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= dédicnost:
= autosomalni vs. gonosolmani, dominantni vs. recesivni

-\\

= struktury proteint

= o-Sroubovice / a-helix

= (-skladany list / B-sheet

= fold — prostorové usporadani, motiv




Post-translacni Modifikace Proteinu

= (jen) eukaryotické bunky

= mnohonasobné zvyseni variability protein( a jejich komplext
= stabilizace, transport, lokalizace, aktivace...

= fosforylace, glykosylace, acetylace, ubikvitinace...

Genome Transcriptome Proteome

~20-25,000 genes - --——---———-- = ~100,000 transcripts c—mmm————— = >1,000,000 proteins
Alternative promoters Post-translational

Alternative splicing modifications
mANA editing



= ybique = vsudypritomny
= A. Ciechanover, A. Hershko, a |I. Rose — Nobelova cena 2004

= maly protein (8,5 kDa, 76 aminokyselin) &
" npachazi se ve vsech eukaryotickych bunkach ’@&

= vysoce konzervovana primarni struktura

= vlastnosti:
= flexibilni C-konec
— pripojeni na e-aminoskupinu lysinu
= |ysiny v sekvenci ubikvitinu
— isopeptidova vazba




Exprese Ubikvitinu

" nevznika samostatné, ale vzdy jako fuzni / polyprotein
" jsou znamy 4 geny pro ubikvitin u lidi
= ubikvitin-ribozomalni protein (Ub ,, a Ub,-)
= regulace mnozstvi ubikvitinu dle translacni aktivity
= polyubikvitin

= odpovéd na stresové podminky

Ub 40

(tandem repeat of Ub unit)
Herrmann et al., Circulation Research, 2007



= 3 covalently attachable or genetically built-in ubiquitin superfold

Welchman et al., Nature Reviews, 2005

= ubikvitony — proteiny obsahuijici ,,3-grasp fold”

Ubikvitin
SUMO-1
NEDDS8




Ubikvitony

Modifier Identity (%) Ela E2a Comments
Ubiquitin 100 Ubal& Ubab many |Protein degradation, histone regulation
NEDDS 55 Uba3-Ulal |Ubcl2 |Substrates: cullins, p53
SUMO1-4 18 Uba2-Aosl |Ubc9 ([Transcriptional regulation, protein localization
Urm1l ND Uba4d — Related to MoaD, ThiS; B-grasp fold
ISG15 32/37 UbellL UbcH8 |Interferon response
UFM1 ND Uba5 Ufcl |B-grasp fold
FUBI/MNSFB 38 - - Derived from ribosomal protein precursor
FAT10 32/40 Ubab — Ubiquitin-independent degradation
Ubl-1 40 — — Nematode ribosomal protein precursor
BUBL1, 2 variable (up to 80%)|— — Putative autoprocessed proteins (ciliates)

Hochstrasser, 2009
Ponder et al., 2007




Konjugace Ubikvitinu
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Konjugace Ubikvitinu —E1 a E2

NH, NH,

@ A: aktivace ubikvitonu

COOH
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Nalepa et al., Nature Reviews, 2006
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Konjugace Ubikvitinu — E3

= E3 ubikvitin ligasy specificky rozeznavaji koncové proteiny
= vazebna mista pro E2 a protein

2 hlavni tridy:
= RING (Really Interesting New Gene) E3 ligasy (az 95%)
= HECT (Homologous to E6-AP Carboxy Terminus) E3 ligasy

HECT E3 RING E3

®
B

E2-Ub = E3-Ub = Protein-Ub E2-Ub = Protein-Ub Rotin & Kumar, 2009

RING




RING E3 Ligasy
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Deshaies et al., An. Rev. of Biochemistry, 2009



RING E3 Ligasy

@ Zinc ! F_Iistidine
Sulfur ligand Xaas

= obsahuji RING ( RING finger) doménu

" 6—7Cysal-2His koordinuje 2 Zn?* c Gs i G
= RING doména se vaze s E2 x| i (% Y x| m %
v Q2 C4 a 7

)(9-39
Deshaies et al., An. Rev. of Biochemistry, 2009

2 velké podskupiny:

| E3 Ligase

@F\ = jednoduché RING E3 ligasy
) ! = RING doména a substrat vazebna doména se nachazi
na stejném polypetidu
.
Specificity = slozené RING E3 ligasy

mocfule

= tvorené nékolika modularnimi podjednotkami

= tzv. cullin-RING E3 — RING box protein (RBX1 a 2) + Cullin
+ substrat rozeznavajici proteiny

Nalepa et al., Nature Reviews, 2006




Jednoduché RING E3 Ligasy

= p53(TP53)— ,strazce genomu”

= odpovéd bunky na stres — zastaveni bunécného cyklu, indukce apoptosy
= pres 50 % zndmych typU rakovin ma defekt ve funkci p53

= MDM2 (Mouse Double Minute 2 homolog) — E3 ligasa
= hlavni regulacni prvek stresové odpovedi mediované p53

= p53indukuje expresi MDM2 - MDM?2 inhibuje expresi p53
= fyzické nasednuti na DNA a inhibice transkripce
= podpora transportu p53 z jadra
= ubikvitinace p53 — indukce degradace

= Deaktivace MDM2 — cilena lécCba aktivaci p53 a nasledné apoptosy
= Nutlin, RITA, PRIMA-1 (ll. faze klinickych testl — 2012)

Oncogene Phosphorylation by
activation DNA-damage kinases

1 Ub-deper 1de1t1 f_ell-cvcle £ )
cfeg radati 01 A arrest.
. —| MDM2
Mucleolar

sequestration Apoptos
Transcrnplmndl
activation

) Nalepa et al., Nature Reviews, 2006




Cullin-RING E3 Ligasy

=  E3 ubikvitin ligasovy komplex
= Culliny
= hydrofdbni proteiny

= tvofi ledeni pro dalsi podjednotky scr2

(FBEW?7, SKP2, B-TRCP) (VHL)

= je zndmo 7 cullin proteind u ¢lovéka

= RING box protein
= RBX1 a RBX2

a Substrate activation b E3activation € Adaptor inhibition

= substrat specifické proteiny g - g o
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Nalepa et al., Nature Reviews, 2006 Deshaies et al., An. Rev. of Biochemistry, 2009



Cullin-RING E3 Ligasy

= APC/C (Anaphase Promoting Complex/Cyclosome) — E3 ligasa

Vertebrates

Subunits
APC1/TSG24
APC2
CDC27/APC3
APCa

APCS
CDC16/APCE
APC7
CDC23/APCSE
DOC1/APC10
APC11
CDC26
SWM1/APC13

komplex sloZzeny z (asi) 12 podjednotek a nékolika koaktivatord — 1,5 MDa
obsahuje cullin podjednotku (Apc2) a RING podjednotku (Apc11)
pro vazbu substratu nezbytné koaktivatory Cdc20 a Cdh1l

nezbytny pro spravny prubéh bunécného cyklu, rozdéleni sesterskych
chromatid v anafazi...

ubikvitinace securinu - aktivace separasy - stépeni kohezinu -
rozdéleni sesterskych chromatid k opaénym pdlim bunky

Mad?

- Cadr iy
BubR1 { APC/C
Cdcifi e e v L
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Microtubules
Peters. Nature Reviews. 2006 Prometaphase Metaphase Anaphase Telophase




U-Box E3 Ligasy

= strukturni motiv podobny RING schopny vazat E2 ligasy
» konformace zalozena na vodikovych mUstcich, nevaze Zn?*

B CHIP (cterminus of HSC70-Interacting Protein) / STUB1 (STIP1 homology and U-Box containing protein 1)
= rozeznava HSP70 a HSC70
= ubikvitinuje nespravné slozené proteiny - degradace
= asociace s parkinem — podporuje jeho ubikvitinacni aktivitu
= disfunkce CHIP spojenad s ataxii — porucha koordinace pohybl

= Cysticka Fibr6za — degradace nespravné
slozeného CFTR

= CFTR - chloridovy ABC transportér
(Cesky: transmembranovy regulator
vodivosti © )

= U-box (zelena)
= RING (fialova)

Ohi et al., Nature Structure Biology, 2003



HECT E3 Ligasy

= HECT (Homologous to E6-AP Carboxy Terminus)
= zhruba 28 HECT E3 u clovéka

= HECT doména se sklada ze 350 aminokyselin u C-konce prot.
= obsahuje katalyticky Cys = vazba ubikvitinu

HERC family (six members)

HECT E3

HECT s kat. Cys

Small HERCs —{ RD  (+— HECT () —
Large HERCs 7 . — : i
for example.~ LDl ——(GPR (D400 CRRIDZ - Tl E2 ligasa
HERC)) '
= IF
Nedd4 family V2 ‘\ ( s
(nine members) HECT ) - Q*
S~ —=
Y, 4:_ N\
Other HECTs = | W
E6AP, HECTD2 and - HECT () e
KIAAOG14 \ | =
TRIP2 WWE { HECT () & ’ )
ohybova e B
, b
doména

Rotin & Kumar, 2009



HECT E3 Ligasy

= EG6-AP ubikvitin ligasa
= rakovina délozniho Cipku
= HPV (Human PapillomaVirus) nese gen pro protein E6

= E6 je exprimovan v hostitelské bunce a vaze se na E6-AP

= EG6-AP ubikvitinuje p53 a napomaha vzniku rakoviny

= Angelmanuv syndrom

exprese E6-AP neni rovhocenna — varianta genu
zdédéna po linii otce je umlCovana

v mozku je exprimovana prevazné matcina alela
mutace genu vedouci k nefunkénimu proteinu
- syndrom

poruchy vyvoje intelektu, epileptické zachvaty,
zachvaty smichu

Giovanni Francesco Caroto (1480 — 1555 /1558)



Varianty Ubikvitinaci

= polyubikvitinové retézce — beézneéjsi oproti monoubikvitinacim
= ubikvitin — 7 lysinl a C-konec pro pripojeni dalsiho ubikvitinu

(C-terminus - point of linkage)

Lys27 (9%)
(ubiquitin fusion
degradation)

Lys48 (29%)
proteasomal degradation

Met1 - linear chains (ND)
signalling

Lys29 (3%)
(lysosomal degradation,
kinase modification)

Lys63 (17%)
signalling, trafficking,

\ DNA damage response

Lys6 (112%)
(DNA repair)

ys11 (28%)
ERAD, cell cycle regulation Komander, Biochemical Society Transactions, 2009

Lys33 (3%)
(kinase modification)



Varianty Ubikvitinaci

A Monoubiquitination Multi-monoubiquitination  Polyubiquitination

e

B Homotypic polyubiquitination

Lysé-linked Lys11-linked ‘m Lys27-linked
ub  Ub {'ﬁu.,

K Uub Ub K™ uu .
Lys29-linked Lys33-linked Lys48-linked
Lys63-linked Linear-linked

(Ub un Ub Ub Ub Ub

@ ©

Heterotypic polyubiquitination
Mixed linkages

Branched linkages

S

Ub

(ub)(us)us)ub) ub ub UL Ub

K™ K

Komander, 2009



Varianty Ubikvitinaci

Distal Ub
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Husnjak & Dikic, Annual Review of Biochemistry, 2012



Dusledek Pripojeni Ubikvitinu

= pripojeni ubikvitinu pres flexibilni C-konec
= neovliviuje (vétSinou) konjugovany protein primo
— slouzi jako povrch pro protein-proteinové interakce

" interakcni partner obsahuje UBD (Ubiquitin Binding Domain)
= je znamo 20 rodin s rozdilnou topologii UBD mista

= ubikvitin obsahuje hydrofobni misto kolem /lle4d6 - vazebné
misto pro UBD (zvaZovano i Ile36, Leu8, Val70)

UBA UBA

low affi nlty high affinity

H

PB'I PB1 PB1 PB1

Bishop et al., EMBO J, 2010



Degradace Proteint v 26S Proteasomu

velky (2 MDa) multiproteinovy komplex —az 60 podjednotek)

hlavni draha pro specifickou degradaci proteinu

odstranéni proteinl konjugovanych s Lys48 ubikvitinovym retézcem

rozeznavan je retézec 4 a vice ubikvitin

sklada ze 2 subkomplexu:

20S centralni subkomplex

tvar soudku s katalytickym
mistem uvnitr

Tvoren 4 krouzky ze 7
podjednotek v usporadani 20s
a,B,B,0,

proteolytické pouze f1,2a5

19S «

Lasker et al., PNAS, 2012

19S regulacni subkomplex

sklada se z nejméné 18
podjednotek, které tvori
viko a zakladnu (bazi)

baze — hexamer ATPaz -
rozmotavani 3D struktury
peptidu za spotreby ATP
viko — vaze a odstépuje
ubikvitin z proteinu



Architektura 26S Proteasomu

ATPases @""

Base l Lid

19S

20S

265 Proteasome

http://www.bostonbiochem.com/products/proteasome

http://pdb101.rcsb.org/motm/166



Prubéh Degradace

1. protein urCeny k degradaci je oznacen K48 typem ubikvitinace
2. ubikvitinovy K48 retézec je rozeznan proteasomem 26S
"  jsou rozeznavany retézce o délce 4 a vice ubikvitint
3. ATPasyv 19S podjednotce postupné rozrusi prostorové usporadani proteinu
4. (castecné) linearizovany protein vstupuje do 20S podjednotky
5. celkem 6 mist s proteolytickou aktivitou Stépi protein
= specifické Stépeni za hydrofobni, kyselou a bazickou aminokyselinou
= v aktivnim misté obsahuji Thr (nukleofilni atak)

6. vznikaji nej¢astéji 7-9 aminokyselin dlouhé peptidy, které jsou po uvolnéni
dale stépeny v cytosolu na jednotlivé aminokyseliny

7. ubikvitin je pred vstupem do 20S odstépovan a recyklovan

Polyubiquitin Rpnl3 Deubiquitylation -
chain /%b: {Rpn10 h &Y 080 / 4
Substrate O /' [
_ unstructured 00 ~—Substrate oo
195 region 0!)_‘ T . F £
lL'Lulhilm\.- 2 ] ) 4 ) : y ‘
particle 4 /- Rpn8- - e/ q -
Rpn1 _— Rpnll -— =" -_—
s Substrate A d b Unfolding and 7 ) L 3
B recruitment Engagement \ translocation (RE Y - \
M = Al - ey ' —hanl
ATPase ring Proteolysis

205 core - ) - S— S—
particle

Bhattacharyya et al., Nature Reviews, 2014 -



Imunoproteasom

=  specialni typ proteasomu — odlisny typ proteolytickych 20S B podjednotek
vysledkem sStépeni jsou delsi peptidy vhodné pro imunitni odpoved'

= peptidy jsou prezentovany na povrchu bunky vazané v ramci MHC tridy |
(major histocompatibility complex)

MHC | jsou rozeznavany cytotoxickymi T-lymfocyty

20S proteasome

Constitutive Immunoproteasome
proteasome

Miller et al., Current Cancer Drug Targets, 2016

= 11S podjednotka — vazba misto 19S podjednotky (viko)

= pavozeni konformacéni zmény



Nemoci Spojené s Proteasomem

= Parkinsonova choroba

1.

juvenilni typ
autosomalné recesivni forma Parkinsonovy choroby

mutace v genu PARK2 vede k neaktivni formé parkinu (soucast E3) -
nedochazi k degradaci cilovych substrati proteasomem

kumulace téchto proteint vede k apoptdze neuront syntetizujicich dopamin
spojena s Lewyho télisky
autosomalné dominantni forma PC

mutace / multiplikace genu SNCA pro a-synuclein - nesprdvna degradace /
zvysena koncentrace vede k inhibici 26S proteasomu

Lewyho téliska — shluky konjugovaného a-synucleinu uvnitf neuronu

= Lewy Body Dementia

podobné PC, postizeny jsou neurony produkujici acetylcholin



Prehled K48 Ubikvitinace

| UBIQUITIMN MEDIATED PROTEOLYZIZ |

Diegradation of
tarzet protemn

—————+ Proteasome

= degradace protein(
pomoci konjugace s
ubikvitinem u Clovéka

————————————————————————————————— Recycling
oo EL Lo B2
(higuitin-activating enzyme) (Uhiguitin-conjugating enzyme)
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upE2g| [UBE2R. | [UBEzs | [UpE20] [UBE2w] [UBE2Z] [ HIP2 | [aRaicH]

E3
{Ubicpnitin ligase)
HECT type E3 U-hox type E3 single RING-finger type E3

EdAP ||UBE3E || UBESC || Srourf [tch

[wwet |[ wwrz][TRIP12][MEDD4] [ 2FFEF]

M2 || cBL || Parkin |[s188-1][ L || TReFs][MEKK]

[copt |[prena |[ aspe | Fias |[svvn |[vmiec | smeE |

[ oot |[uErct|[HERc2] [HERCS |[HERCZ4] WGRN] [BRCAL | [FabeL || MID1 || Triv2 ] [ Trina?
rolts subnnit BING-finger tvpe E3
Target Target
RING i Adapt b1 RING i Adapt g Othe;

Crls Rbx E3 foger O o mroguIng LPCIC fger O ol roopizng g
SCF complex | BBX1 | Cull | Skpl | Fbox | [apett [ pez | 7 [caon] apet | ape3
L cant | bped | Apes
ECV complex | BBX1 | Cul2 | EloB | VHLhox] Apcé | ApeT
ElaC LpcE | Apcd
Lpell [ Apeld
Cul3 complex | EBX1 | cus ——1 BTB | Apol

CuMcomplex | EBX1 | Culd | DDB1 | DCAF |

ECS complex | BBX2 | Culs | FloB [50CSax]
u‘m
KEGG pathways, 2016 o) Cul? complex | B | Cul? | Skpl | Fowwg |




Ubikvitinace K63

= nevedou nutné k degradaci proteinu

= NF-kB (nuclear factor kappa-B)

= regulace odpovédi na bunécny stres,
podil na produkci imunoglobulin(

= velmi konzervovana signalizacni draha

O Phosphoserine

© Mono-Ub

ocbo Paoly-Ub-Lys63

080 Poly-Ub-Lys48

NF-kB se zklada z podjednotek p50, p65 a
inhibi¢ni kB

IkB kinasa (IKK) je ubikvitinovana K63
retézcem

na ubikvitin naseda kinasa a fosforyluje 3
podjednotku IKK

. fosforylovana B IKK je monoubikvitovana

tim dochazi k aktivaci IKK a fosforylaci IkB

. fosforylovana IkB je ubikvitinovana K48

retézcem a degradovana v proteasomu

NF-kB se vaze na promotory pro RNA
polymerasu a pomaha indukovat transkripci

IkB je rovnéz indukovana, coz vede k
nasledné inhibici NF-kB

zajimavost: HIV nese ve své sekvenci mista
pro nasedani NF-kB




= small ubiquitin-like modifier
= maly protein (12 kDa, 100 aminokyselin), u ¢lovéka 4 varianty — SUMO-1,2,3,4
= SUMO-1 netvori retézce a konjuguje s proteiny za fyziologickych podminek

= SUMO-2,3 konjuguje za stresovych podminek
= SUMO-2,3 sekvencné podobné, SUMO-4 témér vyhradné v ledvinach
= prubéh sumoylace je podobny ubikvitinaci (E1 - E2 - E3 - protein)

Protein family Yeast (5. cerevisiae) Mammals Ub) =
SUMO E1 (activating enzyme) Aosl SAE1 A
Uba2 SAE2 (&)
. . T S
SUMO E2 (conjugating enzyme) Ube9 Ubc9 v
SUMO E3 (ligase) Sizl PIASI ;2 ;
Ub
Siz2 PIAS3 5 e
- fE2 3
Mms21 Mms21 BV B ‘
L 3 Ub) | HECT
o= | - 9
PIASxa X substrate ;iRlNGj g
PIASXS G|
_sﬁﬁstre;te \
PIASY L &
Ub! (Ub
ubriUb

Wilkinson & Henley, Biochemical J., 2010 RanBP2 \

(substrate



= konsenzualni sekvence pro SUMO-2,3

jakakoli aminokyselina

I asparagova / glutamova kyselina

YKxD/E~

/A
hydrofébni aminokyselina SUMO lysin

(Val, Leu, lle ,Phe, Tyr, Trp)

= SUMO interaguje se SIM (SUMO-interacting motif)

= SIM je méneé konzervovany — 3-4 hydrofobni aminokyseliny nasleduje
blizka, zaporné nabita oblast (Asp, Glu; fosforylovany Ser, Thr)

= SUMO muze stericky branit interakci, pusobit jako interakéni
povrch, pusobit jako induktor interakce



Sumoylace Komplexu MCM

MCM (minichromosome maintenance complex) - podjednotky Mcm2-7
= soucasti helikasového podkomplexu, ktery je soucasti replisomu

MCM naseda na DNA (na ,,pocatek replikace”) - dochazi k fosforylaci Mcm4
— vazba dalsich 2 kofaktor( a GINS a vznik CMG replisomové helikasy

po nasednuti DNA mize byt MCM sumoylovan - nedochazi k fosforylaci -
ochrana pred pred¢asnym rozplétanim DNA

desumoylaci MCM mUze dojit k fosforylaci a sestaveni CMG

MCM

GINS

Cdc45

sumo
fosfat




Sumoylace PML jadernych télisek

= jaderna téliska — malé kruhovité utvary v jadre bunék

= dulezité pro regulaci transkripce, senescence, virové odpoveédi, reakce na stres
= PML (promyelocytic leukemia) protein — obsahuje SIM motiva SUMO lysiny

=  PML protein tvori homodimer, ktery agreguje sumoylaci a interakci se SIM

= tato sit nasledné skrze SIM interaguje s dalSi fadou protein(

= akutni promyeloidni leukémie
= zapfi¢inéna z 98 % fuzi PML-RARA (retinoic acid receptor alpha)
= |é¢ba As,0; —arsen indukuje tvorbu disulfidickych muastkd a zesitovani PML-RARA
= SUMO dependentni ubikvitin ligasa rozezna sumoylace jako signal k degradaci
= dochazi k ubikvitinaci a degradaci proteasomem
: /g4
tl | — g ¥
mw - B snding Pl-uulmml W ]
@ 9 \ -
1

P MeTmork
Matunis et al., Developmental Cell, 2006 . —— .



Srovnani SUMO a Ubikvitinu

A YYD

. ’ . . 7 . . . v/ v o/
proteiny mohou byt modifikovany SUMO nebo ubikvitinem, pripadné obojim
Ve . ’ . . . 7 V4 L4 4
pripojeni SUMO a ubikvitinu miva odlisny efekt
o Vv . . . V Ve
SUMO muze s ubikvitinem soutézit o Lys
Common
Protein Function Role of SUMOylation Role of ubiquitination lysine?®
IKBa Signal transduction/  Stabilizes IKBa by competition with Promotes proteasome-mediated yes )
Inhibition of NFKR nhignitin degradation
NEMO Signal transduction/ Promotes nuclear localization Required for IKK activation )
IKK regulation
yPCNA DNA replication and Regulates DNA repair during replication Monoubiquitination promotes yes
repair translesion DNA repair;
polyubiquitination promotes
o IR
PML Tumor supressor Regulates subnuclear localization; required  Promotes proteasome-mediated )
for inh:gﬁ'fv of niclear hodiece r]n:jn'-n']qrinﬂ
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)
c-Myh

HDAC-1

Transcription factor

Histone deacetylase/
transcriptional
corepressor

dependent on promoter context
Reduces transcriptional activation

Promotes deacetylase activity and
transcriptional repression

degradation

Promotes proteasome-mediated
degradation

Promotes proteasome-mediated
degradation

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



NEDDS8

= NEDDS8 (Neural precursor cell expressed, developmentally down-regulated 8)
= 81 aminokyselin, 9 kDa, 60 % sekvencni podobnost s ubikvitinem
= nezbytny pro vétsinu cullin RING E3 ligas

= vaze se na cullinové jadro, Cimz umozni interakci s E2

= neddylace probiha témeér analogicky k ubikvitinaci — pfed konjugaci dochazi k
maturaci NEDD8 odstépenim 5 aminokyselin od C-konce proteinu

Conjugation
Apparatus _‘S!'

—

EE2D

Substrate

. BTB |
Recognition PCuUL3Y
NEDDS

Activator

http://www.bioon.com/3g/id/577000/



ISG15

= |SG15 (Interferon stimulated gene 15)

= 165 aminokyselin, 17 kDa, 2 domény, 29 a 31 % sekvencni podobnost s
ubikvitinem

= pritomny pouze u vyssich eukaryot

= u cloveka podobné jako NEDDS8 pritomen v cytoplasmeé v neaktivni formé,
maturace odstranénim kratkého useku na C-konci proteinu

= npapriklad ryby maji pouze aktivni formu

=  exprese indukovana interferony, soucasti drahy odpovedi na virové infekce

PDB: 122M




= Ubikvitin D (FAT10)
= podobny ISG15 — obsahuje 2 domény spojené linkerem
" neni podrobné prozkoumany

= spolecné s NUB1L (NEDDS ultimate buster 1-long) je schopen vyvolat degradaci
proteinu v 26S proteasomu

= pravdépodobné funguje v opozici k neddylaci

=  HIVAN (HIV-associated nephropathy)

" jedna z nejcastejSich pri¢in umrti HIV pozitivnich pacient(

= HIV Vpr protein indukuje expresi FAT10 v rendlnich bunkach a zpusobuje
deregulaci bunécného cyklu a apoptosu

" navic Vpr interaguje s FAT10 a je kolokalizovan v mitochondriich

= inhibice FAT10 brani Vpr indukované apoptose



Pup — ,,prokaryoticky ubikvitin®
produkt PUP genu u bakterii kmene aktinomyceta (aktinobakterie)

= nejbéinéjsi zastupce v padé, zahrnuje mnoho patogent (Mycobacterium leprae, tuberculosis)
60 - 70 aminokyselin, 7 kDa, nesdili sekvencni ani strukturni motiv s ubikvitinem
nema konzervovany motiv, C-konec vykazuje sekvencni homologii
spise rozvolnény, hydrofobni interakce u C-konce mohou vytvaret Sroubovice

PDB: 3M9D



pupylace — pripojeni Pup proteinu na lysin cilového proteinu

pupylovany protein je nasledné degradovan prokaryotickym proteasomem
pouze 1 pupylacni enzym PufA a 1 depupylacni Dop

tato draha neni esencialni — Uloha a vznik proteasomu v bakteriich?

Pup Proteasome System Ubiquitin Proteasome System

Pup Poly-U
-o -_ 4 o
Substrate |

b —
-
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Tagging \—j
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Unfolding

+ =
N

I
Y 205 Degradation

Striebel et al., BBA, 2014




Co si pamatuji z prednasky?

= Coje to ubikvitin?

= Jaky je rozdil mezi pojmy ubikvitin a ubikviton?

= Jak probiha ubikvitinace?

= Co se muze dit s proteinem po ubikvitinaci?

" Jsou nejaké proteiny podobné ubikvitinu?

= Existuje ubikvitin nebo ubikvitinu podobny protein u prokaryot?



