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* Proteinove interakce — 14.10.
— jak spolu proteiny interaguji?
— Interaktom

* Proteinové komplexy — 21.10.

— Komplexom
— architektura a funkce komplexu

CGO030 — Proteinové komplexy (v jarnim semestru)
Doc. Jan Pale €ek
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STRUCTURE, THERMODYNAMICS, AND BIOINFORMATICS

Gary D. Stormo

Databaze proteinovych struktur: http://www.rcsb.org/pdb/home/home.do,

http://www.ebi.ac.uk/pdbsum/

Database protein-proteinovych interakci: http://string-db.org/newstring_cai ...

http://www.ebi.ac.uk/intact/?conversationContext=1




Od primarni struktury ...

. | X ,
Hydrophilic | Hydrophobic -”'

2.5 A
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£ - iLge *PHE binding sites
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=
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= -15 . 0 oo 5 €SS common In
c ASP*, #GLU -0.5 | @ GLY binding sites
v

Hydropathy

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

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

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



Od primarni struktury ...

a4 |
+

Hydrophilic | Hydrophobic
2.5 :
#TRP
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> 15 More common in
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= —— iLes *PHE | binding sites
c
= 1 *MET
=
= *ARG 5 * SVAL
s *LEU
= ] .
T .15 ] 0 o6 5 Less common in
(G L 05 & CLY binding sites
v

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 stejne typy nekovalentnich chemickych
vazeb jako pri skladani proteinu (polarni) — peptidova vazba

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



Typy vazeb v PPI

lontova vazba

electrostatic
attractions ———

vodikova vazba
> hydrogen bond

van der Waals attractions

hydrofobni vazba /

Kovalentni vazba -

vyjimecné napf. disulfidické mustky
nebo jiné posttranslacni modifikace
(ubikvitinace, SUMOylace)

Figure 3-4 Molecular Biology of the Cell (© Garland Science 2008)



... sekundarni struktury

* Sroubovice, listy, smy cky
. Se podili na protein-
protelnovych Interakcich PPI B
podobnym zplsobem jako pfi ~ ®**"* &
formovani konformace :
proteinu — podobné stericke

faktory
gﬁ‘w & ) * ) TANARE
‘ " '@L Staphylococcus | | -.":_','n"_ “}: : :
R oy s -
o folding-skladani ... struktura

nekterych ,disordered® _
domeén/proteinu se utvari az v ramci
iInterakce s druhym proteinem

Havlis



... sekundarni struktury ...

Porin

(1 polypeptid
prostup mitochondrialni
membrany)

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

: 4F §

O\
K

Mueller & Ban, Cell, 2010; 1QOY Interakce 7 podjednotek



... sekundarni struktury ...

- listy ... Sroubovice se vuci sobé orientuji ur€itym zpusobem
- skladani slabych vazeb ovlivauje silu a specifitu celkoveé vazby

colled-coll struktura

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

}I]HI]PHI]EE
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colled-coll struktura

- Dveé Sroubovice s tzv. heptadovou repetici
(hxxhxxx — hydrofobni zbytky vytvafri rozsahly
povrch)

NH, NH,

stripe of —
ydrophobic

w2 “a” and “d” |
: #  amino acids §
0 ¢
b g
B HOOC COOH
I
0.5 nm
(A) (B) (C)

Figure 3-9 Molecular Biology of the Cell (© Garland Science 2008)



Colled-coll struktura

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

{a)

Sousedni AMK stabilizuji
interakce Sroubovic

Interchain
attraction

Sousedni AMK destabilizuji
interakce Sroubovic

Adamson et al.: COinBiotech, 1993




Colled-coll struktura

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

Coils output for hSMCE
T
1 -
nar ﬂrwr

0.6 | | - CC v SMC proteinech jsou
intramolekularni

T
window=ga

1 1 1 1
5] 2ea 408 &Ba 268 la8a 1z2@a

Intramolekularni — v ramci foldingu

Intermolekularni — proteinové interakce



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

MukB homodimer Smc2 Smc4 Sme1 Smc3 Smch Smcé

B MukR Condensin Cnhesin Smrh/R
A Sarcomere
_~—Myosin thick filament ____g--Actin thin filament

[l
(13
a

!

— 1 T
C-zone C-zone  cmMyBP-C <Aine

------
---------------

P
“:.o i O
s

55 (§Bare zone myosin  kinesin dynein



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

Catabolite gene
activator protein

Lac repressor

Intermolekularni -
homo- ¢i
heterodimery

Transcript cleavage
factor GreA

jsou hlavnim
modulem pro
vliaknité struktury

Tropomyosin Influenza hemagglutinin Influenza hemagglutinin Mannose-binding ROP

A2 (PH) HAZ (pHH4) protein Lupas.: Trends in BS, 1996
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Slaba hydrofobni interakce mezi Nse3 a Nse4

... terciarni struktura ...

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

— Sroubovice pod ruznymi uhly l

SMCE SMC5

Sroubovice se vaze do
hydrofobni kapsy

malad zmeéna povrchu muze
zménit interakeni
schopnosti (mutace
hydrofobnich/zelenych
zbytku vazbu narusila)

WHD (winged-helix
doména)

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



Nalézt a definovat interakéni povrchy je obtizné (ze sekvence-primarni) :

Tato hydrofobni Sroubovice neni transmembranova, ale podili se na protein-proteinové interakci
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Hudson et al.: PLoS One, 2013




Nalézt a definovat interakCni 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 lgo] MO

@ Top page @ Protein E @ Tunnels @ Links , \
2wal i

View options

@ Binding-site(s)

Cleft analysis for: 2wal

I O  Binding-surface(s)
Colaured by

® cleft (as in table below)

O closest atom type

O residue type T
O residue conservation

[ Jmaol ] [ RasMol ]

R1 Accessible Buried Average ; :
\/ o = =
o ratio vertices vertices depth Reskius type Ligands
1 . 237052 § 098 8515 (1 155 |1 1050 1 8 ! 5 15 5&‘ 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.YW P.G

Cysteine

|



Binding site Binding surface

L 5 _.--I '\-:l'r_;i:r .::l_.-'

3 == =T, 2
BUtie
!

.
g
)
_{ _I.ﬂ_.-' = ___.
X
w | j-"II i;;;_\{lk of 1

5 v
N DTS Uvnitf kapsy
AT O = A0 Favlada
SUNERP LS 5 previada
b e A "\-.q_ ,
A hydrofobni
ST povrch
R -
.-"-\.\_:llgfx _:"_‘-{ .
'| " "H_'\"-:.
»  CEEEEEENcooRs IFEFARCVoR oo o Moo R ey 5
— 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 "\ /

nespolehlivy)



» Nalézt a definovat interakéni povrchy Ize obtizné: proteiny musi mit

komplementarni tvar a charakter —

hledame kapsy nebo tunely

| PO |

Go to PDB code: iSan

) 4o

@& Top page @ Protein @ Metals @ Prot-prot @ Clefis r Tunnels I @ Links

Tunnels calculated on whole structure

Jtunnels, coloured by tunnel radius Jtunnels, coloured By tunnel radius

110 6 -0.04 0.08 14.4

1@ 127

Residue-type colouring
Positive
H.K.R

I—Radius- Length —Hydropathy — Hydrophobicity —Polarity —Mutability

Tunnel analysis for: 3nwi calculated with ¥% MOLE 2.0

Tunnels calculated excluding ligands

View options

MOL Eonline 2.0

visualization
with HETATR:

without HETATR:

@NSEP’/MAGEG 1-NSE1

Jtunnels, coloured as in

list below
Residue type Ligands—
83 10 FAMEEMENDY 1 o
Neutral Aromatic Pro & Gly Cysteine
s, T.N,Q F.YW P.G

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



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

modelovani neni trivialni
. . )

@ Top page @ Protein @ Metals | Prot-prot @ Cefts @ Tunnels @ Links :
Protein-Protein interface: AHB 3nw0 i

Protein-protein interface:@:®

Chain A  Chain B

Postscript
version

Riiis wame Salt Disulphide ___ Hydroger] ___ Non-bonded
y: bridges bonds bonds contacts

Zhains A and B highlighted
[click to view?

Jmel &

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




Chain B

Chain A
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SMC6 SMC5H

Nse3/MAGEG1-NSE1

: , Non-
Disulphide Hydrogen L bonded

bonds bonds

contacts

Silna interakce mezi Nsel (chain A) a Nse3 (chain B)

Residue-type colouring

Pro & Gly Cysteine
P.G
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a Katolicky tydenik = ROUND 28 + 15th Nov 2014 - Scoring round submission deadline for Target 96-97
‘!l:‘“u Katolik.cz = ROUND 27

= ROUND 26
) keshat L ROUND 28 RESULT ANNOUNCEMENT
df] La Santa Sede - Il Santo Pa..

= ROUND 24 ROUND 28 results for target 59 are now availabe
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14 Liturgicky kalendar = ROUND 22
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1 Moditby = ROUND 20
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& TV NOE = ROUND 16 Send
e ai . = IR Team Leader Name:

# Human groups: Automatic Servers: Scoring Exp.:

Sandor Vajda CLUSPRO Alexandre Bonvin  nw
Martin Zacharias HADDOCK Paul Bates —
Xiaoqgin Zou GRAMM-X Xiaoqin Zou

Haim Wolfson, Miriam Eisenstein SKE-DOCK Zhiping Weng

Huan-Xiang Zhou, Zhiping Weng PatchDock, FireDock, FiberDock Wang Cunxin

Alexandre Bonvin TOP-DOWN Juan Fernandez-Recio

Juan Fernandez-Recio Haim Wolfson

Jeffrey Gray Haliloglu, Camacho, Takeda-Shitaka
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Human groups: Automatic Servers: Scoring Exp.:

Sandor Vajda CLUSPRO Alexandre Bonvin

Martin Zacharias HADDOCK Paul Bates

Xiaogin Zou GRAMM-X Xiaogin Zou

Haim Wolfson, Miriam Eisenstein SKE-DOCK Zhiping Weng

Huan-Xiang Zhou, Zhiping Weng PatchDock, FireDock, FiberDock Wang Cunxin

Alexandre Bonvin TOP-DOWN Juan Fernandez-Recio

Juan Fernandez-Recio Haim Wolfson

Jeffrey Gray Haliloglu, Camacho, Takeda-Shitaka

http://cluspro.bu.edu

MAGEC2-EID2 trefil (PLoS One, 2012, docking a Molekularni dynamika)
MAGEG1-NSE1 netrefil (vysli jsme z ko-krystalu — Molekularni dynamika)

Na modelovani jednotlivych proteint pouzivame I-TASSER:
http://zhanglab.ccmb.med.umich.edu/I-TASSER/

Stejna skupina ma i protein-protein docking:
http://zhanglab.ccmb.med.umich.edu/COTH/




Informacni zdroje PPI

{2 Interactions Databases - Windows Internet Explorer
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fopais. Links to Protein Interaction Databases

Proteomics
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http://proteome.wayne.edu/PIDBL.html



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

DIP?, LiveDIP P ES 55,733 DIP [102], LiveDIP[103] http://dip.doe-mbi.ucla.edu

BIND® P ECS 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 <+— EPF 730,000 (proteins) STRING [119] http://string.embl.de

MINT* P EC 71,854 MINT [120] http://mintbio.uniroma2.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] http://www.hprd.org

ProtCom P,.D SH 1,770 ProtCom [124] http://www.ces.clemson.edu/compbio/ProtCom
3did, Interprets D SH 3,304 3did [108], Interprets[125] http://gatealoy.pcb.ub.es/3did/

Pibase, ModBase D SH 2,387 Pibase [107], ModBase [126] http://alto.compbio.ucsf.edu/pibase

CBEM D S 2,784 CBM [26] ftp:/ftp.ncbi.nlm.nih.gov/pub/cbm

SCOPPI D S 3,358 SCOPPI [111] http://www.scoppi.org/

iPfam D S 3,019 iPfam [127] http://www.sanger.ac.uk/Software/Pfam/iPfam
InterDom D P 30,037 InterDom [128] http://interdom.lit.org.sg

DIMA D F.S — DIMA [129] http://mips.gsf.de/genre/proj/dima/index.html
Prolinks P F — Prolinks [104] http://prolinks.doe-mbi.ucla.edu/cgi-bin/

STRING

functionator/pronav/

Sité — zalozené na informacich
o0 binarnich interakcich

Shoemaker and Panchenko, PLoS Comp Biol, 2007

http://string-db.orqg



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

Interakce x signalni draha

—

S. cerevisiae
Receptor

Receptor
kinases o

SN
p = 8 — KRR G protein
o Sy o subunit 1
I3 o + m SH L
. = = coc24 Ste18 G protein jy subunits
. car | ssi2 [[GTP

\ - .
'. L

MAPKKK kinase

MAPKK kinase

Xt MAPK kinase
«  STRING MAP kinass
"W EXPErIMEntS  Y2H, colP ... genetické interakce Tanscrton
Ste12 regulators S
“wDatabases Funkéni vztahy (ontologie) N
S Textmining transkripce

", (EMe Fusinopn  Svedci o potiebé PPI
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proteinoveé sité — chybi info o lokalizaci, komplexech ...

TR Interaktom x komplexom

il CchC24
cytoplasm MAPK ﬂ
nucleus

", Experiments
- Databases .y .
: o Sit neznamena komplex,
s Textmining -
ale vztah _ PRE target genes
" Gene Fusion transkripce

o {:-I:I-E:l:pr-EEEiﬂn Wang et al., Nature, 2004



Interaktom x komplexom

Figure 3-83 Molecular Biology of the Cell (© Garland Science 2008)

Naznacuji funkeni vztahy
(napf. bunécny cyklus —
struktura chromatinu ... je
zprostiredkovan PPIs)

Modularita — interaguji domény
(jeden protein vice domén —
zapojeni do vice procesu)
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two nodes (interaction)
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Date hubs: X NoN N )
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J Seebacher & Gavin, Cell (SNAP SHOT), 2011




Protein-proteinové interakce

stabilni (velké plochy, vétSinou soucasti komplexu)
pfechodné/slabé (soucast dynamickych procesu — predavani

signald, modifikace)

posttranslacni modifikace mohou zmeénit vazebné vlastnosti
povrchu (fosforylace, metylace, SUMO)

souhrn proteinovych interakci =

Interaktom

(modularita diky interakcim domén — rzné kombinace domen)

NETWORK COMPONENTS

*

Party hubs: Hub: node
same time and with high degree
space

V4

Edge: link between

O

Node (protein)
Date hubs: o0 N
different time and/ 7 Expression profiles
or space i ) o W and/or localization

two nodes (interaction)
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Seebacher & Gavin, Cell (SNAP SHOT), 2011

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



Priklad hydrofobni interakce ... (doc. Marek)

INACTIVE ACTIVE
~

e
o

SIDE VIEW

¥y

’ 90°

FROM INSIDE THE CELL

Hormon se navaze na vnéjSi ¢ast receptoru a zpusobi konformacéni zménu
receptoru — zmeéna se projevi i na opacné (vnitfni) strané receptoru a poodhali
hydrofobni aminokyseliny — protein Ga se navaze na hydrofobni povrch (problem
krystalizace — vyfeSeno pridanim interakéniho partnera)

receptor-agonist komplex je nestabilni (tézko krystalizovatelny ...)
Trik: koexprese partnera (protein G) nebo protilatky — navaze se a stabilizuje komplex



Oprava DNA: PCNA-ptm

TLS polymerasy (n, 1, K)
obsahuji UBM (spravné
prectou chybu a zaradi

spravnou bazi)

Rad6
Rad18 \
/.Ubiquitin Ubc13
Mms2
Radb
@sSUMO
Ubc9
Siz1

O -

Srs2 (antirekombinasa)
obsahuje SIM (nedovoli
rekombinaci v pribéhu

replikace)

Bergink & Jentsch, Nature, 2009
Sale et al, JCS, 2012
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... kvarterni struktura

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

| u B

U B U B | U B
vt N . . o

Nase3 D ame m— e gy r— _
Nsed — - E»> ERT™ sMce  F RH gumes
1 2 3 4 5 6 7 8 9 10 i \%
SMC6 SMCS S

.

Sergeant et al.: MCB, 2005



Souhrn - protein-proteinoveé interakce

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

casti proteinu/domeény interaguji s doménami partneru

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

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

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

— predikce PPI je obtizna (molekularni dynamika)

string

surface
surface 1

surface 2

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



* Protein-proteinoveé interakce
— Typy PPI
— Viiv PTM na PPI

e Funkcni proteomika

* Proteinove interakce — domeny, typy
vazeb, interaktom

Strukturni biochemie

Proteomika



