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Minule: metody ... moduly

Osnova 2. pfednasky

— protein-proteinove interakce (PPI)

‘O
» charakteristika PPI §
* vliv post-translacnich modifikaci na PPI [ o
— o
* inhibice PPI ... 3_%
— sestavovani proteinovych komplexu < 5
£ E

— typy komplexu (adaptéry, leseni ...)

sekundarni a terciarni struktura

string

primarni struktura

surface

ni

(A) SURFACE-STRING (B) HELIX-HELIX (C) SURFACE-SURFACE



Komplexy se utvareji (prevazné) prostrednictvim
protein-proteinovych interakci

« Polypeptidovy fetézec (primarni struktura) ma tendenci
vytvaret sekundarni struktury -> terciarni struktury -> kvarterni
tj. komplexy (stejné typy nekovalentnich vazeb, minimalni
energie - sroubovice a listy se k sobé skladaji ...)

* iontové, vodikové, hydrofobni sily (kovalentni vazby -
disulfidické mustky pfedevsim u extracelularnich proteint)

« vodikové mustky pfedevSim u (-listu




Komplexy se utvareji (prevazné) prostrednictvim
hydrofobnich protein-proteinovych interakci

- hydrofobni zbytky jsou tlaceny dovnitf proteinu (nikoli do
solventu) nebo do interakce (nejCastéjsi zpusob vazby)
— soucet hydrofobnich sil je znaény (pfevazuje u vétsiny
interakci)

— hydrofobni povrchy se podili na vytvareni coiled-coil
viaken

Coiled-coil doména je
c¢astym dimerizaénim
modulem proteind

Max GAL4




Typy protein-proteinovych interakci

string

surface

surface 1

surface 2

(A) SURFACE-STRING (B) HELIX-HELIX (C) SURFACE-SURFACE
domeéna-motif doména-doména

- Ostatni domény/moduly Ize definovat pouze obecné:
proteiny musi mit komplementarni tvar i charakter

- Variabilita je velkd — nelze je jednoduse definovat -
obtizna predikce (modelovat Ize komplexy pro néz
existuji jiz vyfesené struktury — CoZold)
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Protein-proteinové interakce

 stabilni (velké plochy, vétsinou soucasti komplexu)
« prechodné/slabé (soucast dynamickych procesu — predavani

signalu, modifikace)

« posttranslacni modifikace mohou zménit vazebné vilastnosti
povrchu (fosforylace, metylace, hydroxylace, SUMO)

« souhrn proteinovych interakci = interaktom
(modularita diky interakcim domén — rizné kombinace domén)

NETWORK COMPONENTS

Party hubs: . .

same time and
space

Date hubs:
different time and/
or space

*

Hub: node
with high degree

7

Edge: link betwean
two nodes (interaction)

O
Node (protein)
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TRENDS in Cell Biology

Seebacher & Gavin, Cell (SNAP SHOT), 2011

Network/sit naznacuje funk¢ni vztahy
Tucker et al, TiCB, 2001



silné vs slabé interakce

“~ surface 1

surface 2

(A) SURFACE-STRING

(C) SURFACE-SURFACE

Domain-Domain Domain-Linear Motif

Interaction: Interaction: g
@
@
Q
M
m
w
wn
—
@
—— strong interaction ufcg
weak interaction o
©
- Domain length from 25 - 500 AA - Motif length from 3 - 10 AA ~350A2
- Affinities: K, nM to pM - stabilni/komplexy - Affinities: K, ~ pM - pfechodné interakce
- Rather stable interactions - Rather transient interactions
- Examples: BTB(POZ), Ras-GAP, CARD - Examples: Sh3/PxxP, EVH1/FPPPP

- regulace PTM - vazba na fosfo-, acetyl ...

- Interakéni plocha 500-10 000A? (vs pro ligandy 100-600A2)



SH3 domény vazou prolin-rich (PxxP) peptidy (PDB: 4RTV)



Domain-Linear Motif
Interaction:

Domain-Domain

|
Interaction: O

—— strong interaction
weak interaction

- Domain length from 25 - 500 AA

- Affinities: K, nM to pM

- Rather stable interactions

- Examples: BTB(POZ), Ras-GAP, CARD

iInteraktom - Motif length from 3 - 10 AA
- Affinities: K, ~ uM
- Rather transient interactions
- Examples: Sh3/PxxP, EVH1/FPPPP

- z analyzy protein-proteinovych interakci lze usuzovat na
potencialni stabilni komplexy vs prechodné interakce
- variabilita interakénich povrchu je velka => variabilita
PPI (nelze je jednodusSe definovat)

S jakymi partnery a jak silné interaguji vase proteiny?

800¢ ‘We1 Sg3d ‘le 18 Jepeg



effector X Protein-Protein Interactions

. Q Transient

S

effector X Strong Transient
R T, i shifts from an unbound/weakiy bound to
faktory ovliviiujici \ Weak Transient ek et ok et b o Permanent
vznik vazby? uM nM
Ko
X fl local protein concentration, i.e. level —
?eﬂggfaﬁ‘F;;gfasé?'a?f?f;fnaxo?ven: Binding Affinity

viscocity, steric environment), molecular

presentation L , . . .
| < > vazebnou afinitu mohou vyrazné ovlivnit PTM
i X: A pH, A temperature, A ionic strength J nebO VaZba Iigandu (G-prOteiny)

< >
\,

X: molecular (cooperative/allosteric) binding i.e. A concentration of metabolite, other protein or ion
( e.g. ATP, Ca™), or covalent modification, i.e. enzymatic activity ( e.g. PO,)

>

K‘
weak complexes st Nooren a Thornton, JMB, 2003
small interfaces CONTINUUM 'ﬂ?&ﬂm Perkins et al, Structure, 2010

na/minor A conformation - large A conformation



pheromone extracellular
receptor Space

nucleus

Dig1/2 (f /
. 7. Digl/2
SteIZA(l" A

PRE target genes

Uetz and Finley, FEBS Lett. 2005
Protein-proteinove interakce jsou modulovany vazbou
GTP/GDP, ATP/ADP ... G-proteiny spolu interaguji s 1000x
vysSi afinitou za pfitomnosti GDP nez pokud je na Ga navazané
GTP (viz Ras) — dochazi ke konformacni zméné (dynamicka)
- ATP dimerizace u SMC proteinu ...



Modifikace muze ,vypnout/zapnout® interakci

ATP ... maze ovlivnit pfimo €i nepfimo interakci
proteinu

.. myosin+ADP vaze aktin ...

.. disociace ADP zméni konformaci myosinu ...

... vazba ATP na myosin disociuje vazbu s aktinem
. myosinové hlavy hydrolyzuji ATP na ADP ...

(SMC komplexy — DNA Ioop extrusion ...)

@ Myosin heads split _
ATP and become  g=
reoriented and <
energized

9 Myosin heads
bind to actin,
forming

crossbridges

Contraction cycle continues if
ATP is available and Ca’®* level in
the sarcoplasm is high

W Fie ey
€) As myosin heads k< ATP} B 97
bind ATP, the Q ’
crossbridges detach
from actin

Myosin heads rotate
toward center of the
sarcomere (power
stroke)

. H1: ADP.Pi




Vyskyt ,typickych® domén v ruznych organismech

S. pombe S. cerevisiae H. sapiens D. melanogaster C. elegans A. thaliana Interpro name
Proteins Rank Proteins Rank Proteins Rank Proteins Rank Proteins Rank Proteins Rank
213 1 267 1 436 5 231 4 191 7 331 5 ATP/GTP-binding site motif A (Ploop)|
114 2 97 3 277 8 183 5 102 19 210 10 G protein B WD40 repeats
111 3 119 2 579 3 377 2 450 2 1,049 1 Eukaryotic protein kinase
80 4 61 5 307 7 182 6 97 21 255 8 RNA binding region RNP1
67 3 63 4 155 20 101 i 80 o 148 13 Helicase C-terminal domain
44 6 33 12 2156 15 120 11 126 12 379 4 RING finger
38 7 33 12 150 21 92 18 46 43 125 1174 TPR repeat
36 8 46 8 44 64 45 34 55 37 98 26 Sugar transporter
33 9 42 9 75 40 67 28 61 36 103 25 ABC transporter family
32 10 51 7 712 2 403 1 154 10 115 20 Zinc finger, C2H2 type
[14 23 10 30 24 82 17 61 25 60 17 83 BRCT domain |
8 29 9 31 8 98 9 68 6 79 13 87 Replication factor C conserved domain
5 32 5 35 4 102 6 70 3 82 5 95 DNA directed DNA polymerase family g
6 31 6 34 12 94 13 64 5 80 8 92 MCM family
5 32 3 37 3 103 4 72 2 83 6 94 FIZZY/CDC20 domain
21 16 23 18 220 14 82 23 62 35 3 o7 Src homalogy 3 (SH3) domain |
21 16 26 16 253 11 89 22 75 31 27 73 PH domain
9 28 1 29 112 29 47 40 110 16 21 79 Tyrosine-specific protein phosphatase and
dual-specificity protein phosphatase family
27 13 52 6 0 NA 0 NA 0 NA 0 NA Fungal transcriptional regulatory protein
21 16 32 13 43 65 36 45 32 54 65 42  Permease for amino acids and related compounds
L 7 30 2 38 26 80 20 58 15 Z0 24 76 Chromodomain

Wood et al, Nature, 2002

Jake domeny obsahuji vase proteiny?



Post-translacni modifikace méni povrch (tvar, naboj) —

specificky novy povrch

Viiv PTM na PPI

v/

vytvari

- muze blokovat nebo posilit vazbu partnera

a intramolecular effect

v = ®

b intermolecular effect
— one epitope —

C intermolecular effect
— two epitopes —

OD -)
D -

Ao 57 o> - Bl

bind phospho-Tyr

bind phospho-5er/Thr




Viiv PTM na PPI
Post-translacni modifikace méni povrch (tvar, naboj) — vytvari
specificky novy povrch —
specifické vazebné domeény - napt. SH2 domény vazi fosfopeptidy — dvé
vazebna mista (fosfoTyr a peptid — peptid urCuje vazebnou specificitu)

Modifikace AMK zbytek interakéni doména
Fosforylace tyrosin SH2, PTB
serin/threonin 14-3-3, WD40, WW, BRCT...
acetylace lysin bromodoména
metylace lysin chromodoména
hydroxylace prolin VHL 3
ubiquitinace lysin UIM, UBA, CUE
SUMOylace lysin SIM

bind phospho-Tyr bind phospho-Ser/Thr
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SH2 domeny vazi fosfopeptidy — dvé vazebna mista (fosfoTyr
a peptid — peptid uruje vazebnou specificitu) — zména tvaru |
naboje interakcniho povrchu (PDB: 2PLD



SH2 (a jiné) domény jsou ¢asto (jako moduly) soucasti
proteind rozmanitych funkci — provazuji proteiny mezi sebou
(pfechodné, kondicionalné — regulace bunécnych procesu)

Small GTPase
Signaling

Kinases

Phosphatases

Ras-GAP
Rin1
Vav1,2,3
Chimerin

Fps. Fer
Csk, Ctk/Hyl,
ar, Fyn, Yes, Hck,

Lck, Lyn, BIKk, Frk,
Brk, DJ697K14.1

Zap7Q, Syk

c-Abl,|Arg/Abl2

Btk, Tec, Itk, Bmx

TxK
Jak1,2,3,Tyk2

Shp1, Shp2
Ship

Ship2

Legend

Homology 2 e Src Homology 3

Phosphotyrosine binding domain

B Sterile Alpha Motif & C2 W C1

W ! Ras Association [mav RasGAP
B - ' [rutll RasGEF ézﬁ Ring domain

— " Lm_._m?___ @ Pleckstrin Homology #K BTK

f B Fes/Cip 4 homology domain

! FERM @ 4 helix bundle

Tyrosine Kinase (3t S1
" Phosphatase 8§ CSz

[ vPso

autoregulace

vazba substratu

Golemis a Adams, PPI, kniha



nucleus

cytoplasm

MAPK
I

EGFR
P
" P
1

P

EGF

transcription

\

MEK
MNK
|

membrane
GDP
e

cell
surface

extracellular

Signalni Ras draha: EGF vaze EGFR (aktivuje
cytoplasmatickou kinasovou doménu = autofosforylace) — SH2
v GRB2 interaguje s EGFR - SH3 domény GRB2 dimerizuji s
prolin-rich doménou SOS — EGFR-GRB2-SOS je aktivni (SOS
= guanin nukleotid exchange faktor) a odstrani GDP z Ras —
Ras muze navazat GTP (podobny Ga, ale monomer) a
interagovat s RAF kinasou - aktivuje se MAPK draha

rakovina — Ras mutace stabilizujici vazbu GTP maji za
nasledek konstitutivni aktivaci (aktivace i bez EGF stimulu)



Vliv PTM na PPI — histony H3 a H4

B Chromodomain

; Royal

P Tudor domain family
~ MBT domain -ll

PhD finger
MU PO fing @ T
Bromodomain m
Rsc4 Re4 H3

B 14-3-3

chromodoména HP1 navazana na H3 lysin K9 — heterochromatin ...

Bannister, Cell Res, 2011



chromodoména HP1 navazana na H3 lysin KO9me — PDB: 1KNA

Bottomley, EMBO rep., 2004



Ulrich a Takashi, Chromosoma, 2013
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nékteré viry vyuzivaji bunécéné PPl moduly k invazi do bunék (presmeérovani
ve prospéch viru — vazba HPV-E6 na p53)
nékteré onkogeny jsou vysledkem fize modult (permanentm’ PPI)
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TRENDS in Phamacological Sciences

Figure 2. Representative PPls in oncogenic signaling networks that drive the acquisition and development of hallmarks of cancer. Grey broken arrows connect PPls to
corresponding cancer hallmarks. Some PPls contribute to multiple features of cancer. It should be noted that some PPls may impact global processes of cell growth and

their precise connections to cancer remain to be established. IVanOV et al, TlPS, 201 3



Inhibice PPI

Problémy inhibice (vyvoje Iéku) ...
- interakéni plocha 500-10000A2? (vétSi nez kapsy enzymu pro
malé ligandy)

- ploché bez hlubokych kapes (ne jako pro ligandy)
- hydrofobni charakter PPl (nerozpustnost 1éku)

(A) SURFACE-STRING

.. ale
- interakce ,peptid ve zlabku® jsou relativné malé

- |Ize inhibovat interakci i relativné malou molekulou (hot-spot)

- vhodné je cileni na interakce regulované @
post-translaéni modifikaci (viz fosfopeptidy) =
- proteiny nebo mimikovani peptidu O\Q /

w

O
Nutlin-3a



GFP- Influenza HA

Inhibice PPI - proteiny

Hemaglutinin

botulin(toxin)

U ot U} a8 IR

HEEH

Affinity '

High (10 nM) -

Medium (100 nM) -

5 topologii J, (dle znamych inhibitora)

Negative controls

Scrambles

+Disulfides

NGS FACSorting
Deep sequencing Screen for function
£ HA | Expression
£ | and binding 1':
s d1 d .1 o | o
E (Q\]
= 5 BT - %)
sy ik, 3
@ ; ©
Design ID zZ
A ©
d yeast surface display 8
()
T Yeast adaptor (_;
—= = -
bt 1‘ Amplify oligo pools 6
— T—
Genetically encode 16,968 mini-proteins
A
40 AMK dlouhé (cca 200nt oligo) —
|ze syntetizovat peptidy
(peptidy modifikovat)
Designs +1-3 disulfides lg;ﬂences
29
41
115
11,657




Inhibice PPI — mimikovani peptidu

- mimikovani peptidu:
sekundarnich struktur o
sekundarnich struktur 3

p-Turn o H.N. _R? 20 Variations
Mimetic Library 20 VjDa"O”S N v (20-mix)
A, H
20 Variations R 0™ "N~
(20-mx)  HN"  stabilizing A2
o o H-bond ) U T '\
\ ‘/ a-Helix ~F
§—N H . —_ 20 Variations
R3 e N Mimetic Library A
I g 07 "NH
0
HO,C” TR!
20 Variations -/‘ ‘\

20 Variations

o-helix

Whitby a Boger, ACR, 2012



iPPI-DB

Inhibitors of Protein-Protein Interaction Database

Home Submitaquery - User guide About iIPPI-DB Roadmap Contribute to iPPI-DB Acknowledgments CDithem

iPPI-DB Choose how to query iPPI-DB

IPPI-DB contains 1650 non-peptide inhibitors (iPPI) across 13 families of » By pharmacological criteria

Protein-Protein Interactions. The chemical structures, the physicochemical

and the pharmacological profiles of these IPPI are manually extracted from Query iPPI-DB one PPI target at a time and optionally refine
the literature and stored in IPPI-DB. your search by choosing some specific pharmacological

features, physicochemical characteristics for the compounds or

© Leamn more | ?
extract only drug candidates

=+ Submit a query now !

Labbe et al., NAR, 2015

Acknowledgments » By chemical similarity

Sketch your molecule or copy/paste it as a SMILES, choose b
] ' ) w100% -
Showing 1% 47 of 47 antries — Previous 1 Next — I
Y'n D Compound RadarChart Target Assay Type Activity MW AlogP HED HBA TPSA RB Ar Fapd R/S LE LLE Biblio
{ W' :
034 682 N o FP P 6520 45915 445 2 5 6144 4 2 042 4 O3 207 [ '571
2 ;-. Q00887 ) .
> .
MDM2 proliferation — "
034 682 000987 p— pICSD 568 W 45015 445 2 5 6144 4 2 042 4 025 123 W\ [87]
034 682 MOME  proftferation piCS0 477 W 45815 445 2 5 6144 4 2 042 4 021 032 W[s7)

QO0ga7 assay *




Inhibice PPI: p53-MDM2

o Ubiquitin
= Proteasome degradation
] -
-
Nuclear export Ubiquitinization
5- i Nucleolar N
sequestration Ubiquitinization | /.
' Degradation 'y
Inhibits
transcriptional
activity
Inhibits
transcriptional activity

@ ubiquitination

Shangary & Wang, Annu Rev Pharm Toxicol, 2009



MDMZ2-p53 (dimer, PDB: 1YCQ)




4HG7)

MDMZ2-nutlin (poe




Inhibice PPI: p53-MDM2

(A) SURFACE-STRING

jeden z prvnich

- Inhibice interakce MDM2 stabilizuje p53 — NSO
podpora nadorové suprese NH“)

Nutlin-3a
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vazba

vétsi komplexy jsou stabilizovany vice nova peptidomimetika

interakcemi, ale muze se rozpadnout/zablokovat i cely
komplex — napf. otazka skladani komplexu



Wells a spol, BST, 2015

Polypeptidovy fetézec (primarni struktura) vznikajici na ribosomu

Jak se komplexy sestavuji - homomery?

v

nejjednodussi (bézné) je sestavovani homooligomeru
(homodimeru), ke kterému muze dochazet pfi translaci

polysome 5 ~' .

tento toxin je

spis vyjimka

- skladani je
iniciovano az na
misté (indukce)

-> vytvari sekundarni struktury -> terciarni struktury -> kvarterni
tj. komplexy jiz béhem syntézy



Jak se komplexy sestavuji - heteromery?

podjednotky se exprimuji ,nezavisle® a pak se musi ,potkat®
(trans-assembly model) — problém s nespecifickymi
interakcemi, proteasami, ,chaotické“ prostredi burnky ...

co trans®

assembly

.. samostatné by se proteiny neposkladaly, byly by nestabilni
(degradace), toxické nebo by agregovaly (proteiny s

hydrofobnimi povrchy — interakce je skryje pfed solventem)
Shieh et al, Science, 2015



Jak se komplexy sestavuji - heteromery?
podjednotky se exprimuji ,nezavisle* a pak se musi ,potkat* -

trans-assembly model ...
CO trans®

assembly

prokaryota

transkripce genu u prokaryot je regulovana operony: funkéné
vztazené geny/proteiny (komplexy) se transkribuji z jednoho
operonu (tandemové usporadané) — polycistronic mMRNA —
ko-translace a ko-skladani (koordinované v prostoru i ase)
Shieh et al, Science, 2015



ze stejného
operonu

heterodimer luxA-luxB (luminiscencni komplex)
ze stejného operonu,

chromosome
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Shieh et al, Science, 2015

0

koexprimujte (v bakteriich) své proteiny i s partnery z jedne RNA!



[__iuxa SR xE BT uxA gl JuxB

_ IP of nascent YFIP-LuxB IP of nascent YFP-LuxA
7 YFP-bmder! 120-
| ‘ 3 LuxA LuxB
RNA RNA
(colP part) i
200 804

100- 40-
0- ,___/\J 0-
- NN N o - N N N »
S5 8 R S& 8 2
AMK Ribosome position [codon]
55-65/ |+ 30AMK/90nt uvnitf ribosomu
85-100

,ribosome profiling“ — imunoprecipitace
jednoho proteinu ,stahuje” partnera —
pokud interaguji uz v momentu translace,
je zachycena i RNA (partnera) — interakcni
povrch LuxA-LuxB koreluje s profilem (je
Shieh et al, Science, 2015 precipitovéna OdeVIIdajIICII RNA)




Mean enrichment (co-IP/total)

Podjednotky komplexu jsou ko-exprimovany (eukaryota)
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MPT (part 1) MPT (part 2)

Precipitace (ko-translace) byla ,jednosmérna“,

Model: assembly of FAS

tj. jedna podjednotka se vazala na RNA druhé
(nikoli naopak) — prvni byla stabilni, zatimco
druha bez prvni agregovala (vazba na prvni
zajistila jeji stabilitu)

Shiber et al, Nature, 2018




a b Mean enrichment (co-IP/total) b N ®
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chaperon Hsp70/Ssb1 asociovany s ribozomem — zajistuje folding domény
(hydrofobni ¢asti) a poté se uvolni — pak se vaze partner
?nefjsou na stejné RNA — mechanismus neni znam?
a Co-translational folding and assembly of complex subunits:

RAC-Ssb 0,
Hsp40/70 ‘ %9;
| | 3

4
“ !’_‘ d €
1. Ribosome-associated 2. Partner subunit 3. Chaperones rebinding 4, Assembled

chaperones in complex to the emerging chain complex release
Mayr, Nature, 2018
Shiber et al, Nature, 2018



8002 ‘dOIN ““Ie 1@ ‘IN'3 Jojkel

pokud schazi podjednotka (ve stabilnim komplexu), tak
nefunguje cely komplex — komplex se nesestavi nebo
rozpada (nestabilni — degradace ...)

Deplece kterékoli podjednotky
lidského komplexu ma za
nasledek pokles hladiny
ostatnich proteinu

siRNA:

w 3 2 -
c eiigiEll:
SMCS=| e[| =  ——
NSEda— wew - [ |~ — —
NSE2— =& . v ww = ==& e
MAGE-G1=—| "~ =] — —
NSE1—| w “[] ——

Vimentin—: —

12 3 4 5 6 7

mutace podjednotky drzici
pohromadé komplex (narusila
Nse3-Nse4) mize mit podobny
efekt ale ...

Smc5/6

high

low

van der Crabben et al., JCI, 2016



Mutanty — funkcéni pfibuznost

Genetické analyzy naznaduji, ze poskozeni jedné podjednotky (delece genu) komplexu
ma za nasledek cely nefunk&ni proteinovy komplex (nesestavi se nebo se rozpada)

Proteinovy
komplex

Delece jakékoli podjednotky ma stejny efekt — i delece dvou podjednotek ma
stejny efekt (nescita se)



... Stabilita komplexu je zpravidla vétsi nez
pouhy soucet jednotlivych protein-proteinovych
interakci mezi podjednotkami (vétsi povrch,
efekt priblizeni a zorientovani partnera ...)

Pull-down
u B u B [ u B | u B Proteinovy
Nees [N I . e komplex

Nse3 = e - . g To———

Nse1 P - > W Kvasinkovy 3Y2H
1 2 3 4 5 6 7 8 9 10 (2-hybridni system)

Smc5/6

Smc6 Smch

... pferuseni protein-proteinove
interakce je relativné snadné u
slabych dimeru — vétsi Nse2

komplexy jsou vétsinou . Nse3+4

stabilizovany vice interakcemi a Nse3+4+1

je tedy obtiznéjsi je narusit Nse3+4
A v . S mut

(mutaci Ci inhibitorem) ... poradi % Nsed Nse3+4+1

sestavovani! <

Palecek et al, JBC, 2006; Hudson et al, PLoS One, 2011



Pro€ skladat komplexy z mensich podjednotek?

— skladani funkéniho komplexu na specifickem misté (toxin je
transportovan jako rozpustny monomer a poté se sklada =>
stava se toxickym az mimo puvodni buriku)

— skladani i rozpad komplexu jsou snadnéji kontrolovatelné,
reversibilni (protoze podjednotky asociuji skrze mnozstvi
relativné slabych interakci - nizka energie)

— velky komplex (homo-oligomer) muze byt kodovan relativné
kratkou genetickou informaci (sklada se mensi protein — vétsi
je méné stabilni a hure se sklada)

— mensi pravdépodobnost defekini makromolekuly (mensi gen
=> mené mutaci + da se relativné snadno vyhnout chybam —
odstrani/degraduje se pouze jedna poskozena mensi
podjednotka => mene energie nez pro napravu celé struktury)

— evolucéni vyhoda modull ¢
(novy komplex vznika
zamenou podjednotek)




Scaffold proteiny

Mnoho proteinu obsahuje pouze interakéni
domeény a maji jediny ukol: nukleace
multiproteinovych komplexu — scaffold
(leSeni) — komplexy pak mohou byt i
modularni — napf. SCF (Skp-cullin-Fbox)
rizné cullin nebo Fbox (adaptor) molekuly
(pfednaska Dr. Kolesar)

F-Hox protain e u-b iqui.t in- target protein
adaptor (substrate-binding arm) conjugating
protein 2 enzyme
kel / ubiquitin

-

e =

i 4

n 4
b3

adaptor
protein 1

TARGET PROTEIN
BINDS

scaffold protein
(A) (cullin)

Figure 3-79 Molecular Biology of the Cell (© Garland Science 2008)

—



F-box protein E2 ubiquitin- SCF (Skp-cullin-Fbox) je modularni

adaptor (substrate-bindingarm)  €999NG  _ napk r(izné cullin (scaffold) nebo Fbox
protein 2
(Skp1) =\ ¥ (adaptor) molekuly

- ruzné komplexy rozeznavaji rizné
substraty (ubikvitinace)

- delece jednoho F-box proteinu/genu
eliminuje pouze subset substratu

- delece jednoho cullin proteinu/genu
eliminuje vétsi spektrum substratu

adaptor
protein 1

@) T - - delece jednoho RBX (RING-finger)
proteinu/genu eliminuje vétsinu substratu
(je i vice RBX podjednotek)

(FBW7,SKP2, B-TRCP) (VHL) Uetz and Finley, FEBS Lett. 2005
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Network/interaktom SCF komplexu a jejich substratu

ORIGIN OF REPLICATION
oot () oniuing CELL CYCLE REGULATORS
protein 2 enzyme

(A)

_ AN V/ E2 ubiquitin-
Mit2 T\ V7 conjugating
F-box | YNL311 ) : i L

proteins

/ A 2,8?-31.-. "' .-::':_' — (\‘% -

Vma4 \ \"/5/{;’/’,!‘,:‘\\‘ dap
4 / arotair’
Vmaz = = adaptor scaffold protein

VACUOLAR H*-ATPase protein 2 (cullin)

ASSEMBLY Figure 3-82 Molecular Biology of the Cell (© Garland Science 2008)



Zavery

proteiny jsou spojeny prostrednlctwm interakci mezi
domenami — interakce mohou byt modulovany
posttranslacnimi modifikacemi (dynamické komplexy)

PTM (¢&i jina zména) muze interakci posilit nebo oslabit —
asociace ,podjednotky“ a modulace komplexu nebo
rozpad komplexu (€i ,odtrzeni* podjednotky)

Stabilita komplexu je zpravidla vetsi nez pouhy soucet
jednotlivych protein-proteinovych interakci — zalezi na
zpusobu sestavovani (poradi sestavovani)

funkce celého ,kompaktniho® komplexu je zavisla na
kazdé podjednotce (komplex se nesestavi nebo
rozpadne bez vsech podjednotek, ,stabilné;si*
podjednotky pomahaji skladani ,labilnéjSich®
podjednotek — ko-translace)

u ,modularnich“ komplexd mohou nékteré podjednotky
plnit funkci adaptéru ¢i leSeni (scafold)



