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* Proteinove interakce — 14.10.
— Jak spolu proteiny interaguiji?
— Interaktom

e Proteinové komplexy — 21.10.

— Komplexom
— architektura a funkce komplexu

CGO030 — Proteinové komplexy (v jarnim semestru)
Doc. Jan Pale €ek



Od primarni struktury ...
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Hydropathy

Hydrophobic atoms are more likely to bind another protein, but this is only a weak
correlation

*hydrofobni zbytky jsou tlaCeny dovnitf proteinu (ve vodnem
prostredi se chovaji jako ,mastnota“ ve vode) — pro proteiny s
hydrofobnim povrchem je tedy ,vyhodnejsi® se pres takovy

povrch navazat na stejné ,mastneho” partnera
Boas & Altman, PDF



i ot Od primarni struktury ...
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Havlis

Less common in
binding sites

Hydropathy

Hydrophobic atoms are more likely to bind another protein, but this is only a weak
correlation

Nabite a polarni AMK  vytvari nekovalentni vazby — postrani
retezce AMK vytvari stejné typy nekovalentnich chemickych
vazeb jako pri skladani proteinu (polarni) — peptidova vazba

(,kostra®) muze tvorit vodikové mustky (mezi listy)
Boas & Altman, PDF



Staphylococcus
aureus
a-hemolysin

Havlis

* Sroubovice, listy, smy cky ... se podili na protein-
proteinovych interakcich PPl podobnym zpusobem jako pfi
formovani konformace proteinu — podobne sterické faktory



... sekundarni struktury ...

Porin

(1 polypeptid
prostup mitochondrialni
membrany)

Interakce 7 podjednotek

ToxXiny - podjednotky se
skladaiji tj. vytvari por az v
misté pusobeni (neublizi
pavodni burice)

Mueller & Ban, Cell, 2010; 1QOY



... sekundarni struktury ...

- listy ... Sroubovice se vuci sobé orientu;ji urCitym zpusobem
- skladani slabych vazeb ovlivauje silu a specifitu celkove vazby

colled-coll struktura

- Dveé Sroubovice s tzv. heptddovou repetici (hxxhxxx — hydrofobni
zbytky vytvari rozsahly povrch)
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... sekundarni struktury ...

- listy ... Sroubovice se vuci sobé orientu;ji urCitym zpusobem
- skladani slabych vazeb ovlivauje silu a specifitu celkove vazby

colled-coll struktura

- Dveé Sroubovice s tzv. heptddovou repetici (hxxhxxx — hydrofobni
zbytky vytvari rozsahly povrch)
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Colled-coll struktura

Dvé Sroubovice s tzv. heptadovou repetici (hxxhxxx — hydrofobni zbytky
vytvari rozsahly povrch)

{a)

Sousedni AMK stabilizuji
interakce Sroubovic

Interchain
attraction

Interchain
repulsion

Sousedni AMK destabilizuji

interakce Sroubovic Chain 1

Adamson et al.: COinBiotech, 1993




Coiled-caoll
doména je
vyznamnym
dimeriza énim
modulem u mnoha
proteind (GCN4,
Max ...)

Catabolite gene
activator protein

Lac repressor

Intermolekularni -
homo- ¢i
heterodimery

factor GreA

jsou hlavnim
modulem pro
vliaknité struktury

Tropomyosin Influenza hemagglutinin IanuenHza hemagglutinin Mannose-binding ROP
HA2 (pH7) A2 (pH4) protein .
Lupas.: Trends in BS, 1996



Colled-coll struktura

- program COIL: http://www.ch.embnet.org/software/COILS form.html|

Coils output for hSHMCE
T
1 I~ mL
Jr I WOV [

o.e | | - CC v SMC proteinech jsou
intramolekularni

T
window=23

I I R I T —

1
loaa 1288

a 2EE 4EE EHE =15]c]
i & --\-'1_ = —
e - ] “u A

, . Intramolekularni — v ramci foldingu
Intermolekularni — proteinové interakce




Colled-coll struktura

-dlouhé CC (>100AMK) vytvafi vlaknite struktury (myosin, SMC ... )

MukEB homodimer Smc2 Smcd Smc1 Sme3 Smcs Smcé

B MukR (nnrdensin (nhesin Smrsif

A
_~—Myosin thick filament Sarmmir_?‘-—-hclin thin filament
2 G Tam .3 D T

s 1]

i

13
R

|

I}

|

L] -li
C-zone C-zone  cMyBP-C <Alne

myosin  kinesin dynein
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Sroubovice se pod uréitym Ghlem dotykaji - obt



... terciarni struktura ...

« Ostatni interakce Ize definovat pouze obecné:
proteiny musi mit komplementarni tvar i
charakter

Slaba hydrofobni interakce mezi Nse3 a Nse4

SMCE SMC5

Sroubovice se vaze do
hydrofobni kapsy

malad zména povrchu muze
zmeénit interakéni
schopnosti (mutace
hydrofobnich/zelenych
zbytkl vazbu narusila)

WHD (winged-helix
doména)

vice povrchu - mala zména
povrchu muze zmeénit
interakéni schopnosti
(nabité K, R = vazba na
DNA vs hydrofobni = PPI)



Nalézt a definovat interak¢ni povrchy lze obtizné (ze sekvence-primarni) :
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Hudson et al.: PLoS One, 2013



Nalézt a definovat interak¢ni povrchy lze obtizné (ze sekvence-primarni) :

proteiny musi mit komplementarni tvar a charakter (terciarni)— hledame
kapsy (vice mist)

MAGEA4
m ‘ Go to PDB code: |[2wa0 w| #O
@ Top page @ Proiein E @ Tunnels @ Links , \
2wal i

View options
Wi 5

@ Binding-site(s)

Cleft analysis for: 2wal

IO Binding-surface(s)
Coloured by

@ cleft (as in table below)

O closest atom type

O residue type T
O residue conservation

[ Jmaol ] [ RasMol]

R1 Accessible Buried Average ; :
\/ - S SR
S ratio vertices vertices depth Resldus type Ligands
1 . 237052 § 098 G515 |1 1055 (1 1050 1 8 ! 5 g

o %@" 4 1

nejvetsi kapsa
http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/pdbsum/

Residue-type colouring
Positive
H.K.R

Neutral Aromatic Pro & Gly
5, T.N.Q F.Y.W P.G

Cysteine

|z



Binding site Binding surface

Uvnitf kapsy

prevliada
| hydrofobni
Sl povrch

s o)
v =, T W= TN T vl
” - v 5 — A
A4 CENENICTENI=CDSRS 'WQW@WHW'WQWE‘W“@PGENPWG £V VR
i

Residue-type colouring

Pro & Gly Cysteine
P.G




Guerineau et al.: PLoS One, 2012

Docking partnera
(molekularni dynamika):
do hydrofobni kapsy
namodelovaného
proteinu MAGE(C2) byl
nadockovan hydrofobni
peptid (EID2-model)

N = v "\ s

nespolehlivy)



Nalézt a definovat interakéni povrchy lze obtizné: proteiny musi mit
komplementarni tvar a charakter — hledame kapsy nebo tunely

m \ Go to PDB code: iSan ga ft ©

View options
MOL Eonline 2.0
RN ]
and

visualization
with HETATR:

without HETATR:

@3NS€3/MAGEG 1-NSE1

Jtunnels, coloured by tunnel radius Jtunnels, coloured by tunnel radius Jtunnels, coloured as in
list below

I—Radius- Length —Hydropathy — Hydrophobicity —Polarity —Mutability Residue type—— Ligands—

1 . 1.27 110.6 -0.05 0.08 14.4 B3

http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/pdbsum/



Mate-li stésti - kokrystal homologu (malo v PDB)

modelovani neni trivialni
B . L]

@ Top page @ Protein @ Metals | Prot-prot I @ Clefts @ Tunnels @ Links | '
Protein-Protein interface: AHB 3nwi i

Protein-protein interface:@:®

Chain A  Chain B

100

Postscript
version

T Salt Disulphide ___ Hydroger] ____ Non-bonded
y: bridges bonds bonds contacts

Chains A and B highlighted
[click to view?

Jimell &6

Interface statistics Nse3/MAGEG1-NSE1

Interfaces
QHE (16:17 res) MNo. of MNo. of MNo. of MNo. of Mo. of

interface Interface  salt  disulphide hydrogen non-bonded
Chain residues area(A®) bridges bonds bonds contacts

Q) 16 1015
B 17 1003
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... kvarterni struktura

- vice povrchu jednoho proteinu interaguje s vice partnery
- vzajemne interakce vice proteinu vytvari vétsi povrchy a
vzajemné se stabilizuji — vznika pevny komplex

| U B

U B U B 1 U B
wo: [ - . o

Nsel - e B e T

Nse1 — -y T S S e
1 2 3 4 5 5 7 g 9 10 i \5
SMC6 SMC5 { 7

Sergeant et al.. MCB, 2005



Protein-proteinové interakce

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

signalu, modifikace)

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

e souhrn protein-proteinovych interakci =

Interaktom

(modularita diky interakcim domén — rizné kombinace domeén)

NETWORK COMPONENTS

Party hubs:
same time and

space

Date hubs: =
different tims ancl/
or space ..

with high degres

Edga: link batwean
two nodes ([intaraction)

Mode (protein)

andfor localization

Amino acid metabolism

Membrane Protein —— L\  Mitasis ———— MeIosis
fusion \ degradation —— | >/ |' A DNA synthesis
.
/ e - {
- _,
| /\|

Vesicular fransport ™~

/ " Celloycle — - / Recombination
ceil / \ N— control I\-\ . I.-"
structure ™ Cell — / | \ y \ | |
| polarty -~ J NN L DNA repair
| /| T Mating T Protein®, \ \ ;
Protein folding  / \ response | mod|f|cat|on\\ [ /
A /
[ Prot
Cytoklnems | rotein

Dlﬁerenllatlon\ synthesus

|
Chromatlmchromosome )
Protein translocatlon structu re [
/" RNA
Slgnal transductlon > - processmg
\ / == /\

| Nuclear—cyloplasmlc
| transport Pol Il transcnptlon

Cell stress e
Lipid/fatty-acid _RNA  lurnover
and sterol \ '| splicing

\
metabolism Carbohydrate | Pol I transcription

metabolism Pal 11l transcription
TRENDS in Cell Bioiogy

Seebacher & Gavin, Cell (SNAP SHOT), 2011

Network/sit naznacuje funkcéni vztahy
Tucker et al, TiCB, 2001



, ... Molecular interactions can occur between molecules belonging to
different biochemical families (proteins, nucleic acids, lipids,
carbohydrates, etc.) and also within a given family. Whenever such
molecules are connected by physical interactions, they form molecular
iInteraction networks that are generally classified by the nature of the
compounds involved. Most commonly, interactome refers to protein—
protein interaction (PPI) network (PIN) or subsets thereof. For instance,
the Sirt-1 protein interactome 3 is the network involving Sirt-1 and its
surrounding proteins. Another extensively studied type of interactome is
the protein—-DNA interactome, also called a gene-requlatory network, a
network formed by transcription factors, chromatin regulatory proteins,
and their target genes. Even metabolic networks can be considered as
molecular interaction networks: metabolites, i.e. chemical compounds in
a cell, are converted into each other by enzymes, which have to bind
their substrates physically. In fact, all interactome types are
iInterconnected. For instance, protein interactomes contain many
enzymes which in turn form biochemical networks. Similarly, gene
regulatory networks overlap substantially with protein interaction
networks and signaling networks...“

http://en.wikipedia.org/wiki/Interactome



Informacni zdroje PPI

@& » |. renme. wayne.eduFIDEL Rl :;9'-3 V| "_&‘ *2| % B e | |-
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Pepets. . Links to Protein Interaction Databases
) PecRin e dclon} OB e Finley Lab Interactions Databases:
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E MulecularBJulngvllnks - "
T « Drosophila Interactions Database (DrolID)

« Campylobaster jejuni Interactions Databases

WAYNE STATE
UNIVERSITY Gene or Protein Interactions Databases in the reseach community:

SCHOOL OF MEDICINE

— . BioGRID- A Database of Genetic and Physical Interactions
« DIP - Database of Interacting Proteins
— . IntAct - EMBL-EBI Protein Interaction

GEEs: f holecty « MINT - A Molecular Interactions Database
Genetics o
, _.w'a-_.f_g‘_agstlag%l . + MIPS - Comprehensive Yeast Protein-Protein interactions
e « Yeast Protein Interactions - Yeast two-hybrid results from Fields' group |
540 E. Canfield « BRITE - Biomolecular Relations in Information Transmission and Expression |

REFRR AR « The PIM Database - by Hybrigenics

» Mouse Protein-Protein interactions _
« Human Protein Reference Database :J

€D Internet v W% v
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http://proteome.wayne.edu/PIDBL.htm|



Informacni zdroje PPI

Table 2. Databases Available for Searching and/or Downloading
Data Related to Protein Interactions

Table 3. URLs and Primary Citations for Protein Interaction-
Related Databases

Database Proteins/Domains Type Number of Interactions Database URL/FTP
DIF?, LiveDIP P ES 55,733 DIP [102], LiveDIP[103] http://dip.doe-mbi.ucla.edu
BIND® P ELCS 83,517 BIND [105] http://bind.ca
MPact/MIPS® P ECF 15,488 (4,300)° MPact/MIPS [97] http://mips.gsf.de/services/ppi
STRING P «— E,PF 730,000 (proteins) STRING [119] http://string.embl.de
MINT? p EC 71,854 MINT [120] http://mintbic.uniroma.it/mint
IntAct? p <+ EC 68,165 IntAct [121] http://www.ebi.ac.uk/intact
BioGRID® P EC 116,000 (30,000)" BioGRID [122] http://www.thebiogrid.org
HPRD P EC 33,710 HPRD [123] hitp://www.hprd.org
ProtCom D SH 1,770 ProtCom [124)] http:/fwww.ces.clemson.edu/compbio/ProtCom
3did, Interprets b S.H 3,304 3did [108], Interprets[125] hitp://gatealoy.pcb.ub.es/3did/
Pibase, ModBase D SH 2,387 Pibase [107], ModBase [126] http://alto.compbio.ucsf.edu/pibase
CEM D 5 2,784 CBM [26] ftp:/fp.ncbinim.nih.gov/pub/com
SCOPPI D 5 3,358 SCOPPI [111] http://www.scoppi.org/
iPfam D s 3,019 iPfam [127] http:/f/www.sanger.ac.uk/Software/Pfam/iPfam
InterDom D P 30,037 InterDom [128] http://interdom.lit.org.sg
DiMA D F.5 — DIMA [129] http://mips.gsf.de/genre/proj/dima/index.html
Prolinks P F — Prolinks [104] http://prolinks.doe-mbi.uda.edu/cgi-bin/
functionator/pronav/
STRING

PPI sit& (PINS)

Shoemaker and Panchenko, PLoS Comp Biol, 2007



proteinove sité — chybi info o posloupnosti, sile ... interakci

Interakce x signalni draha

—%

S. cerevisiae

G protein @
o subunit | Gpat

MAPKKHK kinase

MAPKE kinase

MAPK kinase

MAP kinase

" ExXperiments Y2H, colP ... genetické interakce
" Databases
" Textmining STRING

", 5Ene Fusion
-, Coexpression

| Transcription
factor

http://string-db.org transkripce



proteinove sité — chybi info o lokalizaci, komplexech ...

Interaktom x komplexom

extracellular

o
JJJJJJJ

" Experiments Y2H, colP ... Digi”2 g

" Databases Ste12 (i) i
" Textmining STRING i<
“wGene FUsion i ystring-db.org transkripce

-, Coexpression Wang et al., Nature, 2004



Sila vazby — komplexy (napf. C1-5)
e JQ 10

S ) c O i
iz
©

C5
c4 C4 \
:<: Eg " B4 i | 333 B4
fﬁ C? 5 Bz o E:? : K B2 G
KO BE C2 c2

c2

)]
%@,ﬁg %0\&/:% 8 g

! I
Infections Tissues Diseases

1=
Bi-B2
B1-62
E1-54
Bi-53
B2-B4
B3-B4
B2-]
B
B3-C1

Bader et al, FEBS Lett, 2008

[3-H
H-1
5 /
C2-F1

C2-F2 N\
C3R
C30
Fi-F2
Fl=i

M-l AN [

M- 5 /

e N\ [

Kl [ ) _
B3-Y N ] no interaction

Fa-R weak interaction
c14C2 H strong interaction
C1C3 changed interaction

—

/V

Protein interaction pairs

Inhibice interakci (virovymi proteiny, mutacemi) vs. noveé interakce
Srovnani interaktomut => konzerv. interakci (=> evoluce komplexa => evoluce organism( )



iInformace o interakcich a komplexech
napovidaji o molekularnich mechanismech
bunéénych procesu

,high-throughput” screeny - interaktom S.
cerevisiae >30 000 interakci (~6000
proteinu)

,prumeérny* protein interaguje s péti-deseti
proteinovymi partnery

Modelovy organismus S. cerevisiae

- Proteomické studie S.cerevisiae prokazala

paon Ga g cca 800 ruznych komplexu v kvasinkove
FARIR Y L S >
e{:j':& ' :‘-.:-f:k(‘_';-ﬁ’ . . ) 5 __ bunCe
g % - 3 - typicky" komplex obsahuje pét-deset
N = podjednotek

- proteomicky pfistup - v ramci 6. FP bylo
vytvoreno konsorcium 3D Repertoire
(http://www.3drepertoire.orq), které se
pokousi vyresit strukturu vSech komplexu S.
cerevisiae




gen -> protein -> interakce -> komplex -> superkomplex ...
(molekularni stroj) -> kompartment -> burika

genom -> proteom -> interaktom |-> komplexom -> fenom
(funkce v bufice -> funk&nk zhak
y  Nuoteus mnohobunécnych organisenéch)

PDB | EﬁB

Nucleosome 21D3
\%\ | Clamp and DNA sliding clamp | 2 1SXJ
} RNA polymerase Il | 3 1Y1W
RNA polymerase | | 4 B 1435
MicrOtUbu;lfTEg%er?r:gré 5 1731
RNA polymerase Il | 6 1322
TauB0/DTau9l1| 7 2J04
Exportin-1/tRNA/RanGTP | 8 3IcQ
Ribosome| 9 3JYW
exosome | 10 2WP8
Hsp104 protein chaperone | 11 1358
26S Proteasome |12 1RYP
ESCRT-I core|13 2P22
Cytochrome BC1| 14 1KB9
FOF1 ATP synthase | 15 2WPD
~800 komplex i v S.c.
Bertero et al, Cell, 2010




Souhrn - protein-proteinoveé interakce

proteiny jsou troj-rozmérné - maji ruzné tvary a vice domén =>
maji mnoho vazebnych mist na povrchu => komplexy a “sité”

casti proteint/domeény interaguji s doménami partneru

— domeény maji urcitou strukturu, kterd do zna¢né miry determinuje tvar
jejiho povrchu, ale ...

— charakter (hydrofobicitu, polaritu, naboj) povrchu urcuji postrani fetézce
aminokyselin sméfujicich do solventu, takze ...

— interakce proteinu je determinovana povrchem, ktery musi mit tvar |
charakter komplementarni s interakEnim partnerem (typy interakci: ...)

string

surface
surface 1

surface 2

helix 2 ’

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



