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Osnhova

— charakteristika proteinovych komplexu
— proteiny jako adaptery a leseni

— protein-proteinoveé interakce

— vliv post-translacnich modifikaci na PPl
— Inhibice PPI ...



Stabilita komplexu je zpravidla vetSi nez pouhy

soucet jednotlivych protein-proteinovych

interakci mezi podjednotkami (vetsi povrch,

efekt priblizeni a zorientovani partnera ...)
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... ale (zalezi na typu komplexu — viz adaptory) pokud schazi
podjednotka, tak nefunguje cely komplex (nebo jeho
specificka funkce) — komplex se nesestavi/rozpada

Deplece kterékoli podjednotky
lidského komplexu ma za
nasledek pokles hladiny
ostatnich protein(

Delece kterekoli podjednotky je
pro kvasinkovou bunku letalni
- Mutace maiji relativné podobny
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F-box protein E2 ubiquitin- Nekteré komplexy jsou modularni — napfr.

adaptor (substrate-binding arm) conjugating SCE (Skp-cullin-Fbox)
+ enzyme
t 2 (o) 7 -
P (skp1) e A ruzneé cullin nebo Fbox (adaptor) molekuly

- rlizné komplexy rozeznavaji riizné
substraty (ubikvitinace)
:‘r':t";‘;ﬂ - delece jednoho F-box proteinu/genu
eliminuje pouze subset substratu
- delece jednoho cullin proteinu/genu
- eliminuje vétsi spektrum substrat(l
) T e - delece jednoho RBX (RING-finger)
proteinu/genu eliminuje vétsSinu substrat(
(je i vice RBX podjednotek)
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Figure 3-79 Molecular Biology of the Cell (© Garland Science 2008)



Network/interaktom SCF komplexU a jejich substrat(
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Protein-proteinoveé interakce
moduluji velmi Casto GDP-GTP
konverze — konformacni zména
(doc. Marek) — ,prenasi“ signal

Mnoho proteinl obsahuje pouze
interakCni domeény a maji jediny
ukol: nukleace multiproteinovych
komplext - scaffold (leSeni,
STES)



Fanconi anemia ,komplementacni skupiny“ — geny/proteiny
jejichz mutace zpUsobuji FA syndrom — ukazalo se, zZe vétSina
z nich tvori jadro FANC komplexu

Co mohou zpisobit

mutace: geneticka Fanconi Core
analyza ___Complex |

ID Complex

Synteticka letalita

Suprese

, , SLX4
Proteinovy |
komplex @@@ Interstrand Crosslink

Downstream
Effector

Jones, CMLS, 2012 cgmnlez:




Stabilni proteinové komplexy jsou slozené z jednotlivych
proteint/podjednotek které spolu interaguji - pokud schazi
podjednotka, tak nefunguje cely komplex — komplex se

nesestavi/rozpada Deplece kterékoli podjednotky

lidského komplexu ma za
nasledek pokles hladiny
ostatnich protein(
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Table 1. Proteins analysed by Rlp-chip and mRNAs associated with them.

Podjednotky komplext koexprimovany (ko-translace)

Bait Bait function/protein complex Enriched mRNAs Function of proteins encoded by interacting mRNAs
Tea2p Kinesin motor protein [32] tip1 CLIP170 family, binds to Tea2p (9]
Cdc2p cyclin-dependent protein kinase [33] rumi CDK (cyclin-dependent kinase) inhibitor [12]
cdc18 DNA replication factor [13] A
Stylp MAP kinase; stress-responses [14,34] pyp2 Tyrosine phosphatase, acts on
(Spcip) cip2 RNA-binding protein [15]
Rpt2p (Mts2p) 19S proteasome regulatory subunit * [35] ubpé Ubiquitin C-terminal hydrolase
rhp23 Rad23 homolog * [35]
Rpni2p 195 proteasome regulatory subunit * [35] ecm29 Proteasome component * [35]
(Mts3p) rpni1301 195 proteasome regulatory su
rpni1302 195 proteasome regulatory su
Atflp Transcription factor; stress response [36] pcrl Transcription factor, interacts
Mnh1p Mago nashi homolog; splicing * [35] mnil Protein with Mago nashi inter
Arpbp SWR1 complex; chromatin remodelling [18] alp5 = Arp4d INO80 and SWR1 chromatin remodelling complexes [18]
Arp9p SWI/SNF and RSC complex; chromatin remodelling [17] snf21 DNA helicase, RSC complex [17]
snf22 DNA helicase, SWI/SNF complex [17]
Arp42p SWI/SNF and RSC complex; chromatin remodelling [17] snf21 DNA helicase, RSC complex [17]
snf22 DNA helicase, SWI/SNF complex [17]
Arp8p Ino80 complex; chromatin remodelling [18] ino80 INO80 chromatin remodelling complex [18]
Arp2p Arp2/3 complex; actin polymerization [37] arp8 INO80 chromatin remodelling complex [18]
arp9 SWI/SNF and RSC complexes [18]

Only proteins that copurified with mRNAs other than their own are shown. Proteins that have not been characterised in S. pombe, and for which the information is a
prediction based on the behaviour of orthologous proteins are marked with a star.

Proteiny s nimiz ko-purifikovala jina nez jenom viastni mRNA

Duncan & Mata, PLoS Genetics, 2011 (S. pombe)



Proteiny se skladaji hned po translaci, nebo za pomoci
chaperond, nebo az v ur€itém misté (napf. v mitochondrii po
odstépeni signalni sekvence ...) - Casto jsou podjednotky
komplext koexprimovany (podobné regulace transkripce +
ko-translace)

3. Cotranslational Assembly

nebo se proteiny skladaji
a interaguiji jiz pfri translaci

ATG

Duncan & Mata, PLoS Genetics, 2011 (S. pombe)

of protein A

samostatné by se neposkladaly, byly by nestabilni, toxické
nebo by agregovaly (filamenta; protein-proteinové interakce
casto pres hydrofobni povrchy a je tfeba je vytvorit co nejdriv)
- koexprese a kopurifikace proteinu (kdo purifikuje proteiny?)



Komplexy se utvareji (prevazne) prostrednictvim
protein-proteinovych interakci

* Polypeptidovy fetézec ma tendenci vytvaret sekundarni
struktury -> terciarni struktury -> quarterni tj. komplexy (stejné
typy nekovalentnich vazeb, kritérium minimalni energie)
(Sroubovice a listy se k sobé skladaji podobnym zplsobem)

e jontove, vodikove, hydrofobni sily (kovalentni vazby -
disulfidické mustky predevsim u extracelularnich proteinu)

« vodikové mustky predevsim u B-listu




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

- hydrofobni zbytky jsou tlaceny dovnitr proteinu (nikoli do
solventu) nebo do interakce (nejcastéjSi zptisob vazby)
— soucet hydrofobnich sil je znaCny (prevazuje u vétsiny
interakci)

— hydrofobni povrchy se podili na vytvareni coiled-coil
vlaken

Coiled-coil domeéna je
Castym dimerizacnim
modulem protein(

Max GAL4
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(A) SURFACE-STRING (B) HELIX-HELIX (C) SURFACE-SURFACE

- Ostatni domeny/moduly Ize definovat pouze obecné:
proteiny musi mit komplementarni tvar | charakter

- Variabilita je velka — nelze je jednoduSe definovat -
obtizna predikce (zalozena na strukture ,vyresenych*
komplexu, v roce 2010 pouze 300 struktur s partnery z
celkem desitek tisic PDB dat)



Dva pfriklady ,vyfeSenych“ komplexu
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(C) SURFACE-SURFACE
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Interaction:

Interaction:

C1 N,
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®) —— strong interaction
P weak interaction

- Domain length from 25 - 500 AA - Motif length from 3 - 10 AA

(A) SURFACE-STRING

Domain-Linear Motif

- Affinities: K, nM to pM
- Rather stable interactions
- Examples: BTB(POZ), Ras-GAP, CARD

- Affinities: K, ~ uM
- Rather transient interactions

- Examples: Sh3/PxxP, EVH1/FPPPP
- vazba na fosfo-, acetyl-peptidy ...

- Interakéni plocha/oblast 1150-10000A2 (vs pro ligandy 100-600A%)
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Domain-Linear Motif
Interaction:

Domain-Domain
Interaction:

L

57

—— 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-prgteinovych interakci lze usuzovat na
potencialni stabilni komplexy vs prechodné interakce
- variabilita interakénich povrchu je velka => variabilita

PPI (nelze je jednoduse definovat)
S jakymi partnery a jak silné interaguji vaSe proteiny?
Jake domeény obsahuji?
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Post-translacni modifikace znacné meéni povrch (tvar, naboj) —
vytvari specificky novy povrch — mohou interagovat specificke
vazebné domeény - napt. SH2 domény vazi fosfopeptidy — dvé vazebna mista
(fosfoTyr a peptid — peptid urCuje vazebnou specificitu)

Modifikace AMK zbytek interakCni domeéna
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-Ser/Thr

bind phospho-Tyr



Normal differentiated cell Cancer cell
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Napr. SH2 domény vazi fosfopeptidy — dvé vazebna mista
(fosfoTyr a peptid — peptid urCuje vazebnou specificitu) — PDB:
2PLD
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Modifikace histonl ovliviiuji sloZeni a pfistupnost chromatinu — bromodoména

GCNS5 (HAT) navazana na acetylovany H4 lysin — PDB: 1E6l
Bottomley, EMBO Rep., 2004



SH2 (a jiné) domeény jsou Casto (jako moduly) soucasti
proteinl rozmanitych funkci — provazuji proteiny mezi sebou
(pfechodné, kondicionalné — regulace bunécénych procesu)
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Figure 3-69 Molecular Biology of the Cell (© Garland Science 2008)
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SH3 domény vazi prolin-rich peptidy PDB: 4RTV



vétSinou jsou vlastnosti proteint/komplexu kontrolovany a
modifikovany prostrednictvim jejich interakci a modifikaci se
sousednimi proteiny a dalSimi komponentami bunék (DNA, RNA,
fosfolipidy, cukry a sekundarnimi posly)
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Preskladanim modull Ize
vytvaret komplexni biologickée
systemy

- zaména nektere kinasy
presmeéruje signal do jiného cile

- v pribéhu evoluce
nékteré moduly flzovaly

- nékteré viry vyuzivaji
bunécné moduly k invazi do
bunék (presmeérovani ve
prospéch viru)

- néktere onkogeny jsou
vysledkem flize modul(l
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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, TiPS, 2013



Inhibice PPI

Problémy inhibice (vyvoje Iéku) ...
- interakéni plocha 1150-10000A2 (vétSi nez kapsy enzymu pro
malé ligandy)

- ploché bez hlubokych kapes (jako pro ligandy)

- hydrofobni charakter PPI (nerozpustnost leku)

- nelze vychazet z pfirozenych ligandu (jako u enzymu)

... ale
- interakce ,peptid ve zlabku“ jsou relativné malé
- Ize inhibovat interakci i relativné malou molekulou (hot-spot)

- vhodné je cileni na interakce regulované post—translaénl’

T+ 7 ' 1 3-T R3 ariations
mo_chﬂkam (viz fos_foPeptldy) N, Al 20 Ve f R oo
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Inhibice PPI. p53-MDM?2

Ubiquitin
% Proteasome degradation .
-
Nuclear export Ubiquitinization ‘
% ] ( > p53

Nucleola_r
sequestration |
|

Inhibits
transcriptional
activity
@ ubiquitinace

Ubiquitinization | /
|

Degradation

Inhibits
transcriptional activity




1YCQ)

P53-MDM?2 (dimer, PDB




Inhibice PPI: p53-MDM2

(A) SURFACE-STRING

jeden z prvnich
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nutlin (eoB: 4HG7)

MDM2
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A vazba

acetyl-peptidova vazba

vetSi komplexy jsou stabilizovany vice nova peptidomimetika

interakcemi, ale mlZe se rozpadnout i cely komplex



iPPI-DB

Inhibitors of Protein-Protein Interaction Database

Home Submit a query ~ User guide About iPPI-DB Roadmap Coniribute 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 iPPl are manually extracted from Query iPPI-DB cne 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
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Zavery
Stabilita komplexu je zpravidla vetSi nez pouhy soucet
jednotlivych protein-proteinovych interakci

funkce celého komplexu je zavisla na kazdé podjednotce
(komplex se nesestavi nebo rozpadne bez vSech
podjednotek)

nékteré podjednotky mohou plnit funkci adaptéru ¢i
leSeni (scafold)

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



