
LIBL-1 40 Ml Ml A precursor to ribosomal proteins in nematodas
SF3A7120 30 MI M LBL domain at C terminus

Mo data about conjugation
Oligoadenylate synthetase 30 and 421 Ml M1 LIBL domain at C terminus

Mo data about conjugation

ML, not detectable by standard BLAST searches. MI, not dertified. *UELs are | istad as the yeast ( faccharomypoes cerewisioe) symbol If the LUBL 1s present In yeast, otherwise vertebrate symbols are | sted. Known
vertebrate orthologues with symbals that differ from yeast proteins are listed In parenthases. For Els and E2s, yeast symbols are listed if the protein Is found Inyeast. {UJBAS has a much more limited phylogenetic
distribution than Ubal.) tThe identities listad are foreach of tao ublquitin-related domains.

Hochstrasser, 2009



Ubikvitony - B-grasp fold

Ubikvitin
SUMO-1
NEDD-8

T. Wilkinson



Konjugacny cyklus ubikvitonov




—> priame ovplyvnenie proteinu zriedkavé

Dopad pripojenia ubikvitonu

Pripojenie na protein cez flexibilny C-kon

/\

C-koniec

Prinasa povrch pre proteinové interakcie - stimulacia
protein-proteinovych interakcii a tvorby proteinovych
komplexov

Interakény partner obsahuje nekovalentné vazobné miesto
Specifické pre dany ub. (ubiquiton binding domain, UBD)

< O
——>

interakcia medzi ub. a UBD je hlavhym mechanizmom funkcie

tychto modifikacii




Ubikvitin

maly protein (76 aminokyselin)
hojny vo vsetkych eukaryotickych bui
globularna struktura

primarna sekvencia je vysoko konzervovana

kovalentné pripojenie k inym proteinom: karboxylovy (C) koniec
ubikvitinu (glycin) sa kovalentne pripoji k e-amino skupine
lyzinového zvysku vnutri cielového proteinu izopeptidovou
vazbou / k amino-skupine N-konca proteinu peptidovou vazbou



Ubikvitin - prekurzory

Human
Polyv-u-A 1T T [T T T T [
Poly-u-B L |
Polv-u-\y a7

Mono>2 [kl
MonosO [

Ubikvitin je kddovany génovou rodinou, ktorej primarne
translacné produkty su fuzne proteiny
fazie s ribozomalnymi proteinmi / polyubikvitin

— Ub + ribozomalny protein — spolo¢na regulacia ubikvitinového systému

s translacnou aktivitou bunky

— polyubikvitinové gény - exprimované pri stresovych podmienkach
fuzne translacné produkty su rychlo spracované aktivitou
ubikvitinovych C-terminalnych hydrolaz - volny ubikvitin
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Konjugacny systém
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Ludia:

°E1-2

oE2-35

*E3)> 1000

eDeubikvitinaéné enzymy (DUBs)

odstepuju ubikvitin zo substratu



E3 ubikvitin ligazy
e udeluju Specificitu tym ze rozoznavaju cielové substraty
e vazobné miesto pre cielovy protein + pre Specificky E2 enzym

» priblizia substrat a E2 - tym sprostredkovavaju prenos ubikvitinu

2 hlavné triedy:

* RING (Really interesting new gene) E3 ligdzy (95%)
 HECT (homologous to E6-AP COOH terminus) E3 ligazy



Rozdiel mezi HECT a RING E3
ligazami

a HECT E3 b RINGE3

i i

Rozdiel v prenose ubikvitinu na substrat:

 HECT — obsahuju konzervovany katalyticky cystein, ktory
funguje ako akceptor ubikvitinu z E2. Ubikvitin je nasledne
preneseny na Specificky lyzin substratu

* RING — ubikvitin je preneseny z E2 priamo na substrat

@B

H_.lNG

Rotin & Kumar, 2009



RING E3 ligazy
. X
* RING domeéna obsahuje 7 cysteinova 1 } ftm
histidin alebo 6 cysteinov a 2 histidiny, /'Q

Xn® X °
ktoré drzia dva atomy zinku v 2 T 2 72-3%13 X2
charakteristickej konformacii (cross-

brace motif) y

| ® Zinc @ Histidine |

* RINGsaviazesE2 9-39 | © Sulfur  ligand |

Deshaies & Joazeiro, 2009
|E3 Ligase

2 velké podskupiny:

— jednoduché RING E3 — na jednom
polypeptide sa nachadza RING doména

aj doména pre vazbu substratu RING
Specificity
— cullin-RING E3 — tvorené modularnymi module

podjednotkami - vyuzivaju RING box
protein 1 (RBX1) a RBX2 v komplexe s
cullinom a dalSimi substrat-
rozoznavajucimi proteinmi

Scaffold

Nalepa et al., 2006



Phosphorylation by
DMA-damage kinases

Jednoduché RING E3 ligazy H:.j:p:;;nl oo )
-' I'\-1DI'\-12 T e

i MDMZ ticn :aptusu -‘.
Tral.'|5cr.|pt|-:|'1.al
— hlavna ubikvitin ligaza pre p53 activation 0

p53=,0ochranca gendmu,, - zabranuje mutagenéze a naslednej karcinogenéze
zastavou bunkového cyklu alebo apoptdzou, asi 50% ludskych nadorov obsahuje mutaciu v
jeho géne
— onkogénny RING E3 enzym - expresia je transkripéné indukovna proteinom p53 -
negativna sfucka (MDM2 degraduje p53)
— MDM2 inaktivuje p53 nejmenej 3 mechanizmami:
* fyzicky blokuje transaktivacnd doménu p53
* podporuje transport p53 z jadra, ¢o ho udrzuje daleko od cielovych génov
* ubikvitin — dependentnou degradaciou
— moOze pbsobit ako ubikvitin ligdza aj pre iné tumor supresory
— Cielen3 liecba — vyradenie MDM2 / inhibicia MDM2 interakcie s p53 malymi molekulami
—> stimulacia tumor-supresorovej aktivity p53 (nutlin, PRIMA-1 — faza Il klinickych testov)




Cullin-RING E3 ligazy

Table 1 | The cullin-RING-ligase family

. . , . Cullin  Subunit nization Names
multi-podjednotkoveé E3 ligazy CUL1 F-box nﬁsmpmuumwe SCF. CDL1
zostavené na cullino-ovom leseni CUL2 SOCS/BC-box protein/elongin BC/CUL2Z/RING VBC, CBC, ECS, SCF2, CDL2

. , , , CUL3 BTB-domain protein/CUL3/RING BCR3, SCF3, CDL3
7 cullinov v IUdSkyCh bunach - CUL4A Receptor/DDB1/CUL4A/RING VDC, DCX, SCF4, CDL4
kazdy sucastov mnozstva E3 ligaz CUL4B 2/CUL4B/RING None

CUL5S SOCS/BC-box proteinelongin BC/CULS/RING  SCFS, CDL5
CULT FBX29/SKP1/CULT/RING SCF7,CDL7

Petorski et al., 2005

Specificity
mnr:|| ule
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Cullin-RING E3 ligazy

APC/cvklozoém (Anaphase promoting complex)

1,5 MDa komplex (asi 13 podjednotiek — obsahuje aj cullin (APC2) a RING (APC11) podjednotku)
s APC/C sa prechodne asociuju E2 enzymy UBCH5 nebo UBCH10

aktivita zavisi na aktivatoroch — napr. CDC20, ktory je aktivny od metafazy do telofazy

Spusta prechod z metafazy do anafazy — ubikvitinaciou proteinov ako securin, S a M cykliny, ...

v metafaze APC/CPC20 jniciuje ubkvitinaciu securinu (inhibitor separazy) - aktivovana separaza Stiepi
Sccl podjednotku kohezinu (drzi sesterské chromatidy pohromade), ¢o umoznuje rozchod sesterskych
chromatid k pélom bunky

]

E‘;“Ff-'] | APC/ oA

3

"

Securin- | —=|Separase | +—|Cyclin B- [—=[Cdic1 |
SEparase Cdlk1

£
. Z, i,
_ohaesin
Kline: tochom
Microtubules
Promee taph.ase Metaphase Anaphase Telophase

Peters et al., 2006



U-box E3 ligazy

U-box motif je Strukturne podobny RING doméne a
viaze E2 enzymy

U-box neviaze idony kovu, priestorovu konformaciu
urcuju intramolekularne vodikové vazby

CHIP (carboxyl terminus of Hsc70-interacting
protein) = STUB1 — U-box ligaza délezita pri
odstranovani abnormalnych proteinov ako je
nespravne poskladany CFTR pri cystickej fibroze a
tau proteiny ktoré sa vyskytuju pri niektorych
neurodegenerativnych chorobach (AD)

malo preskumané



HECT E3 ligézy

N-terminalna katalyticka doména
(obsahuje aktivne miesto cysteinu - Zlté)

‘% ohybova doména
E2 Ubc7

Ubc vazobna doména

e U ludi priblizne 30 HECT ligaz
e HECT doména — 350 aminokyselin na C-konci proteinov

e HECT doména (homologous to E6-AP COOH terminus) — prvy-krat
objavena u ubikvitin ligazy E6-AP, ktora sa asociuje s E6 HPV (human
papillomavirus) onkoproteinom, ¢o vedie k ubikvitinacii a degradacii p53 v
bunkach exprimujicich HPV-E6 - moZna tvorba nadorov (rakovina kréku
maternice = délozniho Cipku)

— mutacie pri aktivnom mieste E6-AP — Angelmanov syndrom — mentdlna retardacia,
nadmerny smiech, ....



Priklady HECT E3 ligaz

HERLC family (six members)

Small HERCS DD
o e ramp— @D (o R
(for example,

HERC])

Medd4 family

nine members)  —< (- CIBINE— (o ETD
Other HECTs

EGAP, HECTD2 and D
Elaa sl

TRIPE @D e
G2 — OO O— (D

PHD or RING
oo @D @D (75 € O
HACE and HeCTD! —(RCBEHEID e D
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KIAAQ3T —(Famny e D

Rotin & Kumar, 2009



Monoubikvitinacia / polyubikvitinacia

* Polyubikvitinacia — samotny ubikvitin je substratom ubikvitinacie
* Ubikvitin ma 7 lyzinov ktoré mozu byt modifikované + N-koniec

(C-terminus - point of linkage)

Lys27 (9%)
(ubiquitin fusion
degradation)

BN <«—— Lysas (29%)
proteasomal degradation
Lys29 (3%)
(lysosomal degradation,
kinase modification)

Met1 - linear chains (ND)
signalling

-—— LysB3 (17%)
signalling, trafficking,

Lys33 (3%
y " DNA damage response

(kinase modification)

Lys6 (11%)
(DNA repair)

\Lysﬁ (28%)
ERAD, cell cycle regulation

Komander, 2009



Monoubikvitinacia / polyubikvitinacia

A Monoubiquitination Multi-monoubiguitination  Polyubiguitination

@ %0 F&
®© O O

B Homotypic polyubiquitination
LysB-linked Lys11- Imkad Ly=27-linked

o o o

Lys29-linked Lys33-linked Lysd8-linked

K OBy
o‘%e e"'

LysB3- IInIcen:I Linear-inked

o

Heterotypic polyubiguitination
Mixed linkages Branched linkages

RO
a B00Ce6E

Uk

Komander, 2009
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Dopad pripojenia ubikvitinu

< O
C D

stimulacia protein-proteinovych interakcii

Interakcny  partner  (ubikvitinovy  receptor)  obsahuje
nekovalentné vazobné miesto Specifické pre ubikvitin (ubiquitin
binding domain, UBD)

Asi 20 roznych typov UBD s roznymi Struktirami a velkostou

Vacsina UBD sa viaze s hydrofébnym miestom ubikvitinu okolo
lle44 (Leu8, lle44, Val70) (zvySok ubikvitinu je polarny)



UBD — vazba s monoubikvitinom

) Iinc ion
Rabex-5, ZnF A20, and ILIM ‘f{ USPs, ZnF LIEP

L . Rpn13, PRU

i.‘____.- L'\-\_

Husnjak & Dikic, 2012



Rozne ub retazce maju odlisnu topoldgiu

Met1 dilb

Gly76

Distal Ub Prowimal Uk

Husnjak & Dikic, 2012



UBD - odlisenie roznych ub retazcov

A Lys48 diubiquitin complex

lled4-patches
(covered)

Mud1 UBA domain
(docked model)

hHR23A ‘W
UBA domain

lled4-patches

Komander, 2009



Funkcie ubikvitinacie

U Endocytosis
i e MonoUb Virus budding
(_Substrate ) MultiUb Gene expression
- DNA repair
nuclear export
_{Ub){Ub)
(b {IAE
e 9N PolyUb Proteasomal
L.ﬁf'—'bs'frat‘_f‘_-_f,i' K48 degradation
b)
P {_’yé“ ,{5'
(Ub) DNA repair
a PolyUb Endocytosis
(;:5” hstre!'fi.\) K11,29,63 NF-kB activation
- Ribosome function
Ub
{Ub -
( U?)_LUb)
be Uby
le)
R "'“'!x Branched E3 ligase activity
(__substrate polyUb regulation

Woelk et al., 2009



Cytozolicka degradacia proteinov v proteazomoch

e Konjugacia ubikvitinu - hlavna nelyzozomalna proteolyticka draha

* Po selektivnom oznaceni proteinu konjugdciou ubikvitinového retazca K48
dochadza k jeho degradacii v proteazome

« odstranenie abnormalnych proteinov, riadi dizku Zivota délezitych
regulacnych proteinov (transkripéné faktory (p53), cykliny, securin,...)

26S proteazom

» velky (2 MDa) multipodjednotkovy
proteazovy komplex na degradaciu
proteinov

* cielene degraduje proteiny
oznacené K48 polyubikvitinaciou (4
a viac ubikvitinov v retazci)

195

~J
~*  aminckyseliny a cligopeptidy

2004 Nobelova cena za chémiu — objav ubikvitin-dependentnej proteazomalnej
degradacie proteinov - Avram Hershko, Aaron Ciechanover, Irwin Rose



Struktdra 26S proteazému

Nature Reviews | Molecular Cell Biology

Sklada se z 2 subkomplexov:

e 20S centralna ¢ast (core particle) —
vykazuje katalyticku aktivitu

e 19S regula¢na Cast (regulatory
particle)



Struktdra 26S proteazému

e 19S regulaéna éast

zlozena najmenej z 18 r6znych
podjednotiek, ktoré tvoria
subkomplexy bazu (base) a viecko (lid)
vieCko obsahuje podjednotky, ktoré
viazu ubikvitinované retazce a 2
deubikvitinacné enzymy (izopeptidazy)
odstranujuce ubikvitiny (recyklacia)
baza obsahuje 6 ATPaz priliehajucich k
vonkajsiemu kruhu 20S

ATPazy viazu proteiny, ktoré maju byt
degradované a za hydrolyzy ATP ich
rozbaluju a posuvaju do 20S

Kloetzel, 2001

Nature Reviews | Molecular Cell Biology

* 20S centralna éast

tvar sudku = zlozeny zo 4 spojenych
kruhov - 2 identické vonkajsie a
kruhy a 2 vnutorné B kruhy

kazdy kruh je zloZzeny ze 7 r6znych
podjednotiek - a; ,B;., B, 0
proteolyticky aktivne miesto je na 8
podjednotkach (B1, 2, 5)

a podjednotky obklopuju vstup pre
substrat a vystup pre produkt



Architektura proteazému

Lander et al, Nature, 2012



Ubikvitinové receptory proteazomu

Yeast Human

Intrinsic receptors
orthelogs paralogs
hRpm10 ' -— Rpnl0

hRpm13 Rpn13

Shuttling receptors and putative shuttling receptors

hEER23a f— Rad23 hHAZ3b

scDdil Dudil
Ddi2
PLIC-1 = 1 Dsk2 FLIC-2
" L Ubiguilin 3
Allp
o
p&2
T T )
AIRAPL AIRAP
NUBIL [ -
Ubi7
.1 I —
ICE"' LM uBA nF PR VWA UBL FB1 5m RviP .
' | Finley, 2009

Ublquitin FATIO



Priebeh degradacie

substrat urceny k degradacii sa pomocou
ubikvitinového K48 retazca naviaze na 19S, kde
sa polyub retazec odstiepi a zrecykluje

ATPazy linearizuju zbaleny protein (esencialne
pre vstup do 20S, globularne proteiny su prilis
velké) a zaroven reguluju otvaranie vstupného
kanaliku do 20S

po vstupe substratu do centrdlnej Casti je
polypeptid Stiepeny 6 proteolytickymi miestami
(2 sStiepia preferencne za hydroféobnymi ak, 2 za
bazickymi ak, 2 za kyslymi ak) na kratké peptidy
peptidy su uvolnené z proteazému a su
degradované cytozolickymi endopeptiddazami a
aminopeptidazami na jednotlivé ak a vyuzité pre
syntézu novych proteinov ¢i metabolizmus

Degradation of Ubiquitinated
Proteins by 26S Proteasome

Protein

26S Proteasome

Ubiquitin
chain

6 ATPases

Free
ubiquitin\l :
Peptidases
o ;’ Py
T

E ‘
Antigenic i i
9 Cytosolic 2.25 residues
b Y

peptides peptidases ==
Xty
i e

Amino acids

J Am Soc Nephrol 17: 1807-1819 (2006)



Imunoproteazom

‘Housekeeping’ @ Immuno-

proteasome @
XA

proteasome

exprimuje sa v bunkach pri zapalovej odpovedi (expresia spustena interferénom) a
v antigén-prezentujucich bunkach imunitného systému

Je hybridom pozostavajucim zo Standardnych proteazomovych podjednotiek a 3
katalytickych B-podjednotiek Specifickych pre imunoproteazdom

Stiepi odlidne od 26S - tvori vacsiu frakciu peptidov schopnych sluZit ako antigénne
peptidy (viazat sa na MHC | molekuly)

Antigénne peptidy su na povrchu bunky naviazané na MHC | molekuly a
prezentované pre cytotoxické T (CD8*) lymfocyty



SUMO proteiny SUMO-1

Small Ubiquitin-like Modifiers

Malé ~ 11 kDa proteiny

18-20% sekvencna identita s ubikvitinom
Kvasinky, bezstavovce — iba jeden SUMO protein
cicavce — 3 izoformy: SUMO-1, SUMO-2, SUMO-3

Sumoylacia — kovalentné pripojenie SUMO proteinu k lyzinu
cielového proteinu

-esencialna vo vsetkych eukaryotickych bunkach
— vacésSinou vo forme monomérov a nie retazcov
- nevedie k proteozomalnej degradacii

Bayer et al 1998



o 0

Sumoylacia

(=)

3

Aos1/Uba2
(Sae1/Sae2) human

Ubc9

SIZ/PIAS family
RanBP2

Pc2

Mms21



Sumoylacia

* Reverzibilny proces — SUMO dekonjugované pomocou ULP
protedz u kvasiniek / SENP protedaz u cicavcov

* Typické SUMO-akceptorové miesto:

WKxE(D)
/ \

hydrofébna ak glutamova/asparagova kyselina

(lle, Val) L
cielovy lyzin

 Dopad sumoylacie: SUMO stimuluje interakcie s proteinmi
obsahujucimi SUMO-interakény motiv (SIM) — 3-4 hydrofobne
ak + prilahlé negativne nabité zvysky (napr. IVIIEDD)



















specifickost’ indukovatel'nost



SUMO a PML telieska (bodies)

PML protein (promyelocytic leukemia) je tumor supresor, ktory spolu s dalSimi
interakénymi partnermi v jadre vytvara PML jadrové telieska

PML telieska su dblezité pri regulacii transkripcie, bunkového cyklu,
posttranslacnych modifikacii, protivirovej odpovedi, oprave DNA, apoptoze,...

SUMO ma centralnu ulohu pri tvorbe PML teliesok — sumoylacia a nasledné
nekovalentné SUMO — SIM interakcie medzi PML podjednotkami navzajom as
dalSimi proteinmi su nevyhnutné pre tvorbu PML teliesok

Mitosis

° @

Interphase

SUMO funguje ako lepidlo,
ktoré drzi komplex pohromade

Bernardi, 2007



SUMO - funkcie

* SUMO ma vyznamnu ulohu vo viacerych bunkovych
procesoch:
— Jadrovy transport
— Regulacia transkripcie
— Prenos signalu
— Metabolizmus DNA
— Stabilita genomu



SUMO

Nucleus Cytoplasm
SENP3 - ' icture SNP6 —
-‘ropj mm Nuclear Pore
nucleolus cytoplasma
p2. Complex op\ po yiop
RanGAP1

Transcription
GR C/EBP Cofactors

dDorsal Elk-1 CiBP GRIP-1
GATA-2  IRF-1 HDAC1 HDAC4

HSF2 p300  SRC-1
TIFla

GENES & DEVELOPMENT 18:2046—2059



SUMO vs Ubikvitin

proteiny mozu byt modifikované SUMOm alebo ubikvitinom, ¢asto s odliSnymi

nasledkami

v niektorych pripadech SUMO sutazi s ubikvitinom o dany lyzinovy zvysok, ale
casto v regulacnych drahach spolupracuju

Common
Protein Function Role of SUMOvlation Role of ubiquitination lysine?®
IKBa Signal transduction/  Stabilizes IKBa by competition with Promotes proteasome-mediated yes
Inhibition of NFKB ubiquitin degradation
NEMO Signal transduction/  Promotes nuclear localization Required for TKK activation
IKK regulation
yPCNA DNA replication and Regulates DNA repair during replication Monoubiquitination promotes yes
repair translesion DNA repair;
polyubiquitination promotes
error-free DNA repair
PML Tumor supressor Regulates subnuclear localization; required  Promotes proteasome-mediated
for integrity of nuclear bodies degradation
P53 Transcription factor/ Variable effects observed; reduces Promotes proteasome-mediated
tumor supressor transcriptional activation in some degradation
contexts
Glucocorticoid  Transcription factor  Reduces transcriptional activation Promotes proteasome-mediated
receptor (GR) dependent on promoter context degradation
c-Myb Transcription factor ~ Reduces transcriptional activation Promotes proteasome-mediated
degradation
HDAC-1 Histone deacetylase/ Promotes deacetylase activity and Promotes proteasome-mediated
transcriptional transcriptional repression degradation
corepressor

“Indicates that competition by ubiquitin and SUMO for a common lysine in the substrate protein has been reported to impact activity.



NEDDS8

NEDD8 — 9 kDa, 60% sekvencna identita s ubikvitinom

() NEDDs8
* Neddylacny cyklus: - Stiepenie neaktivneho prekurzoru %
- E1 = NAE (APPBP1/UBA3)
-E2 =Ubcl12 / Ube2F
- E3 ligazy
- proteazy
e Substraty = cullinové podjednotky SCF E3 cullin-RING ligaz

* kovaletnym pripojenie NEDDS8 ku cullinu je nevyhnutné pre
interakciu ligazy s E2, teda pre ubikvitinaciu substratu



ISG15 = interferon stimulated gene

Dve spojené domény s vysokou sekvencnou homoldgiou k
ubikvitinu — 17 kDa

Expresia stimulovana interferonmi — ISG15 len u vyssich
eukaryotov, ktoré pouzivaju interferonovu signalizaciu

E1 (Ubell), E2 (UbcH6, UbcHS8), E3 (Herc5) a delSGylaza
(UBP43) su tiez indukované interferonmi

Uloha v obrane proti virusom a baktéridm — 1SG15 modifikuje
proteiny virusu aj hostitela



Uloha - ubikvitindcia NSE1/MAGEG1
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